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Abstract

Pseudo-guaianolides represent a large group of sesquiterpene lactones exhibiting
significant cytotoxic and anti-inflammatory activities. Their biological activities are
due to a-methylene-y-lactone unit in their chemical structure which reacts with free
sulthydryl groups of free cysteine via a Michael-addition. Damsin is a major
pseudoguaianolide found in Ambrosia arborescens Mill., a plant distributed in
Andes of Bolivia, Peru, Ecuador and Colombia. The aerial parts of this plant are
used in traditional medicines for abortion, menstrual retardation, and against
rheumatic pain.

The overall aim of this thesis was to obtain biological active semi-synthetic pseudo
guaianolides from Ambrosia arborescens Mill and triterpenes from Bolivian
Highlands plants based on Claisen Schmidt condensation conditions.

Paper I Outlines the HPLC evaluation of damsin and coronopilin isolated from
Ambrosia arborescens Mill in the plant, and their effects of inhibition of pro-
inflammatory IL-6 and MCP-1expression in human skin cells though of NF-xB
inhibition.

Paper II describes the evaluation of selective cytotoxicity of 23-o-methylene-y-
lactones based on damsin in normal breast epithelial MCF-10A cells and breast
cancer JIMT-1 cells, where the ICso values were found to depend strongly on the
overall structure.

Paperlll refers to semi synthesis of new derivatives preserving the o-methylene-y-
lactone unit in which Claisen Schmidt condensation products such as (£)-3-
benzylidendamsin derivatives were found to be more potent in the JIMT-1 cancer
cells compared to the MCF-10A normal like cells.

Paper IV describes the oleanolic acid determination in Bolivian highland plants such
as Tetraglochin cristatum, Lampaya castellani, Junellia seriphioides, Baccharis
tola, Polylepis tomentella, P. hieronyni, P. besseri and Satureja boliviana,
according of our results these plants can be a potential natural source of oleanolic
acid since this compound has several applications in medicine.

Paper V present the obtention of oleanolic acid derivatives via Claisen Schmidt
condensation and the evaluation of their cytotoxicity of four sapogenins from
Chenopodium quinoa. Our results show that the most active compound was
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hederagenin, which is more toxic in JIMT-1 cells (IC50 27.3 uM) thanin MCF-10A
cells (IC50 39.6 uM).

Paper VI refer to acute anti-inflammatory activity evaluation of oleanolic acid 1,
methyl oleanate 2, hederagenin 3 and phytolaccagenic acid 4 sapogenins from
Chenopodium quinoa in two murine models: The carrageenan-induced paw edema,
and the croton-induced ear edema. the extract shows anti-inflammatory activity
significant in ear edema model than the compounds, while in the paw edema
model the isolated compounds show a significant anti-inflammatory activity
than the extract.

12



Popular summary

Natural products are organic compounds which are products of biosynthesis of
living organism such as plants, animals and microorganism. Secondary metabolites
(or natural products) are still being the principal source of inspiration of numerous
novel medicinal agents. However, the low amounts of these compounds in the plants
do not permit us to make a complete study, so, the semi synthesis of compounds
from natural products can be solve this problem.

In this thesis we focus on the study of Ambrosia arborescens Mill a medicinal plant
which grows in Bolivian urban places. It has been isolated two major active
compounds damsin and coronopilin from the aerial parts of this plant and evaluated
inhibitory effect against inflammatory processes.

Nowadays breast cancer is still being de second cause of women death around the
world. New compounds from natural products or semi-synthetized derivatives are
urgently needed to assay in order to alleviate this pain. Damsin from A. arborescens
shows interesting cytotoxicity results and its derivatives demonstrate to have
selective cytotoxicity in normal breast epithelial MCF-10A cells and breast cancer
JIMT-1 cells. However, some studies such as accesses the solubility are still needed

On the other hand, Bolivian highlands comprises diverse species of plants used in
medicine traditional to alleviate different pains such as headache, stomachache and
inflammatory pains. These plants are characterized to have high content of oleanolic
acid. This compound has a lot of scientific reports about its pharmacological uses.
Chenopodium quinoa a cropping plant from Bolivian altiplane contents high
amounts of bioactive sapogenins and the extract of these sapogenins shows an
inhibitory effect of topic inflammation, so, this extract can be use as alternative of
phytotherapeutic remedy to control inflammatory pain.

13
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Chapter 1.Introduction

1.1. Terpenes

Plants produce a wide variety of secondary metabolites in order to manage
physiological tasks to response to stress, for example some of them are capable to
attract pollinators, establish symbiosis, and provide structural components to
lignified cell walls of vascular tissues'?. Among these natural products, terpenes
comprise the most significant types of structurally different products found in many
plants, followed by the alkaloids and phenolics® (Figure 1). Historically, the name
"terpene" comes from the German “Terpentin”, because the first members of this
class were isolated from turpentine (Latin balsamum terebinthinae)’. In the past,
terpenes were used for Egyptians for many religious rituals and cultural purposes’.
The investigation of terpenes goes back centuries and even millennia, but there is
still much to learn about their health benefits. Thus, new types of terpenes with
potential benefits and applications in human societies are constantly being
discovered®.

Biotic and
abiotic stress D,& &
4 f

Alkaloids
27%
Terpenes
;I:S)i o, Phenolics
0 18%

Figure 1. The major groups of plant secondary metabolites according to Croteau et al. (2000)

Chemically, terpenes are based on the Cs-isoprene unit, and their carbon skeletons
are built up by the union of two or more such units’. They are classified by the
number of isoprene units, as monoterpenes (Cjo, two isoprene units), sesquiterpenes
(C;s, three isoprene units), diterpenes (Cao, four isoprene units), sesterterpenes (Cs,
five isoprene units), triterpenes (Cso, Six isoprene units), tetraterpenes (Cao, eight
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isoprene units) and polyterpenes (Cpn=40), more than eight isoprene units). They may
be subclassified according of the number of rings as “acyclic”, “monocyclic,
bicyclic”, etc®. Terpenes can have a varying degree of unsaturation, be oxidized or
reduced, possess functional groups, and have various rings (size as well as type).
An example that is important for this thesis is sesquiterpene lactones, formed by
three isoprene units and in which a part is oxidized and cyclized to a lactone. In this
investigation, we have focused in sesquiterpene lactones and triterpenes. Terpenoids
are compounds based on a terpene but structurally modified by the attachment of a
non-terpene unit, such as a sugar.

1.1.1. Sesquiterpene lactones

Sesquiterpene lactones (STLs) are a wide group of naturally occurring bioactive
compounds, which are present in almost 100 families of plants such as;
Acanthaceae, Anacardiaceae, Apiaceae, Euphorbiaceae, Lauraceae, Magnoliacea,
Menispermaceae, Rutaceae, Winteraceae and Hepatidaceae®” '°. However, the
greatest number of STLs are present in the Asteraceae family, in the majority of its
genera such as: Ambrosia, Artemisia, Arnica, Ambrosia, Helenium, Tanacetum, and
Vernonia, and STLs can be found at concentration between 0.001 and 8% of the dry
plant weight'!. The Asteraceae species produce the most diverse group of STLs,
from which almost 4000 structures with approximately 30 different skeletal
subtypes have been reported so far'* '*. The genus Ambrosia is a principal
representative of this family, with around 30 species which are distributed all over
South America.

1.1.2. Chemistry of sesquiterpene lactones

STLs are characterized by being colorless, bitter, stable and predominantly
lipophilic compounds, biogenetically derived from the acyclic sesquiterpenoid
precursor E-farnesyl pyrophosphate (FPP, or E-farnesyl diphosphate FDP) that
undergoes cyclization(s) and oxidative modifications (see Figure 2)". Many
products of this biosynthetical pathway contain a a-methylene <y-lactone unit
("olide"), which can be lactonized towards C-6/C-7 or C-7/C-8 positions and that
can possess a cis or a trans configuration (see Figure 2)'* '°. According to the
carbocyclic skeletons attached to the lactone ring, the main classes of the o-
methylene y-lactone sesquiterpenes are the germacranolides, considered to be the
biogenetic precursors, the eudesmanolides, the guaianolides, the pseudo-
guaianolides and the less frequent classes the elemanolides, the eremophilanolides
and the xanthanolides (see Figure 2)'®'®, Most of the STLs possess a fused 5-
membered lactone group (a y-lactone) and a methylene group next to the carbonyl
group (o-methylene). The final product may also contain substituents such as
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hydroxyl groups, esterified hydroxyls, or epoxide rings, and STLs may also occur

in a glycosylated form"!
A
F A
opPP

farnesyl pyrophosfate

: /Z: :\(9/
@i\( germacradienyl cation

guaianolides \ eudeﬁmanolldes
xanthanolldes / elemanolides
s s 0
| | °
E o
E (0] H
i pseudo-guaianolides ! eremophilanolides

Figure 2. Chemical structure of different subgroups of a-methylene y-lactone sesquiterpenes
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1.1.3. Chemistry of Pseudoguaianolides

Among such sesquiterpenes lactones, pseudoguaianolides possess a 5,7,5-ring
system, with a cis or a trans configuration, and a methylene group at C-11. They
can be sub-categorized as 6,12-and 8,12-pseudoguaianolide based on the position
of their lactone ring. Furthermore, pseudoguaianolides include the two groups
helenanolides, with a 10o-methyl substituent, and ambrosanolides, with a 10[3-
methyl substituent'®. The most abundant pseudoguaianoldes are ambrosanolides,
and their structures show in Figure 3.

(*)-parthenin (%)-confertin

Figure 3. The most abundant ambrosanolides

1.1.4. Biological aspects of sesquiterpene lactones

Several studies have demonstrated that STLs from a diverse of plants show
important biological activity in diverse assays, and their anti-tumor, cytotoxic,
allergenic, anti-inflammatory, anti-microbial, anti-ulcer, insect antifeedant, as well
as plant growth regulatory effects can be regarded as being of particular interest.
Studies of structure-activity relationship have shown that the broad range of
biological properties of STLs are in general associated with the presence of o-
methylene-y-lactone (MYL) group, since this group may act as a Michael acceptor
and reacts covalently with sulthydryl (-SH) groups in cysteine residues of enzymes,
proteins and glutathione, forming more or less stable adducts. As a consequence of
this reaction, they may produce an alteration of gene expression, by the inhibition
of a number of enzymes implicated in key biological processes such as DNA and
RNA synthesis. The Michael reaction is mediated chemically by an o,3-unsaturated
carbonyl moiety present in the aMyYL-STLs (Figure 4). Other aspects, such as
lipophilicity, molecular geometry, and chemical environment, can also impart to the
biological activities of the STLs. It is therefore not clearly understood how STLs
may affect cellular targets, because the targets and STLs are three-dimensional
structures and interact under in specific environments?'?%2324: 25,
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Figure 4. A Michael addition reaction of a thiol to the o-methylene-y-lactone moiety of a oMyL-STL.

1.1.5. Sesquiterpene lactones and Cancer

Cancer is becoming one of the most common cause of death in the world, with an
approximation of 9.6 million death in 2018 ?’. The most common types of
treatment for cancer include radiation, surgery and chemotherapy or the
combination of one of them. Currently, the chemotherapy is still being a good option
for cancer treatment. However, the available cancer chemotherapy may lead in
critical problems, due to low effectiveness, adverse effects, multidrug resistance
development and the low efficacy in vivo systems 2. Thus, new anticancer agents
to face these problems are highly required. Secondary metabolites derived from
natural sources have been proven to be effective for cancer treatment either
preventing the proliferation of cancerous cells in humans®. Additionally, the
anticancer properties of STLs have attracted a great interest for many researchers.
The large investigation of the anticancer effects of STLs are mediate by different
molecular mechanism such as they may induce apoptosis, inhibits cell proliferation,
supresses angiogenesis, and metastasis®’.

On the other hand, there are some STLs drugs in ongoing trials are used for cancer
therapies, among these is artemisinin a sesquiterpene lactone isolated from
Artemisia annua. which was even recommended by World Health Organization
(WHO) as the best treatment for malaria disease, and it is available on the drug
market, originally the pure compound was extracted for this use in the 1970's by
Youyou Tu. Furthermore, artemisinin and its derivatives has also shown potent
anticancer activity against breast cancer and colorectal cancer cells**. Another STLs
used for cancer therapies is parthenolide from Tanacetum parthenium, which is the
main responsible to induce apoptosis in cancer cell and it has demonstrated to have
potent in vitro anti-cancer and antiangiogenic properties®®. Finally, thapsigargin a
sesquiterpene lactone isolated from Thapsia garnanica is in clinical trial for cancer
treatment, it is a potent sarcoplasmic/endoplasmic reticulum calcium adenosine
triphosphate (SERCA) inhibitor which leads to apoptosis** ** (Figure 5).
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artemisin parthenolide thapsigargin

Figure 5. Common sesquiterpene lactones drugs in clinical trials

1.1.6. Sesquiterpene lactones cytotoxicity

The cytotoxicity of sesquiterpene lactones have been studied since the 1970s, and it
is the largest group of cytotoxic compounds isolated from natural sources. The
essential group for cytotoxic activity of SLTs is the presence of the exo-methylene
unit, conjugated with the carbonyl in the y-lactone ring. However, other factors, such
as the lipophilicity and the molecular geometry, as well as the presence of two
alkylating centers, are more potent inhibitors of tumor cell proliferation. This is all
linked to the general toxicity of the compounds®®*’, and the balance needs to be
controlled.

1.2. Breast cancer

Among all the types of cancer in the world breast cancer is the second most common
cancer overall, it is the most commonly occurring cancer in women worldwide with
an estimated 2 million new cases reported in 201 83 and over 625,000 died from it
before the age of 70. In Bolivia an estimated 1458 cases of breast cancer were
reported in 2018

Breast cancer is heterogeneous malignant tumour arising from epithelial cells of
glandular milk ducts or lobules of the breast, carcinomas represent the vast majority
of all breast cancer *°. The normal breast epithelial organ is composed by glandular
and adipose hormones where its growth factor such as epidermal growth (EGF),
fibroblast growth (FGF) and insulin-like growth (IGF) which up and down regulate
a variety of genetic pathways*'. Breast cancer occur as result of mutations, or
abnormal changes in the genes which are responsible for regulating the growth
factor of the cells (Figure 6).
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1.2.1. Histological base classification of breast cancer

For a long time, the breast cancer classification system were only based on the
histological appearances of breast cancer as either non-invasive (carcinoma in situ)
or invasive (Figure 7)*. In non-invasive carcinoma in situ the cancer cells are
developed inside the milk ducts of the breast and do not extend to the lobules into
the breast tissue™*. Breast carcinoma in situ can be sub-classified based on the
location of aggressiveness of the disease as either ductal or lobular in which ductal
carcinoma in situ (DCIS) is considered more common than lobular carcinoma in situ
(LCIS)*. Furthermore, the DCIS has been sub-classified in five well recognized
architectural subtypes: comedo, cribiform, micropapillary, papillary and solid®.
Invasive carcinoma is the type of cancer that spreads outside the membrane of the
lobule or duct into the breast tissue, and the cancer cells can produce to metastatic
breast cancer. Invasive carcinomas are classified into histological sub-types named
as infiltrating ductal carcinoma (IDC), invasive lobular carcinoma, (ILC), musinous
(colloid), medullary and papillary carcinomas. Almost about 80% of breast cancer
are invasive ductal carcinomas (IDC) spreading through lobules*.
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Figure 7. Histological classification of breast cancer sub-types

1.2.2. Molecular classification of breast cancer

Early studies of transcription factor profiles using DNA microarrays or RT-PCR
have had a considerable impact on the understanding of breast cancer biology
identifying five molecular subtypes of breast cancer?’ (Figure 8). These molecular
subtype classifications are often key references for predicting prognosis as well as
a potential response to endocrine treatment, and the humanized monoclonal
antibody trastuzumab*®. They include luminal A and luminal B (expressing the
oestrogen and progesterone receptor ER, PR), human epidermal growth factor
receptor 2 (HER2)-enriched (without ER expression), and basal-like according to
the gene expression patterns*’. Molecular luminal A type includes tumors that are
positive for ER and PR, but they are negative for HER2, which does not benefit
from Chemotherapy. While molecular luminal B includes tumors that are ER
positive and can be PR negative and/or HER2 positive, which is beneficial for
chemotherapy™. On the other hand, triple negative breast cancer (TNBC) include
tumour that is negative for ER and PR.
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Figure 8. Molecular classification of breast cancer sub-types

1.2.3. Risk factors

Several risk factors were identified that increase breast cancer incidence. The main
factors are related to exposure to the hormone oestrogen, which plays an important
role in the progression of cancer. The risk of developing breast cancer increases with
a long time of fertility, the use of preventive pregnancy hormones, and having no
children or having the first child after the age of 35. The risk increases by four and
six times if two first degree relatives develop the disease" *?. Furthermore, the
incidence of breast cancer increases exponentially with age, as in the case of ductal
carcinoma the risk increases gradually starting at the age of 40 and reaches a plateau
after the age of 60>, Additionally, alcohol consumption also may increase breast
cancer risk®*. However, early detection through mammography has been
demonstrated to provide treatment options and to save lives. Regular exercise can
also protect the development of breast cancer™.

1.2.4. Current drug therapy for breast cancer

Treatment options for breast cancer includes surgery with or without radiation,
hormone therapy and chemotherapy, or the combination of more than one treatment.
Depending of the stage of disease, surgery can be the first option for early stage
breast cancer, with consideration of postoperative radiation®®. However,
chemotherapy is the only treatment option for the highly aggressive triple negative
breast cancer. There are three types of chemotherapy regimens: neoadjuvant,
adjuvant and palliative. Neo-adjuvant chemotherapy is recommended for patients
who have inoperable or inflammatory breast cancer at diagnosis, while adjuvant
chemotherapy is associated with severe physical symptoms, such as musculo-
skeletal pain, nausea and weight problems®’. The cytotoxic chemotherapy options
have expanded quickly, novel agents have been proven to treat metastatic breast
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cancer, include eribulin, nanoparticle albumin-bound-paclitaxel, ixabelipone **. On
the other hand, almost 25% of all breast cancers are characterized by the
overexpression of the HER2 protein. Trastuzumab is a recombinant monoclonal
antibody to HER2+ breast cancer, and can be used to treat both early-stage and
advanced breast cancer™

1.2.5. Targest for chemotherapy

Breast cancer tergeted therapies use drugs which may block on a specific molecular
target. Actually, the understanding of the molecular patways dysregulated in cancer
cells has increased rapidly, promoting the development of drugs with more specific
targets. Examples are cell-cycle proteins, modulator of apoptosis, growth factor,
signalling molecules and angiogénesis now became potential anti-cancer targets.
Reports have demostrated that phytochemicals have the ability to target multiple
patways in breast cancer cells such as signalling®. Previous investigations have
demonstrated HER2 as an effective therapeutic target in breast cancer treatment.

Several suidies have confirmed that sesquiterpene lactones interact with multiple
targets in cancer, they show capability to inhibit trasncription factors such as NF-
kB, STAT3, and AP-1, up- or downregulate the protein kinase MAPK and c¢-N-
terminal kinase JNK, and increse the expresion of the p53 protein. Some STLs can
also affect cell-cyclo arrest’’.

In this thesis, based on previous reports, the human breast cancer cell lines JIMT-1
were selected for testing the compounds, and human breast-derived MCF-10A cell
line was used as a normal-like cell model for comparison. JIMT-1 is a ductal
carcinoma breast cancer cell line derived from a HER2 positive clinically resistant
to trastuzumab, which contitute a good model to test the cytotoxic activity of new
drugs®'.

1.3. Triterpenes

Triterpenes are a large and structurally diverse Cso natural secondary metabolites,
and more than 20,000 triterpene structures have been reported up to now. The
majority of triterpenes are widely distributed in numerous classes of natural
products, especially in the plant kingdom, although other organism such as fungi,
lichens, and bryophytes also produce triterpenes®. The triterpenes in plants possess
defense activities since they are capable of preventing various pathogen infections,
and provide a repair mechanism for wounds and injuries®. Additionally, plants
usually accumulate triterpenes in their glycosylated forms (saponin), which is
considered as part of plant defense systems against pathogens and herbivores®.
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1.3.1. Chemistry of triterpenes

The majority of triterpenes possess the conventional carbon skeleton, arising from
the cyclization of squalene-2,3-oxidosqualene which result in the formation the
typical skeletons. Thus, in nature triterpenes are represented by different types of
compounds divided into more common chemical structure groups, and classified
into main group as; tetracyclic and pentacyclic triterpenes®. The tetracyclic
triterpenes consist of dammarane and tirucallane among others, while the
pentacyclic triterpenes are divided in tree groups, lupane, oleanane and ursane (see
Figure 9), that regularly are isolated as active substances from plants®. Chemically,
oleanane and ursane groups have three active sites, the hydroxy group at position
C-3, the C-12/C-13 double bound, and the carboxylic acid at position C-28, and
some modifications were made in these positions. This investigation is focused on
triterpene of oleanane type.

lupane oleanane ursane

Figure 9. Molecule structures of lupane, oleanane, and ursane

Table 1. Triterpene characterization

Triterpene family Triterpene R4 R2
lupeol CHs
lupane betulin CH,0H
betulinic acid COOH
B-amirin CHs H
oleanane erythrodiol CH20H H
oleanolic acid COOH H
maslinic acid COOH OH
a-amirin CHa -
ursane uvaol CH20H
ursolic acid COOH

1.3.2. Biological aspects of triterpenes

Triterpenes from plants are characterized by the hydrophobic scaffolds and have
shown a broad range of pharmacological effects and biological activity. In particular
for anti-inflammatory, analgesic, hepatoprotective, cardiotonic, anti-tumor, immune
regulation, sedative, antimicrobial, antioxidant, and spasmolytic activity, among
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others®” % Among these, lupane, oleanane and ursane triterpenes have

demonstrated to have cytotoxic effects against various cancer cell lines, and are
considered as promising anticancer drugs™. Currently, a variety of natural
triterpenoids and their derivatives, such as oleanolic acid, ursolic acid, botulinic
acid, boswellic acid and cucurbitacin B (see Figure 10), are in clinical trials for
cancer treatment’'. Chemically modified oleanolic acid is one of the most interesting
groups of new lead compound sources with anti-inflammatory, anti-ulcer and anti-
tumoral effects’.

oleanolic Acid ursolic acid

betulinic acid boswellic acid

HO

i,
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cucurbitacin B
Figure 10. Triterpenoids with specific anticancer activity
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1.4. Terpene-rich Medicinal Plants

Terpenoids play an important physiological and ecological function in higher
plants”, and in plant-insect, plant-pathogen, and plant-plant interaction. Terpenoids
are primarily produced in the vegetative tissues, the flowers, and, occasionally, in
the roots’*.

Pentacyclic triterpenes such as B-amirin oleanane, are accumulated in fruits, leaves
and bark of various medicinal plants such as Lantana camara roots, Salvia
officinalis, Satureja montana and Olive europea. They may be present in cuticular
waxes of leaves and fruit of various species, affecting their cuticular structure and
the water permeability’>’¢. For instance, high amounts of pentacyclic triterpenes are
found in the surface waxes of the olive skin’’.

1.4.1. Bolivian plants terpenes production

In Bolivia there are 31 indigenous groups and many mestizo communities living in
different natural areas of de country, as Altiplano, Yungas, Chaco or lowlands’.
Among these groups, a high percent of the indigenous population lives in the
Altiplano. The Southern Altiplano region of Bolivia is an extensive area
characterized by an average elevation of 4000 meters above sea level, an arid
climate, extreme temperature that range from -11°C to 30°C, poor soil and high
salinity. These ecological aspects are defined by an extensive surface of Uyuni Salt
Flat”’. Most surface is covered by crops that can tolerate these extremely growing
conditions, such as white and bitter potato species (Solanum tuberosum, S.
Juszepczukii, S. andigenum and S. ajanhiri), quinoa (Chenopodium quinoa, cafiitwa
(Chenopodium pallidicaule), etc., being the major agricultural economic output and
export®*®'. On the other hand, the dominant plants biodiversity present in the south
of the Bolivian altiplano were identified as Asteraceae family; Parastrephia,
Baccharis, Verbenaceae family, Lampaya, Junellia and species of the genus
Polylepis®**. Phytochemical studies of these plants have confirmed the presence of
high amounts of pentacyclic triterpenes®* *> ¥ Thus, the evaluation of pentacyclic
triterpenes in selected plants from Southern Altiplano of Bolivia, was investigated,
and the results reported in this thesis.
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Chapter 2. (Paper I) Sesquiterpene
lactones from A4. arborencens and
anti-inflammatory activity

2.1. Background

Among the medicinal plants studied in South America are Ambrosia arborescens
Mill., a specie from Asteraceae family, tribe Heliantheae, and subtribe
Ambrosinae®’. It is an aromatic plant distributed around western South America
(Ecuador, Bolivia and Peru), native to Ecuador, growing between 2000 and 3500
m.a.s.l. commonly know as “marco”, “marku”, “Altamisa”, or “artemisia”. Its aereal
parts has been traditionally used in folk medicine to brush away insects,
rheumatism, muscle pains, for the treatment of infections and skin disorders’ 87,
In Bolivia indigenous populations use the aerial part of “Marku” as topical agent to
alleviate pain, as a treatment amebic dysentery and to treatment imflammation
disease. It is also employed as a flea repellent, because the plant possess a bitter
sensory quialities, which believed to conribute to the plants defense against
hervivores *°.

As metion in the previous chapter all Ambrosia species are chemically characterized
by the presence of high content of sesquiterpene lactones, wich is also used as
chemotaxonomic marker. Among these species, it has been isolated four
sesquiterpene lactones from Ambrosia arborescens M, where the major constituents
of this plant are; damsin (1), coronopilin (2), psilostachyin, psilostachyin C and
small amount of 11I-epidihydropsilostachyin® (Figure 11). Damsin 1 and
coronopilin 2 were reported as the major compounds studied in this specie, since
these compounds show inhibitory effect against inflammatory processes’.
However, the underlying mechanisms are not fully understood
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damsin (1) coronopilin (2) psilostachyn psilostachyn C

Figure 11. Sesquiterpene lactones from Ambrosia arborescens Mill.

2.2. Sesquiterpene lactones antiinflammatory agent

The potent antiinflammatory activitity of STLs have been widely reported since
1979. Early report of antiinflammatory activity of STLs in rodents by carrageenan-
induced-paw have demosntrated that the o-methylene-y-lactone of cyclopentenone
moiety plays an important role in in vivo antiinflammatory activity”>. The mode of
action of STLs as antiinflamatory agents were shown to be potent inhibitor of many
inflammatory processes, such as oxidative phosphorylation in neutrophils, platelet
aggregation, chemotaxis, histamine and serotonin release and pro-inflammatory
cytokines®” *>. Chemically, the anti-inflammatory activity of STLs is mediated by
o-methylene-y-lactone moiety which may alkylate biological nucleophiles such as,
L-cysteine, glutathionine via a Michael type addition *>°*?7. Thus, proteins with
cysteine residues, seems to be the principal targets of STLs. STLs involves
specifically transcription nuclear factors such as NF-xB, STAT3, and Nrf2 as
molecular targets, these have been descrived to play an important role in regulating
genes expression in inflammation patways’* **. However, other factors such as the
conformation of the basic carbocyclic skeleton may also influence the
antiinflammatory activity and selectivity of sesquiterpene lactones®”.

NF-xB family are composed of five structurally well known members, which
include, p50 (NF-kB1), p52 (NF-xB2), p65 (RelA), RelB and c-Rel. Chemically,
these members of the family may share an N-terminal Rel homology domain
(RHD), which is respomsable for DNA binding, homo-and heterodimerization. The

p65 and p50 menbers are ubiquitously expressed, while the others members are
tissue specific'”’. The most predominant form of NF-xB is a dimer conformed by
p65 and p50 proteins, which is inactive complex and sequestered in the cytoplasm
by interacting with the inhibitor of NF-kB (IxB) proteins, most commonly IkBa

under unstimulated basal conditions'®'. The exposition of the cell to a wide range of
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stimuli, such as cytokines; interleukin-1(IL-1), tumor necrosis factor-o. (TNF-
o) and bacterial lipopolysaccharide (LPS) leads to phosphorylation and activation
of the kinase complex by IKKc, IKKB and NEMO (NF-xB essential modifier)'*

a
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RelB ] RHD [ [#] 557
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Figure 12. Members of the A) NF-kB (Rel family), B) IxB family and C) IKK complex. The numbers of amino acids in
each the human protein is indicated on the right. All members of NF-xB may share a rel homology domain (RHD)

which is required for their dimerisation.
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2.2.1. The NF-kB signaling pathways

Nuclear factor kappa B (NF-kB) is a transcription factor which is found in the
majority of cells as inactive complex (IkB-bound). Therefore, it has been discovered
two important patways to lead the activation of NF-kB'®. These two more descrived
patways are named either the canonical and non-canonical patways or the classical
and alternative patways, respectivetely. The canonical NF-kB patways regulate the
activation of NF-kBIl p50, RELA and c-REL and it is mediated principally by
degradation of inhibitors present in the cytoplasm. Whilst, activation of non-
canonical pathways NF-kB (NF-xB2) commonly take place after activation of
canonical patway and principally activates p100-sequestred NF-xB members and
RELB aditionally this pathway, may require new protein synthesis in contrast of
canonical pathway'* '%,

The canonical NF-xB patway begins through the xposure to inflammatory stimuli,
including ligands of various cytokine receptors such as tumor necrosis factor (TNF)
and interleukin-1 (IL-1), which lead to activation of the  subunit of the IxB kinase
(IIK) complex, then phosphoprylates IkBow proteins on two N-terminal serine
residues, which leads to ubiquitinination and degradation of IxBo, which then
allows the unbound NF-xB dimers able to translocate to the nucleous where it
becomes phosphorylated, binds to specific DNA secuences and induces the
expression of genes involved in inflamation such as IL-8 and IL-6, as well as anti-
apoptotic genes including cIAP2, Bcl-2 and Bcl-xL'®.

The non-canonical pathway of NF-xB activation begins from different of type of
receptors such as B-cell activation factor (BAFFR), lymphotoxin B-receptor
(LTBP), CDA40, receptor activator for nuclear kappa B (RANK), TNFR2 and Fn14.
However, the p100 IxkB family member are the specifically targets, because these
menbers principally inyteracts with RelB in the cytoplasm. Once stimulated, p100
is partially degraded to generate p52'® (Figure 13)
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Figure 13. NF-xB signaling in inflammation®”

2.2.2. Lipopolysaccharide-induced MCP-1 gene expression

Monocyte chemoattractant protein-1 (MCP-1) is one of the principal chemokines
synthesized by several cell types and various non-leukocytic cells, including
endothelial, epithelial, smoot muscle, mesangial, astrocytic, monocytic, microglial
and fibroblastic'®. It can be induced by lipopolysaccharide (LPS) of murine
peritoneal macrophages and human endothelial cells and may contribute to renal
inflammation. LPS is a potent stimulus of cytokine production and has been shown
to increase MCP-1 expression in mesangial cells and renal cortical cells, which can
induce a strong inflammatory response by the human immune system.

Aim of this section

The main purpose of this section was to isolate two major sesquiterpene lactones
from A. arborescens. and develop a novel, rapid and precise HPLC method for
sinultaneous determination of damsin 1 and coronopilin 2, because the
quantification of these compounds in the plant will be very important for the
establishment of quality control procedure of STLs in the extracts and plants and
for the rapid isolation of active compounds. Aditionally, we are going to investigate
the effects of damsin and coronopilin in attenuation of IL-6 and MCP-1 expression
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and inhibition of NF-kB in human dermal fibroblasts (HDFa) and human
keratinocytes (HaCaT).

2.3. Result and discussion

2.3.1. Chemistry evaluation

A. arborescens have been charaterized to contain high levels of pseudoguaianolides
concentrated principally in the aereal parts of the plan, where the range of STLs
contentnt may vary from 0.01 % to 8 %, and STLs can be also found within the
vacuoles of cell in the plant in response of biotic stresses'’. Chemically, the type of
STLs present in 4. arborescens are pseudoguaianolides which possess a lactone ring
with exocyclic double bond conjugated with a cabonyl group. Especially, for these
particular characteristic STLs have gained increasing attention in the medicinal
chemistry and chemical synthesis.

HPLC analysis

A precise and rapid HPLC method was developed for simultaneous quantification
of major STLs from 4. arborescens, a detalied procedure is described in paper 1.
For this purpose, the aerial parts of the plant were collected in June 2014 and 2015
in La Paz city from Bolivia country at (16° 30" 01" S, 68° 06’ 23" W, 3804 m.a.s.1).
The dried leaves (0.5 g) were subjected for extraction with 15 ml of EtOAc for 24
h, then the liquid extract was filtered and concentrated in vacuo. Previous to HPLC
injection the sample was dissolved in 5 ml of MeOH (HPLC grade) and filtered
through Discovery DPA-6S solid phase cartridges and then dilute to 25 ml in
volimetrics flask to inject 25 ul into the HPLC using an isocratic elution with a
mixture of solvents of 60% of ACN and 40% of formic acid at 0.15 % in water with
a running time of 15 minutes and post time 5 minutes. The detector wavelenged was
fixed at 215 nm.

Preparation of standar solutions

Reference sesquiterpene lactones (Standar) damsin 1 and coronopilin 2, were
isolated from A. arborescens. by chromatographic methods. Then, the structures and
relative configuration of dansin and coronopilin were confirmed from 2D NMR
analysis (including COSY, HMBC, and NOESY) and comparison with literature
spectroscopic data from previous studies (spectroscopic data, appended 1). These
pure sesquiterpene lactones were used as external standar for quantification the
major STLs in the plant. The standard solutions were prepared by dissolving each
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compounds in methanol (HPLC grade) and diluted to four concentration points (75,
150, 225 and 300 pg/ml) for establishing calibration curve.

The two STLs, damsin 1 and coronopilin 2 have shown good chromatographic
separation and resolved with relatively differences in their retention times (3.30 min
and 6.28 min) at 210 nm and have also shown a good resolution between the peaks
(Figure 14). The HPLC method was aplied to determine the amount of damsin 1 and
coronopilin 2 in the leaves of the plant, which gave 13.4 mg/g of compound 1 and
12.3 mg/g of compound 2.
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Figure 14. HPLC chromatogram of pseudoguaianolides from A. arborescens.

The HPLC analysis demostrated that the calibration curve have shown linear
regressions with the determination coefficient (R?) between 0.9965 and 0.9925, the
LODs and LOQs of two compounds were 28.3 pg/ml and 85.8 pg/ml for compound
1 and for compound 2 41.7 pg/ml and 126.5 pg/ml. The contents of damsin and
coronopilin in the dry leaves were 13.4 = 0.02 and 12.3 + 0.3 mg/g respectively
(Table 2)

Table 2. HPLC-DAD Calibtation curve result from quantification of damsin 1 and coronopilin 2 in A. arborescens

Compounds Retention Concentration cv R? LOD? LOQ®
time (min) (mg/g) (%) pg/ml pg/ml pg/ml

1 6.28 13.4 £0.02 0.18 0.9965 28.3 85.8

2 3.30 12.3+£0.3 2.12 0.9925 41.7 126.5

2limit of detection
blimit of quantification

The HPLC-DAD three-dimentional spectrum of A. arborescens of EtOAc extract (
25 ul injection) containing 13.4 + 0.02 mg/g of damsin 1 and 12.3 + 0.3 mg/g of
coronopilin 2. These two compounds have shown good absoption at 215 nm for the
quantification of the compounds of interest, and their retention time were 3.30 min
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for coronopilin and 6.28 min for damsin no other type of sesquiterne lactone were
detected in the extract at this retention time. In addition unkown peaks did not match
with any our standar (Figure 15 and Table 2).

Figure 15. HPLC-DAD three- dimentional spectrum of A. arborescens EtOAc “2” coronopilin and “1” damsin

2.3.2. Biological evaluation

Medicinal plants with high contents in STLs have become an important source of
compounds for studies on nonsteroidal anti-inflammatory drug (NSAID). Thus, we
have demostrate that the SLTs damsin 1 and coronopilin 2, isolated from A.
arborescens, down-regulates proinflammatory cytokine production in human
dermal fibroblasts, adult (HDfa). Reduce phosphorylated p65 and p105 subunits in
HDFa cells and the detailed precedures are described in paper 1. However, the
positive control (Dexamethasone) atenuate monocyte chemoattractant protein-1
(MCP-1) expression in human THP-1 monocytes. The compounds and positive
control principally prevented the LSP-induced MCP-1 expression. Therefore, the
compounds 1 and 2 demostrate a major consistent action on LPS-induced cytokine
expression in different cell types than Dexametasone a commercial steroidal drug
(Figure 16). Damsin and coronopilin did not affect the HDFa cell morphology and
viability at concentration range (1-10 uM). Also, in HaCaT cells, treatment with
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damsin (1-10 uM) for 24 h inhibited the MCP-1 expression, and damsin thereby
attenuated cytokine expression both in HDFa and HaCaT cells.

o) o

1(3amgy 7

Ambrosia arborescens M. 2 (123 mge)

Figure 16. Damsin 1 and coronopilin 2 from A. arborescens 2, NF-kB target genes involved in inflammation
development
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Chapter 3. (Paper II and III)
Semi-synthetic derivatives of damsin

3.1. Background

Among the STLs, the pseudoguaianolides are composed by the two groups
ambrosanolides and helenanolides, which differ only in their stereochemistry at C-
10. Damsin has its C-10 methyl group in a B-position,and is a representative of the
ambrosanolide group'”. Recently, damsin and other pseudoguaianolides have
gained attention in the medicinal chemistry and chemical synthesis fields, due to
numerous studies of their biological properties reported. Studies of damsin have
suggested that it is a promising starting material for the semis-synthesis of active
derivatives, since it has been shown to possess important cytotoxic effects on the
colon cancer cell line Caco-2 (epithelial colorectal adenocarcinoma). In addition, it
has significaticative inhibitory effects on the NF-xB and STAT3 transcriptional
pathways in Jurkat cells and HeLa cells''’. In addition, damsin has also been shown
to be cytoxic towards breast cancer cell lines (MCF-7, JIMT-1, and HCC1937)'!",
In order to improve the biological properties of damsin (potency and selectivity),
some structural modification in positions C-3, C-4, and between C-11 and C-13
have been reported. For example, the bromination of the C-11/C-13 double bond
with trimethylammonium perbromide to give 11a,13- dibromodamsin and 11§,13-
dibromodamsin, resulted in the loss of its biological activity. This reaction therefore
demostrated the importance to maintain the exocylic double bound between C-11
and C-13 of damsin, as well as the carbonyl group at C-4. Therefore, some structural
modification at C-3 could improve the biological activity of damsin'"

The principal aim in this section was to prepare derivatives of damsin with
modifications at C-3 through Claisen Schmidt condensations between mono- and
bi-substituted benzaldehydes. This is an important transformation in organic
synthesis, because it provides a good way to generate carbon-carbon double bonds
next to a carbonyl group, and thereby a Michael acceptor which theoretically could
interact with a biological receptor. We also prepared the thiol adducts for kinetics
studies.
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Tabla 3. Structural modification of damsin and its biological activities'!* "2

Compound

Biological activity

Compound

Biological activity

damsin

The cytotoxicity against
normal human fibroblasts,
human laryngeal carcinoma
and human with simian virus
40%7.

Has shown antiproliferative
activity against colon
carcinoma (Caco-2 cells)'°.

The cytotoxicity effect on
A549 (non-small cell lung
cancer), Hela (cervical
cancer) and Panc-1
(pancreatic cancer)'*

Anti-arthritic effect'®

(E)-13-(N,N-
dimethylaminomethyl)
damsin

NF-kB inhibitory activity''®

110, 13-dibromodamsin

Has shown antiproliferative
activity against colon
carcinoma (Caco-2 cells)'"°

13-phenylisodamsin

NF-kB inhibitory activity'®

Antiproliferative activity
against colon carcinoma
(Caco-2 cells)'?

110,13-dihydro-4o-hydroxy-
4-deoxydamsin

NF-kB inhibitory activity'®

coronopilin

NF-kB inhibitory activity''3

Effects against leukaemia
cells (Jurkat and U937
cells)'"®

Cytotoxicity on human
cancer cell lines including
PC-3 (prostrate), HCT-15
(colon), THP-1 (leukaemia),
HelLa (cervix), A549 (lung)
and MCF-7 (breast)'"”

o

11B,13-dihydro-4B-hydroxy-
4-deoxydamsin

NF-kB inhibitory activity''3
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3a-hydroxydamsin

NF-kB inhibitory activity''3

(E)-11B,13-dihydro-13-
ethoxy-3-(phenylmethylene)-
damsin

NF-kB inhibitory activity''

o
4p3-hydroxydamsin

NF-kB inhibitory activity''3

OH

[T

11pB,13-epoxy-10-
hydroxydamsin

NF-kB inhibitory activity''

NF-kB inhibitory activity''3
Cytotoxic activity against
lung (NCI-H522), colon
(HCT-116), melanoma
(LOX-IMVI), ovarian
(OVCAR-5), renal (SN12C),
prostate (PC-3), breast
(MCF-7)"18

NF-kB inhibitory activity''3

Cytotoxicity on human
cancer cell lines including
PC-3 (prostrate), HCT-15
(colon), THP-1 (leukaemia),
HelLa (cervix), A549 (lung)
and MCF-7 (breast)'"”

ambrosin
NF-kB inhibitory activity''3
C ytotoxicity against NF-kB inhibitory activity''®
o o different drug-resistant
tumor cell lines'®
S epi-11,13-dihydro-13-(N,N-

neoambrosin

dimethylamino)damsin
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3.2. Damsin synthetic analogs

3.2.1. The Claisen-Schmidt condensation reaction

The Claisen-Schmidt or crossed-aldol condensation has gained attention in natural
product science, since it is involved in the biosynthesis of many significant natural
products. It results in the important carbon-carbon bond creation and the formation
of o,unsaturated carbonyl compounds. Derivatives of damsin subjected to this
reaction would possess two Michael acceptor units a functionalityl responsible for
the biological activity of many natural products.

Claisen-Schmidt condensation is typically carried out between benzaldehydes and
cyclic ketones, catalyzed by acids (AICI; or HCI), strong bases (NaOH, KOH and
Ca(OH),, metal ions such as Zn (II) and Ni(II) under homogenous, heterogenous or
solvent-free conditions. In the case of base catalysis, the desired product is
generated by an initial aldol condensation followed by dehydration via an enolate
mechanism (see Figure 17), while in the case of acid catalysis the desired product
is generated via an enol mechanism. However, these conditions suffer from side
reactions, such as self-condensation of the ketone, and the formation of by-products
will directly affect the yields of the desired product'?* %,

Claisen-Schmidt, base-catalyzed

The classical Claisen-Schmidt reaction involves the reaction between
benzaldehydes and cyclic ketones such as damsin I, with base-catalysis in a polar
solvent. Strong bases such as potassium hydroxide, sodium hydroxide and
potassium fert-butoxide are often used'*>. However, the basic conditions require
some modifications, e.g. temperature adjustment and time of reaction. A strong base
can extract the weakly acidic o-proton of the ketone moiety of damsin I, to form an
enolate anion II. Next, the enolate anion will attacks the carbonyl carbon of the
benzaldehyde to form the B-hydroxy carbonyl intermediate III. Then, the base B:
pulls off the remaining a-hydrogen to give the new enolate anion IV, followed by
the loss of water to give the desired a—benzylidendamsin product V. There is a
higher preference for the formation a trans double bound product which is defined
in the dehydration step, presumably due to steric reasons (see Figure 17).
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Figure 17. Mechanism of the Claisen-Schmidt base-catalyzed condensation between damsin and benzaldehyde.

The trans stereochemistry of the double bond in all derivatives from Claisen
Schmidt condensation were confirmed by NOESY experiments.

Claisen-Schmidt, acid-catalyzed

Claisen-Schmidt condensation can be carried out with acidic catalysis as well,
including Lewis acids and Brensted acids in a polar solvent. Among the common
acid catalysts used are B,Os, RuCls;, BF3;, and dry HCL. However, these reactions
sometimes require more severe conditions (high temperature, longer reaction times,
and tedious purification times)'*. Recently, p-toluene sulphonic acid (p-TSA) has
been employed in the procedure of a variety of synthetic metodologies with good
results'?,

The classic mechanism of an acid-catalyzed Claisen-Schmidt condensation is
similar to that of the base-catalyzed condensation. It which procedeeds through the
tautomerization of the ketone to form enol intermediate II, which will add to the
carbonyl carbon of benzaldehyde to yield III, followed by the acid catalysed
dehydration to produce the desired condensation product V (see Figure 18).
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Aldol formation

/\:B

(O H

Figure 18. Mechanism of an acid-catalyzed Claisen-Schmidt condensation of damsin with benzaldehyde.

3.3. Results and discussion

3.3.1. Group one of damsin derivatives (Paper I)

The synthetic analogs from damsin 1 were previously prepared by a Claisen-
Schmidt condensation, with both acid and base catalysts and solvents described in
Table 4, to establish the optimal reaction conditions. The yields of reactions
obtained for each catalyst and solvent are show in Table 4. In this two first cases,
neither (S)-N-(2,2,2-trifluoroacetyl)pyrrolidine-2-carboxamide nor
dimethylammonium dimethyl carbamate (DIMCARB) catalysts yielded the desired
product V. However, using TBAH, an organic-soluble hydroxide source in the form
of tetrabutylammonium hydroxide as the base catalyst in toluene: H20 gave better
yields, but the most efficient reaction was obtained using an organic acid catalyst,
such as p-toluene sulfonic acid (pTSA).
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Table 4. Effect of catalyst and solvent on Claisen Schmidt condensation of damsin | and benzaldehyde Il

4 I N
© + v °
O o)
(0] 1T ]
I \Y
Entry Catalyst Il Solvent IV Time Yields V (%)

1 (S)-N-(2,2,2-Trifluoroacetyl)pyrrolidine-2-carboxamide; r.t. DMSO 42 h 30 min 0
2  Dimethylammonium dimethyl carbamate (DIMCARB); r.t Free 3h 0
3 Tetrabutylammonium hydroxide (TBAH); r.t. PhMe; H20 (80:20) 1h 11
4 Tetrabutylammonium hydroxide (TBAH); r.t. THF; t-BuOH 2h 20 min 12
5  Tetrabutylammonium hydroxide (TBAH); r.t. PhMe; H20 (50:50) 23 h 15 min 35
6  Tetrabutylammonium hydroxide (TBAH); r.t. DMSO 26 min 0
7  Tetrabutylammonium hydroxide (TBAH); Na OH, r.t: PhMe 10 min 6
8 p-Toluene sulfonic acid (PTSA) ; 80°C Bz 23 h 15 min 72
9  p-Toluene sulfonic acid (PTSA) ; m.w. 180°C Bz 2h 89

The Claisen Schmidt condensation between damsin and substituted benzaldehydes
4a-4n were subjected under acid and basic optimized conditions (see Table 4) to
obtain benzylidendamsin adducts 3a — 3u, prepared as described in the paper 1.
These two different condensation procedures selected as optimized conditions from
Table 4 such as: i) acidic catalysis with an excess of p-toluenesulfonic acid (pTSA)
in benzene (entry 8 and 9), and ii) basic catalysis by treatment with
tetrabutylammonium hydroxide (TBAH) in a heterogeneous mixture of solvent such
as (50:50) toluene/water (entry 5). The results of optimization condition show the
acidic conditions gave the higher yields than basic conditions (Table 1 and Figure
19), although the condensation of damsin 1 with the protected
hydroxybenzaldehydes to give the phenolic derivatives 31— 3n were only performed
under basic conditions, however, the yields were modest. (Figure 20)
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0]
72
Rs Acid conditions
p-TSA/benzene
1+ >
R, Basic conditions
R, TBAH/PhMe:H20
4a-4n
0 Acid conditions
(/ p-TSA/benzene
1+ R . iy
4 Basic conditions
TBAH/PhMe:H20
4p - 4u 3p-3u

Figure 19 Damsin derivatives via Claisen-Schmidt condensation carried out in basic or acidic media under
heterogeneous conditions.

The group of compounds, 3p—3u, are the Claisen Schmidt condensation adducts
between 1 and alkyl aldehydes and cyclohexyl aldehyde. Both acidic and basic
catalysis for the condensation were tested. The condensation under basic conditions
gave a better result for compounds 3s-3u, while the yields for compounds 3p and
3q were higher under acidic conditions (Table 5).
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Table 5. Synthesis of Claisen-Schmidt condensation derivatives 1

Yields (%)
Basic Acidic
condensation condensation

Compound Rq Rz Rs

3a H H H 40 72
3b CHs H H 28 70
3c H CHs H 34 80
3d H H CHs 25 90
3e CHs H CHs X 46
3f CF3 H H 84 88
39 H CF3 H 56 34
3h H H CF3 27 71
3i OCHs H H 21 87
3j H OCHs H 3 73
3k H H  OCHs 1 100
3l OH H H 23 (from 1) 0
3m H OH H 43 (from 1) 0
3n H H OH 27 (from 1) 0
3p R4 = (E)-cyclohexyl X 41,5
3q R4 = (Z)-cyclohexyl X 20
3r R4 = ethyl 9 20
3s R4 = propyl 42 0
3t R4 = 2-methyl propyl 42 0
3u R4 = 3-butenyl 36 0

Generally, in the Claisen Schmidt condensation the mechanism involves a
nuclephilic addition of an enolate anion under basic conditions or an enol
intermediate under acid conditions, to the carbonyl carbon of a benzaldehyde. The
benzaldehyde substituents, such as electron withdrawing group(s) in the aromatic
ring, should increase the reactivity of the benzaldehyde. Benzaldehydes with
electron-donating substituent(s) are consequently expected to be less reactive'>.
However, we observed that the electron-donating substituents in the benzaldehydes,
such as -CHj3 and -OCH3 makes the carbonyl carbon of aldehyde more reactive for
nucleophilic reaction with enol intermediate (acid conditions), with the exeption of
-OH which is unsuitable both in basic as well as acid conditions.
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H;C

Figure 20. (E)-3-(Benzyliden)damsin adducts from Claisen Schmidt condensation

To prepare the phenolic adducts 31-3n, the hydroxy subtituents groups of the
corresponding  benzaldehydes  were  protected by treatment  with
methoxymethylbromide (MOMBr1). The methoxymethyl (MOM) is extensively
used as as a hydroxy-protecting group, because it can easily be introduced and it is
stable under the reaction conditions used here. The protected benzaldehydes were
then condensated under basic conditions, and deprotected, resulting in reasonable
yields of 31-3n. The MOM deprotection was carried out by treatment with HCI
(Figure 21).

54



~ =~
Rs EtN(i-Pr)2 R 1. Ry
MOMBr .
R, MOM R, TBAH/PhMeH0 g,

R, R, R; o Y
41: R,=OH, R,=Ry=H 4x: R;=MOMO, R,=R5=H (80%) 3x: R;=MOMO, R,=R;=H (23%)
4m: R,=OH,R;=R;=H  4y: R,=MOMO, R,=R;=H (63%) 3y: R,=MOMO, R;=R3=H (43%)
4n: R;=OH,R,=R,=H  4z: R;=MOMO, R;=R,=H (90%) 3z: R;=MOMO, R,=R,=H (27%)

HCI
MeOH

31: R;=OH, R,=R;=H (54%)
3m: Ry=OH, R,=R;=H (93%)
3n: R;=OH, R;=R,=H (65%)

Figure 21. Hydroxyl-protection (4x-4z), Claisen Schmidt condensation (3x-3z), Hydroxyl deprotection (31-3n)
The formation of an isomeric mixture of adducts 3p and 3q were obtained only with

cyclohexyl aldehydes and the formation of E (trans) isomer was more favoured than
Z (cis) (Figure 22).

p-TSA

Benzene

3p (41%) 3q (20 %)

Figure 22. Mixture of E /Z isomers from Claisen Schmidt condensation
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3.3.2. Group two of damsin derivatives (Paper II1)

Influence of the nature of aldehydes

The new derivatives 2a to 2i were prepared by Claisen-Schmidt condensations
between various benzaldehydes with electronwithdrawing substituents in the para,
meta and orto positions, with damsin la (or 1?) according to the procedures
described in paper III. The results showed that the yields of the reaction products
depended on the position of the substituent, orto>meta>para. However, the reaction
times with meta and para-substituted benzaldehydes were shorter compared to the
corresponding orfo-substituted benzaldehyde, presumabl because electron-
withdrawing group in the para position decreases the electron density at the
carbonyl carbon of the aldehyde, making the aldehyde more sensitive to
nucleophilic addition (Table 6).

Table 6. Influence of withdrawing group in Claisen Schmidt condensation

/O

R, p-TSA

la + Benzene
TBAH
Ry
R, PhMe:H,0

compound Ri R2 Rs3 time yields
2a F H 4h 21,9
2b H F H 4h 59
2c H F 6h 71
2d H Cl H 3h45min 51
2e Br H H 1h 8,4
2f H Br H 1h 35
29 H H Br 1h 51
2h Et, H H 2h 30
2i i-Pr H H 2h 29

The new derivatives 1¢ and 1f were prepared by Rubottom oxidation of the
corresponding silyl enol ether intermediate, according of procedures described in
paper III and Figure 23. Where damsin 1a was treated with trimethylsilyl
trifluoromethanesulphonate to give 100 % yield from regioselective formation of
enol silyl ether intermediate by silylation of enolate anion of 1a. The Rubottom
oxidation process involves the reaction of m-MCPB react with the enol silyl
intermediate through a cycloaddition, followed by a rearrangement yielding the
derivatives 1c¢ (33 %) and 1f (19 %). The acylation of Rubottom oxidation product
1c¢ by the treatment with acetic anhydride and benzoyl chloride gave 1d and 1e
(Figure 23).
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m-CPBA

1a TMSOTf

Et;N Hexane

Cl 1f
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Ac,O BN

pyridine

1d le

Figure 23. Rubottom oxidation of 1a to give 1c and 1f; Acylation of 1c to prepare 1d and 1e

Double bond reduction

In order to investigate the influence on the cytotoxicity on the presence of a second
Michael acceptor, formed by the Claisen-Schmidt condensation, the compound 30
was prepared by the reduction of the double bond between C3 and C1” of 2a or 6.
Several catalyst and solvents were tested to achieve this double bond reduction
(Table 7). Among the catalysts tested, the hydrogenation using PdC and solvents
such as EtOH:DCM gave better results than others catalysts, affording 30 in 18 %.
No product was observed for the entries 2, 3, 4, 6, 8 and 9, because double bond
isomerization between C-11/C-13 was observed to give compound 9.
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Table 7. Initial testing of catalyst and solvents for the hydrogenation of derivatives 3a or 6

Entry sustrate reduction reaction conditions Product
1 3a Co(CO)s DME:H20 9
2 6 Co(CO)s DME:H20 6
3 Ha/s-Proline, PdC MeOH 6
4 3a BusSnH/AIBN PhH 3a
5 3a RuCl2(P(Ph3))s BnOH 9
6 6 RuCl2(P(Ph3))s BnOH 6
7 3a H2/PdC MeOH 9
8 6 H2/PdC EtOAc 6
9 H2/PdC 4MP EtOH 6
10 6 H2/PdC EtOH:DCM 7

The compound 30 was prepared according of procedure described in paper II.
Damsin 1 was subjected to protection of the exocyclic double bond via the Michael
addition of thiophenol in EtOH to afford 14 % yield of intermediate 5. A subsequent
Claisen Schmidt condensation of 5 with benzaldehyde under acidic conditions to
give 82 % yield of compound 6. Hydrogenation of 6 was carried out by using PdC
catalyst in EtOH:DCM under hydrogen atmosphere to give the reduced product 7
in 18 % yield, while the removal of the sulphur moiety in the double bound
protection by treatment of 7 with NalO4 and MeOH yielded the desired product 30
in 53 % yield (Figure 24).
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p-TSA

ﬂ, benzaldehyde
EtOH
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EtOH, DCM

NalOy

H,0, MeOH

30 7

Figure 24. Hydrogenation of Claisen-Schmidt condensation product 6.

3.3.3. Michael addition adducts (paper II)

As mention before the biological effects of damsin have been attributed to their
capability to form covalent bonds with free cysteine via Michael addition of
o, B[ Junsaturated carbonyl. The thiol adducts 5a and 5b from damsin 1a and 4a and
4b from 3n were prepared according of the procedures described in paper II by
addition of L-cysteine methyl ester in MeOH to damsin 1a and derivative 3n. The
results show that the damsin 1a and derivative 3n treated with L-cysteine methyl
ester to give an isomeric mixture of thiol adducts 5a and Sb, 4a and 4b (Figure 25).
The Michael addition reaction was observed only with the exocyclic double bond
between C-11 and C13.
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L-cysteine,
methyl ester

-—

MeOH

Sa 5b
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4a 4b

Figure 25. Michael addition adducts from 1a (damsin) and 3n (o-hydroxy phenyl methylene damsin

Kinetic of Michael addition

The reactivity of damsin 1a with thiols is important for the understanding of the
toxicity of o,B-unsaturated carbonyl derivatives. Our results, plotted in Figure 26-
a), show the kinetic of the reaction between damsin 1a and methyl-L-cysteine ester
(MECYys), to form isomers 5a and Sb, where the progress of reaction was monitored
by 'H NMR spectroscopy. The Michael addition of the thiol methyl-L-cysteine ester
(MECys), to damsin 1a was found to be relatively slow (see Figure 26 a)). The
linearization of the reaction between 1a and L-cysteine methyl ester (MECys), was
possible to fit by a second-order (ec-1) with a slope k 0.345 mol/I*min and the
corresponding coefficient of correlation R?0.994. However, the reaction of 3d with
methyl-L-cysteine ester (MECys) to give a mixture of isomers 4a and 4b. The results
plotted in the Figure 26-b) shows the kinetic of reaction between compound 3d and
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methyl-L-cysteine ester (MECys), where the formation of products 4a and 4b were
slowly than reaction with 1a.

100 100
s0 % la tMECys > Sa+ 80 ®3d+ MECys—>  4a + 4b
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Figure 26. Kinetics of the Michael addition of a thiol to a) damsin 1a and b) benzylidene damsin derivative 3d

The rate of the reversible Michael reaction of adducts 5a and 5b were slower than
the formation of the products. These values are very important for pharmacokinetic
studies. We can suggest that the dissociation is also fit by second order whit some
considerations.
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Figure 27. The stability of the thiol adducts c) thiol-damsin adduct isomer 5a and d) thiol-damsin adduct isomer 5b

61



62



Chapter 4. (Paper II, III and
manuscript 1) Semi-synthetic
derivatives of damsin and their
cytotoxicity towards breast cancer
cell lines

4.1. Background

Cytotoxicity plays an important role in investigations of carcinogenic processes, and
the determination of cytotoxic effects on cancer cells is an initial step for the
evaluation of the potential usefulness of test substances. Evidently, the lack of
cytotoxicity towards normal cells is equally important, and the selectivity ratio is
important to determine for promising bioactive substances.

Breast cancer is one of most common cancer in women worlwide, and it is the major
cause of mortality. Therefore, new alternative therapies to control this desease have
been reported, such as therapeutic drugs derived from natural compounds.
Sesquiterpene lactones have been shown to possess a significant cytotoxic activity
due to the presence of an o-methylene-y-lactone moiety, which via a Michael
addition can react with free thiols of the amino acid cysteine in proteins. Previous
studies suggest that the cysteine 38 in the p65 subunit of the transcription factor NF-
kB is the target for the inhibitory action of STLs'?®. Based on our previous works,
damsin and its derivatives showed a significant effect on the growth of Caco-2 cells,
a colorectal cancer cell line, and inhibitory effects were showed in NF-kB and STAT
3 transcriptional activities in Jurkat and HeLa cells'!’. The theory was therefore that
structure modifications at position C-3 in damsin might result in analogues with
improved cytotoxicity and selectivity against breast cancer cells.
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4.1.1. The pricipal aim of this section

The principal aim of this section was to evaluate de cytotoxicity and selective
cytotoxicity of two groups of benzyliden damsin derivatives as well as oxidized
damsin derivatives. Aditionally, we report the molecular mechanistics aspects of
selected benzyliden damsin derivatives in manuscrip I

4.2. Results and discussion

4.2.1. Selective cytotoxicity of damsin derivatives (Paper II)

Pseudoguaianolides damsin 1 and coronopilin 2 were isolated from 4. arborescens,
and the semi-synthetic (E£)-3-benzylidendamsin derivatives 3a-3u were prepared
from 1 via Claisen Schmidt condensations as described in the chapter 3. All these
compounds were tested for their in vitro cytotoxicity against the selected breast
cancer JIMT-1 cells, and against normal breast epithelial MCF-10A cells. The
selectivity of cytotoxicity in cancer/normal cells were expresed as the ratio of ICsg
(UM) values between MCF-10A and JIMT-1 cells. According to preliminary
studies, a benzylidene substituent at position C-3 of 1 may improve the potency as
well as the selectivity. Based of these result, we prepared 3a-3u from 1 via Claisen
Schmidt condensations, and the methodologies for this evaluation are described in
the paper II. Our results are shown in Table 8, and demonstrate that the derivatives
1 and 2 show similar cytotoxic actitivity. 3a is both more potent and selective
compared with 1. It therefore appears that a benzylidene substituent at position 3 of
1 is beneficial. It was consequently decided to study the influence of electron-
withdrawing and electron-donating substituent in the aromatic ring of derivatives
3b- 3n, for the cytotoxicity. The results show that JIMT-1 cells were more sensitive
than normal (MCF-10A) cells with derivatives 3b-3n.
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Table 8. Cytotoxic activity (ICso, uM) of compounds 1,2 and 3a — 3u against breast cancer and normal breast cell line.

3p-3u
Ratio
compound R R; Rs MCF-10A (mM)  JIMT-1 (mM) MCF-10A: JIMT-1
1 Rs=H 8.1 +£0.42 3.3+0.6% 25
2 Rs = OH 15.3+0.9? 5.6 +0.82 27
3a H H H 8.2+1.62 1.7+04" 4.8
3b CHs H H 3.7 +0.4? 2.1+0.32 1.8
3c H CHa H 12.6 £ 1.6? 4.8 +£0.32 2.6
3d H H CHs 11.1+1.82 47+0.1" 24
3e CHs H CHs 52+ 152 3.5+0.72 1.5
3f CF3 H H 3.1+0.3? 1.8 +0.2? 1.7
39 H CFs3 H 11.9 £ 0.4" 4.4+0.7" 2.7
3h H H CFs3 13.0+0.8" 8.1+0.6' 1.6
3i OCHs H H 7.9+1.22 1.6+0.12 4.9
3j H OCHs H > 20" 9.0+1.0' na
3k H H OCHs > 20" 7102 na
3l OH H H 13.6 + 0.62 2.9+0.2 4.7
3m H OH H 10.6 +1.32 2.4+0.12 4.4
3n H H OH 6.7 £0.92 2102 3.2
30 H H H 7.1+0.62 2.0 £0.6% 3.6
3p R« = (E)-cyclohexyl 1.7 +1.92 8.1%3.12 14
3q R4 = (Z)-cyclohexyl > 20?2 12.3+£1.3? na
3r R4 = ethyl 55+1.1" 14 +0.1" 3.9
3s R4 = propyl 12.6 £ 0.8" 3.7+0.12 3.4
3t R« = 2-methyl propyl 20.3+0.3" 8.1+0.1" 2.5
3u R4 = 3-butenyl 17.5+5.1" 1.7 £0.0' 10.3

Among the 3a-3n derivatives, para-benzyl substituent were more active and
selective, although electron-withdrawing or electron-donating substituents did not
influence the cytotoxicity a lot. The derivatives 3r and 3u were most potent towards
cancer cells in the group 3p-3u, suggesting that a linear alkyl or alkyliden
substituent at C-3 position of 1 is benificial for the potency (Figure 28).
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Figure 28. Selected analogues sorted according to potency and selectivity.

4.2.2. Second group of damsin derivatives (Paper III)

Based on the positive effects on potency and selectivity of Claisen Schmidt
condensation products from la, new groups of derivatives were prepared via
Claisen Schmidt condensation and Rubottom oxidation. The subsequent C-3
acetylation of damsin 1a was carried out according to the methodologies described
in paper III. Our results, expressed as ICso values for breast cancer JIMT-1 cells
and normal breast epithelial MCF-10A cells, and the selectivity measured as the
ratio of the ICso values between MCF-10A and JIMT-1 cells, are shown in Table 9.
The results reveale that oxidized derivatives (1b-1c) are less cytotoxic than damsin
la and (F)-3-benzylidendansin derivatives (2a-2i, 3a-3d) with an ICsy values
ranging from 0.7 to 3.8 UM against breast cancer JIMT-1cells, and the derivatives
(1d-1f) from Rubottom oxidation also resulted in loss of cytotoxic activity
compared with 1a. According to the ICsy values, JIMT-1 cells were more sensitive
to the assayed derivatives (2a-2i and 3a-3d) than the MCF-10A cells, which is in
agreement with our previous study (paper II). In general, analogues with electron-
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withdrawing substituents such as F, Cl, Br in the para position of the benzylidene
moiety were more potent and selective, compared to 1a and previous derivatives
assayed in paper II. However, derivative 3d, with two substituent groups in the
benzyliden-damsin (OH and Cl) was found to be the most potent and selective to
breast (JIMT-1) cancer cells with an ICso value 0.7 £ 0.1 uM. This indicate that the
substituents -Cl and -OH in the aromatic ring of (E)-3-benzylidendamsin are

beneficial, and should be considered for further studies.

Table 9. Cytotoxic activity of second group of benzylidendamsin derivatives

la-1f
JIMT-1 Ratio
Compound R/  R: Rs R« MCF-10A (uM) M) MCF-10A :
JIMT-1
1a H H - - 814042 3306 25
1b OH H - - 15.3+0.9 5608 27
1o H  OH - - 128+ 1.12 6.3£022 20
1d H  OAc - - >201 >201 na
1e H OBz - - >20" >20" na
1f H mCLOBz - - >20" >201 na
2a F H H H 444162 23+04° 19
2b H F H H 254032 110.1° 23
2 H H F H 22+042 1103 20
2d H cl H H 381406 14103 26
2% Br H H H 6.2+1.3 18+07° 35
2f H Br H H 6.140.43 18409 34
29 H H Br H 204043 12403 16
2h Et H H H 25404 19+08 13
2i iPr H H H 6.2+ 1.42 38+1.07 16
3a CFs H F H 23409 12401 20
3b CHs  H OH H 47£0.72 19401 24
3¢ OH CFs H H 54+14 18+0.2° 3.0
3d H H OH cl 2107 0.7 +0.12 26

two dose-response curves, “three dose-response curves, or *four dose-response curves.
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4.2.3. Molecular mechanisms of breast cancer cells in selected
damsin derivatives (manuscript I)

It has been reported that the cytotoxicity of STLs depends mainly of their alkylating
ability, due to the interaction with nucleophilic structures of proteins such as the
transcription factor Nuclear Factor-xB (NF-xB). However, the lipophilicity of the
side chain of the STLs may also affect their cytotoxicity since it facilitate the
entering into the cell. Thus, investigations demonstrated that the anti-cancer
properties of STLs is due to the inhibition of the signaling pathway of NF-kB. NF-
kB has in cancer cells a major role to inhibit apoptosis, inducion of metastasis,
resistance to chemotherapy, and resistance to radiotherapy®’ . Based on such
previous report, and the results of selective cytotoxicity reported in the paper II, we
selected twelve derivatives from group one of benzylidendamsin derivatives for
molecular mechanistic studies (Figure 29), the metodologies used are described in
Manuscript I. Our result show that TNF-a induced translocation of NF-kB is
blocked by treatment with STLs. Additionally, it was observed that STAT3 can
binds to the p65/NF-kB transactivation domain and that STAT3 is located in the
DNA binding complex.
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Figure 29. Selected benzylidendansin for molecular mechanistic studies.
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Chapter 5. (Paper IV, V)

Triterpenes from Bolivian plants, and
the preparation of semi-synthetic
derivatives

5.1. Background

Medicinal plants play a considerable role for the development of potentially useful
bioactive compounds. A special class are the triterpenes, especially with oleanane,
lupane and ursane-type skeletons. Pentacyclic triterpenes have attracted attention
due to their numerous biological activities reported, such as anticancer, antifungal,
antiviral, cytotoxic, analgesic, antiinflammatory, antiulcer, antibacterial,
hepatoprotective, etc®®'?’. Triterpenes in plants can be in their free form with low
water solubility, or as aglycone of saponins. They are present in abundance in
different organs such as surface cuticle waxes and steam barks'?. Thus, the
screening of medicinal plants in the search for triterpenoids is continuously needed
for therapeutic studies. Species belonging to the genera Tetraglochin. Baccharis,
Junellia and Lampaya are used in local traditional medicine to treat digestive
disorders, fever, coughs and colds. Previous studies have reported the presence of
significant concentration of oleanolic acid (AO) in these species'*’. Additionally, a
study about the antiproliferative evaluation of extracts from Tetraglochin cristatun,
Junellia seriphioides and Lampaya castellani have demonstrated that these species
possess inhibitory effects on the proliferation of colon cancer cells (Caco-2)*
(Figure 30). Several structural modifications in oleanolic acid at positions C-3, C-
28, and C-12 have been reported to improve the anticancer activity compared to OA,
also the esterification of the hydroxyl substituent at position C-3 of OA seems to
affect their cytotoxicity. However, the modification of the carboxylic group at C-27
seems to reduce the cytotoxicity'*. Additionally, the introduction of a benzylidene

substituent at position C-2 of triterpene natural products such as f—boswellic acid

71



and ursolic acid to produce 2-benzylidene derivatives, have been reported to
131,132

improve anticancer activity
Moreover, oleanolic acid and similar triterpenes are present as aglycones of a variety
of saponins. Previous reports have described the high concentration of triterpenoid
saponins in Chenopodium quinoa, mostly derived from oleanolic acid, hederagenin,
phytolaccagenic acid, and serjanic acid®’. Our previous report showed that triterpene
saponins with a hydroxyl group at C-3 and a carboxylate group at C-28, are
accumulated in high concentration in the seed pericarp '**'**,

5.1.1. The principal aim of this section

The principal aim of this section was to evaluate the contents of oleanolic acid
among eight species found in the Bolivian altiplano, since this compound and its
derivatives possess anticancer and anti-inflammatory activities.
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Tetraglochin Baccharis tola Lampa ya castellani

cristatum
J
Junellia Po/y[ep[ S POIyI epis
seriphioides besseri tomentella

Figure 30. Medicinal plants of Bolivian highlands (3500 to 4200 m.a.s.l.).

5.2. Results and discussion

5.2.1. Oleanolic acid evaluation in plants (paper 1V)

Comparative evaluation of the contents of oleanolic acid (OA) by rapid and precise
high-performance liquid chromatography (HPLC) method were carried out in eight
extracts of plants of Bolivian altiplano (Table 10). These plants were selected
according to our previous reported preliminary TLC analysis study. The separation
was carried out on RP-C18 (4.6x250 mmx5um) with a 0.5 um pre-column filter
(Agilent Technologies), with a mobile phase composed of acetonitrile/water with
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isocratic elution. The method was carried out to get a good separation of OA for the
quantification in crude extracts of the eight plants, and the detection wavelength was
210 nm for OA because it has good absorption and sensitivity at this wavelength.
The retention time (RT) for OA in the extracts compared with the external standard
was 8.305 min. The peak identity was confirmed by comparison of retention time
and their UV spectrum of each peaks in the chromatogram. HPLC chromatogram
of OA are shown in Figure 31.

DAD1 A, Sig=210,4 Ref=360,100 (CACHEM32\1\DATA\AC OLEANOLICO PLANTAS\ML000017.D)

mAU

800 /
600 — OH

400 ; HO \
200 ; / N\

o4 N

e e s e e e e B e s e e AN A
0 2 4 6 8 10 12 min

Figure 31. HPLC chromatogram of OA standard.

Linearity

The calibration curve was constructed using standard solutions of OA as external
standard in the range of 400, 800, 1500, 2000, 2500 pg/mL each concentration was
injected into the HPLC by triplicate. The regression equation and correlation
coefficient (R) was: 12,957x + 735,69 and 0.9983 indicated good linearity.

Limit of detection and limit of quantification

The limit of detection (LOD) and limit of quantification (LOQ) of OA in this method
were 138.96 pg/ml and 421,11 pg/ml respectively these values permit the detection
and quantification of OA at low concentrations.

The HPLC quantification of OA showed in Table 10 indicated that the highest
concentration of AO was found in Junellia seriphioide, Lampaya catellani,
Baccharis tola, Satureja boliviana and Polylepis besseri bark. However, all species
show high contents of OA compared with other species such as those found in the
olive fruit (0,17-0,56 mg/g) and similar than the reported for olive leaf (31,0 mg/g)
which is still used as main source of commercial oleanolic acid. Among these plants,
Baccharis tola commonly known as “tola”, is widely distributed in the Bolivian
altiplano, so it could be used as new natural source for obtaining this bioactive
compound. It is also interesting to highlight that the bark of Polylepis besseri has a
good content of oleanolic acid, because the shredding bark of Polylepis is constantly
peeling.
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Table 10. Oleanolic acid in Bolivian highland plants

Code Plant RT (min) AO CV (%)
(Mean * SD) mgl/g
June. J. seriphioide 8.323 22,7 +0,41 1,8
Tetra. T. cristatum 8.309 4,2 +0,04 1,2
Lamp. L. castellani 8.315 13,9 +0,08 0,6
B.to. B. tola 8.303 11,9 10,32 2,7
P.tom. ** P. tomentella (leaves) 8.294 45 +0,15 3,5
Sat.b. S. boliviana 8.291 8,7 10,08 1
P.tom * P. tomentella (bark) 8.327 2,9 +0,04 1,4
P.hie P. hieronyni 8.323 3,6 10,04 1,1
P.bess * P. besseri bark 8.294 11,1 +0,03 0,3
P.bess ** P. besseri (leaves) 8.325 2,9 10,16 58

5.2.2. Triterpenes and their synthetic derivatives (Paper V)

Acid hydrolysis of triterpenic saponins from quinoa husk

To obtain the triterpenoids1-4 from quinoa husk, which is widely produced in
Bolivia, the hydroalcoholic extract was obtained from quinoa residues by extraction
with a mixture EtOH: H,O (50:50), then the crude extract was subjected to acidic
hydrolysis with HCI (10 ml, 2M). The hydrolysis reaction was carried out by
microwave and conventional methods according of the procedures described in
paper V. The results showed in Table 11 show that the oleanolic acid and
hederagenin were found as the aglycone present in highest amount in quinoa husk.
These values are in accordance with reported in other investigation'*>. In general,
the procedure gave higher concentration of compound 1-4 than microwave method,
but the conventional method was improved in several assays and this was the first

assay using this microwave method, which maybe could be improved.

Table 11. Acid hydrolysis of quinoa husks saponins to give triterpenoids 1-4

“sugar

HCI

EtOH:H,0

Compound

substituent

Concentration (mg/g)?
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R4 R2 Rs microwave

conventional

1 CH3 CH3 H 98
2 CHs CHs CHs 21.2
3 CH20OH CH3 H 21.6
4 CH20OH COOCH;3 H 116

317
66
279
104

2mg of sapogenin per g of hydro-alcoholic extract

Semi-synthesis of oleanolic acid derivatives

The oleanolic acid derivatives (6a-6d) were prepared in two steps, including Jones
oxidation and subsequent Claisen Schmidt condensations with substituted
benzaldehydes under acid catalysis, the detailed description of the procedure is
found in the paper V. The OA was treated with Jones reagent to get the C-3 oxidized
derivative 5 in 70.1% yield. The 2-arylidene-3-oxoolean-12-hydroxy-28-oic acids
derivatives (6a-6d) were prepared via Claisen Schmidt condensations of derivative
5 with substituted benzaldehydes under acid catalysis to give the desired product in
moderate yields (Table 12). The structures of the derivatives were identified by

spectroscopy methods ("H NMR and *C NMR).
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Table 12. Semi synthesis of benzylidene derivatives from oleanolic acid

PCC

DCM

p-TSA:PhMe | =R

(6a-6d)* 6a-6d
Compound R Yield(%)
6a H 48.9
6b CH3 (para) 41.8
6¢c CH3 (meta) 9.3
6d CH3 (orto) 10.3

The OA derivatives (6a-6d) were obtained with the objective to evaluate the effect
of the new substituents in the anticancer or anti-inflammatory activities, aspects
discussed in the forward section.
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Chapter 6. (Paper V, VI)
Triterpenes and their cytotoxicity
towards breast cancer cell lines and
anti-inflammatory activity

6.1. Background

Natural pentacyclic triterpenes have shown a wide spectrum of biological activity,
among them highlights their cytotoxic and anti-inflammatory activity. Oleanolic
acid has been reported to have potential effects in the chemoprevention of breast
carcinoma. Additionally, it has been reported that oleanolic acid can suppress TPA-
induced tumor promotion and exhibit direct antiproliferative effects in many cancer
cells lines such as HCT15, A547, H460, HepG2, Hep3B, Huh7, and HA22T, etc'.
On the other hand, oleanolic acid and similar triterpenes are also considered to have
potent antiinflammatory activity, because it shows antiinflammatory activity in
carrageenan-induced paw oedema '¥7+1%,

6.1.1. The aim of this section

The principal aim of this section was to evaluate the cytotoxicity and
antiinflammatory activity of pentacyclic triterpenes isolated from quinoa husk.

6.2. Results and discussions

6.2.1. Cytotoxic activity of triterpenes

The isolated sapogenins (1-4) from crude sapogenins extract were subjected to
cytotoxic evaluation against normal-like human breast epithelial cell line (MCF-
10A) and breast cancer cell line (JIMT-1) using an MTT dose response assay, where
the cells were incubated with each compound for 72 h according of procedure
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described in paper V. Results are show in Table 13 and the values given represents
the ICso in UM obtained from dose response curves. Compound 3 was found to be
the most active and it is more toxic in JIMT-1 cells than in MCF-10A cells. Methyl
oleanate also shows toxicity in both cell lines, however, for this compound the
MCF-10A cells were more sensitive than the JIMT-1 cells. Oleanolic acid itself and
phytolaccagenic acid where less toxic than hederaginin and methyl oleanate. In
general, all the compounds are notno compound is selectively cytotoxic. Although
moderate cytotoxicity of hederaginin can be used as starting material for further
synthetic modification to increase the bioactivity preferentially towards breast
cancer cells. In addition, it is recommend evaluating these derivatives against other
cancer cell lines. Moreover, the obtained OA derivatives (6a-6d) should be
evaluated against cancer cell lines to know the effect of the new substituents in the
structure.

Table 13. Sapogenins from quinoa, cytotoxic values

substituent ICs0 (UM)?
Compound -
Ri Rz Rs MCF-10A JIMT-1 Ratio MCF-10A : JIMT-1
1 CHs CHs H 101.5+16.1 90.9° 1,12
2 CHs CHs CH3s 51.8+28 80.3+10.7 0,65
3 CH20OH CHs H 39.6+06 27371 1,45
4 CH20H COOCH;3 H 73.0+£0.6 105.1 £ 3.8 0,69

a Each value represents the mean of two determinations * gives the highest and lowest value.
This result represents just one determination

6.2.2. Anti-inflammatory activity of triterpenes

Mouse ear edema induced by TPA

The model of edema induced by croton o0il/12-O-tetradecanoylphorbol-13-acetate
(TPA) has been used for evaluating the anti-inflammatory activity of steroidal and
non-steroidal anti-inflammatory drugs. Where topical administration of TPA causes
vasodilatation, promote vascular permeability, neutrophil influx, synthesis of
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eicosanoids, and liberation of serotonin and histamine'*’. Previous reports have
demonstrated that OA (compound 1) shows inhibition of the synthesis of several
cytokines, prostaglandin E, and nitric oxide'*’. In our investigation the compounds
(1-4) and sapogenin extract from C. quinoa were submitted to the croton oil ear test,
at the dose of 2 mg/ear for compounds and 56 mg/ear for sapogenin extract, to
evaluate the topical anti-inflammatory effect. The result shows (Figure 32) that the
sapogenins extract induce 68,2% edema inhibition at the highest administered dose
(56 mg/ear) more active than the pure compounds which induced from 12.7% to
30.61% edema inhibition. The sapogenin extract was more active than the
dexamethasone NSAID, which induce 47.9 % edema inhibition, whereas the
compounds were less active than the dexamethasone NSAID. Thus, the sapogenin
extract could be very interesting for new pharmaceutical formulations by topical
application.

80,00

60,00

S ® %

Z

e 40,00

e

m

= 20,00 .

: gl
0,00 Control | Extract 1 2 3 4

Inhibition (%) | 47,90 68,2 30,61 24,60 15,24 12,70

* significative difference regarding to group control (p < 0,05) (ANOVA test)
**significative difference regarding to group control (p < 0,01) (ANOVA test)

Figure 32. Effects of compounds (1-4) and sapogenin extract from Ch. quinoa on acute inflammation induced by
croton oil/ TPA in mouse ear. All values were significantly different from the negative control (dexamethasone)
considered as 100% inflammation

Mouse paw edema induced by Carrageenan

The development of edema induced by carrageenan corresponded to the events in
the acute phase of inflammation mediated by histamine and serotonin released
during first 1.5 h after carrageenan injection and after 5 h kinin and prostaglandins
produced under an effect of cyclooxygenase'*!. The results of the inflammatory
inhibition induced by intraperitoneal administration of the assayed compound (1-4)
and sapogenin extract are shown in Table 14. All the compound and extract show
progressive inhibition from 3 h to 7 h. The compounds 1 and 2 show more
significant inhibition than sapogenin extract and compounds 1-4 had an anti-
inflammatory effect at 636 mg/kg po and 100 mg/po respectively, observable to 3
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(p< 0,05), 5 (p< 0,01). Thus, the compounds 1 and 4 reduce the edema with 84.3
and 84.6 %

Table 14. Effects of intraperitoneal administration of compounds (1-4) and sapogenins extract from C. quinoa on the
carrageenan-induced paw edema

Number of Inhibition (%) of carrageenan edema (acute test)
Product animals 3h 5h h
1(100 mg) 6 54.4" 75.7" 84.3"
2(100 mg) 6 325 47.67 57.6"
3(100 mg) 6 29.5 59.8" 70.3"
4(100 mg) 6 62.5" 734" 84.6"
Extract(636 mg) 6 37.1° 37.8" 55.3"
Indomethacine (10mg) 6 45,5 61.2" 71.97

* significative difference regarding to group control (p < 0,05) (ANOVA test)
** significative difference regarding to group control (p < 0,01) (ANOVA test)
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Conclusions

Several investigations have reported the high content of STLs in Asteraceae family.
Our result confirmed the high concentrations of STLs in 4. arborescens with values
13.4 mg/g for damsin, and 12.3 mg/g coronopilin. Additionally, we demonstrate that
damsin and coronopilin show an inhibitory effect against pro-inflammatory IL-6
and MCP-1 expression in human skin cells (HDFa and HaCaT) via NF-[IB
inhibition. Thus, this study suggests that these compounds can be a potential
therapeutic candidate for treatment skin inflammatory diseases.

Two groups of benzylidene derivatives were synthesized via Claisen Schmidt
condensation from damsin 1 which then were tested their cytotoxicity against JIMT-
1 cells. The most cytotoxic were 3a and 3i, both with ratios between the ICso values
for MCF-10A and JIMT-1 cells of approximately 5. On the other hand, the
condensation products with acyclic aldehydes, such as 3r and 3u, were equally
potent, and show selective cytotoxicity. In general, the cytotoxicity results in both
groups of derivatives have shown a dependency on the overall structure, although
less in this subset of compounds compared to a previous investigation.

The study of triterpenes in Bolivian highland plants demonstrated a high
concentration of oleanolic acid (OA) in several of them, like: Junellia seriphioide,
Lampaya catellani, Baccharis tola, Satureja boliviana and Polylepis besseri. All of
them show higher contents of OA than those found in the olive fruit (0,17-0,56
mg/g) and similar than the olive leaf (31,0 mg/g) which is still used as main source
of commercial oleanolic acid, a bioactive compound with anticancer and anti-
inflammatory activities. In addition, the quinoa husk is a good font to obtain a
sapogenins extract constituted by 4 triterpenes (1-4) were the OA (1) and
hederagenin (3) were found as the triterpenes present in highest amount in quinoa
husk. Those compounds and the sapogenins extract were evaluated against breast
cancer cell lines and anti-inflammatory assays against edemas induced by croton
and carrageenan founding as the highlighted result the high inhibition of the
sapogenins extract which show a higher inhibition than the the dexamethasone
NSAID, used as control, in the model of edema induced by croton oil. Then this
extract, which could be obtained in good quantities from quinoa husk, have a
potential use in the formulation of new anti-inflammatory phytotherapeutical
product of topical application.
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Appendix

Spectroscopic data

Compound 1: (Damsin) was isolated as white powder 'H NMR (300 MHz, CDCls) 8 6.13 (1H, s, H-13b), 5.46 (1H, s,
H-13b), 4.44 (1H, d, J 6.9 Hz, H-6), 3.24 (1H, m, H-7), 2.38 (2H, m, H-3),2,15(1H, m, H-10) 2,01 (1H, m, H-1) 1,95 (
1H, m, H-8b) 1,81 (2H,m, H-9 a,b) 1,79 (1H, m, H-8a) 1,69 (2H, m, H-2) 1,01 (3H, m, H-14) 1,0 (3H, m, H-15) & ¢ (75
MHz, CDCl3) 218.9 (C-4), 170.1 (C-12), 139.5 (C-11), 120.6 (C-13), 81.6 (C-6), 54.7 (C-5), 45.8 (C-1), 44.2 (C-7),
36.0 (C-3), 34.1 (C-10), 33.2 (C-9), 25.5 (C-2), 23.8 (C-8), 15.7 (C-14), 13.6 (C-15).

14

Compound 2: (Coronopilin) 'H NMR (300 MHz, CDCls) 5 6.26 (1H,s, H-13b), 5.58 (1H,s, H-13a), 4.92 (1H,d, J = 8.2
Hz, H-6), 3.34 (1H,m, H-7), 2.65 (1H, dd, J = 23.2, 10.5 Hz, H-3b), 2.47 (2H, m, H-2), 2,40 (1H, m, H-9b), 2,19 (1H,m,
H-10) 2,08(1H, m, H-8b) 1,71(1H, m, H-8a) 1,61 (1H,m, H-3a), 1,60 (1H, m, H-9a), 1.20 (3H, d, J = 7.5 Hz, H-14),
1.15 (3H, s, H-15). 5 ¢ (75 MHz, CDCls) 216.4 (C-4), 169.4 (C-12), 140.0 (C-11), 120.7 (C-13), 84.2 (C-1), 78.4 (C-6),
57.9 (C-5), 43.9 (C-7), 42.1 (C-10), 32.3 (C-2), 31.0 (C-3), 29.4 (C-9), 26.8 (C-8), 16.5 (C-14), 13.9 (C-15).
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OCH,OCH,

3-(Methoxymethyl)benzaldehyde: 'H NMR (400 MHz, CDCls) & 9.95 (1H, s, H-CO), & 7.52 (1H, J 4.3 H-4), & 7.50 (1H,
s, H-2),57.43 (1H, t, J 7.8 Hz, H-5), 5 7.28 (1H, ddd, J = 8.1, 2.5, 1.1 Hz, H-6), d 5,21 (2H, s, -H2C-OAr), d 3.47 (3H,
s, H3C-OH2COAr) 5 ¢ (101 MHz, CDCls). 170.5 (CO-Ar), 157.2 (C-3), 130.5 (C-4), 123,3 (C-5), 121.8 (C-2), 117.5 (C-
6), 114.7 (C-1), 94.4 (-H2C-OAr), 56,1 (H3C-OH2COAr)

4

2-(Methoxymethyl)benzaldehyde: 'H NMR (400 MHz, CDCls)  10.46 (1H, s, H-CO), 7.79 (1H, d, J 7.7 Hz, H-6), 7.47
(1H, m, H-4), 7.17 (1H, d, J 8.5 Hz, H-3), 7.02 (1H, m, H-5), 5.26 (2H, s, -H2C-OAT), 3.47 (3H, s, H3C-H2COAr).5 ¢
(101 MHz, CDCls) 189.6 (CO-Ar), 159.6 (C-2), 135.8 (C-4), 128.2 (C-6), 125.4 (C-1), 121.7 (C-5), 115.0 (C-3), 94.5 (-
H2C-OAr), 56.4 (H3C-H2COAY) .

OCH,OCH3
4-(Methoxymethyl)benzaldehyde: 'H NMR (400 MHz, CDCls) & 9.83 (1H, s, H-CO), 8 7.77 (2H, d, J 8.7 Hz, H-2/6), 5

7.09 (2H, d, J 8.7 Hz, H-3/5), 5 5.19 (2H, s, -HoC-OAr), 5 3.43 (3H, 5, HsC-OH20ATr). & ¢ (101 MHz, CDCls) 190.8 (CO-
Ar) 162.1 (C-4), 131.8 (C-2/6), 130.6 (C-1), 116.2 (C-3/5), 94.0 (-HoC-OAr), 56.2 (HsC-OH2COAr).
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OCH,OCHs 0 0

(E)-3-(0-Methoxymethoxyphenyl)methylene)damsin: "H NMR (400 MHz, CDCls) & 7.88 (1H, dd, J 3.0; 2.0 Hz, H-17),
7.52 (1H, dd, J7.8; 1.5 Hz, H-6""), 7.33 (1H, ddd, J8.9,7.5, 1.7 Hz, H-4""), 7.17 (1H, dd, J 8.4, 1.0 Hz, H-3""), 7.05
(1H, t, J 7.8 Hz, H-57"), 6.29 (1H, d, J 3.0 Hz, H-13b), 5.57 (1H, d, J 2.6 Hz, H-13a), 5.23 (2H, d, J 2.3 Hz,-CH20-Ar),
4.65 (1H, d, J 8.5 Hz, H-6), 3.49 (3H, s, H3COH2CO-Ar), 3.28 (1H, m, H-7), 2.96 (1H, ddd, J 16.1, 10.0, 3.3 Hz, H-2b),
2.80 (1H, ddd, J 16.7, 7.1, 1.9 Hz, H-2a), 2.25 (1H, m, H-10), 2.09 (1H, m, H-8b), 2.06 (1H, m, H-1), 1.87 (1H, m, H-
9b), 1.80 (1H, m, H-8a), 1.72 (1H, m, H-9a), 1.19 (1H, s, H-15), 1.17 (3H, d, 7.5 Hz, H-14)

& ¢ (101 MHz, CDCls) 208.0 (C-4), 170.4 (C-12), 156.9 (C-27"), 140.2 (C-11), 133.5 (C-3), 131.1 (C-4""), 129.7 (C-6""),
128.7 (C-17), 125.3 (C-1""), 121.6 (C-57"), 121.3 (C-12), 114.8 (C-3""), 94.8 (-H2CO-Ar), 82.0 (C-6), 56.5
(H3COH2CO-Ar), 54.9 (C-5), 45.0 (C-7), 43.8 (C-1), 34.3 (C-9), 34.2 (C-10), 31.5 (C-2) 26.6 (C-8), 15.9 (C-14), 14.6
(C-15).

H3COH,CO

(E)-3-(m-Methoxymethoxyphenyl)methylene)damsin:'H NMR (400 MHz, CDCl3) & 7.38 (1H, m, H-1"), 7.33 (1H, t, J
7.9Hz, H-57),7.21 (1H,s,H-2""), 7.18 (1H, d, J 7.8 Hz, H-6""), 7.06 (1H, dd, J 7.9, 2.0 Hz, H-4""), 6.27 (1H, d, J 3.0
Hz, H-13b), 5.56 (d, J 2.6 Hz, H-13a), 5.19 (2H, s, -H2CO-Ar), 4.64 (1H, d, J 8.5 Hz, H-6), 3.48 (3H, s, J 3.6 Hz,
H3COH2CO-Ar), 3.28 (1H, m, H-7), 2.95 (1H, ddd, J 16.1, 10.0, 3.3 Hz, H-2b) 2.86 (1H, ddd, J 16.9, 7.4, 1.9 Hz, H-
2a), 2.27 (1H, m, H-10), 2.07 (1H, m, H-8b), 2.06 (1H, m, H-1), 1.90 (1H, m, H-9b), 1.81 (1H, m, H-8a), 1.73 (1H, m,
H-9a), 1.17 (3H, d, H-14), 1.15 (3H, s, H-15)

8 ¢ (101 MHz, CDCls) 207.9 (C-4), 170.3 (C-12), 157.5 (C-37"), 140.1 (C-11), 136.8 (C-1""), 133.8 (C-3), 133.6 (C-1),
129.8 (C-5""), 124.3 (C-6""), 121.3 (C-13), 118.3 (C-27"), 117.4 (C-4""), 94.6 (-H2CO-Ar), 81.8 (C-6), 56.1
(HsCOH2CO-Ar), 54.8 (C-5), 44.8 (C-7), 43.6 (C-1), 34.2 (C-9), 34.1 (C-10), 31.4 (C-2), 26.5 (C-8), 15.8 (C-14), 14.5
(C-15).
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e} (¢}

(E)-3-(p-Methoxymethoxyphenyl)methylene)damsin:'H NMR (400 MHz, CDCls) & 7.51 (2H, d, J 8.8 Hz, H-2"/6""),
7.40 (1H, s, H-1"), 7.08 (2H, d, J 8.8 Hz, H-3"°/5""), 6.29 (1H, d, J 2.9 Hz, H-13b), 5.57 (1H, d, J 2.6 Hz, H-13b), 5.21
(2H, s, -H2CO-ArH), 4.65 (1H, d, J 8.5 Hz, H-6), 3.48 (3H, s, HBCOH2CO-Ar), 3.28 (1H, m, H-7), 2.94 (1H, ddd, J
16.1, 10.0, 3.3 Hz, H-2b), 2.84 (1H, ddd, J 16.7, 7.4, 1.9 Hz, H-2a), 2.29 (1H, m, H-10), 2.09 (1H, m, H-8b), 2.08 (1H,
m, H-1), 1.89 (1H, m, H-9b), 1.81 (1H, m, H-8a), 1.73 (1H, m, H-9a), 1.18 (3H, d, H-14), 1.16 (3H, s, H-15)

3 ¢ (101 MHz, CDCls) 208.1 (C-4), 170.4 (C-12), 158.3 (C-4""), 140.2 (C-11), 133.7 (C-1), 132.4 (-2"'/6""), 131.4 (C-
1), 129.2 (C-3) 121.3 (C-2), 116.4 (C-3"'/5""), 94.3 (-H2CO-Ar), 81.9 (C-6), 56.3 (H3COH2CO-Ar), 54.8 (C-5), 44.9
(C-7), 43.7 (C-1), 34.4 (C-9), 34.2 (C-10), 31.4 (C-2), 26.6 (C-8), 15.9 (C-14), 14.7 (C-15).

ML-A158a

H NMR (400 MHz, CDCls) & 7.56 (2H, d, J 6.9 Hz, H-2""/6""), 7.47 (1H, m, H-4""), 7.45 (1H, d, J 2.0 Hz, H-1"), 7.43
(2H, m, H-37/57"), 7.39 (2H, d, J 1.1 Hz, H-2""/6""), 7.31 (2H, m, H-3""/5"""), 7.23 (1H, ddd, J 7.2, 3.8, 1.3 Hz, H-
4°), 4.66 (1H, d, J 8.2 Hz, H-6), 3.49 (1H, dd, J 13.5, 3.9 Hz, H-13b), 3.04 (1H, dd, J 13.5, 9.6 Hz, H-13a), 2.96 (1H,
m, H-2b), 2.87 (1H, ddd, J 16.8, 7.4, 1.9 Hz, H-2a), 2.75 (1H, m, H-7), 2.59 (1H, ddd, J 9.9, 6.2, 3.9 Hz, H-11), 2.26
(1H, dd, J 7.9, 4.2 Hz, H-10), 2.06 (1H, m, H-1), 1.95 (1H, m, H-8b), 1.81 (1H, m, H-9a), 1.67 (1H, m, H-8a), 1.63 (1H,
m, H-9a), 1.20 (3H, s, H-15), 1.17 (3H, d, J 7.5 Hz, H-14).

5 ¢ (101 MHz, CDCls) 208.5 (C-4), 177.0 (C-12), 135.5 (C-1""), 134.8 (C-1"""), 134.2 ( C-17), 130.7 (C-2"/6""), 130.3
(C-27716"""), 129.7 (C-3"/5""), 129.4 (C-3"""/5""") 127.0 (C-4"""), 82.4 (C-6), 47.7 (C-11), 46.1 (C-7), 43.6 (C-1), 35.3
(C-13), 34.7 (C-9), 34.1 (C-10), 31.4 (C-2), 26.1 (C-8), 16.1 (C-14), 15.1 8 (C-15).
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H NMR (400 MHz, CDCls) & 7.37 (2H, dt, J 3.3, 1.9 Hz, H-2"/6"""), 7.31 (2H, dd, J 7.0, 1.7 Hz, H-3"""/5"""), 7.28 (2H,
dd, J3.9, 1.5 Hz, H-3"/5"), 7.23 (1H, dd, J 4.9, 3.6 Hz, H-4"""), 7.20 (1H, t, J 2.2 Hz, H-4""), 7.16 (2H, dd, J 8.2, 6.7
Hz, H-2"'/6"), 4.42 (1H, d, J 8.5 Hz, H-6), 3.46 (1H, dd, J 13.6, 3.9 Hz, H-13b), 3.16 (1H, dd, J 13.8, 4.0 Hz, H-1'b),
3.03 (1H, dd, J 13.6, 8.6 Hz, H-13a), 2.76 (1H, ddd, J 18.2, 8.8, 3.5 Hz, H-7), 2.65 (1H, d, J 8.9 Hz, H-1a), 2.60 (1H,
m, H-11), 2.51 (1H, ddd, J 16.9, 8.4, 4.2 Hz, H-3), 2.11 (1H, m, H-10), 1.95 (1H, m, H-1/8b), 1.85 (1H, m, H-2b), 1.69
(1H, m, H-2a), 1.69 (1H, m, H-9b), 1.66 (1H, m, H-8a), 1.63 (1H, m, H-9a), 0.96 (3H, d, J 7.5 Hz, H-14), 0.91 (3H, s,
H-15).

5 ¢ (101 MHz, CDCls) 218.8 (C-4), 176.9 (C-12), 139.5 (C-1"), 135.0 (C-1""), 130.1 (C-6"""/2"""), 129.3 (C-3"""/5"""),
129.2 (C-2"16"), 128.5 (C-5""/3""), 127.0 (C-4"""), 126.4 (C-4""), 82.4 (C-6), 55.0 (C-5), 50.2 (C-3), 46.2 (C-11), 45.8
(C-7), 43.9 (C-1), 36.3 (C-17), 35.1 (C-13), 34.1 (C-10), 33.3 (C-9), 30.5 (C-2), 25.3 (C-8), 16.4 (C-14), 14.3 (C-15).

NH,

13
o o— &4

H NMR (500 MHz, CD;Clo) 5 4.45 (1H, d, J 5.5 Hz, H-6), 3.70 (1H, s, H-4"), 3.65 (1H, dd, J 7.1, 4.9 Hz, H-2"), 3.00
(1H, dd, J 13.0, 4.5 Hz, H-13b), 2.93 (2H, m, H-11/1"), 2.78 (1H, ddd, J 13.5, 7.2, 0.7 Hz, H-1"), 2.59 (2H, m, H-
7/13a), 2.43 (1H, dd, J 19.2, 8.6 Hz, H-3), 2.21 (1H, m, H-10), 2.16 (1H, m, H-3a), 2.08 ( 1H, m, H-1), 2.03 (1H, m, H-
2),1.85 (1H, m, H-9b), 1.81 (1H, m, H-2a), 1.60 (1H, tdd, J 13.3, 8.7, 4.8 Hz, H-9a), 1.52 (2H, dd, J 9.5, 5.8 Hz, H-
8a/8b), 1.11 (3H, s, H-15), 1.06 (3H, d, J 7.6 Hz, H-14).

3 ¢ (126 MHz, CD:Clz) 221.7 (C-4), 176.4 (C-3), 174.8 (C-12), 82.3 (C-6), 55.0 (C-5), 54.8 (C-2'), 52.5 (C-47), 46.2
(C-1), 45.9(C-7), 45.8 (C-11), 38.3 (C-1°), 37.4 (C-9), 35.4 (C-10), 35.3 (C-3), 28.6 (C-13), 24.6 (C-2), 18.4 (C-8), 16.9
(C-14), 16.1 (C-15).
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NH,

H NMR (500 MHz, CD;Clo) 5 4.41 (1H, dd, J, 8.8, 2.8 Hz, H-6),3.74 (1H, m, H-2°), 3.73 (3H, s, H-4"), 2.98 (1H, td, J
13.3, 4.8 Hz, H-1'b),2.96 (1H, m, H-13b), 2.87 (1H, ddd, J 13.6, 6.6, 3.8 Hz, H-13a), 2.86 (1H, m, H-1b), 2.79 (1H, m,
H-7) 2.78 (1H, ddd, J 18.7, 9.3, 4.5 Hz, H-7), 2.64 (1H, ddd, J 9.3, 6.3, 4.6 Hz, H-11), 2.40 (1H, m, H-3b), 2.22 (1H,
m, H-3a), 2.18 (1H, m, H-10),2.05 (1H, m, H-1) 1.98 (1H, m, H-2b), 1.87 (1H, m, H-8b) 1.83 (1H, m, H-2a), 1.78 (1H,
m, H-8a) 1.74 (1H, m, H-9b), 1.66 (1H, m, H-9a), 1.08 (3H, m, H-15), 1.07 (3H, m, H-14).

8 ¢ (126 MHz, CD;Cl>) 219.3 (C-4), 177.6 (C-12), 174.2 (C-3"), 83.1 (C-6), 5.1 (C-5), 54.8 (C-2"), 52.7 (C-4"), 47.2
(C-11), 46.8 (C-1), 45.2 (C-7), 38.2 (C-1"), 36.9 (C-3), 34.8 (C-10), 33.5 8C-9), 33.3 (C-13), 25.3 (C-8), 24.3 (C-2),
16.2 (C-14), 14.3 (C-15)
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ARTICLE INFO ABSTRACT

Keywords: Background: Ambrosia arborescens has been used in Andean traditional medicine to reduce problems associated
NSAID with various inflammatory diseases and conditions, although the underlying mechanism is unknown.
Pseudoguaianolides Hypothesis/purpose: The sesquiterpene lactones (SLs) coronopilin and damsin, which are major secondary me-
NF-xB

tabolites of A. arborescens, have anti-inflammatory activity by attenuation of IL-6 and MCP-1 expression and
inhibition of NF-kB in human dermal fibroblasts (HDFa) and human keratinocytes (HaCaT).

Study design: In order to confirm a high concentration of damsin and coronopilin in the plant material, a
quantitative method was developed. The effect of the pure compounds on cytokine and NF-kB expression was
examined, as well as their effects on HDFa and HaCaT cell morphology and viability.

Methods: Coronopilin and damsin were quantified by HPLC-DAD analysis, from EtOAc extracts of the aerial parts
of A. arborescens. Cell morphology was investigated by phase-contrast microscopy and cell viability by the MTT
assay. IL-6 and MCP-1 cytokine gene expression was assessed by quantitative real-time RT-PCR in LPS stimulated
cells. The NF-kB pathway was studied through western blotting of the phosphorylated forms of p65 and p50/
p105, as well as the non-phosphorylated IkB. Dexamethasone was used as positive control.

Results: Dry aerial parts contained 12.3 mg/g and 13.4 mg/g of coronopilin and damsin, respectively.
Treatment with either compound (1-10 puM) for 24 h attenuated LPS-induced mRNA expression of the pro-
inflammatory cytokine IL-6 and the chemokine MCP-1 in HDFa cells. The down-regulation of MCP-1 mRNA
induced by coronopilin and damsin was confirmed on the protein level. Damsin reduced phosphorylated p65 and
P105 subunits in HDFa cells. Neither coronopilin nor damsin affected HDFa cell morphology and viability within
the used concentration range (1-10 uM). Also, in HaCaT cells, treatment with damsin (1-10 uM) for 24 h in-
hibited the MCP-1 expression, and damsin thereby attenuated cytokine expression both in HDFa and HaCaT
cells.

Conclusion: We show that coronopilin and damsin from A. arborescens inhibit pro-inflammatory IL-6 and MCP-1
expression in human skin cells via NF-xB inhibition, suggesting that they may be useful for antagonizing in-
flammatory conditions of the human skin.

Inflammation
Dermal fibroblasts
Andean medicine

Introduction (Kumar et al., 2012). It is important to identify the mechanism of action
of these compounds, in order to understand the efficiency and safety of

The secondary metabolites isolated from plants used in the in- herbal medicines or galenical preparations, as well as for the discovery
digenous medicine have become a relevant source for drug discovery and design of new lead compounds (Farnsworth et al., 1985; Schenone

Abbreviations: SL, sesquiterpene lactone; RT-PCR, reverse transcription-polymerase chain reaction; DMSO, dimethyl sulfoxide; NF-kB, nuclear factor kappa-light-
chain-enhancer of activated B cells; HPLC, high performance liquid chromatography; DAD, Diode Array Detector; HDFa, human dermal fibroblasts; C.V., coefficient
of variation; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
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Fig. 1. (A) Leaves of A. arborescens Mill. (B) Inflorescence of A. arborescens Mill. (C) HPLC-DAD chromatogram at 210 nm of coronopilin (¢, =

(t, = 6.288 min).

et al., 2013). Also, it is especially valuable if direct links between sci-
entific results and ethnomedical uses are established (Farnsworth et al.,
1985). In that regard, the continent of South America has an important
potential as it possesses a major part of the world's biodiversity, which
is more or less unexplored from a scientific point of view
(Calixto, 2005), and a strong tradition of using plants in the indigenous
medicine has developed in this continent (Pedersen and
Baruffati, 1985).

Ambrosia arborescens Mill. (syn. Franseria artemisioides Willd.,
Ambrosia artemisioides Meyen & Walp) is an erect shrub distributed in
the Andean region (Fig. 1A and B), and it can be found from North
Colombia to Western Bolivia (Payne, 1964). Depending on the region or
ethnic group the plant has different vernacular names, the most
common being Altamisa, Marco and Markhu (Cavender and Albén,
2009; De-la-Cruz et al., 2007; Macia et al., 2005; Payne, 1964). This

Time (min)
3.299 min) and damsin

plant has a variety of medicinal uses in the Andean region, such as
antispasmodic, emmenagogue, vermifuge, amebic dysentery, stomach
ache, tonic for the digestive system, antiseptic, abortive, contraceptive
and even for the treatment of “supernaturally caused illnesses” (Abad
et al., 1999; Cavender and Alban, 2009; Gonzales de la Cruz et al.,
2014; Jerves-Andrade et al., 2014; Lagos-Lopez, 2007; Macia et al.,
2005; Rojas et al., 2003). However, among all of the uses, the topical
treatment of inflammation is the most frequent (De-la-Cruz et al., 2007;
Fernandez et al., 2003; Macia et al., 2005; Rehecho et al., 2011; Rojas
etal., 2003; Tene et al., 2007), suggesting that this plant may have anti-
inflammatory properties.

Glucocorticoids are the backbone for the treatment of inflammatory
diseases, and have for decades been used to combat inflammation.
However, they also have limitations due to their many severe side ef-
fects (Clark, 2007). The glucocorticoids anti-inflammatory effects
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depend mainly on their inhibition of NF-kB-evoked transcription of pro-
inflammatory cytokines such as interleukin-6 (IL-6) and the monocyte
chemoattractant protein-1 (MCP-1) (Libermann and Baltimore, 1990;
Rovin et al., 1995). On the other hand, the detrimental side effects of
glucocorticoid treatment are largely dependent on other mechanisms
(Clark, 2007; Rosen and Miner, 2005).

Hence, there is a large interest in the development of alternative
anti-inflammatory agents. This search has resulted in a number of leads,
including sesquiterpene lactones (SLs) (Ekenas et al., 2008; Emami
et al., 2010; Valerio et al., 2007; Villagomez et al., 2013). Most anti-
inflammatory SLs act as Michael-acceptors due to the presence of a a-
methylene-y-lactone functional group. This is reactive and may in-
activate certain thiol containing proteins, most importantly NF-kB and
other pro-inflammatory transcription factors (Kreuger et al., 2012).

Previously, we studied the inhibitory activity of coronopilin and
damsin (see Fig. 1C for chemical structures) on NF-kB and STAT3
through the use of luciferase-reporter transfected Jurkat cells, with the
aim to find new anticancer lead compounds (Villagomez et al., 2013).
The positive results obtained raised the question whether or not the
inhibition of NF-kB could be related to inhibition of cytokine produc-
tion and thereby an anti-inflammatory effect of the plant. The objective
of the present study was to determine if coronopilin and damsin may
act anti-inflammatory through down-regulation of pro-inflammatory
cytokine expression, and if they interact with NF-kB signaling in human
skin cells. Here, we show for the first time that both coronopilin and
damsin prevent pro-inflammatory cytokine expression in human skin
fibroblasts and keratinocytes, at low concentrations relevant for their
natural presence in the plant leafs. Furthermore, we demonstrate that
the two compounds reduce NF-kB phosphorylation, indicating a me-
chanism of action. Taken together, our data suggest that coronopilin
and damsin may have a beneficial anti-inflammatory effect in the skin
through this mechanism.

Material and methods
Chemicals

HPLC grade acetonitrile (Sigma-Aldrich), formic acid > 98%
(Merck) and ultrapure water were used as mobile phase. SLs were
isolated from A. arborescens as previously described with a purity of
99.5% for coronopilin and 99.1% for damsin (Villagomez et al., 2013)
and dissolved in dimethyl sulfoxide (DMSO). LPS (Escherichia coli
0111:B4 LPS; Sigma Chemicals) was dissolved in PBS. Dexamethasone
was purchased from Sigma Chemicals and dissolved in DMSO. Controls
received vehicle as appropriate.

HPLC analysis and quantification

Sample preparation

The aerial parts of A. arborescens were collected in June 2015 at La
Paz City, Bolivia (16° 30" 01” S, 68° 06’ 23” W, 3804 m.a.s.l) and the
voucher specimen was deposited at Herbario Nacional de Bolivia,
Universidad Mayor de San Andrés (voucher specimen code: MLP No.1).
The collected material was dried at room temperature for 2 weeks. The
leaves, 0.5 g, were extracted in 15 ml of EtOAc for 24 h. The extract
was filtered and the solvent was completely evaporated in vacuo. Before
analysis, the dry extract was dissolved in 5 ml of MeOH (HPLC grade)
and passed through Discovery DPA-6S solid phase extraction cartridges
(Supelco) followed by MeOH washing (3 x 5 ml). All eluates were
pooled and diluted to 25 ml in a volumetric flask.

HPLC-DAD

The HPLC system was an Agilent Technologies 1100 Series con-
sisting of a quaternary pump, continuous vacuum degasser, thermo-
stated autosampler and column compartment coupled to a variable
wavelength diode-array detector. The column was an Agilent
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Technologies EclipsePlus C-18 (4.6 x 250 mm X 5pm) with a 0.5 um
pre-column filter (Agilent Technologies), and the column compartment
was heated at 45 °C. The injection volume was 25 pl (standards and
samples) and the chromatographic separation was done with an iso-
cratic solvent mixture of 60% ACN in 0.15% (v/v) formic acid in water
at a flow rate of 1.0 ml/min. The standards solutions of coronopilin and
damsin were prepared in MeOH at four different concentrations. The
analytes were detected at 210 nm (DAD) with a bandwidth of 4 nm.
Fig. 1C shows the DAD chromatogram of coronopilin and damsin
standard mixture.

Cells and cell viability and gene expression assays

Cells and cell culture

Primary human dermal fibroblasts (HDFa), human HaCaT kerati-
nocytes and human THP-1 monocytes were purchased from Cascade
Biologics, CLS Cell Line Service GmbH and ATCC, respectively. HDFa
and HaCaT cells were cultured in DMEM/Ham’s F12 (1:1) (Life
Technologies) and THP-1 cells in RPMI-1640 medium (Thermo Fisher
Scientific), both supplemented with antibiotics (penicillin 50 U/ml,
streptomycin 50 pg/ml, Biochrom GmbH) and 10% fetal bovine serum
(FBS, Biochrom GmbH). The cells were kept at 37 °C under 5% CO, in a
water-jacketed cell incubator. Adherent cells were trypsinized (0.25%
trypsin/EDTA), counted using the Luna™ Automated Cell Counter
system (Logos Biosystem) and then re-seeded. The primary HDFa cells
were used up to passage 10.

Cell morphology

For assessment of cell morphology, the cells were cultured in 6-well
plates. At 80% cell confluence culture medium was replaced with
DMEM supplemented with 2% FBS and SLs were added. Control cells
received DMSO (0.1%) as vehicle. After 24 h incubation cell mor-
phology was evaluated in photographs obtained by a Nikon TMS phase-
contrast microscope equipped with a digital camera (Pixelink, Nikon).

Cell viability

Cell viability was assessed using the 3-(4,5-dimethylthiazol-2-y1)-
2,5-diphenyl tetrazolium bromide (MTT) assay as previously described
(Svensson et al., 2016). Briefly, HDFa and HaCaT cells were seeded at a
density of 7000 and 20,000 cells/well, respectively, in 96-well plates.
At 24 h after seeding, the culture medium was replaced with DMEM
medium supplemented with 2% FBS, and the cells were treated with SLs
or DMSO as vehicle for 24 h. After the 24 h of incubation, MTT (0.5
mg/ml) was added, and the plate was returned to the incubator for 1 h.
The MTT-containing medium was removed and the blue formazan
product dissolved by adding 100 pl of DMSO per well. Absorbance was
monitored at 540 nm in a Multiskan GO Microplate Spectrophotometer
(Thermo Fisher Scientific).

Cytokine gene expression analysis

Cells were pre-treated with SLs, dexamethasone or vehicle for 30
min in culture medium (2% FBS) before lipopolysaccharide (LPS,
0.5 pg/ml, E. coli 0111:B4, Sigma Chemicals) was added. Cells were
incubated for 24 h in the presence or absence of SLs, dexamethasone
and LPS before total RNA was extracted and purified from cells using
the miRNeasy kit (Qiagen). Concentration and quality of RNA was as-
sessed using a NanoDrop 2000C spectrophotometer (Thermo Fisher
Scientific). The RNA samples were subjected to one-step quantitative
real-time RT-PCR measurements using the QuantiFast SYBR Green RT-
PCR kit (Qiagen) and QuantiTect primer assays (Qiagen) on a Step One
Plus real-time thermal cycler (Applied Biosystems). Gene expression
was calculated using the AACT method applying glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) as the housekeeping reference gene
(Pfaffl, 2001). Each sample was analyzed in duplicate. The PCR primers
for MCP-1 (Hs_CCL2_1_SG), IL-6 (Hs_IL6_1_SG), GROa
(Hs_CXCL1_2_SG), and GAPDH (Hs_GAPDH_2_SG) were purchased from
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Qiagen.

Western blotting

The cells were lysed in SDS sample buffer containing Halt™ phos-
phatase and protease inhibitor cocktails (Thermo Scientific, Sigma-
Aldrich, respectively). Samples were prepared for gel electrophoresis as
previously described (Svensson et al., 2014). Proteins were loaded at an
amount of 30 ug per lane on Criterion TXG any kD precast gels (Bio-
Rad) and separated by SDS-PAGE after which they were transferred to
0.2 pm nitrocellulose membranes by a Trans-Blot Turbo transfer system
(Bio-Rad). The membranes were blocked using 1% casein in TBS (Bio-
Rad) and incubated with primary antibodies against MCP-1 (Abcam,
Cat No. ab9669, 0.6 pg/ml dilution), GAPDH (Merck Millipore, clone
6C5, Cat No. MAB374, 1:5000 dilution), phospho-NF-kB p65 (Cell
Signaling, phospho S536, Cat No. 30318, 1:1000 dilution), phospho-NF-
kB p105/p50 (Cell Signaling, phospho S933 (18E6), Cat No. 4806S,
1:1000 dilution), IkBa (Cell Signaling, Cat No. 92428, 1:1000 dilution).
The membranes were washed repeatedly in TBS-T and the im-
munoreactive bands were visualized by chemiluminescence using HRP-
conjugated secondary anti-rabbit or anti-mouse antibodies followed by
SuperSignal West Femto chemiluminescence reagent (Thermo Fisher
Scientific). The immunospecific bands were analyzed by photo-densi-
tometric scanning and normalized to GAPDH. Images were acquired
using a LI-COR Odyssey Fc instrument (LI-COR Biosciences).

Statistics

For the HPLC method the approximate limits of detection and
quantification where calculated using the following equations:
LOD = 3.3 X (Sa/b) and LOQ = 10 X (Sa/b); where S, is the standard
deviation of the y-intercept and b is the slope from the linear regression
statistics (Boca et al., 2005). Summarized data are presented as
means + SEM. Statistical significance was calculated using ANOVA for
unpaired comparisons with Tukey’s Multiple Comparison test for post
hoc analysis. p values < 0.05 were considered significant.

Results
HPLC analysis and quantification

Calibration curves

The external standard calibration curves for coronopilin and damsin
were done considering four concentration points (75, 150, 225 and 300
ng/ml), measured in triplicate, and the average peak areas were used
for least squares linear regression. The linearity for both compounds
was confirmed (coronopilin: R* = 0.9925; and damsin: R* = 0.9965).
The coronopilin method had a LOD value of 41.7 ug/ml and a LOQ
value of 126.5 pg/ml, damsin method had a LOD value of 28.3 pg/ml
and a LOQ value of 85.8 pg/ml.

Analysis of coronopilin and damsin contents in A. arborescens samples

The contents of coronopilin and damsin in EtOAc extracts from dry
leaves of A. arborescens (500 mg), were quantified in triplicate using
the developed HPLC-DAD methods (Fig. 1C). The concentration of
coronopilin in the extract was 246.3 + 5.2 ug/ml, corresponding to a
content of 12.3 * 0.3 mg/g of the compound in the dry leaves
(C.V. = 2.12%). The extract had a concentration of damsin of
268.6 + 0.5 ug/ml that corresponds to a content of 13.4 + 0.02 mg/
g in the dry leaves (C.V. = 0.18%).

Effects of coronopilin and damsin on LPS induced cytokine expression

Coronopilin and damsin attenuate LPS-induced IL-6 and MCP-1 gene
expression in HDFa cells

Stimulation with LPS (0.5 pg/ml) for 24 h up-regulated the HDFa
cell IL-6 cytokine mRNA expression by about 25 times compared to
control cells (Fig. 2A and B). Treatment with either coronopilin or
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Fig. 2. Treatment with either (A) coronopilin or (B) damsin for 24 h attenuates
LPS-induced mRNA expression of IL-6 in human dermal fibroblast HDFa cells.
(C) Treatment with either coronopilin or damsin for 24 h reduces LPS-induced
mRNA expression of MCP-1 in HDFa cells. Treatment with dexamethasone
(Dex, 1 pM) had no effect on the LPS-induced expression of either MCP-1 or IL-6
mRNA (A-C). Values are presented as means + SEM of 3 observations in each
group. *p < 0.05, **p < 0.01 and ***p < 0.001. ns = not significant.

damsin, at 5 and 10 pM for both agents, for 24 h, prevented the LPS-
induced IL-6 expression. A lower concentration (1 uM) of either cor-
onopilin or damsin had no effect on LPS-induced IL-6 expression
(Fig. 2A and B). The glucocorticoid dexamethasone (1 pM) did not re-
duce LPS-induced IL-6 mRNA (Fig. 2A and B). Damsin (5 and 10 pM)
had a slightly stronger inhibitory effect than coronopilin (5 and 10 pM)
on LPS-stimulated IL-6 expression (Fig. 2A and B).

Treatment with LPS (0.5 pg/ml) for 24 h stimulated MCP-1 gene
expression by about 13 times, and, importantly, 10 uM coronopilin and
5 uM damsin completely inhibited the LPS-induced MCP-1 mRNA
(Fig. 2C). In line with the results for IL-6, the LPS-stimulated MCP-1
gene expression was unaffected by treatment with 1 uM dexamethasone
(Fig. 2C). We used LPS-stimulated THP-1 human monocytes as a posi-
tive control, to confirm the anti-inflammatory effect of dexamethasone
in our experimental system. In the THP-1 cells, 1 uM dexamethasone,
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just as 10 uM of either coronopilin or damsin, completely reversed the
LPS-induced MCP-1 mRNA expression (Fig. S1).

Coronopilin and damsin attenuate LPS-induced MCP-1 protein expression in
HDFa cells

The anti-inflammatory effect of the SLs in the HDFa cells was con-
firmed on the protein level. Stimulation with LPS (0.5 pg/ml) for 24 h
up-regulated the HDFa MCP-1 protein expression by 3.5 times (Fig. 3).
The LPS-evoked MCP-1 expression was effectively blocked by both 5
and 10 puM of damsin. Coronopilin tended to antagonize LPS-induced
MCP-1 protein expression, but these results were not statistically sig-
nificant (Fig. 3). Dexamethasone (0.1, 1 and 10 uM) had no effect on
the LPS-induced MCP-1 protein levels (Fig. 3).

Coronopilin and damsin have no effects on HDFa cell viability and
morphology at concentrations relevant for their inhibition of cytokine
expression

Next, we investigated whether the anti-inflammatory effect of cor-
onopilin and damsin is specific and not secondary to reduced cell via-
bility. Treatment with 10 uM of either coronopilin or damsin for 24 h
had no effect on HDFa cell morphology (Fig. 4A). Treatment with either
coronopilin or damsin for 24 h, at concentrations (1-10 uM) relevant
for their attenuation of LPS-induced IL-6 and MCP-1 expression, had no
effect on HDFa cell viability assessed by the MTT assay (Fig. 4B and C).
However, both coronopilin and damsin reduced cell viability when they
were administered at a high concentration (100 pM) (Fig. 4B and C).
Damsin (100 uM) reduced cell viability more strongly (p < 0.01) than
an identical concentration (100 uM) of coronopilin (Fig. 4B and C).
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Damsin attenuates mRNA expression of MCP-1 and promotes cell
proliferation in human skin HaCaT keratinocytes

Next, we investigated the effects of damsin on HaCaT cell MCP-1
transcript expression and cell viability. The HaCaT cells did not respond
to 24 h of LPS stimulation (0.5 pg/ml), but treatment with damsin
1-10 pM inhibited MCP-1 expression in the presence of LPS, showing
that damsin reduces basal expression of MCP-1 in these cells (Fig. 5A).
Treatment with 1-10 uM damsin for 24 h had no effect on HaCaT cell
viability assessed by the MTT assay, while 100 pM damsin had a clear
cytotoxic effect (Fig. 5B). Thus, the HaCaT cell data, showing no effect
at 1-10 pM but reduced cell viability in response to 100 pM damsin,
resemble those observed in HDFa cells. Treatment with 5 and 10 pM
damsin for 24 h had a slight, but not statistically significant pro-pro-
liferative effect in the HaCaT cells (Fig. 5B). To further investigate this
trend, we treated the HaCaT cells with 10 uM damsin for a longer time
point (48 h). Cell viability measurements by the MTT assay showed
that incubation with 10 pM damsin for 48 h increased HaCaT cell
viability by 12% (112 = 2% in damsin treated cells vs. 100 = 2% in
control cells, n = 20, p < 0.001).

Damsin attenuates mRNA expression of the chemokine GROa in both HDFa
and HaCaT cells

We also analyzed the expression levels of the pro-inflammatory
chemokine GROa (CXCL1) in HDFa and HaCaT cells treated with LPS
(0.5 pg/ml) in the presence or absence of damsin (10 pM). In HDFa
cells, GROa expression increased 240-fold upon LPS-stimulation
(Fig. 6A). This effect was completely reversed by damsin (Fig. 6A). In
HacCaT cells, LPS had no effect on GROa mRNA, but damsin reduced the
basal expression of GROa by about 60% (Fig. 6B).
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Damsin down-regulates phosphorylated NF-xB subunits p65 and p105 and
up-regulates IkBa

To examine whether coronopilin and damsin inhibit some activation
steps of NF-kB, HDFa cells were treated with LPS (0.5 pg/ml) in the
presence or absence of SLs or dexamethasone for either 30 min or 24 h.
The proteins involved in NF-kB signaling were then analyzed by wes-
tern blotting. LPS (0.5 pg/ml) alone increased p-p65 at 30 min but not
at 24 h. Treatment with damsin (10 pM) decreased LPS-induced p-p65

at 30 min while coronopilin (10 uM) had no effect (Fig. 7A and E).
Treatment with 10 pM damsin for 24 h reduced basal p-p65 expression
(Fig. 7A and E). LPS had no effect on the IkBa protein expression
(Fig. 7B and E). Treatment with 10 uM damsin for 24 h increased IkBa
protein compared to cells treated with LPS alone (Fig. 7B and E), but no
effect was observed during the first 30 min after stimulation with LPS.
Coronopilin had no effect on IkBa protein expression (Fig. 7B and E).
LPS enhanced the expression of the p-p105 subunit of NF-kB by about 4
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Fig. 5. (A) Damsin (1-10 pM) decreases the basal expression-level of MCP-1 mRNA in human HaCaT skin keratinocytes treated with LPS (0.5 pg/ml) for 24 h. LPS
had no effect on MCP-1 expression in HaCaT cells. (B) Damsin (1-10 uM) has no effect on HaCaT cell viability assessed by MTT assay, while a higher concentration
(100 pM) of damsin strongly attenuates cell viability. Values are presented as means + SEM of 3 observations in each group. *p < 0.05, **p < 0.01 and
P

p < 0.001.
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times at 30 min but not 24 h (Fig. 7C and E). The LPS-induced p-p105
was antagonized by 10 uM damsin at 30 min, and at 24 h damsin
(10 uM) reduced basal expression of p-p105 (Fig. 7C and E). In ac-
cordance with the previous results for p-p65 and IkBa, coronopilin
(10 uM) had no effect. Treatment with LPS for 30 min and 24 h in-
creased p-p50 between 3 and 4 times (Fig. 7D and E). Neither damsin
(10 uM) nor coronopilin (10 pM) affected the LPS-stimulated p-p50
(Fig. 7D and E). Treatment with dexamethasone (1 puM) enhanced the
expression of p-p65 at 24 h of stimulation with LPS but had no effect on
LPS-induced p-p65 at 30 min (Fig. 7A). Dexamethasone (1 uM) had no
effect on IkBa expression (Fig. 7B). Moreover, dexamethasone (1 pM)
had no effect on the LPS-induced increase in phosphorylated p50 and
p105 NF-kB subunits (Fig. 7D and E).

Discussion

We demonstrate that SLs, but not the glucocorticoid dex-
amethasone, down-regulates pro-inflammatory cytokine production in
HDFa cells. Dexamethasone, however, attenuates MCP-1 expression in
human THP-1 monocytes, acting as positive control. In the THP-1 cells
both SLs and dexamethasone completely prevented the LPS-induced
MCP-1 expression. Thus, these SLs show a more consistent action on
LPS-induced cytokine expression in different cell types than the
common steroidal drug dexamethasone. Indeed, there is a great need in
the clinic for the development of new non-steroidal anti-inflammatory
drugs (Barnes et al., 2015; McCarberg and Gibofsky, 2012), and our
data suggest that coronopilin and damsin may be used as a complement
to glucocorticoids to combat skin inflammation.

A. arborescens is a SL-rich medicinal plant from the Andean region
which has a history of being used both topically and orally to treat
inflammatory conditions. Our data shows that the dry aerial parts (the
most commonly used part of the plant for medicinal purposes) contain
12.3 mg/g and 13.4 mg/g of coronopilin and damsin, respectively,
corresponding to a concentration of 46.6 and 50.8 mmol/kg, respec-
tively. This is about 10,000 times higher than the active concentrations
of the components, and therefore it is reasonable to assume that topical
application of dried leaves or galenicals thereof result in pharmacolo-
gically active concentration of both SLs (higher than 1pM) in the
proximity of the skin keratinocytes and dermal fibroblasts. Thus, the SL-
evoked down-regulation of LPS-induced IL-6 and MCP-1 expression in
cultured human HaCaT keratinocytes and HDFa dermal fibroblast ob-
served in the present study seems to be representative for the human in
vivo situation. Here, we show that both coronopilin and damsin de-
crease cell viability at high concentration (100 uM) in human skin cells,
suggesting that these SLs should be applied on the skin in low pM
concentrations, whereas over-dosage may antagonize their anti-
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represent p < 0.01 and p < 0.001, respectively.

inflammatory effect via reduction of cell viability. The observed dose-
dependent attenuation of MCP-1 expression has previously been re-
ported for other SLs, indicating that inhibition of MCP-1 expression is a
common mechanism of action for anti-inflammatory SLs (Gao et al.,
2017; Grassl et al., 2005; Qin et al., 2016). We used LPS to enhance the
expression of the pro-inflammatory cytokines IL-6, MCP-1 and GROa.
In HDFa cells, LPS enhances IL-6, MCP-1 and GROa expression by 25,
13 and 240 times, respectively, but no effect of LPS on cytokine ex-
pression was observed in HaCaT cells, suggesting a cell type specific
effect of LPS that may reflect different level of expression of toll-like
receptors (TLRs) in these two cell types.

We demonstrate that damsin interacts with NF-kB signaling at
multiple steps, attenuating the levels of the phosphorylated forms of
NF-kB p65 (S536) and p105 (S933) subunits and up-regulating IxBa.
Thus, damsin may down-regulate LPS-induced cytokine expression via
this mechanism. Additionally, the effects of damsin lasted for 24 h,
while the LPS-evoked stimulation of NF-kB signaling in control cells
returned to the basal state in the same period of time. On the other
hand, we show that coronopilin-induced attenuation of LPS-stimulated
cytokine expression is not associated with changes in phosphorylated
NF-kB subunit and IxkBa expression, suggesting that other mechanisms
are involved in the coronopilin-evoked down-regulation of cytokine
expression. In fact, coronopilin may act down-stream and directly in-
terfere with NF-kB-induced transcription of cytokine genes.
Interestingly, dexamethasone did not reduce the LPS-induced increase
in phosphorylated p50 and p105 subunits and had no effect on the IkBa
expression in the HDFa cells. In fact, dexamethasone even up-regulated;
the LPS-induced stimulation of phosphorylated p65 subunit at 24 h.
These results provide a plausible mechanism to why dexamethasone did
not antagonize the LPS-induced expression of IL-6 and MCP-1 in these
cells.

The most studied mechanism for the SLs-induced inhibition of NF-
kB signaling considers the hindering of p65 interaction with DNA kB
binding sites by direct alkylation of Cys38 (Garcia-Pineres et al., 2001),
and previously we reported that damsin indeed has this activity
(Villagomez et al., 2015). However, the results obtained in this study,
showed that the inhibitory mechanism of damsin is more complex, af-
fecting the phosphorylation of critical sites for the activation, nuclear
translocation and transcription capacity of NF-kB. Possibly this occurs
after inhibition of specific kinases as IKK (Heissmeyer et al., 1999;
Sakurai et al., 2003) or inhibition of the ubiquitination systems that
regulate IkBa degradation, as was reported for SLs, such as partheno-
lide (Hehner et al., 1998). However, contradictory data were reported
more recently for SLs, including parthenolide, which suggests that SL-
induced inhibition of IkBa degradation is not strong enough to explain
the overall NF-kB inhibition (Garcia-Pineres et al., 2001; Jae Youl,
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3 observations in each group. *p < 0.05, **p < 0.01 and ***p < 0.001.

2006), even though further investigation is required to confirm these
statements.

Conclusions

In the present study, we demonstrate that coronopilin and damsin,
two SLs isolated from A. arborescens, attenuate the expression of the
pro-inflammatory cytokines IL-6, MCP-1 and GROa in both human skin
fibroblasts and keratinocytes, providing evidence that they antagonize
inflammation in the skin through this mechanism. The down-regulation
of pro-inflammatory cytokines by damsin, which is the most potent SL
in our hands, is associated with down-regulation of the phosphorylated
NF-kB subunits p65 and p105 and up-regulation of IkBa, providing a
plausible mechanism of action. Interestingly, damsin promotes
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keratinocyte proliferation within the same concentration range where
the compound reduces pro-inflammatory cytokine expression, sug-
gesting that damsin both antagonizes inflammation and enhances cell
proliferation. Additionally, both SLs were quantified in the aerial parts
of A. arborescens, demonstrating that they are present in high con-
centrations in the plant, which could easily reach uM concentrations on
the skin by topical application of the herbal medicine or in galenical
preparations. Taken together, our results show that these SLs, and very
likely the aerial parts of the plant, inhibit pro-inflammatory cytokine
expression in human skin cells and that this effect is associated with
modulation of the NF-kB signaling pathway. Thus, we propose that
these SLs, as well as herbal medicines or galenicals containing them as
active principles, may be used to antagonize inflammatory conditions of
the human skin. However, future studies are urgently needed to assess
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the anti-inflammatory properties of the SLs on in vivo models of human
skin inflammation.
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Abstract

Cancer is the leading cause of death worldwide, and there is a constant need for new treatment
strategies. Sesquiterpene lactones containing a 3-methylenedihydrofuran-2(3A)-one (or a-methylene-y-lactone)
moiety, for example damsin (1), are Michael acceptors that affect biological processes such as cell proliferation,
death/apoptosis, and cell migration, by interfering with cell signalling pathways. Although the reactivity of the
a-methylene-y-lactone moiety is important for these effects, the Michael addition is reversible and it can be
assumed that also other parts of the molecules will moderate any given biological activity. In this investigation,
the cytotoxicity of 23 o-methylene-y-lactone towards normal breast epithelial MCF-10A cells as well as breast
cancer JIMT-1 cells is compared. Most of the investigated compounds are semisynthetic derivatives prepared by
the condensation of the natural product damsin (1) with aldehydes. The two cell lines were treated with various
concentrations of the compounds in dose response assays, and the 50 % inhibitory concentration (ICsy) was
determined from dose response curves. The ICs, values were found to depend strongly on the overall structure.
The ratio between the ICs, values for MCF-10A and JIMT-1 cells, as a measure for the selectivity of a compound
to kill cancer cells, was calculated, and found to vary between just over 1 to more than 10. The most potent
derivatives formed from the condensation of 1 with aromatic aldehydes towards JIMT-1 cells are 3a and 3i, both
with ratios between the ICs, values for MCF-10A and JIMT-1 cells close to 5. Also some aldol condensation
products with acyclic aldehydes, i.e. 3r and 3u, were equally potent, and the latter showed the highest selectivity
(ratio > 10). Structure-activity relationships that may explain the observed differences in potency and selectivity
are discussed.
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Introduction

The incidence of cancer is increasing, and
different strategies for controlling the disease are
developed. The pool of secondary plant metabolites has
always been an important provider of low-molecular
anti-cancer drugs, and is expected to be so also in the
future. As our understanding about the molecular
mechanisms of cancer development and progression, as
well as the development of treatment resistance, has
increased, our ability to design new anti-cancer drugs
has improved.!? One of the cellular molecular pathways
that is important for chemoresistance and metastasis in
many cancer cells is the NF-kB pathway, where
constitutive activation, or over-expression, is part of
the tumour aggressiveness.> Terpenes containing
an a-methylene-y-lactone moiety are natural products
that have been shown to possess promising anti-cancer
effects, interfering with biological processes such as cell
signalling, proliferation, death/apoptosis, and
migration.*> The significant cytotoxic activity of such
terpenes is linked to the a-methylene-B-lactone moiety,
which via a Michael addition can alkylate nucleophilic
residues (primarily free thiols of cysteines) in proteins. A
target suggested for such an interaction is the protein
p65 in the NF-kB pathway.®

In general, electrophilic compounds are
considered potentially toxic and have been rejected by
the pharmaceutical industry in their search for novel
drug candidates.”® However, 39 electrophilic drugs,
mainly used in oncological therapies, have been
approved by the US Food and Drug Administration.®
These will display more or less off-target toxicity,
including immunogenic responses.® The efficiency and
selectivity of an electrophilic compound will besides the
reactivity of the electrophilic moiety depend on the
affinity to the target through non-covalent interactions.
Michael acceptors will react with nucleophiles via an
addition reaction, not a substitution, in a reaction that is
reversible, and will bind tighter to nucleophiles that
present a more favourable molecular environment.
However, the identification of specific targets and
structural features of non-covalent interactions of
Michael acceptors has been elusive and complex to
study.
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Several studies of structure-activity relationships
(SARs) of natural terpenoid Michael acceptors have
shown that guaianolide and pseudoguaianolide
sesquiterpenes with a a-methylene-y-lactone moiety
possess the most potent anti-cancer and cytotoxic
activities.”*®  Although such sesquiterpenoids are
considered to interact with multiple targets in cancer
cells, they have been shown to inhibit transcription
factors such as NF-kB, STAT3, and AP-1, up- or
downregulate the protein kinases MAPK and JNK, and
increase the expression of the p53 protein.!' Besides
that, they have been shown to disrupt the redox balance
and induce an oxidative stress in cancer cells.'?

In the present compare the
cytotoxicity of 23 a-methylene-y-lactones based on the
natural product damsin (1) (see Figure 1), in normal
breast epithelial MCF-10A cells and breast cancer JIMT-1
cells. 1 is a pseudoguainolide sesquiterpene with a
moderate inhibitory activity on NF-kB,*> available from
the plant Ambrosia arborescens together with the
1-hydroxy derivative coronopilin (2). Compound 1 was
used as the starting material for the semi-synthetic
preparation of 21 novel analogues.

study we

Experimental Procedure
General Chemical Procedures

Chemicals (analytical grade) were purchased
from different commercial suppliers and used without
further purification. Damsin (1) and coronopilin (2)
(Figure 1) were isolated from A. arborescens as
previously described.®® IR spectra were recorded with a
Brucker Alpha FT-IR Spectrometer, and the optical
rotations was measured with a Perkin-Elmer 141
polarimeter. HRMS spectra were recorded with a Waters
XEVO-G2 QTOF instrument, while NMR spectra were
recorded in CDCl; using a Bruker DRX spectrometer
operating at 400 MHz for H and at 100 MHz for 3C.
Chemical shifts are given in ppm relative to the solvent
signals (7.26 ppm for 'H and 77.00 ppm for 3C). All
compounds described here were completely analysed by
2D NMR (COSY, HMQC, HMBC and NOESY), and as the
syntheses start with the pure enantiomer damsin (1) all
compounds are given with the absolute configuration in
Figures 1 and 2. Chromatography was performed with
60 A 30-75 um silica gel, while TLC analyses were made
on Silica Gel 60 F,s4 (Merck) plates.
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3d H H CH: 3 H H OH
3e CH: H CHs 3p R4 = (E)-cyclohexyl
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3h H H CFs 3s Rs = propyl
3i OCH: H H 3t Rs = 2-methyl propyl
35 H OCH: H 3u R4 = 3-butenyl
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Figure 1. *The condensations to eventually give 3I, 3m, and 3n were carried out with the
prepared according to Figure 2 and the
Experimental section. As damsin (1) was isolated as a pure enantiomer, the absolute
configuration for all compounds is as shown in Figure 1.
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1. Synthetic Procedures

la. General Procedure for Claisen-Schmidt/aldo/
Condensations Under Acidic Conditions

A mixture of 1 (1 eq., 0.4027 mmol), aldehyde
(1.3 eqg., 0.5235 mmol), and p-TsOH (1.5 eq., 0.6040
mmol) in benzene (10 ml) was prepared in a sealed
tube, and stirred at 80 °C for 19 to 66 h until the
reaction was completed (monitored by TLC). The
reaction was quenched by adding 2 ml of 5 % NaHCOs
followed by 15 ml brine, and the mixture was extracted
with DCM (3 x 15 ml). The combined organic layers
were dried with MgSO4 and concentrated in vacuo. The
crude product was purified by silica gel chromatography
(EtOAc:petroleum ether 1:1).

1b. General Procedure for Claisen-Schmidt/aldo/
Condensations Under Basic Conditions

A mixture of aldehyde (3 eq., 1.2081 mmol) and
1 (1 eq., 0.4027 mmol) in 50 % PhMe:H,0 1:1 (3 ml)
was cooled in an ice-bath, and TBAH (1.2 eq., 0.4832
mmol, 1.5 M in H,0) was added dropwise. The ice-bath
was removed after 10 min and the reaction was left to
reach room temperature. The reaction was monitored by
TLC, and after 3 to 24 h the reaction was quenched by
addition of 2 ml of 5 % HCI and stirred for 15 min at r.t.
The reaction mixture was diluted with 15 ml brine, and
extracted with DCM (3 x 10 ml), and the combined
organic layers were dried with MgSO4 and concentrated
in vacuo. The crude condensation product was purified
by silica gel chromatography (EtOAc:petroleum ether
1:1).
Ic. General Procedure for the MOM-Protection of the
Hydroxybenzaldehydes.

To a solution of hydroxybenzaldehydes 41 — 4n
(284.9 mg, 2.3333 mmol) in 6 ml dry DCM was added
EtN(i-Pr), (2 ml, 11.6665 mmol), followed by MOMBr
(400 pl, 4.8999 mmol) dropwise under N, at 0 °C,
whereafter the mixture was stirred at room temperature
for 6 h. The reaction was quenched with 10 ml of a
saturated solution of NaHCO; by stirring for 15 min at
r.t., and the mixture was extracted with DCM (2 x 15
ml). The combined organic layers were dried with MgSO4
and concentrated in vacuo. The product was purified by
chromatography on silica gel (n-heptane:DCM 1:1).
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1d. General Procedure for the Deprotection of the
Claisen-Schmidt Adducts with MOM-Protected Hydroxy!
Groups.

To a solution of a MOM protected Claisen-
Schmidt adduct (50 mg, 0.1261 mmol) in MeOH (2.6
ml), HCl conc. (22.5 pl, 0.2695 mmol, 37 %) was added
slowly. The reaction mixture was heated to 40 °C for 5 h
and then cooled to room temperature, whereafter the
organic solvent was evaporated in vacuo. The residue
was dissolved in DCM (15 ml), washed with brine (10
ml), dried with MgSO,, and concentrated in vacuo. The
product was purified by chromatography on silica gel
(EtOAc:petroleum ether 1:1).

2. Biological Assays
2a. Cell Lines

The normal-like epithelial MCF-10A cell line was
purchased from American Type Culture Collection
(Manassas, VA, USA) (CRL-10781) and was used as a
representative for normal breast epithelial cells. The cell
line retains many normal traits, including lack of
tumorigenicity in nude mice, anchorage-dependent
growth, and dependence on growth factors and
hormones for proliferation and survival.'®® The
MCF-10A cells were cultured in RPMI 1640 medium
supplemented with 10 % heat-inactivated fetal calf
serum (FCS), non-essential amino acids (1 mM), insulin
(10 pg/ml), epidermal growth factor (20 ng/ml), cholera
toxin (50 ng/ml), hydrocortisol (250 ng/ml), penicillin
(100 U/ml), and streptomycin (100 pg/ml).

The JIMT-1 human breast carcinoma cell line
(ACC589) was purchased from the German Collection of
Microorganisms and Cell Cultures (Braunschweig,
Germany). It carries an amplified HER-2 oncogene and
is insensitive to HER-2 inhibiting drugs and belongs to
the HER2 sub-type of breast cancer.?? The JIMT-1 cells
were routinely cultured in DMEM/Ham'’s F-12 medium
supplemented with 10 % FCS, non-essential amino acids
(1 mM), insulin (10 pg/ml), penicillin (100 U/ml) and
streptomycin (100 pg/ml).

Both cell lines were kept at 37 °C in a humidified
incubator with 5 % CO, in air. For the experiments, cells
were seeded at the following densities: MCF-10A: 104
cells/cm2, and JIMT-1: 1.5x104 cells/cm2, in tissue
culture vessels of the appropriate size to obtain the
desired cell number for the different assays. The volume
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of medium used was 0.2-0.3 ml per cm2. The cells were
allowed to attach for 24 hours before the addition of the
compounds.?

2b. Compound Solutions

The sample compounds were dissolved in DMSO
to 100 mM stock solutions that were kept at -20 °C.
Working solutions were diluted in PBS and all had a
DMSO concentration of 0.2 %. In the assay, the cells
were exposed to PBS with 0.02 % DMSO, or with the
respective compounds at 0.1, 0.25, 0.5, 1, 2.5, 5, 10,
and 20 pM concentrations.

2c. Dose Response Assay

The dose response to treatment with the
compounds was evaluated using an MTT assay, which is
based on reduction of MTT in the mitochondria of live
cells. The amount of formazan produced is proportional
to the number of living cells.?* %3

For the assay, cells were trypsinized and
counted in a hemocytometer. Aliquots of 180 pl cell
suspension containing 3000 cells (MCF-10A) or 5000
cells (JIMT-1) were seeded in 96-well plates.
Compounds were added 24 h later to the final
concentrations described above. At 72 h of drug
treatment, 20 pl of MTT solution (5 mg/ml in PBS) was
added to each well and the 96-well plates were returned
to the CO, incubator for 1 h. The medium was then
removed and the blue formazan crystals were dissolved
by adding of 100 pl of 100 % DMSO per well. The plates
were swirled gently at room temperature for 10 minutes
to dissolve the crystals in the cells. Absorbance was
monitored at 540 nm in a Multiskan™ FC Microplate
Photometer (Thermo Fisher Scientific, Lund, Sweden)
using the software SkanIt 3.1. For each compound,
three dose response experiments were performed with
six replicates for each one of them. GraphPad Prism
version 6.01 for Windows (GraphPad Software, La Jolla,
CA, USA), was used for drawing dose response curves
and calculating the ICs values, i.e. the dose giving 50 %
reduction in cell number.?

Materials and Methods
3. The Preparation of the Assayed Compounds 3a - 3u.
3a. (E)-3-(Benzyliden)Damsin (3a)

3a was obtained as a colourless oil in 72 % yield

after chromatographic purification of the product
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obtained after the Claisen-Schmidt condensation of 4a
with 1 under acidic conditions as described in
Experimental Procedure (EP) section 1a. [a]p®® +8.1 (c
1.00, CH,Cl,); IR spectrum (film, y, cm™): 3366, 3059,
2926, 2870, 1755, 1714, 1623, 1573, 1449, 1271, 1232,
1186, 1158, 1111, 983, 768, 733, 714, 693, 646;
TOFMS: [M+H'], found 337.1832, C;H,sO; requires
337.1804. See Tables 2 and 3 for *H and '3C NMR shifts.
3b. (E)-3-(4-Methylbenzyliden)Damsin (3b)

3b was obtained as a colourless oil in 70 % yield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4b
with 1 under acidic conditions as described in EP section
1a. [a]p®® +29 (c 1.00, CH,Cl,); IR spectrum (film, y, cm®
1: 2921, 2862, 1752, 1712, 1625, 1603, 1271, 1253,
1179, 1159, 1117, 119, 814, 743, 521; TOFMS: [M+H"],
found 351.1922, Cy3H,,05 requires 351.1915. See Tables
2 and 3 for *H and *C NMR shifts.

3c. (E)-3-(3-Methylbenzyliden)Damsin (3c)

3c was obtained as a colourless oil in 90 % yield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4c
with 1 under acidic conditions as described in EP section
1a. [a]p® +3.0 (c 1.00, CH,Cl,); IR spectrum (film, v,
cm): 2922, 1758, 1714, 1625, 1271, 1157, 1118, 993,
693; TOFMS: [M+H*'], found 351.1933, Cy3H,,0;
requires 351.1915. See Tables 2 and 3 for 'H and *C
NMR shifts.
3d. (E)-3-(2-Methylbenzyliden)Damsin (3d)

3d was obtained as a colourless oil in 90 % yield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4d
with 1 under acidic conditions as described in EP section
1a. [a]p®® +62.6 (c 1.00, CH.Cl,); IR spectrum (film, vy,
cm): 2922, 2862, 1757, 1714, 1623, 1597, 1270, 1251,
1161, 1119, 982, 949, 759, 735; TOFMS: [M+H*], found
351.1934, Cy3H,;05requires 351.1915. See Tables 2 and
3 for 'H and 3C NMR shifts.

3e. (E)-3-(2,4-Dimethylbenzyliden)Damsin (3e)

3e was obtained as a colourless oil in 46 % yield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4e
with 1 under acidic conditions as described in EP section
la. [a]p® +12.2 (c 1.00, CH,Cl,); IR spectrum (fim, v,
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Table 1. The cytotoxicity of compounds 1, 2, and 3a — 3u (see Figure 1), given as ICs, values (mM) calculat-
ed from experiments with six concentrations up to 20 mM. Standard deviations were obtained from 'three

dose-response curves or 2four dose-response curves. na, not applicable.

Compound MCF-10A (uM) JIMT-1 (uM) Ratio MCF-10A:JIMT-1
1 8.1+ 0.4 3.3+ 0.6 2.5
2 15.3 £ 0.9? 5.6 + 0.82 2.7
3a 8.2+ 1.62 1.7 £ 0.4! 4.8
3b 3.7+ 0.4 2.1+0.3? 1.8
3c 12.6 + 1.6 4.8 £ 0.3 2.6
3d 11.1 + 1.8 47 £0.1* 2.4
3e 5215 3.5+ 0.7 1.5
3f 3.1+0.3 1.8 £0.2? 1.7
3g 11.9 £ 0.4 4.4 +0.7 2.7
3h 13.0 £ 0.8! 8.1+ 0.6 1.6
3i 7.9 £ 1.2% 1.6 + 0.12 4.9
3j > 20! 9.0 £ 1.0 na
3k > 20! 7.1£02! na
3l 13.6 + 0.62 29+0.2 4.7
3m 10.6 + 1.3? 2.4 0.1 4.4
3n 6.7+ 0.9 21£0.2! 3.2
30 7.1+ 0.6% 2.0 £0.6° 3.6
3p 11.7 £ 1.9? 8.1+ 3.12 1.4
3q > 202 123+ 1.3? na
3r 55+ 1.1} 1.4+ 0.1 3.9
3s 12.6 £ 0.8 3.7+0.12 3.4
3t 20.3+0.3! 8.1+0.1! 2.5
3u 175+ 5.1¢ 1.7 £ 0.0 10.3
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cm™); 2922, 2857, 1758, 1713, 1625, 1606, 1448, 1384,
1336, 1271, 1241, 1190, 1162, 1119, 1068, 984, 816.
TOFMS: [M+H*], found 365.2109, CH,s0s requires
365.2117. See Tables 2 and 3 for 'H and *C NMR
shifts.

3f. (E)-3-((4-Trifluoromethylbenzyliden)Damsin (3f)

3f was obtained as a colourless oil in 88 % yield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of
4-(trifluoromethyl)benzaldehyde with 1 under acidic
conditions as described in EP section 1a. [a]o® +0.9 (c
1.00, CH,Cl,); IR spectrum (film, y, cm™): 2925, 2863,
1758, 1717, 1630, 1322, 1163, 1116, 1068, 1014, 984;
TOFMS: [M+H*], found 405.1657, CyH,4FsO3 requires
405.1633. See Tables 2 and 3 for *H and **C NMR shifts.
3g. (E)-3-((3-Trifluoromethylbenzyliden)Damsin (3g)

3g was obtained as a colourless oil in 56 % vyield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4g
with 1 under basic conditions as described in EP section
1b. [a]p® -6.7 (c 1.00, CH,Cl,); IR spectrum (film, y, cm’
1): 2924, 2864, 1758, 1716, 1630, 1327, 1271, 1160,
1073, 1119, 1000, 986, 808, 696, 736; TOFMS: [M+H*],
found 405.1655 C,3H,4F3;0; requires 405.1633. See
Tables 2 and 3 for *H and **C NMR shifts.

3h. (E)-3-((2-Trifluoromethylbenzyliden)Damsin (3h)

3h was obtained as a colourless oil in 88 % yield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4h
with 1 under acidic conditions as described in EP section
1a. [a]p® +36.8 (c 1.00, CH,Cl,); IR spectrum (fim, v,
cm™): 2925, 1758, 1719, 1631, 1486, 1452, 1387, 1335,
1313, 1286, 1271, 1252, 1154, 1116, 1059, 1034, 985,
814, 799, 769, 735, 666; TOFMS: [M+H*], found
405.1634 Cy3H,4F;05 requires 405.1633. See Tables 2
and 3 for 'H and **C NMR shifts.
3. (E)-3-(4-Methoxybenzyliden)Damsin (3i)

3i was obtained as a colourless oil in 87 % yield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4i
with 1 under acidic conditions as described in EP section
1a. [a]p®® +54.4 (c 1.00, CH,Cl,); IR spectrum (film, v,
cm™): 2942, 2902, 2869, 2846, 1752, 1709, 1623, 1592,
1510, 1272, 1254, 1179, 1148, 1122, 1027, 979, 940,
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835, 814; TOFMS: [M+H"], found 367.1891 Cy3H,,04
requires 367.1865. See Tables 2 and 3 for 'H and 3C
NMR shifts.
3j. (E)-3-(3-Methoxybenzyliden)Damsin (3])

3j was obtained as a colourless oil in 73 % yield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4j
with 1 under acidic conditions as described in EP section
1a. [a]p® +2.4 (c 1.00, CH.Cly); IR spectrum (film, vy,
cm™): 2958, 2862, 1752, 1709, 1623, 1592, 1510, 1272,
1254, 1179, 1148, 1122, 1027, 979, 940, 835; TOFMS:
[M+H*], found 367.1856 Cy3H,,O4 requires 367.1865.
See Tables 2 and 3 for H and '3C NMR shifts.
3k. (E)-3-(2-Methoxybenzyliden)Damsin (3k)

3k was obtained as a colourless oil as the single
product obtained after the Claisen-Schmidt condensation
of 4k with 1 under acidic conditions as described in EP
section 1a. [a]p® +58.2 (c 1.00, CH,Cl,); IR spectrum
( film, y, cm™): 2928, 2859, 1757, 1712, 1619, 1596,
1486, 1463, 1437, 1270, 1247, 1188, 1161, 1119, 984,
814, 754, 743; TOFMS: [M+H'], found 367.1849
Cy3H2,04 requires 367.1865. See Tables 2 and 3 for 'H
and *C NMR shifts.
31 (E)-3-(4-Hydroxybenzyliden)Damsin (3/)

4| was protected to 4x according to EP section
1c, 4x was condensed with 1 under basic conditions as
described in EP section 1b to form 3x. 3x was
subsequently deprotected to 3l according to EP section
1d, 3l was obtained as a colourless oil in 23 % overall
yield (from 1) after chromatographic purification of the
crude product. [a]p?®®: +33.0 (c 1.00, CH,Cl); IR
spectrum; 3319, 2923, 2853, 1755, 1737, 1706, 1595,
1578, 1511, 1469, 1443, 1272, 1254, 1168, 1157,
1120,1104, 984, 833, 816; TOFMS: [M+H'], found
353.1722 Cy,H,504 requires 353.1708. See Tables 2 and
3 for 'H and 3C NMR shifts.
3m (E)-3-(3-Hydroxybenzyliden)Damsin (3m)

4m was protected to 4y according to EP section
1c, 4y was condensed with 1 under basic conditions as
described in EP section 1b to form 3y. 3y was
subsequently deprotected to 3m according to EP section
1d, 3l was obtained as a colourless oil in 43 % overall
yield (from 1) after chromatographic purification of the
crude product. [a]p® -11.7 (c 1.00, CH,Cl,); IR spectrum
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(film, y, cm™); 3353, 2927, 2864, 1735, 1712, 1621,
1591, 1578, 1490, 1471, 1449, 1272, 1228, 1158, 1112,
1119, 992, 785, 687; TOFMS: [M+H*], found 353.1733
CpH2504 requires 353.1708. See Tables 2 and 3 for 'H
and C NMR shifts.

3n (E)-3-(2-Hydroxybenzyliden)Damsin (3n)

4n was protected to 4z according to EP section
1c, 4z was condensed with 1 under basic conditions as
described in EP section 1b to form 3z. 3z was
subsequently deprotected to 3n according to EP section
1d, 3n was obtained as a colourless oil in 27 % overall
yield (from 1) after chromatographic purification of the
crude product. [alp® +29.5 (c 1.00, CH.ClL); IR
spectrum (film, y, cm-1): 3353, 2927, 2864, 1735, 1712,
1621, 1591, 1578, 1490, 1471, 1449, 1272, 1228, 1158,
1112, 1119, 992, 785, 687; TOFMS: [M+H*], found
353.1704 C,H»504 requires 353.1708. See Tables 2 and
3 for *H and *3C NMR shifts.

3o. (E)-3-Benzyldamsin (30)

The procedure for preparing 30 is shown in
Figure 2. The Michael acceptor functionality of 1 was
protected by adding 1 in EtOH (6 ml) to a solution of
PhSNa (3.7 eqg., 7.4499 mmol) in EtOH (10 ml). The
reaction mixture was stirred under N, atmosphere at
room temperature for 3h until completion, quenched
with concentrated AcOH (2.5 ml) and H,O (4 ml) at 0 ©
C. After stirring for an additional 5 minutes, the aqueous
phase was extracted with DCM (3 x 10 ml) and the
organic layers were dried with Na,SO,, concentrated in
vacuo and purified by chromatography on silica gel
(EtOAc:petroleum ether 1:1) to yield the protected
product 5. This was condensed with benzaldehyde as
described above, to give 6. A vial with Pd/C (100 mg)
was purged with vacuum/H, for two cycles to remove air
from the reaction tube, whereafter EtOH (2 ml) and a
solution of the protected 6 (100 mg, 0.2790 mmol) in
DCM (1 ml) and EtOH (1 ml) was added then the
mixture of reaction was hydrogenated at ambient
pressure and temperature (20 °C) for 29 h. The
progress of reaction was followed with TLC. The reaction
mixture was filtered in vacuo through a short path of
Celite and washed with ethyl acetate (3 ml). The organic
layers were concentrated in vacuo to obtain the
protected compound 7. For the deprotection, NaIO4 (2.1
eg., 0.0515 mmol) was added to a stirred solution of
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compound 7 (1 eqg., 0.0468 mmol) in MeOH:H,0 (1:9, 3
ml) and the reaction mixture was stirred at room
temperature for 33 h. When completed it was diluted
with DCM (20 ml) and the organic layer was washed
with 15 ml of water, whereafter the organic layer were
dried with Na,SO4and concentrated in vacuo to give the
elimination product. This mixture of reaction was
warmed in PhMe (4 ml) at 120 °C in order to complete
the elimination of PhSOH. The crude extract was purified
by silica gel chromatography with EtOAc:n-heptane 1:1,
to yield 30 with the overall yield 18 % (starting from 1).
[a]o®® +36.1 (c 1.00, CH,Cl,); IR spectrum (film, y, an
1): 2924, 2870, 1758, 1739, 1625, 1451, 1385, 1338,
1271, 1160, 1118, 1046, 1025, 1002, 981, 949, 815,
753, 699 TOFMS [M+H*], found 339.1960 CyxH,,0;
requires 339.1960. See Tables 2 and 3 for 'H and 3C
NMR shifts.
3p. (E)-3-(Cyclohexylmethylene)Damsin (3p)

3p was obtained as a colourless oil in 42 % yield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4p
with 1 under acidic conditions as described in EP section
la. [a]p® -33.6 (c 1.00, CH.Cl,); IR spectrum (film, v,
cm™): 2923, 2851, 1757, 1720, 1649, 1448, 1384, 1346,
1270, 1250, 1190, 1156, 1101, 993, 953, 802. TOFMS [
M+H*], found 343. 2261, C,H3;,05 requires 343. 2273.
See Tables 2 and 3 for 'H and *3C NMR shifts.
3q. (2)-3-(Cyclohexylmethylene)Damsin (3q)

3q was obtained as a colourless oil in 20 % yield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4q
with 1 under acidic conditions as described in EP section
1a. [a]p® +34.4 (c 1.00, CH,Cl,); IR spectrum (fim, v,
cm™): 2924, 2870, 1738, 1660, 1449, 1384, 1341, 1271,
1162, 1119, 1002, 977, 949. TOFMS [M+H*], found 343.
2279 CxH3105 requires 343. 2273. See Tables 2 and 3
for 'H and *3C NMR shifts.
3r. (E)-3-Propylidenedamsin (3r)

3r was obtained as a colourless oil in 20 % yield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4r
with 1 under acidic conditions as described in EP section
1a. [a]p®® -53.7 (c 1.00, CH,Cl,); IR spectrum (film, vy,
cm™): 2927, 1757, 1649, 1271, 979; TOFMS: [M+H*],
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Figure 2. The hydroxybenzaldehydes 4l — 4n were protected using MOMBr and EtN(#r),, and the
condensations of the protected hydroxybenzaldehydes 4x - 4z with 1 were carried out under basic
conditions (3.2.1b). The reduced derivative 30 was prepared by protection of C-13 of 1 as a phenyl
thiol ether (5), the condensation of 5 with benzaldehyde under acidic conditions (3.2.1a) to give 6,
which was hydrogenated to 7 and deprotected to yield 3o.
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found 289.1786, CigH,50; requires 289.1759. See Tables
2 and 3 for *H and *C NMR shifts.
3s. (E)-3-ButylideneDamsin (3s)

3s was obtained as a colourless oil in 42 % vyield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4s
with 1 under basic conditions as described in EP section
1b. [a]o® -44.0 (c 1.00, CH,Cl,); IR spectrum (film, vy,
cm™): 2929, 1758, 1719, 1649, 1269, 1111, 954, 814,
731; TOFMS: [M+H*], found 303.1864, CioH,,03
requires 302.1882. See Tables 2 and 3 for H and °C
NMR shifts.
3t. (E)-3-(3-Methylbutylidene)Damsin (3t)

3t was obtained as a colourless oil in 42 % vyield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4t
with 1 under basic conditions as described in EP section
1b. [a]p® -63.0 (c 1.00, CH.Cl,); IR spectrum (film, vy,
cm™): 2955, 1757, 1649, 1271, 967; TOFMS: [M+H*],
found 317.2100, CyoH,905 requires 317.2072. See Tables
2 and 3 for *H and *C NMR shifts.
3u. (E)-3-(Pent-4-en-1-ylidene)Damsin (3u)

3u was obtained as a colourless oil in 36 % yield
after chromatographic purification of the product
obtained after the Claisen-Schmidt condensation of 4u
with 1 under basic conditions as described in EP section
1ib. [a]p® -50.6 (c 1.00, CH.Cl,); IR spectrum (film, v,
cml): 2921, 1757, 1719, 1850, 1271, 1112, 994;
TOFMS: [M+H*], found 315.1926 CyH,;0; requires
315.1915. See Tables 2 and 3 for *H and 3C NMR shifts.

Results

Damsin (1) and coronopilin (2) were isolated
from the plant Ambrosia arborescens as previously
described.'* Since 1 can be obtained in good amounts
from the plant, we investigated the possibility to modify
the structure of 1 while retaining the a-methylene-y-
lactone moiety intact. The latter is important as
procedures that require that this functionality is
protected/deprotected would waist too much starting
material. The Claisen-Schmidt condensation of 1 with
aromatic aldehydes, under either acidic or basic
conditions, was found to work reasonably well and

without affecting the a-methylene-y-lactone moiety of 1.
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The condensation between 1 and benzaldehyde yielded
(E)-3-benzylidendamsin (3a), and when the cytotoxicity
of 3a towards the two cell lines was compared to that of
1, 3a was found to be more potent in JIMT-1 cells than
in MCF-10A cells and thereby more selective for cancer
cells than normal cells (see Table 1). Apparently an
(E)-3-benzyliden substituent has a favourable effect,
either on the reactivity of the a-methylene-y-lactone
moiety, or on the association of 3a with critical cellular
components such as proteins. To investigate this further,
we decided to expand the investigation and study
3-benzyliden derivatives formed by the Claisen-Schmidt
condensation of 1 with the aromatic aldehydes 4a — 4n.
The 13 derivatives 3b — 3n (see Figure 1) substituted
with methyl , triflouro-, methoxy- and hydroxyl groups
were prepared, and assayed for cytotoxicity (see Table
1). In general, the condensations proceeded well, and
often, but not always, best under acidic conditions (the
yields are given in Materials and Methods). However, it
was not possible to use the hydoxybenzaldehydes
4] — 4n directly (to produce 3l — 3n), instead the
hydroxyl groups had to be protected as MOMO
substituents to form 4x — 4z (see Figure 2) prior to the
condensation with 1, to form compounds 3x — 3z (see
Figure 2). These were subsequently deprotected as
described in the Experimental section, to yield 3l — 3n.
The condensations with aromatic aldehydes were highly
stereoselective, only the E-alkenes were obtained. To
investigate the influence of the double bond resulting
from the condensation, the reduced derivative 30 was
prepared. As direct hydrogenation of 3a also reduced
the C-11/C-13 double bond in the a-methylene-y-lactone
moiety, it was necessary to first protect the C-11/C-13
double bond of 1 as the 13-phenylthio ether to give
compound 5 (see Figure 2). 5 was then condensed with
benzaldehyde to give 6 which subsequently was reduced
to 7 and deprotected to obtain the desired product 3o
(see Figure 2 and Materials and Methods). In order to
investigate if the 3-substituent needs to be aromatic,
the condensation was also carried out with
cyclohexanecarbaldehyde. In this aldol condensation
both the E (3p) and the Z (3q) isomers were obtained,
which gave us an opportunity to investigate the
influence of this double bond’s configuration on the
activity.  Finally, aldol condensations were also
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performed with a few alkyl- and alkenyl aldehydes,
producing the derivatives 3r — 3u for comparison.

Discussion

The structures of all compounds prepared in this
investigation was carefully determined by 1- and 2D
NMR experiments (including COSY, NOESY, HMQC and
HMBC experiments), in combination with the IR and
HRMS data reported in the Experimental section. The
configuration of the C-3/C-1' double bond was
determined by NOESY NMR experiments. For the E
isomers correlations were observed between 2-H, and
2"-H/6"-H (for 3a - 3n) or 1"-H, (for 3p - 3u), and
between 1'-H and 2-H, for the Z-isomer 3q. The
absolute configuration of C-3 in derivative 30 was
suggested by the observed NOESY correlation between
1-H and 3-H, as well as the lack of NOESY correlations
between both 14-H; and 15-H;, and 3-H. This
configuration is also supported by the 'H-'H coupling
constants observed, 8.4 and 12.1 Hz between 3-H and
2-H, as well as 3.9 and 8.8 Hz between 3-H and 1'-H,.

The chemical shifts for all proton and carbon
signals observed in CDCl; are presented in Tables 2 and
3. In all cases, the NMR couplings observed between
protons are those that we expected from our previous
experience from this type of compounds, and are for
reasons of space not reported here. The comparison of
the proton and carbon shifts in Tables 2 and 3 gives
some interesting information. Firstly, in all the prepared
and assayed compounds except for 30, a second Michael
acceptor functionality (C-1'/C-3/C-4/4-0) is created by
the condensation, and one may ask if this also is
involved in the chemical reactivity of the compounds.
The NMR chemical shifts, as well as the reactivity of the
compounds, are strongly influenced by the electronic
properties of the chemical bonds close to a specific
nucleus or involved in a reactive functionality. Michael
acceptors are more reactive if they are perfectly
conjugated and situated in a plane, which is reflected in
the chemical shifts of the atoms involved. If this new
Michael acceptor functionality is well conjugated and
thereby reactive, one would expect the carbon shift of
the keto functionality (C-4) to be below 200, not close to
210. The exceptions are 30 which has no double bond
for conjugation (carbon shift of C-4 218.6), and the
Z-isomer 3q in which this Michael acceptor functionality
for steric reasons can not be in a plane. The conclusion

www.openaccesspub.org | JAPST CC-license

DOI : 10.14302/issn.2328-0182.japst-19-2759

I
(j}penauess

is therefore that only a weak conjugation is present, and
that the reactivity of the C-1'/C-3/C-4/4-O Michael
acceptor is small. Secondly, assuming that the
a-methylene-B-lactone  moiety is critical for the
cytotoxicity of all compounds assayed, it is interesting to
compare the chemical shifts of 6-H, 7-H, 13-H,, C-6,
C-7, C-11, C-12 and C-13 of the assayed compounds, in
search for any indication that the substituent at C-3
affect the electronic properties of this lactone ring. 6-H
are all between 4.6 and 4.7 ppm, except in 30 and 3q in
which the shift is slightly lower (due to the lack of
conjugation discussed above). 7-H are all between 3.2
and 3.3 ppm, 13-Ha are between 5.5 and 5.6 ppm,
while 13-Hb are between 6.2 and 6.3 ppm. All C-6
values are close to 82 ppm, C-7 between 44.5 and 45.0
ppm, C-11 between 139.6 and 140.2 ppm, C-12
between 170.2 and 171.1 ppm, and C-13 between 120.8
and 121.9. So, the electronic properties of the
a-methylene-B-lactone moiety remains essentially intact,
and independent of the C-3 substituent. The conclusion
is therefore that the differences in cytotoxic activities
shown in Table 1 and discussed below, depend on the
molecular interaction that the C-3 substituent can
provide with a protein at the site where a Michael
addition can take place.

Conclusion

The MCF-10A cell line used in this study is a
non-tumorigenic breast epithelial cell line*> while the
JIMT-1 cells are breast cancer-derived tumorigenic.'®
Table 1 shows the experimental cytotoxicity ICs, values

in UM obtained with the two cell lines, calculated from

the dose response curves. In addition, the ratios
between the ICsy MCF-10A and ICsy JIMT-1 were
calculated, and are presented in Table 1 as a measure
for the selectivity of each compound. As indicated
above, (E)-3-benzylidendamsin (3a) possessing a
phenylmethylene group in position 3, has a similar
cytotoxicity as 1 in MCF-10A cells although it is more
potent in JIMT-1 cells, and this simple improvement of
potency and selectivity was the starting point for this
investigation. The ICsq values show consistently that the
JIMT-1 cells are more sensitive to the compounds
assayed compared to the MCF-10A cells. It is interesting
to compare the toxicity with the population doubling
time of the two cell lines. For MCF-10A cells this is
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approximately 17 h, while for JIMT-1 cells it is 24 h.
Consequently, the MCF-10A cells have had a longer
exposure time since they have had the possibility to go
through more population doublings, suggesting that the
toxicity is not related to the rate of cell proliferation but
to some other intrinsic property in the cells. One such
property could be the intracellular glutathione level.
Glutathione has been shown to reduce the toxicity of
sesquiterpene lactones'” and MCF-10A cells have been
shown to have a slightly higher glutathione level than
JIMT-1 cells.'®

The cytotoxicity of the reduced derivative 30 is
similar to that of 3a, indicating that the double bond
created at C-3 by the condensation is unimportant.
Replacing the phenyl group of 3a with a cyclohexyl (in
3p) decreases both potency and selectivity, and when
comparing 3p with 3q it is obvious that an E
configuration of the C-3 double bond is preferable. None
of the methylated derivatives 3b — 3e is more potent
compared to 3a, although the p-substituted derivative
3b has a similar potency, and they are all less selective.
Methyl substituents in the benzene ring are therefore
not beneficial. For the trifluoromethyl derivatives 3f — 3h
there is a strong tendency that p-substitution is better
for the potency than m-substitution, and m is better
than o, but all three suffer from lower selectivity. For the
methoxylated derivatives 3i — 3k, it is obvious that the
p-methoxy derivative 3i not only retains the potency of
3a but also the selectivity. However, the m- and
o-methoxy derivatives 3j and 3k are considerably less
cytotoxic. Furthermore, the p-hydroxy derivative 3l
retains much of the potency and selectivity of 3a,
although the m- and o-hydroxyl derivatives 3m and 3n
are even more potent than 3I. The differences in the
trends observed may be explained by the ability of the
hydroxyl group to both give and accept hydrogen bonds,
which is not the case for the other substituents used
here. Also, the size of a hydroxyl group is smaller than a
trifluoromethyl or methoxy group, so there may be a
steric component. For the alkenyl derivatives 3r — 3u,
the results are quite interesting. The smallest, 3r, is as
potent and selective as 3a, indicating that a short alkyl
group influences the molecular interaction as much as a
phenyl group. An extra methyl group (as in 3s) is less
advantageous, while two extra methyl groups (as in 3t)
is even worse for both potency and selectivity.
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Remarkably, by keeping the same number of carbons in
the chain but without branching and with a double bond
in the end (as in 3u), the potency is the same as that of
3a while the selectivity is high. With a ratio of ICsy MCF-
10A cells and ICsy JIMT-1 cells greater than 10, 3u is the
most selective derivative prepared in this investigation,
and will be a future starting point for the development of
this class of compounds.
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Abstract

As a follow-up of a previous investigation in which semisynthetic damsin derivatives were shown to possess up to 10 times higher cy-
totoxicity in JIMT-1 breast cancer cells compared to normal breast epithelial MCF-10A cells, a range of new derivatives were prepared
and assayed toward the same cells. Damsin, a natural plant metabolite containing a a-methylene-y-lactone (or 3-methylenedihydro-
furan-2(3H)-one) moiety, was modified in position 3 by Claisen-Schmidt condensations with aromatic aldehydes, mainly mono- or
disubstituted benzaldehydes, without affecting the a-methylene-y-lactone function. This lactone ring is a Michael acceptor that is
known to affect biological processes such as cell proliferation, death/apoptosis, and cell migration, by interfering with nucleophilic
sites in cell signalling pathways. However, although Michael acceptors are reactive, the Michael addition is reversible and it can be
assumed that also other parts of the molecules will moderate the binding to and the release from any given nucleophilic site in a pro-
tein, and thereby moderate a specific biological activity. In this investigation, the cytotoxicity of 20 a-methylene-y-lactones towards
normal breast epithelial MCF-10A cells as well as breast cancer JIMT-1 cells is compared, by determining the inhibitory concentration
50 (IC, ) from dose response curves. The IC, values in the two cell lines were found to depend on the overall structure of the assayed
compounds, although less in this subset of compounds compared to a previous investigation. Structure-activity relationships that

may explain the observed differences in potency and selectivity are discussed.

Key words: MCF-10A; JIMT-1; Semisynthesis; a-methylene-y-lactones; Michael acceptors; SAR:
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Introduction growth factor receptor 2 (HER2) protein, and HER2 overexpression

. has repeatedly been identified as a factor indicating poor progno-
Breast cancer is one of the most common forms of cancer and es- . i . i .
K L sis. [2] Other proteins also involved in breast cancers are transcrip-
tablished as a principal cause of death for women. In 2016, more | L i X X
i i L . tion factors as well as proteins involved in the cellular signalling
than 500 000 women in the world died from this disease, which .
i . i pathways. Although there are traditional methods for the treatment
is expected to increase over the coming years. [1] At least 20% of .

. i of breast cancer such as surgery, chemotherapy and radiotherapy,
all breast cancer cells show overexpression of human epidermal . .
these are not efficient enough. Novel and effective treatments or
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more potent drugs with less side effects specifically targeting breast

cancer are urgently needed. [3]

Secondary plant metabolites have always been an important pro-
vider of low-molecular anti-cancer drugs, and are expected to be so
also in the future. [4,5,6] Our understanding of how cancer cells are
formed and tumours develop and progress, as well as how treat-
ment resistance may develop, has increased, not the least on a mo-
lecular level. This should enable us to design new and better drugs.
[7] A cellular molecular pathway important for the development of
chemoresistance and metastasis in many cancer cells is the NF-kB
pathway, which the activation or the over-expression of is a harm-
ful property of tumour cells. [7] Terpenoids with an a-methylene-y-
lactone moiety have been shown to possess promising anti-cancer
effects, interfering with biological processes such as cell signalling,
proliferation, death/apoptosis, and migration. [8,9] Such terpeniods
are most commonly sesquiterpens, and sesquiterpene lactones
(SLs) is a large group of natural products that have been isolated
from numerous genera of Asteraceae family. [10] Modern pharma-
cological studies have revealed their diverse biological activities,
including anti-tumoral, anti-inflammatory, anti-feedant, anti-micro-
bial and anti-protozoal. [11,12] The significant cytotoxic activity of
such terpenes is linked to the a-methylene-B-lactone moiety, which
via a Michael addition can alkylate nucleophilic residues (primar-
ily free thiols of cysteines) in proteins. A target suggested for such
an interaction is the protein p65 in the heterodimeric transcription
factor NF-kB pathway. [13] p65 is one of the key regulator of genes
involved in a broad range of biological activities such as immune
responses, development, survival, proliferation, angiogenesis, inva-
sion and metastasis. [14] A well-known SL is thapsigargin, which
has undergone phase I clinical trials for breast, kidney and prostate

cancer treatments.9

Electrophilic compounds are considered potentially toxic and have
been rejected by the pharmaceutical industry in their search for
novel drug candidates. However, 39 electrophilic drugs, mainly used
in oncological therapies, have been approved by the US Food and
Drug Administration. [1,16] These may display off-target toxicity,
[8] but the efficiency and selectivity of an electrophilic compound
will besides the reactivity of the electrophilic moiety depend on the
affinity to the target through non-covalent interactions. Michael ac-
ceptors will react with nucleophiles via an addition reaction, not a
substitution, in a reaction that is reversible, and will in principle
bind tighter to nucleophiles that present a more favourable molecu-

lar environment.

Damsin (1a) and coronopilin (1b) are pseudoguaianolide SLs,
present in the plant Ambrosia arborescens. A spectrum of bio-
logical activities of damsin have been reported, e.g. an inhibitory
effect on colon cancer cell lines (Caco-2 cell), as well as an influ-
ence on DNA biosynthesis and expression of NF-kB and STAT3
patways. [17,18] In the present study we compare the cytotoxicity
of 20 a-methylene-y-lactones based on the natural product dam-
sin (1a) (see Figure 1), in normal breast epithelial MCF-10A cells
and breast cancer JIMT-1 cells. The compounds were prepared by
Claisen-Schmidt condensations of 1a with aromatic aldehydes, as
well as derivatives of 3-hydroxyldamsin (3c) prepared by oxidation
of 1a. In addition, the two thioether adducts 5a and 5b in which
cystein methyl ester by a Michael addition was added to C-13 in the

a-methylene-y-lactone moiety, were prepared and assayed.

Experimental Procedures

General chemical procedures

Chemicals (analytical grade) were purchased from different com-
mercial suppliers and used without further purification. Damsin
(1a) and coronopilin (1b) (Figure 1) were isolated from A. arbo-
rescens as previously described. [13] IR spectra were recorded
with a Bruker Alpha FT-IR Spectrometer, and the optical rotations
were measured with a Perkin-Elmer 141 polarimeter. HRMS spec-
tra were recorded with a Waters XEVO-G2 QTOF instrument, while
NMR spectra were recorded in CDCI, using a Bruker DRX spectrom-
eter operating at 400 MHz for 1H and at 100 MHz for **C. Chemical
shifts are given in ppm relative to the solvent signals (7.26 ppm for
1H and 77.00 ppm for 3C). All compounds described here were
completely analysed by 2D NMR (COSY, HMQC, HMBC and NOESY),
and as the syntheses start with the pure enantiomer damsin (1a)
all compounds are given with the absolute configuration in Figures
1 and 2. Chromatography was performed with 60 A 30-75 pm silica
gel, while TLC analyses were made on Silica Gel 60 F254 (Merck)
plates.
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Damsin and oxidized derivatives
a:Ry=Rz;=H
b:Ry=0H,Rz=H

C:Fh =H, R2=OH

d: Ry =H, Ry = CAc
:Ry=H,R;=0Bz

Ry = H. Rz = m-CI-OBz

o

Claisen-Schmidt condensation products
with mono-substituted benzaldehydes
a:R,=F Rz=Rz=H

b:R;=F R;=Rz=H

c:Ry3=FR R{=R,=H
d:R;=CIRy=R3;=H
BZR1:BI',RQ=H3:H
fR;=BrrRy=Rz=H
g:Ra=Br,Ry=Rz=H
h::Ry=Et, Rz =Rz =H
ii:Ry=i-PrLR;=Rz=H

Claisen-Schmidt condensation products
with di-substituted benzaldehydes
a:Ry=CF3 Rz =H,Ry3=FRy=H
b:Ry=Me, Rz =H, Rs=0H,Rs =H
c:Ry=0H, R, =CF3, Ry=H,Ry=H
d:Ry =R =HR3;=0H,R;=Cl

HZN’S o]
:‘ O
aH 5 /
/

Figure 1: The structures of the 23 derivatives assayed in this study.
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Figure 2: The preparation of 1c, 1d, 1e, 1f, 5a, 5b.

Synthetic Procedures

Preparation of 3a-hydroxydamsin (1c), 3a-acetoxydamsin
(1d), 3a-benzoyloxydamsin (1e) and 3a-(m-chlorobenzoyloxy)
damsin (1f).

The procedures are summarized in Figure 2. To a mixture of 1a (200
mg, 0.8054 mmol) and Et,N (550 pl, 3.2216 mmol) in dry DCM (6
ml) at 0°C, TMSOTf (440 pl, 2.4162 mmol) was added slowly. The re-
action was stirred at 0°C for 2h and then quenched by adding an ex-
cess of solid Na,CO, whereafter the suspension was dried in vacuo.
The dry remaining solid was extracted with hexane under stirring
(3 x 20 ml x 30 min each extraction), the combined organic extracts
were concentrated in vacuo to give the crude enol silane intermedi-
ate that was used in the next step without further purification. To
a suspension of m-CPBA (218.4 mg, 0.8860 mmol) in n-hexane (6
ml) at -20°C, a solution of this crude enol silane intermediate in

n-hexane (6.8 ml) was added dropwise. The reaction mixture was

stirred for 5.5 h. The reaction was quenched with a saturated solu-
tion of Na,S,0, (1 ml) and brine (20 ml). The aqueous mixture was
extracted with DCM (3 x 20 ml), the combined organic layers were
dried over NaZSOA, and concentrated in vacuo. The products were
40'60) to
yield the products 1f (62 mg, 19%) and 1c (70 mg, 33%). To a solu-
tion of 1c (60 mg, 0, 2270 mmol) in DCM (4.6 ml) at 0°C, PhCOCI
(56 pl, 0.4824 mmol) was added followed by Et,N (95 ul, 0.6834

mmol). The reaction was stirred for 23h, quenched with 5% HCI

purified by silica gel flash chromatography (EtOAc: Pet.Et.

and brine (10 ml). The aqueous mixture was extracted with DCM (2
x 10 ml), the combined organic layers were dried over Na,SO, and
concentrated in vacuo. The product was purified by silica gel flash
chromatography (EtOAc: n-hexane) to yield 1e (52 mg, 62%). 1d

was prepared from 1c as reported previously. [19]
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General procedure for Claisen-Schmidt/aldol condensations
under acidic conditions (2e-2i and 4b)

A mixture of 1a (1 eq. 0.4027 mmol), aldehyde (1.3 eq., 0.5235
mmol), and p-TsOH (1.5 eq., 0.6040 mmol) in benzene (10 ml) was
prepared in a sealed tube, and stirred at 80°C for 19 to 66 h un-
til the reaction was completed (monitored by TLC). The reaction
was quenched by adding 2 ml of 5% NaHCO, followed by 15 ml
brine, and the mixture was extracted with DCM (3 x 15 ml). The
combined organic layers were dried with MgSO, and concentrated
in vacuo. The crude product was purified by silica gel chromatog-
raphy (EtOAc:petroleum ether 1:1) to produce the condensation
products 2e (14.1 mg, 8%), 2f (58.3 mg, 35%), 2g (84.5 mg, 50%),
2h (45 mg, 30%), 2i (44.6 mg, 29%) and 4b (17.1 mg, 11%).

General procedure for Claisen-Schmidt/aldol condensations
under basic conditions (2a-2d, 3a-3d and 4a)

A mixture of aldehyde (3 eq., 1.2081 mmol) and 1a (1 eq., 0.4027
mmol) in 50% PhMe: H20 1:1 (3 ml) was cooled in an ice-bath, and
TBAH (1.2 eq., 0.4832 mmol, 1.5 M in H,0) was added dropwise.
The ice-bath was removed after 10 min and the reaction was left
to reach room temperature. The reaction was monitored by TLC,
and after 3 to 24h, the reaction was quenched by addition of 2 ml
of 5% HCl and stirred for 15 min at r.t. The reaction mixture was di-
luted with 15 ml brine, and extracted with DCM (3 x 10 ml), and the
combined organic layers were dried with MgSO, and concentrated
in vacuo. The crude condensation product was purified by silica
gel chromatography (EtOAc:petroleum ether 1:1) to produce the
condensation products 2a (22.4 mg, 39%), 2b (84.5 mg, 59%), 2c
(101.5 mg, 71%), 2d (62.2 mg, 41%), 3a (100 mg, 59%), 3b (44.6
mg, 27%), 3¢ (61.2 mg, 32%), 3d (247 mg, 94%) and 4b (96.7 mg,
73%).

General procedure for the MOM-protection of the hydroxyben-
zaldehydes.

To a solution of the hydroxybenzaldehydes corresponding to de-
rivatives 3b-3d (2.3333 mmol) in 6 ml dry DCM was added EtN(i-
Pr), (2 ml, 11.6665 mmol), followed by MOMBr (400 pl, 4.8999
mmol) dropwise under N2 at 0°C, whereafter the mixture was
stirred at room temperature for 6 h. The reaction was quenched
with 10 ml of a saturated solution of NaHCO, by stirring for 15
min at rt, and the mixture was extracted with DCM (2 x 15 ml).
The combined organic layers were dried with MgSO, and con-
centrated in vacuo. The product was purified by chromatogra-
phy on silica gel (n-heptane:DCM 1:1) to yield the MOM-protect-
ed hydroxybenzaldehydes corresponding to derivatives 3b-3d.

General procedure for the deprotection of the Claisen-Schmidt
adducts with MOM-protected hydroxyl groups.

To a solution of a MOM protected Claisen-Schmidt adduct, formed
either by procedure 1b or 1c, (50 mg, 0.1261 mmol) in MeOH (2.6
ml), HCI conc. (22.5 pl, 0.2695 mmol, 37%) was added slowly. The
reaction mixture was heated to 40°C for 5 h and then cooled to room
temperature, whereafter the organic solvent was evaporated in vac-
uo. The residue was dissolved in DCM (15 ml), washed with brine
(10 ml), dried with MgSO,, and concentrated in vacuo. The prod-
uct was purified by chromatography on silica gel (EtOAc:petroleum
ether 1:1) to yield the products 3b-3d that were assayed.

Procedure for the preparation of the thioether adducts 5a and
5b from 1a

To a mixture of 1a (1 eq., 1.2081 mmol), L-cysteine methyl ester
hydrochloride (1 eq., 1.2081 mmol) in methanol (6 ml) was added
TEA (100 pl), the mixture of reaction was stirred at room tempera-
ture for 20 h until the reaction was completed (analysed by TLC).
The reaction mixture was concentrated in vacuo, and the product
was purified by silica gel chromatography (MeOH;DCM;TEA) to
yield 45% of adduct 5a and 22.4% of adduct 5b.

Biological assays

Cell lines

The normal-like epithelial MCF-10A cell line was purchased from
American Type Culture Collection (Manassas, VA, USA) (CRL-10781)
and was used as a representative for normal breast epithelial cells.
The cell line retains many normal traits, including lack of tumorige-
nicity in nude mice, anchorage-dependent growth, and dependence
on growth factors and hormones for proliferation and survival.
[18,19] The MCF-10A cells were cultured in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal bovine serum (FBS),
non-essential amino acids (1 mM), insulin (10 pg/ml), epidermal
growth factor (20 ng/ml), cholera toxin (50 ng/ml), hydrocortisol
(250 ng/ml), penicillin (100 U/ml), and streptomycin (100 pg/ml).

The JIMT-1 human breast carcinoma cell line (ACC589) was pur-
chased from the German Collection of Microorganisms and Cell Cul-
tures (Braunschweig, Germany). It carries an amplified HER2 onco-
gene and is insensitive to HER2 inhibiting drugs and belongs to the
HER?2 sub-type of breast cancer. [20,21] The JIMT-1 cells were rou-
tinely cultured in DMEM/Ham’s F-12 medium supplemented with
10% FBS, non-essential amino acids (1 mM), insulin (10 pg/ml),
penicillin (100 U/ml) and streptomycin (100 pg/ml). Both cell lines
were kept at 37°C in a humidified incubator with 5% CO, in air.
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Compound solutions

The sample compounds were dissolved in DMSO to 100 mM stock
solutions that were kept at -20°C. Working solutions were diluted
in PBS and all had a DMSO concentration of 0.2%. In the assay, the
cells were exposed to PBS with 0.02% DMSO, or with the respec-
tive compounds at 0.1, 0.25, 0.5, 1, 2.5, 5, 10, and 20 uM concentra-
tions.

Dose response assay

The dose response to treatment with the compounds was evalu-
ated using an MTT assay, which is based on reduction of MTT in
the mitochondria of live cells. The amount of formazan produced
is proportional to the number of living cells. [21,22] For the assay,
cells were trypsinized and counted in a hemocytometer. Aliquots
of 180 pl cell suspension containing 3000 cells (MCF-10A) or 5000
cells (JIMT-1) were seeded in 96-well plates. Compounds were
added 24 h later to the final concentrations described above. At 72
h of drug treatment, 20 pl of MTT solution (5 mg/ml in PBS) was
added to each well and the 96-well plates were returned to the CO,
incubator for 1 h. The medium was then removed and the blue for-
mazan crystals were dissolved by adding of 100 pul of 100% DMSO
per well. The plates were swirled gently at room temperature for
10 minutes to dissolve the crystals. Absorbance was monitored at
540 nm in a Multiskan™ FC Microplate Photometer (Thermo Fisher
Scientific, Lund, Sweden) using the software Skanlt 3.1. For each
compound, three dose response experiments were performed with
six replicates for each one of them. GraphPad Prism version 6.01
for Windows (GraphPad Software, La Jolla, CA, USA), was used for
drawing dose response curves and calculating the IC; values, i.e.

the dose giving 50% reduction in cell number.

Determination of the cellular glutathione content

The cellular concentration of glutathione was determined using
the GSH-Glo™ Glutathione Assay (Promega, Madison, WI, USA). The
instructions of the manufacturer were followed. In short, MCF-10A
cells and JIMT-1 cells were seeded at different densities (MCF-10A:
5000, 10000, and 20000. JIMT-1: 10000, 20000, and 40000) in 96-
well plates in 150 pl medium and incubated for 24 hours to allow
attachment of the cells. Then the glutathione assay was performed
on the attached cell and in the same plate, the standard curve was
generated. The glutathione content of cells seeded at different
densities was obtained from the standard curve according to the
instructions of the manufacturer. This data was used to calculate

the intracellular concentration using cell volumes. [23] MCF-10A

cells were found to have a mean volume of 998 pm*® and MCF-7
breast cancer cells a mean volume of 10124 pm?®. Since we have
not found any data of the volume of JIMT-1 cells but have cultured
both JIMT-1 and MCF-7 cells and compared their size in the phase
contrast microscope, we assume they have a similar volume. Thus,
using the data from the GSH-Glo™ Glutathione Assay together with
cell volume data, we have determined the glutathione concentra-
tion to be 588 + 173 uM and 47 + 18 pM in MCF-10A and JIMT-1

cells, respectively.

Results and Discussion

The two natural products damsin (1a) and coronopilin (1b) were
isolated from the plant A. arborescens as previously described, [20]
and 1a was used as the starting material for semisynthesis of new
derivatives retaining the a-methylene-y-lactone moiety intact. The
present study is based on a previous study [21] in which Claisen-
Schmidt condensation products of 1la with aromatic aldehydes
forming (E)-3-benzylidendamsin derivatives were found to be more
potent in the JIMT-1 cancer cells compared to the MCF-10A normal-
like cells. The selectivity for the JIMT-1 cancer cells was measured
as the ratio of the IC, values for MCF-10A and JIMT-1 cells, see Table
1). Our focus in this study was therefore to prepare new condensa-
tion products between 1a and aromatic aldehydes. In general, the
condensations proceeded well, and worked both under acidic and
basic conditions (see Experimental procedures for more informa-
tion). As noted during the previous study, it was not possible to use
hydoxybenzaldehydes directly, the hydroxyl groups had to be pro-
tected as MOMO substituents prior to the condensation with 1, to
eventually form compounds 3b - 3d after subsequent deprotection
(as described in the Experimental procedures). As observed previ-
ously, the condensations with between 1a and aromatic aldehydes
were highly stereoselective, only the E-alkenes were obtained. [21]
This additional double bond, although it forms a second Michael ac-
ceptor fuctionality that theoretically could influence the biological
activity, was previously shown to have no significant effect on ei-
ther the potency or the selectivity. [22] In order to demonstrate the
necessity of a a-methylene-y-lactone moiety for cytotoxicity of the
compounds, we prepared the adducts 5a and 5b in which cysteine
methyl ester was added to the the a-methylene-B-lactone moiety of
damsin. This reaction proceede smoothly in methanol at room tem-
perature, and the product could be purified by chromatography.
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Compound MCF-10A JIMT-1 Ratio MCF-10-
(uM) (uM) AJIMT-1

1a (damsin) 8.1+0.4% 3.3+0.6? 2.5
1b (coronopolin) | 15.3+0.9 56+0.8 2.7
1c 12.8+1.1% 6.3 +0.2% 2.0

1d > 20! > 20! na

le > 20! > 20! na

1f > 20! > 20! na

2a 4.4+ 1.6 23+04° 1.9

2b 2.5+0.3% 1.1+0.1° 2.3

2c 22+04% 1.1+0.3° 2.0

2d 3.8+ 0.6 1.4+0.3% 2.6

2e 6.2+1.3% 1.8+0.7° 3.5

2f 6.1+0.4° 1.8+0.9° 3.4

2g 2.0+0.4% 1.2+0.3° 1.6

2h 2.5+ 0.4 1.9+0.8? 1.3

2i 6.2 +1.4% 3.8 +1.0? 1.6

3a 2.3 +£0.9% 1.2+0.1° 2.0

3b 4.7 £0.7% 1.9+0.1° 2.4

3c 5.4 +14° 1.8+0.2° 3.0

3d 2.1+0.7% 0.7 £ 0.1% 2.6

4a 7.7 +2.8? 2.3+0.9? 3.3

4b 3.2+1.6° 21+1.0° 1.5

5a 16.0 +3.5° 8.8+ 1.7° 1.7

Sb >20 159 +1.4° na

Table 1: The cytotoxicity of compounds 2 - 8, given as IC,,

values (uM) calculated from experiments with six concentra-

tions up to 20 uM. Standard deviations were obtained from

"two dose-response curves, ’three dose-response curves, or

3four dose-response curves.

The structures of all compounds prepared in this investigation
was carefully determined by 1- and 2D NMR experiments (includ-
ing COSY, NOESY, HMQC and HMBC experiments), in combination
with the IR and HRMS data reported in the Supporting Information.
The configuration of the C-3/C-1’ double bond was determined by
NOESY NMR experiments. [22] The chemical shifts for all proton
and carbon signals observed in CDCI, are presented in Tables 2 and
3. In all cases, the NMR couplings observed between protons are
those that we expected from our previous experience from this type
of compounds, and are for reasons of space not reported here but
found in the Supporting Information. The comparison of the proton
and carbon shifts in Tables 2 and 3 gives some interesting informa-
tion. The NMR chemical shifts, and thereby the properties includ-
ing the reactivity of the compounds are influenced by the electronic
properties of the chemical bonds close to a specific nucleus or in-
volved in a reactive functionality. Assuming that the a-methylene-
y-lactone moiety is critical for the cytotoxicity of the compounds
assayed, it is interesting to compare the chemical shifts of 6-H, 7-H,
13-H,, C-6, C-7, C-11, C-12 and C-13 of the assayed compounds, in
search for any indication that the substituent at C-3 affect the elec-
tronic properties of this lactone ring. 6-H are all close to 4.7 ppm, ex-
cept in 5a and 5b which no longer possess a a-methylene-f-lactone
moiety. 7-H are all close to 3.3 ppm, 13-Ha are close to 5.6 ppm,
while 13-Hb are close to 6.3 ppm. The C-6 values are close to 82
ppm, C-7 close to 45 ppm, C-11 close 140 ppm, C-12 close to 170
ppm, and C-13 close to 121 ppm. So, the electronic properties of
the a-methylene-fB-lactone moiety remains essentially intact, and
appears to be essentially independent of the C-3 substituent. The
conclusion is therefore that the differences in cytotoxic activities
shown in Table 1 and discussed below, depend on the molecular in-
teraction that the C-3 substituent can provide with a protein at the

site where a Michael addition can take place.

1-H | 2H, | 6H | 7H | 8H2 | 9-H, | 10-H | 13-H, | 14-H, | 15-H, | 1"H | 2"-H | 3"-H | 4"-H | 5"-H | 6"H

la | 201 | 179/ | 444 | 324 |179/|181/| 215 | 546/ | 1.01 | 1.00 | - - - - - -
2.00 185 | 1.81 6.13

1b | 247 | 247/ | 492 | 334 | 171/ | 1.60/ | 219 | 558/ | 1.20 | 1.15 | - - - - - -
247 2.08 | 2.40 6.26

lc | 227 | 181/ | 469 | 333 | 191/ | 168/ | 215 | 554/ | 1.07 | 1.09 | - - - - - -
234 1.94 | 1.86 6.25

1d | 235 | 181/ | 470 | 331 | 1.86/ | 1.70/ | 2.14 | 555/ | 1.07 | 1.12 | - - - - - -
248 199 | 1.87 6.26

le | 249 | 198/ | 3.34 | 186/ |173/| 216 | 557/ | 1.10 | 1.18 | - | 8.00 | 7.42 | 7.56 | 7.42 | 8.00
2.59 210 | 187 6.28
4.79
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1f 1.96/ 3.35 1.88/ | 1.74/ | 217 | 556/ | 1.10 | 1.17 - 7.65 - 7.53 | 7.36 | 7.88
246 | 2.59 1.99 | 191 6.27
4.78

2a 2.86/ 4.65 329 |1.78/ | 172/ | 2.28 | 558/ | 117 | 1.16 | 740 | 7.11 | 7.54 - 7.54 | 7.11

2.07 | 2.96 2.08 | 1.87 6.29

2b 2.10 285/ | 4.64 | 3.30 | 181/ |1.72/| 2.28 | 557/ | 1.18 | 1.15 | 7.37 | 7.30 - 7.06 | 7.39 | 7.23
2.95 2.07 | 1.90 6.28

2c 2.06 276/ | 4.64 | 3.29 | 182/ 173/ | 226 | 557/ | 117 | 1.16 | 7.62 - 7.09 | 735 | 718 | 7.53
2.94 2.07 | 1.86 6.27

2d 2.08 2.84/ | 4.64 | 3.30 | 1.82/|1.73/| 229 |557/| 118 | 1.15 | 7.33 | 7.50 - 735 | 734 | 740
2.95 2.06 | 191 6.28

2e 2.08 281/ | 465 | 3.29 | 183/ | 175/ | 222 | 556/ | 118 | 1.16 | 736 | 740 | 7.55 - | 755|740
2.93 2.09 | 1.90 6.28

2f 2.08 283/ | 4.63 | 3.29 | 183/ | 1.74/| 229 | 557/ | 1.17 | 1.14 | 7.31 | 7.64 - 748 | 7.28 | 7.44
2.94 2.07 | 1.89 6.27

2g 2.04 269/ | 461 | 329 | 181/ 172/ | 221 | 556/ | 1.14 | 1.16 | 7.67 - 7.61 | 719 | 7.50 | 7.25
2.90 2.06 | 1.85 6.26

2h 2.07 279/ | 4.65 | 3.28 | 181/ | 1.74/| 228 | 557/ | 118 | 1.16 | 742 | 747 | 7.25 - 7.25 | 7.47
2.94 2.08 | 1.88 6.28

2i 2.07 287/ | 465 | 3.28 | 181/ | 173/ | 2.28 | 557/ | 1.18 | 116 743 | 749 | 7.28 - 7.28 | 749
2.96 2.09 | 1.88 6.28

3a 2.09 275/ | 464 | 331 | 185/ | 175/ | 226 | 557/ | 116 | 1.16 | 7.55 - 7.36 - 7.45 | 7.65
2.95 2.07 | 1.89 6.28

3b 2.06 2.80/ | 465 | 3.28 | 1.78/ | 1.74/ | 2.26 | 558/ | 1.17 | 1.18 8.0 - 6.8 - 6.73 | 7.36
2.93 2.07 | 1.87 6.30

3c 2.06 280/ | 4.63 | 3.28 | 1.84/ | 1.73/ | 2.27 | 557/ | 1.16 | 1.13 | 7.34 | 7.70 - - 6.96 | 7.52
291 2.07 | 1.89 6.27

3d 2.03 2.74/ | 460 | 3.26 | 1.79/ | 1.69/ | 2.25 | 556/ | 1.14 | 112 | 7.71 - 6.77 | 7.12 - 7.34
2.88 2.04 | 1.84 6.25

4a 2.05 282/ | 459 | 3.26 | 1.78/ | 1.68/ | 2.23 | 551/ | 1.10 | 1.06 | 7.12 - 7,53 | 6,47 | 6,63 -
2.94 2.01 | 1.82 6.20

4b 2.10 297/ | 467 | 329 | 1.82/| 176/ | 232 | 558/ | 1.22 | 1.20 | 7.60 - - - - -
3.08 211 | 191 6.30

5a 2.08 181/ | 445 | 259 | 1.52/|1.60/| 2.21 | 259/ | 1.06 | 111 - - - - - -
2.03 1.52 | 1.85 3.00

5b 2.05 183/ | 441 | 279 | 1.78/ | 1.66/ | 2.18 | 296/ | 1.07 | 1.08 - - - - - -
1.98 1,87 | 1.74 2.87

Table 2:'H NMR chemical shifts (in ppm) for the assayed compounds 1a-f, 2a-i, 3a-d, 4a-b and 5a-b determined at 400 MHz in CDCI,,

In 1d, the acetyl signal appears at 2.08 ppm.

In 4b, the naphthyl signals appear at 7.51, 7.53, 7.83, 7.86, 7.89, 7.66 and 8.01 ppm.

In 5a, the cysteine signals appear at 2.78, 3.65 and 3.70 ppm, while the 11-H signal appears at 2.93 ppm.
In 5b, the cysteine signals appear at 2.98, 3.74 and 3.73 ppm, while the 11-H signal appears at 2.64 ppm.
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C1|C2|C3 | C4 [C5|C6|C7|C8]|C9|[C10|C-11 | C-12 |C-13|C-14]|C15|C-1"|C-1"|C2"|C-3"|C4"|C5"|C6"
la | 458 | 255 | 36.0 | 2189 | 54.7 | 81.6 | 44.2 | 23.8 | 33.2 | 34.1 | 139.5 | 170.1 | 120. | 15.7 | 13.6 - - - - - - -
6
1b | 84.2 | 32.3 | 31.0 | 216.4 | 57.9 | 78.4 | 43.9 | 26.8 | 29.4 | 42.1 | 140.0 | 169.4 | 120. | 165 | 13.9 | - - - - - - -
7
1c | 423 |31.2| 70.1 | 2169 | 54.8 | 81.7 | 43.7 | 25.4 | 33.4 | 33.9 | 139.6 | 170.1 | 121. | 149 | 13.7 - - - - - - -
1
1d* | 42.6 | 30.1| 71.5 | 211.8 | 55.2 | 81.3 | 44.0 | 25.9 | 34.0 | 33.7 | 139.7 | 170.0 | 121. | 15.0 | 14.1 | - - - - - - -
3
le | 42.8 |30.3 | 72.2 | 211.8 | 55.4 | 81.5| 44.1 | 26.0 | 34.0 | 33.8 | 139.8 | 170.1 | 121. | 15.2 | 14.3 | 165. | 129. | 129. | 128. | 133. | 128. | 129.
4 7 3 9 5 5 5 9
1f | 42.7 | 30.0 | 72.3 | 211.3 | 55.3 | 81.3 | 44.0 | 25.9 | 33.9 | 33.7 | 139.6 | 170.0 | 121. | 15.0 | 14.1 | 164. | 130. | 129. | 134. | 133. | 129. | 128.
3 4 1 8 5 4 7 0
2a | 43.8 | 31.3|132.5|207.3 | 549 | 819 | 44.8 | 26.5 | 34.3 | 34.1 | 139.9 | 170.8 | 121. | 15.8 | 14.6 | 132. | 161. | 116. | 132. | 164. | 132. | 115.
5 9 9 1 6 2 6 9
2b | 43.6 | 31.3 | 134.7 | 207.8 | 54.9 | 81.8 | 44.8 | 26.5 | 34.2 | 34.0 | 140.0 | 170.3 | 121. | 15.7 | 14.5 | 132.| 137. | 126. | 162. | 116. | 130. | 116.
4 5 6 7 8 4 4 7
2c | 43.6 | 31.4 | 135.5 | 207.5 | 54.9 | 81.8 | 44.8 | 26.5 | 34.3 | 34.1 | 140.1 | 170.3 | 121. | 15.8 | 14.5 | 125. | 123. | 160. | 115. | 131. | 124. | 130.
3 7 6 4 9 3 2 1
2d | 43.6 | 31.3 | 134.7 | 207.7 | 54.9 | 81.8 | 44.8 | 26.5 | 34.2 | 34.0 | 140.0 | 170.3 | 121. | 15.7 | 14.5 | 129. | 134. | 130. | 137. | 130. | 132. | 128.
4 5 8 0 2 1 2 8
2e | 43.7 | 31.4 | 134.1 | 207.8 | 549 | 81.8 | 44.8 | 26.5 | 34.2 | 34.1 | 140.0 | 170.3 | 121. | 15.8 | 14.5 | 132. | 134. | 131. | 132. | 124. | 132. | 131.
4 6 1 9 1 0 1 9
2f | 43.6 | 31.2 | 134.8 | 207.7 | 54.8 | 81.7 | 44.7 | 26.4 | 34.2 | 34.0 | 140.0 | 170.2 | 121. | 15.7 | 14.4 | 132. | 137. | 132. | 122. | 132. | 130. | 129.
3 1 5 9 9 4 3 1
2g | 43.7 | 31.0 | 135.8 | 207.4 | 54.9 | 81.8 | 44.7 | 26.3 | 34.0 | 34.0 | 140.0 | 170.3 | 121. | 15.7 | 14.4 | 132.| 135. | 126. | 133. | 130. | 127. | 130.
2 2 2 2 4 5 3 1
2h | 43.7 | 31.5 | 1329 | 208.1 | 54.8 | 81.9 | 44.9 | 26.6 | 34.3 | 34.2 | 140.2 | 170.3 | 121. | 15.8 | 14.6 | 134. | 132. | 130. | 128. | 146. | 128. | 130.
2 0 4 8 4 3 4 8
2i | 43.7 | 31.5]132.5|208.1 | 54.8 | 81.9 | 449 | 26.6 | 343 | 34.2 | 140.2 | 170.3 | 121. | 15.8 | 14.6 | 134.| 133. | 130. | 127. | 150. | 127. | 130.
3 0 1 8 0 9 0 8
3a | 43.5|31.3| 1379 207.1 | 55.0 | 81.7 | 44.7 | 26.3 | 34.0 | 34.0 | 139.9 | 170.3 | 121. | 15.7 | 14.4 | 124. | 124. | 159. | 162. | 132. | 121. | 138.
4 0 4 7 3 7 1 8
3b | 43.8 | 31.6 | 131.6 | 209.8 | 54.9 | 82.1 | 45.0 | 26.7 | 34.2 | 34.3 | 140.2 | 170.7 | 121. | 15.9 | 14.7 | 129. | 119. | 156. | 117. | 142. | 121. | 129.
5 9 9 7 1 6 3 5
3c | 43.8 | 31.1 | 131.6 | 208.4 | 54.8 | 82.1 | 44.8 | 26.4 | 34.0 | 34.2 | 139.9 | 170.8 | 121. | 15.8 | 14.5 | 133. | 117. | 129. | 126. | 156. | 117. | 135.
7 1 6 2 7 6 6 9
3d | 43.8 | 31.1 | 133.5 | 208.5 | 54.9 | 82.1 | 44.7 | 26.4 | 34.1 | 34.0 | 139.9 | 170.7 | 121. | 15.7 | 14.4 | 128. | 124. | 155. | 117. | 130. | 124. | 128.
6 0 2 9 3 7 0 8
4a | 43.1 | 30.0 | 130.7 | 207.7 | 54.9 | 81.8 | 44.7 | 26.4 | 34.1 | 33.9 | 140.0 | 170.2 | 121. | 15.6 | 14.4 | 119. | 152. - 145. | 112. | 116. -
1 9 1 1 5 4
4b | 43.8 | 31.5 | 133.6 | 208.0 | 54.9 | 81.9 | 44.9 | 26.6 | 34.3 | 34.2 | 140.2 | 1703 | 121. | 159 | 142 | 134. | - - - - - -
3 1
5a | 46.2 | 24.6 | 353 | 221.7 | 55.0 | 82.3 | 45.9 | 184 | 37.4 | 354 | 458 | 1748 | 28.6 | 169 | 16.1 - - - - - - -
5b | 46.8 | 24.3 | 36.9 | 219.3 | 55.1 | 83.1 | 45.2 | 25.3 | 33.5 | 348 | 47.2 | 177.6 | 33.3 | 16.2 | 143 - - - - - - -

Table 3: C NMR chemical shifts (in ppm) for the assayed compounds 1a-1f, 2a-2i, 3a-3d, 4a-4b and 5a-5b determined at 100 MHz in CDCI,,
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In 1d, the acetyl signals appear at 20.7 and 170.0 ppm.

In 4b, the naphthyl signals appear at 126.8, 127.0, 127.4, 127.8, 128.5, 128.7, 131.4, 133.0, 133.3 and 133.6 ppm.
In 5a, the cysteine signals appear at 38.3, 54.8, 174.2 and 52.5 ppm.

In 5b, the cysteine signals appear at 38.2, 54.8, 176.4 and 52.7 ppm.

The MCF-10A cell line used in this study is a non-tumorigenic breast
epithelial cell line [23] while the JIMT-1 cells are breast cancer-de-
rived tumorigenic. [24] Table 1 shows the experimental cytotoxic-
ity IC,, values in pM obtained with the two cell lines, calculated
from the dose response curves. In addition, the ratios between the
lC50 MCF-10A and IC50 JIMT-1 were calculated, and are presented
in Table 1 as a measure for the selectivity of each compound. The
IC50 values show consistently that the JIMT-1 cells are more sen-
sitive to the compounds assayed compared to the MCF-10A cells,
which is consistent with our previous observation. [21] A cellular
component that has been recognized to be able to neutralize SLs is
glutathione. [25] Glutathione can react spontaneously with vari-
ous electrophilic substrates, e.g. Michael acceptors, but it is also
conjugated to xenobiotics in a reaction catalyzed by glutathione
S-transferase. [26] It has been shown that the reaction of glutathi-
one with SLs is reversible. [27] When measuring glutathione levels
in MCF-10A and JIMT-1 cells, we found that the former have a 10
times higher concentration than the latter. In addition, the JIMT-1
cells have low expression of the glutathione S-transferase M1 gene.
[24] Our notion that the difference in sensitivity between the nor-
mal-like MCF-10A and the JIMT-1 breast cancer cells is due to the
lower glutathione concentration and low expression of the gluta-
thione S-transferase gene in the latter needs further experimental

clarification.

It is interesting that the oxidized derivatives (1b-1f) of 1a are less
potent, especially the 3-acylated derivatives (1d-1f). Compared
to the 3-bezylidenes, carbon 3 of 1c-1f is chiral and the substitu-
ent is directed in a certain direction. This may be disadvantageous
for the ability of 1c-1f to react with certain critical nucleophilic
sites in the target proteins. Besides this observation, it can be
noted that the benzylidene derivatives 2a-2i and 3a-3d show the
expected potency in the JIMT-1 cells, but do not show a promis-
ing selectivity. The derivatives 5a and 5b, which formally lack the
a-methylene-fB-lactone moiety, are still cytotoxic. Presumably this
is due to the reversibility of the Michael reaction, which would
cause the derivatives 5a and 5b to regenerate damsin (1a) during
the experiment. It would consequently be of interest to measure
the reversibility of this reaction during relevant conditions. An-
other biological explanation to the difference in toxicity between
5a and 5b could be that the toxicity of SLs is not only dependent

on the presence of an a-methylene-y-lactone group but that there
may be other toxic mechanisms independent of binding to p65/
NF-«kB [28,29] and this notion needs investigation as well. The
stereoisomers 5a and 5b show slightly different toxicities (see Ta-
ble 1) which may be related to different binding affinities to pos-

sible targets in the cell and/or differences in chemical stability.

In conclusion, with this paper and our previous paper [21], we
demonstrate the synthesis of 43 unique damsin derivatives, many
of which that show toxicity with a lower IC, than that found for
damsin itself. Most important is the increase in selective toxicity i.e.
alower IC, in the JIMT-1 cancer cell line compared to the MCF-10A
cell line. Further studies are needed to unravel the role of different
chemical and biological entities that define toxicity with the goal to

increase the selectivity towards cancer cells.

Supporting Information

Compound 1a (damsin)

'H NMR data (400 MHz, CDCL): 6.13 (1H, s, H-13b), 5.46 (1H, s,
H-13b), 4.44 (1H, d, ] 6.9 Hz, H-6), 3.24 (1H, m, H-7), 2.38 (2H, m,
H-3), 2,15 (1H, m, H-10), 2,01 (1H, m, H-1) 1,95 (1H, m, H-8b), 1,81
(2H, m, H-9a,b), 1,79 (1h, m, H-8a), 1,69 (2H, m, H-2), 1,01 (3H, d,
] 7.5 Hz, H-14), 1,0 (3H, m, H-15). *C NMR data (100 MHz, CDCL):
218.9 (C-4), 170.1 (C-12), 139.5 (C-11), 120.6 (C-13), 81.6 (C-6),
54.7 (C-5), 45.8 (C-1), 44.2 (C-7), 36.0 (C-3), 34.1 (C-10), 33.2 (C-9),
25.5 (C-2), 23.8 (C-8), 15.7 (C-14), 13.6 (C-15).
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Compound 1b (coronopilin)

'H NMR data (400 MHz, CDCL): 6.26 (1H, s, H-13b), 5.58 (1H,s,
H-13a), 4.92 (1H,d, ] 8.2 Hz, H-6), 3.34 (1H, m, H-7), 2.65 (1H, dd,
] 23.2, 10.5 Hz, H-3b), 2.47 (2H, m, H-2), 2,40 (1H, m, H-9b), 2,19
(1H, m, H-10), 2,08 (1H, m, H-8b), 1,71(1H, m, H-8a), 1,61 (1H, m,
H-3a), 1,60 (1H, m, H-9a), 1.20 (3H, d, ] 7.5 Hz, H-14), 1.15 (3H, s,
H-15). 1¥C NMR data (100 MHz, CDCL): 216.4 (C-4), 169.4 (C-12),
140.0 (C-11), 120.7 (C-13), 84.2 (C-1), 78.4 (C-6), 57.9 (C-5), 43.9
(C-7), 42.1 (C-10), 32.3 (C-2), 31.0 (C-3), 29.4 (C-9), 26.8 (C-8),
16.5 (C-14), 13.9 (C-15).

Compound 1c (3a-hydroxydamsin)
14

HOn-

'H NMR data (400 MHz, CDCL,): 2.35(:()1H, ddd, ] 12.3; 7.6; 4.5 Hz,
H-1), 1.81 (1H, m, H-2a), 2.48 (1H, ddd, ] 14.4; 12.6; 9.7 Hz, H-2b),
5.19 (1H, dd, ] 9.6; 2.4 Hz, H-3a), 4.70 (1H, d, ] 8.9, H-6), 3.31 (1H,
m, H-7), 1.86 (1H, m, H-8a), 1.99 (1H, m, H-8b), 1.70 (1H, m, H-9a),
1.87 (1H, m, H-9b), 2.14 (1H, m, H-10), 5.55 (1H, d, ] 2.8Hz, H13a),
6.26 (1H, d, ] 3.1Hz, H-13b), 1.07 (3H, d, ] 7.5 Hz, CH,-14), 1.12
(3H, s, CH,-15), 2.08 (3H, s, CH3-17). **C NMR data (100 MHz, CD-
CL,): 42.6 (C-1), 30.1 (C-2), 71.5 (€3), 211.8 (C-4), 55.2 (C-5), 81.3
(C-6), 44.0 (C-7), 25.9 (C-8), 34.0 (C-9), 33.7 (C-10), 139.7 (C-11),
170.0 (C-12), 121.3 (C-13), 15.0 (C-14), 14.1 (C15), 170.0 (C-16),
20.7 (C-17). [a]D20 -5 (c 1.00, CH,CL,). IR spectrum (film, v, cm-1
): 2928, 2870, 1753, 1736, 1659, 1451, 1372, 1337, 1271, 1223,
1164, 1113, 1059, 1006, 977, 948, 882, 815, 733, 700, 627, 529,
460. HRMS-ESI (m/z, %) 265.1451 (100) [M+H]* (calculated for
C,,H,10, 265.1440).

Compound 1d (3a-acetoxydamsin)

'H NMR data (400 MHz, CDCl,): 2.35 (1H, ddd, ] 12.3; 7.6; 4.5 Hz,
H-1), 1.81 (1H, m, H-2a), 2.48 (1H, ddd, 3 ] 14.4; 12.6; 9.7 Hz, H-2b),
5.19 (1H, dd, ] 9.6; 2.4 Hz, H-3a), 4.70 (1H, d, ] 8.9 Hz, H-6), 3.31 (1H,
m, H-7), 1.86 (1H, m, H-8a), 1.99 (1H, m, H-8b), 1.70 (1H, m, H-9a),
1.87 (1H, m, H-9b), 2.14 (1H, m, H-10), 5.55 (1H, d, ] 2.8 Hz, H-13a),
6.26 (1H, d, ] 3.1Hz, H-13b), 1.07 (3H, d, ] 7.5, CH3-14), 1.12 (3H, s,
CH3-15), 2.08 (3H, s, CH3-17). 1C NMR data (100 MHz, CDCL,): 42.6
(C-1),30.1 (C-2), 71.5 (C3), 211.8 (C-4), 55.2 (C-5), 81.3 (C-6), 44.0
(C-7),25.9 (C-8), 34.0 (C-9), 33.7 (C-10), 139.7 (C-11), 170.0 (C-12),
121.3 (C-13), 15.0 (C-14), 14.1 (C15), 170.0 (C-16), 20.7 (C-17). [«]
D20 -20.5 (c 1.00, CH,CL). IR spectrum (film, v, cm-1): 2928, 2870,
1753,1736,1659,1451,1372,1337,1271,1223,1164,1113, 1059,
1006, 977, 948, 882, 815, 733, 700, 627, 529, 460. HRMS-ESI (m/z,
%) 307.1549 (100) [M+H]" (calculated for C ,H,.0 (307.1546).

Compound 1e (3a-benzoyloxydamsin)

'HNMR data (400 MHz, CDCl,): 8.00 (2H, dd, ] 8.4; 1.3 Hz, H-2"/6"),
7.56 (1H, m, H-4"), 7.42 (2H,m, 3/5"), 6.28 (1H, d, ] 3.2 Hz, H-13b),
5.57 (1H,d,] 2.8 Hz, H-13a),5.39 (1H,dd, ] 9.5, 2.4 Hz, H-3),4.79 (1H,
d,] 8.8 Hz, H-6), 3.34 (1H, m, H-7), 2.59 (1H, m, H-2b), 2.49 (1H, m,
H-1),2.16 (1H, m, H-10), 1.86 (2H, m, H-8a), 1.73 (1H, m, H-9a), 1.18
(3H, s, CH3-15), 8 1.10 (3H, d, ] 7.5 Hz, CH3-14); 13C NMR data (100
MHz, CDCL,): 211.8 (C-4), 170.1 (C-12), 165.7 (C-17), 133.5 (C-47),
129.9 (C-27/6"),129.3 (C-1), 128.5 (C-3"/5"), 121.4 (C-13), 81.5
(C-6), 72.2 (C-3), 55.4 (C-5), 44.1 (C-7), 42.8 (C-1), 34.0 (C-9), 33.8
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(C-10),30.3 (C-2), 26.0 (C-8), 15.2 (C-14), 14.3 (C-15); [a]D20 -29.5
(c 1.00, CH,CL); IR spectrum (film, y, cm-1): 2963, 1755, 1719,
1601,1473,1450,1389,1343,1314,1262,1231,1196,1175,1152,
1111,1068,1021,975,935,892,801, 708, 687, 642, 584, 534; TOF-
MS: 369.1701 [M+H] (calculated for C,,H,.0, 369.1702).

Compound 1f (3a-(m-chlorobenzoyloxy) damsin)

'H NMR data (400 MHz, CDCL,): 7.96 (1H, t,] 1.7; 1.7 Hz, H-2"), 7.88
(1H, dt, ] 7.8; 1.2; 1.2 Hz, H-6"), 7.53 (1H, dq, ] 7.9; 1.1;1.1; 1.1 Hz,
H-4"),7.36 (1H,t,] 7.9; 7.9 Hz, H-57), 6.27 (1H, d, ] 3.1 Hz, H-13Db),
5.56 (1H, d, ] 2.8 Hz, H-13a), 5.42 (1H, dd, ] 9.8; 2.4 Hz, H-3a), 4.78
(1H, d, ] 8.9 Hz, H-6), 3.35 (1H, m, H-7), 2.59 (1H, ddd, ] 14.5; 12.6;
9.9 Hz, H-2b), 2.46 (1H, ddd, ] 12.3; 7.7; 4.4 Hz, H-1), 2.17 (1H, m,
H-10), 1.99 (1H, m, H-8b), 1.96 (1H, m, H-2a), 1.88 (1H, m, H-8a),
1.87 (1H, m, H-9b), 1.72 (1H, m, H-9a), 1.17 (3H, s, CH3-15), 1.10
(3H, d, ] 7.5 Hz, CH3-14); *C NMR data (100 MHz, CDCl,): 211.3
(C-4), 170.0 (C-12), 164.4 (C-17), 139.6 (C-11), 134.5 (C-37), 133.4
(C-47),130.1(C-17),129.8 (C-2"),129.7 (C-57),128.0 (C-6"),121.3
(C-13),81.3 (C-6), 72.3 (C-3), 55.3 (C-5), 44.0 (C-7), 42.7 (C-1), 33.9
(C-9), 33.7 (C-10), 30.0 (C-2), 25.9 (C-8), 15.0 (C-14), 14.1 (C-15).
[a]D20 -40.0 (c 1.00, CH,CL,). IR spectrum (film, y, cm-1): 3071,
2960,2936,2873,1756,1722,1661,1574,1473,1451,1426,1388,
1364, 1336, 1277, 1254, 1164, 1126, 1087, 1073, 1009, 978, 903,
812,747,736,700, 674, 632; TOFMS: 403.1325 [M+H+] (calculated
for C,,H,,ClO, 403.1312).

Compound 2a [(E)-3-(p-(fluorophenyl) methylene) damsin]

'H NMR data (400 MHz, CDCL,): 7.54 (2H, m, H-5"/3"), 7.40 (1H,
m, H-17), 7.11 (2H, m, H-2"/6"), 6.29 (1H, d, ] 3.0 Hz, H-13b), 5.58
(1H,d,] 2.7 Hz, H-13a), 4.65 (1 H, d,] 8.5 Hz, H-6), 3.29 (1H, m, H-7),
2.94 (1H, ddd, ] 15.7; 12,3; 3.1 Hz, H-2b), 2.83 (1H, ddd, ] 16.8; 7.3;
1.9 Hz, H-2a), 2.28 (1H, m, H-10), 2.08 (1H, m, H-8b), 2.07 (1H, m,
H-1), 1.87 (1H, m, H-9b), 1.78 (1H, m, H-8a), 1.74 (1H, m, H-9a),
1.17 (3H, d, ] 7.5 Hz, CH3-14), 1.16 (3H, s, CH3-15); '*C NMR data
(100 MHz, CDCL,): 207.3 (C-4), 170.8 (C-12), 164.2 (C-4"), 161.9
(C-1), 139.9 (C-11), 132.9 (C-1), 132.6 (C-3""/5"), 132.5 (C-3),
1215 (C-13), 116.1 (C-2), 115.9 (C-6"), 81.9 (C-6), 54.9 (C-5),
44.8 (C-7),43.8 (C-1),34.3 (C-9), 34.1 (C-10), 31.3 (C-2), 26.5 (C-8),
15.8 (C-14), 14.6 ( C-15). [a]D20 -9.5 (c 1.00, CH,CL,); IR spectrum
(film, y, cm-1). HRMS-ESI (m/z) 355.1702 [M+H]* (calculated for
C,,H,,FO, 355.1710).

22" 24

Compound 2b [(E)-3-(m-(fluorophenyl) methylene) damsin]

'H NMR data (400 MHz, CDCL,): 7.39 (1H, m, H-57), 7.37 (1H, m,
H-17,7.30 (1 H,d,] 7.8 Hz, H-2""), 7.23 (1H, dd, ] 9.9; 2.0 Hz, H-6"),
7.06 (1H, m, H-4""), 6.28 (1H, d, ] 3.0 Hz, H-13b), 5.57 (1H, d, ] 2.7
Hz, H-13b), 4.64 (1H, d, ] 8.5 Hz, H-6), 3.30 (1H, tdd, ] 11.3; 5.4; 2.9
Hz, H-7), 2.95 (1H, ddd, ] 16.1; 12.6; 3.2 Hz, H-2b), 2.85 (1H, ddd, ]
17.0; 7.4; 2.0 Hz, H-2a), 2.28 (1H, m, H-10), 2.10 (1H, m, H-1), 2.07
(1H, m, H-8b), 1.90 (1H, m, H-9b), 1.81 (1H, m, H-8a) 1.72 (1H, m,
H-9a), 1.18 (3H, d, ] 7.5 Hz, CH3-14), 1.15 (3H, s, CH3-15); *C NMR
data (100 MHz, CDCL,): 207.8 (C-4), 170.3 (C-12), 162.8 (C-37),
140.0 (C-11), 137.6 (C-1"), 134.7 (C-3), 132.5 (C-17), 130.4 (C-57)
126.7 (C-27),121.4 (C-13), 116.7 (C-6""), 116.4 (C-4"), 81.8 (C-6),
54.9 (C-5),44.8 (C-7),43.6 (C-1), 34.2 (C-9), 34.0 (C-10), 31.3 (C-2),
26.5 (C-8), 15.7 (C-14), 14.5 (C-15); [a]D20 +4.5 (c 1.00, CH,CL);
IR spectrum (film, y, cm-1): 2926, 2869, 1757, 1716, 1629, 1580,
1485, 1444, 1385, 1336, 1272, 1230, 1210, 1189, 1160, 1118,
1079, 1058, 1003, 990, 952, 884, 865, 814, 788, 735, 682. HRMS-
ESI (m/z) 355.1723 [M+H]" (calculated for C,,H,,FO, 355.1710).
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Compound 2c [(E)-3-(o-(fluorophenyl) methylene) damsin]

'H NMR data (400 MHz, CDCL): 7.62 (1 H, s, H-1), 7.53 (1H, td, ]
7.7; 1.6 Hz, H-6"), 7.35 (1H, m, H-4""), 7.18 ( 1H, td, ] 7.6; 0.8 Hz,
H-57),7.09 (1H, m, H-3"), 6.27 (1H, d, ] 3.0 Hz, H-13b), 5.57 (1H, d,
] 2.7 Hz, H-13a), 4.64 (1H, d, ] 8.5 Hz, H-6), 3.29 (1H, m, H-7), 2.94
(1H, ddd, ] 16.2; 12.6; 3.3 Hz, H-2b), 2.76 (1H, ddd, ] 16.9; 7.1; 1.8
Hz, H-2a), 2.26 (1H, m, H-10), 2.07 (1H, m, H-8b), 2.06 (1H, m, H-1),
1.86 (1H, m, H-9b), 1.82 (1H, m, H-8a), 1.73 (1H, m, H-9a), 1.17 (3H,
d,] 7.5 Hz, CH3-14), 1.16 (3H, s, CH3-15); **C NMR data (100 MHz,
CDCL,): 207.6 (C-4),170.3 (C-12), 162.9-160.4 (C-2""), 140.1 (C-11),
135.5 (C-3), 131.3 (C-47), 130.1 (C-67), 125.7 (C-1"), 124.2 (C-57),
123.6 (C-17), 121.3 (C-13), 116.17 (s), 115.9 (C-3"), 81.8 ( C-6),
54.9 (C-5),44.8 (C-7),43.6 (C-1), 34.1 (C-10), 31.4 (C-2), 26.5 (C-8),
15.8 (C-14), 14.5 (C-15) ; [a]D20 +9.8 (¢ 1.00, CH,CL,); IR spectrum
(film, y, cm-1): 2925, 2857, 1757, 1716, 1627, 1610, 1484, 1453,
1385, 1336, 1271, 1254, 1229, 1211, 1194, 1162, 1118, 1058,
985,951, 913, 884, 838, 814, 799, 760. HRMS-ESI (m/z) 355.1716
[M+H]+ (calculated for C,,H,,FO, 355.1710).

Compound 2d [(E)-3-(m-(chlorophenyl) methylene)damsin]

'H NMR data (400 MHz, CDCL): 7.50 (1 H, s, H-2"), 7.40 (1H, m,
H-6"), 7.35 (1H, m, H-4"), 7.34 (1H, m, H-5"), 7.33 (1H, m, H-1"),
6.28 (1H, d, ] 3.0 Hz, H-13b) 5.57 (1H, d, ] 2.7 Hz, H-13a), 4.64 (1H,
d, ] 8.5 Hz, H-6), 3.30 (1H, m, H-7), 2.95 (1H, ddd, ] 16.6; 12.3; 3.2
Hz, H-2b), 2.84 (1H, ddd, ] 17.0; 7.3; 2.0 Hz, H-2a), 2.29 (1H, m,
H-10), 2.08 (1H, m, H-1), 2.06 (1H, m, H-8b), 1.91 (1H, m, H-9b),

1.82 (1H, m, H-8a), 1.73 (1H, m, H-9a), 1.18 (3H, d, ] 7.5 Hz, CH3-
14), 1.15 (3H, s, CH3-15); 13C NMR data (100 MHz, CDCl,): 207.7
(C-4), 170.3 (C-12), 140.0 (C-11), 137.2 (C-3""), 134.8 (C-1"") 134.7
(C-3),132.2 (C-5),130.1 (C-4""), 130.0 (C-2"), 129.5 (C-1), 128.8
(C-6"), 121.4 (C-13), 81.8 (C-6) 54.9 (C-5), 44.8 (C-7), 43.6 (C-1),
34.2 (C-9), 34.0 (C-10), 31.3 (C-2), 26.5 (C-8), 15.7 (C-14), 14.5
(C-15); [«]D20 -8.2 (¢ 1.00, CH,CL); IR spectrum (film, y, cm-1):
2925,2866,1758,1716,1628,1562,1473, 1449, 1420, 1385, 1337,
1271,1250,1206,1186,1160,1118,1058,987, 952, 886, 815, 787,
734, 683. HRMS-ESI (m/z) 371.1425 [M+H]+ (calculated for C,,H,,
Clo, 371.1414).

Compound 2e [(E)-3-(p-bromophenylmethylene) damsin]

1H NMR data (400 MHz, CDCL,): 7.55 (2H, m, H-3""/57), 7.4 (2H,
d, ] 6.8 Hz, H-2”/6"), 7.36 (1H, m, H-1"), 6.28 (1H, dd, ] 6.7, 3.1
Hz, H-13b), 5.56 (1H, dd, ] 8.5; 2.7 Hz, H-13a), 4.65 (1H, m, H-6),
3.29 (1H, m, H-7), 2.93 (1H, ddd, ] 16.8, 12.3, 3.2 Hz, H-2b), 2.81
(1H, ddd, ] 16.9; 7.3; 2.0 Hz, H-2a), 2.28 (1H, m, H-10), 2.09 (1H, m,
H-8b), 2.08 (1H, m, H-1), 1.90 (1H, m, H-9b), 1.83 (1H, m, H-8a), 1.75
(1H, m, H-9a), 1.18 (3H, d, ] 7.5 Hz, CH3-14), 1.16 (3H, s, CH3-15);
13C NMR data (100 MHz, CDCl,): 207.8 (C-4), 170.3 (C-12), 140.0
(C-11), 134.4 (C-3), 134.1 (C-17), 132.6 (C-17), 132.1 (C-3"/5"),
131.9 (C-27/6"), 124.0 (C-4"), 121.4 (C-13), 81.8 (C-6), 54.9 (C-5),
44.8 (C-7),43.7 (C-1), 34.2 (C-9), 34.1 (C-10), 31.4 (C-2), 26.5 (C-8),
15.8 (C-14),14.5 (C-15) ; [a] D20 +24.5 (¢ 1.00, CH,CL,); IR spectrum
(film, v, cm-1): 2925, 2861, 1757, 1714, 1624, 1583, 1487, 1448,
1403, 1337, 1306, 1271, 1252, 1238, 1161, 1119, 1073, 1006, 984,
951, 815, 733. HRMS-ESI (m/z) 415.0917 [M+H]+ (calculated for
C,,H,,Br0, 415.0909).

22" 24
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Compound 2f [(E)-3-(m-bromophenylmethylene) damsin]

'H NMR data (400 MHz, CDCL,): 7.64 (1H, s, H-2"), 7.48 (1H, d, ]
8.0 Hz, H-4""), 7.44 (1H, d, ] 7.9 Hz, H-6"), 7.31 (1H, m, H-1"), 7.28
(1H,t,] 7.9 Hz, H-5"), 6.27 (1H, d,] 3.0 Hz, H-13b), 5.57 (1H, d, ] 2.6
Hz, H-13a), 4.63 (1H, d, ] 8.6 Hz, H-6), 3.29 (1H, m, H-7), 2.94 (1H,
ddd, ] 16.6; 12.3; 3.1 Hz, H-2b), 2.83 (1H, ddd, ] 17.0; 7.3; 1.9 Hz,
H-2a), 2.29 (1H, m, H-10), 2.08 (1 H, m, H-1), 2.07 (1H, m, H-8b),
1.89 (1H, m, H-9b), 1.83 (1H, m, H-8a), 1.74 (1H, m, H-9a), 1.17
(3H, d, ] 7.5 Hz, CH3-14), 1.14 (3H, s, CH3-15); '*C NMR data (100
MHz, CDCL,): 207.7 (C-4), 170.2 (C-12), 140.0 (C-11), 137.5 (C1"),
134.8 (C-3),132.9 (C-27), 132.4 (C-4"), 132.1 (C-1"), 130.3 (C-57),
129.1 (C-6"),122.9 (C-3),121.3 (C-13), 81.7 (C-6), 54.8 (C-5), 44.7
(C-7),43.6 (C-1), 34.2 (C-9), 34.0 (C-10), 31.2 (C-2), 26.4 (C-8), 15.7
(C-14), 14.4 (C-15) ; [a]D20 -2.6 (¢ 1.00, CH,CL); IR spectrum (film,
v, cm-1): 2923, 2860, 1757, 1716, 1627, 1557, 1473, 1449, 1415,
1337,1270,1160, 1118, 986, 785, 682.. HRMS-ESI (m/z) 415.0919

[M+H]* (calculated for C,,H,,Br0, 415.0909).

Compound 2g [(E)-3-(o-bromophenylmethylene) damsin]

'H NMR data (400 MHz, CDCI3): 7.67 (1H, dd, ] 2.9; 1.9 Hz, H-1),7.61
(1H, dd, ] 8.0, 1.1 Hz, H-3"), 7.50 (1H, dd, J 7.8; 1.4 Hz, H-6""), 7.34
(1H,m, H-5"),7.19 (1H, td, ] 7.8, 1.6 Hz, H-4""), 6.26 (1H, d, ] 3.0 Hz,
H-13b), 5.56 (1H, d,] 2.7 Hz, H-13a), 4.61 (1H, d,] 8.5 Hz, H-6), 3.29
(1H, ddd, ] 10.4; 7.6; 3.2 Hz, H-7), 2.90 (1H, ddd, ] 16.3; 12.7; 3.4 Hz,
H-2b), 2.69 (1H, ddd, ] 16.7; 6.9; 1.8 Hz, H-2a), 2.21 (1H, ddd, ] 11.7;
7.7; 4.3 Hz, H-10), 2.06 (1H, m, H-8b), § 2.04 (1H, m, H-1), 1.85 (1H,

m, H-9b), 1.81 (1H, m, H-8a), 1.72 (1H, m, H-9a), 1.16 (3H, s, CH3-
15), 1.14 (3H, d, 7.5 Hz, CH3-14); **C NMR data (100 MHz, CDCL):
207.4 (C-4), 170.3 (C-12), 140.0 (C-11), 135.8 (C-3), 135.2 (C-17),
133.4(C-3"),132.2 (C-17), 130.5 (C-4""), 130.1 (C-6"), 127.3 (C-5),
126.2 (C-2"), 121.2 (C-13), 81.8 (C-6), 54.9 (C-5), 44.7 (C-7), 43.7
(C-1), 34.0 (C-9), 34.0 (C-10), 31.0 (C-2), 26.3 (C-8), 15.7 (C-14),
14.4 (C-15); [a] ,** +9.1 (c 1.00, CH,CL,); IR spectrum (film, y, cm-1):
2924, 2865, 1758, 1717, 1625, 1465, 1432, 1385, 1336, 1271,
1251,1227,1188,1161,1113,1046, 1023, 985,950, 815, 761, 740,
664. HRMS-ESI (m/z) 415.0912 [M+H]" (calculated for C,,H, BrO,
415.0909).

Compound 2h [(E)-3-(p-ethylphenylmethylene) damsin]

'H NMR data (400 MHz, CDCl,): 7.47 (2H, d,] 8.2 Hz, H-2"/6"), 7.42
(1H, m, H-1"), 7.25 (2H, d,] 7.9 Hz, H-3"/57), 6.28 (1H, d, ] 2.9 Hz,
H-13b), 5.57 (1H, d,] 2.6 Hz, H-13a), 4.65 (1H, d,] 8.5 Hz, H-6), 3.28
(1H, m, H-7),2.96 (1H, ddd, ] 16.8; 7.4, 1.9 Hz, H-2b), 2.86 (1H, ddd,
] 16.8; 7.4; 1.9 Hz, H-2a), 2.68 (2H, q, ] 7.6 Hz, H-1"""), 2.28 (1H, m,
H-10), 2.08 (1H, m, H-8b), 2.07 (1H, m, H-1), 1.88 (1H, m, H-9b),
1.81 (1H, m, H-8a), 1.74 (1H, m, H-9a), 1.25 (3H, t,] 7.6 Hz, H-2"""),
1.18 (3H, d, ] 7.5 Hz, CH3-14), 1.16 (3H, s, CH3-15); '3C NMR data
(100 MHz, CDCL,): 208.1 (C-4), 170.3 (C-12), 146.3 (C-4"), 140.2
(C-11), 134.0 (C-17), 132.9 (C-3), 132.4 (C-17), 130.8 (C-2/6"),
128.4 (C-57/37), 121.2 (C-13), 81.9 (C-6), 54.8 (C-5), 44.9 (C-7),
43.7 (C-1), 34.3 (C-9), 34.2 (C-10), 31.5 (C-2), 289 (C-17), 26.6
(C-8), 15.8 (C-14), 15.4 (C-2""), 14.6 (C-15); [a]D20 +38.3 (c 1.00,
CH,CL); IR spectrum (film, y, cm-1): 2963, 2928, 2869, 1757, 1713,
1624,1605,1510,1451,1385,1335,1271,1254,1159,1117, 1058,
985, 915, 826. HRMS-ESI (m/z) 365.2109 [M+H]+ (calculated for
C,,H,,0,365.2117).

247729
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Compound 2i [(E)-3-(p-isopropylphenylmethylene) damsin]

'H NMR data (400 MHz, CDCL,): 7.49 (2H, d, ] 8.3 Hz, H-2/6"), §
7.43 (1H, m, H-17), 8 7.28 (2H, d, ] 8.2 Hz, H-3""/5"), § 6.28 (1H, d,
] 3.0 Hz, H-13b), § 5.57 (1H, d, ] 2.6 Hz, H-13a), § 4.65 (1H, d, ] 8.5
Hz, H-6), § 3.28 (1H, m, H-7), § 2.96 (1H, ddd, ] 16.3; 9.5; 3.6 Hz,
H-2b), § 2.93 (1H, m, (H,C),HC-Ar), § 2.87 (1H, ddd, ] 16.8; 7.5; 2.0
Hz, H-2a), § 2.28 (1H, m, H-10), § 2.09 (1H, m, H-8b), § 2.07 (1H,
m, H-1), § 1.88 (1 H, m, H-9b), § 1.81 (1H, m, H-8a), § 1.73 (1H, m,
H-9a), § 1.26 (6H, d, ] 6.9 Hz, (H,C),HC-Ar), § 1.18 (3H, d, ] 7.5 Hz,
CH,-14), § 1.16 (3H, s, CH3-15); "*C NMR data (100 MHz, CDCL,):
208.1 (C-4), 170.3 (C-12), 150.9 (C-4""), 140.2 (C-11), 134.0 (C-1"),
133.1(C-17),132.5 (C-3),130.8 (C-27/6""),127.0 (C-37/57),121.3
(C-13),81.9 (C-6), 54.8 (C-5), 44.9 (C-7),43.7 (C-1), 34.3 (C-9), 34.2
(C-10), 34.1 ((H,C),HC-Ar), 31.5 (C-2), 26.6 (C-8), 23.88 ((H,C),HC-
Ar),15.8 (C-14), 14.6 (C-15); [a]D20 +40.2 (c 1.00, CH,CL); IR spec-
trum (film, y, cm-1): 2959, 2926, 2868, 1759, 1714, 1624, 1605,
1458, 1417, 1384, 1362, 1336, 1309, 1271, 1254, 1160, 1118,
1055, 985, 825. HRMS-ESI (m/z) 379.2285 [M+H]+ (calculated for
C,H,,0,379.2273).

25" 31

Compound 3a [(E)-3-(o-(p-trifluoromethylfluorophenyl)

methylene) damsin]

F3C

'H NMR data (400 MHz, CDCL,): 7.65 (1H, t, ] 7.6 Hz, H-6"), 7.55
(1H, s, H-17), 7.45 (1H, d, ] 8.2 Hz, H-5), 7.36 (1H, dd, ] 9.4; 1.15
Hz, H-3),6.28 (1H, d, ] 3.0 Hz, H-13b), 5.57 (1H, d, ] 2.7 Hz, H-13a),
4.64 (1H, d, ] 8.6 Hz, H-6), 3.31 (1H, m, H-7), 2.95 (1H, ddd, ] 16.4;

12.7; 3.4 Hz, H-2b), 2.75 (1H, ddd, ] 17.1; 7.0; 1.7 Hz, H-2a), 2.26
(1H, m, H-10), § 2.09 (1H, m, H-1), 2.07 (1H, m, H-8Db), 1.89 (1H,
m, H-9b), 1.85 (1H, m, H-8a), 1.75 (1H, m, H-9a), 1.16 (3H, d,] 7.5
Hz, CH3-14), 1.16 (3H, s, CH3-15); '*C NMR data (100 MHz, CDCL,):
207.1 (C-4), 170.3 (C-12), 162.3 159.7 (C-2), 139.9 (C-11), 137.9
(C-3),132.7(C-4"),130.8 (C-6"),127.3 (C-17""), 124.4 (C-1"), 124.0
(C-17), 121.4 (C-13), 121.1 (C-57), 113.6 (C-37), 81.7 (C-6), 55.0
(C-5), 44.7 (C-7), 43.5 (C-1), 34.0 (C-9, 10), 31.3 (C-2), 26.3 (C-8),
15.7 (C-14), 14.4 (C-15); [a]D20 -18.6 (c 1.00, CH,Cl,); IR spectrum
(film, y, cm-1): 2928, 2868, 1758, 1720, 1636, 1574, 1507, 1426,
1329,1272,1210,1195,1167,1122,1066, 986,949,909, 880, 832,
815, 743, 659. HRMS-ESI (m/z) 423.1594 [M+H]+ (calculated for
C,,H,,F,0,423.1583).

237723

Compound 3b [(E)-3-(o-(p-methylhydroxyphenyl) methylene)
damsin]

'H NMR data (400 MHz, CDCL,): 8.0 (1H, 5, H-1"), 7.36 (1 H, d, H-6"),
6.73 (1H, d, H-57), 6.8 (1H, s, H-3"), 6.3 (1H, d, ] 3.0 Hz, H-13b),
5.58 (1H, d, ] 2.7 Hz, H-13a), 4.65 (1H, d, | 8.4 Hz, H-6), 3.28 (1H,
m, H-7), 2.93 (1H, ddd, ] 16.7; 12.3; 3.1 Hz, H-2b), 2.8 (1H, ddd, ]
16.6; 7.2; 1.7 Hz, H-2a), 2.32 (3H, s, H3C-Ar), 2.26 (1H, m, H-10),
2.07 (1H, m, H-8b), 2.06 (1H, m, H-1), 1.87 (1H, m, H-9b), 1.78
(1H, m, H-8a), 1.74 (1H, m, H-9a), 1.18 (3H, d, ] 7.5 Hz, CH3-14),
1.17 (3H, s, CH3-14); *C NMR data (100 MHz, CDCL,): 209.6 (C-4),
170.7 (C-12), 156.7 (C-2), 142.6 (C-4”), 140.2 (C-11), 1316
(C-3),129.9 (C-17), 129.5 (C-67), 121.5 (C-13), 121.3 (C-5), 119.9
(C-17), 117.1 (C-3"), 82.1 (C-6), 54.9 (C-5), 45.0(C-7), 43.8 (C-1),
34.3 (C-10), 34.2 (C-9), 31.6 (C-2), 26.7 (C-8), 21.7(H,C-Ar), 15.9
(C-14), 14.7 (C-15); [a]D20 +45.6 (c 1.00, CH,CL); IR spectrum
(film, y, cm-1): 3349, 2924, 2858, 1742, 1710, 1658, 1605, 1450,
1419, 1384, 1342, 1305, 1261, 1187, 1162, 1107, 1058, 985, 884,
866, 814, 733, 643. HRMS-ESI (m/z) 367.1900 [M+H]+ (calculated
for C,,H, 0, 367.1909).
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Compound 3c [(E)-3-(p-(m-trifluoromethylhydroxyphenyl)
methylene) damsin]

'HNMR data (400 MHz, CDCl,): 7.7 (1H, s, H-2""), 7.52 (1H, d, H-6"),
7.34 (1H, s, H-1), 6.96 (1H, d, H-57), 6.27 (1H, d, ] 3.0 Hz, H-13b),
5.57 (1H, d,] 2.7 Hz, H-13a), 4.63 (1H, d, ] 8.5 Hz, H-6), 3.28 ( 1H, m,
H-7),2.91 (1H, ddd, ] 15.5; 12.2; 3.1Hz, H-2b), 2.8 (1H, ddd, ] 16.7;
7.4; 1.9 Hz, H-2a), 2.27 (1H, m, H-10), 2.07(1H, m, H-8b), 2.06 (1H,
m, H-1), 1.89 (1H, m, H-9b), 1.84 (1H, m, H-8a), 1.73 (1H, m, H-9a),
1.16 (3H, d, ] 7.5 Hz, CH,-14), 1.13 (3H, s, CH,-15); 'C NMR data
(100 MHz, CDCL,): 208.4 (C-4), 170.8 (C-12), 156.6 (C-4"), 139.9
(C-11),135.9 (C-6""), 133.1 (C-17), 131.6 (C-3), 129.2 (C-27), 126.7
(C-3"), 121.7 (C-13/ F3C-Ar), 117.6 (C-1"'/C-5"), 82.1 (C-6), 54.8
(C-5), 44.8 (C-7), 43.8 (C-1), 34.2 (C-10), 34.0 (C-9), 31.1 (C-2),
26.4 (C-8), 15.8 (C-14), 14.5 (C-15); [a]D* +16.4 (c 1.00, CH,CL);
IR spectrum (film, y, cm-1): 3273, 2925, 2856, 1737, 1713, 1606,
1509,1435,1365,1327,1297,1274,1252,1207,1185,1159, 1123,
1052,989,952, 883,832,816, 756, 664. HRMS-ESI (m/z) 421.1632
[M+H]+ (calculated for C,,H,,F,0, 421.1627).

Compound 3d [(E)-3-(o-(m-chlorohydroxyphenyl) methylene)
damsin]

'H NMR data (400 MHz, CDCL): 7.71 (1H, m, H-17),7.34 (1H,d,] 2.5
Hz, H-2), 7.12 (1H, dd, ] 8.7; 2.5 Hz, H-4"), 6.77 (1H, d, ] 8.7 Hz,
H-5"), 6.25 (1H, d, ] 3.0 Hz, H-13b), 5.56 (1H, d, ] 2.6 Hz, H-13a),
4.60 (1H, d, ] 8.6 Hz, H-6), 3.26 (1H, m, H-7), 2.88 (1H, m, H-2b),
2.88 (1H, ddd, ] 18.8; 7.1; 1.7 Hz, H-2a), 2.25 (1H, m, H-10), 2.04
(1H, m, H-8b), 2.03 (1H, m, H-1), 1.84 (1H, m, H-9b), 1.79 (1H, m,

H-8a), 1.69 (1H, m, H-9a), 1.14 (3H, d,] 7.5 Hz, CH3-14), 1.12 (3H, s,
CH,-15); *C NMR data (100 MHz, CDCL,): 208.5 (C-4), 170.7 (C-12),
155.9 (C-6"),139.9 (C-11), 133.5 (C-3), 130.7 (C-4"), 128.8 (C-27),
128.0 (C-1),124.2 (C-17),124.0 (C-3"),121.6 (C-13),117.3 (C-57),
82.1 (C-6), 54.9 (C-5) 44.7 (C-7) 43.8 (C-1), 34.1 (C-9), 34.0 (C-10),
31.1 (C-2), 264 (C-8), 15.7 (C-14), 14.4 (C-15); [a] > -7.0 (c 1.00,
CH,CL); IR spectrum (film, y, cm-1): 3343, 2924, 2856, 1738, 1713,
1656, 1615, 1490, 1474, 1447, 1417, 1385, 1342, 1274, 1255,
1192, 1159, 1115, 1058, 988, 951, 915, 896, 881, 816, 753, 665,
644. HRMS-ESI (m/z) 387.1370 [M+H]" (calculated for C,,H,,CIO,
387.1363).

Compound 4a [(E)-3-(furanylmethylene) damsin]

'H NMR data (400 MHz, CDCL): 7.53 (1H, d, ] 1.4 Hz, H-37), 7.12
(1H, m, H-1"), 6.63 (1H, d,] 3.5 Hz, .H-5"), 6.47 (1 H, dd, ] 3.4; 1.8
Hz,H-4"") 6.20 (1H, d, ] 3.0 Hz, H-13b), 5.51 (1H, d, ] 2.7 Hz, H-13a),
4.59 (1H, d, ] 8.5 Hz, H-6), 3.26 (1H, m, H-7), 2.94 (1H, ddd, ] 17.8;
7.5; 1.8 Hz, H-2b), 2.82 (1H, m, H-2a), 2.23 (1H, m, H-10), 2.05 (1H,
m, H-1), 2.01 (1H, m, H-8b), 1.82 (1H, m, H-9b), 1.78 (1H, m, H-8a),
1.68 (1H, m, H-9a), 1.10 (3H, d, ] 7.5 Hz, CH,-14), 1.06 (3H, s, CH3-
15); *C NMR data (100 MHz, CDCL,): 207.7 (C-4), 170.2 (C-12),
152.1 (C-1), 145.1 (C-3""), 140.0 (C-11), 130.7 (C-3), 121.1 (C-13),
119.9 (C-17),116.4 (C-57),112.5 (C-4"), 81.8 (C-6), 54.9 (C-5), 44.7
(C-7), 43.1 (C-1), 34.1 (C-9), 33.9 (C-10), 30.8 (C-2), 26.4 (C-8),
15.6 (C-14), 14.4 (C-15) ; [a]D* -71.9 (¢ 1.00, CH,CL); IR spectrum
(film, y, cm-1): 2923, 2863, 1757, 1709, 1622, 1474, 1389, 1338,
1271,1253,1232,1161,1117,1069,1021, 982,950, 882,815,752,
633. HRMS-ESI (m/z) 327.1584 [M+H]+ (calculated for C,H,,0,
327.1596).

Citation: Maribel Lozano, Wendy Soria, Giovanna R. Almanza, Sophie Manner, Stina Oredsson, Rodrigo Villagomez and Olov Sterner.

(2019). Cytotoxicity of New Damsin Derivatives in Breast Cancer Cells. Journal of Pharmacy and Drug Development 1(2).



Journal of Pharmacy and Drug Development

Page 17 of 19

Compound 4b [(E)-3-(naphtylmethylene) damsin]

'H NMR data (400 MHz, CDCL,): 8.01 (1H, s, H-2""), 7.89 (1H, m,
H-4""),7.86 (1H, m, H-9), 7.83 (1H, m, H-7""), 7.66 (1H, m, H-10"),
7.60 (1H, m, H-1"),7.53 (1H, m, H-6"), 7.51 (1H, m, H-57), 6.30 (1H,
] 3.0 Hz, H-13b), 5.58 (1H, ] 2.6 Hz, H-13a). 4.67 (1H, ] 8.5 Hz, H-6),
3.29 (1H, m, H-7), 3.08 (1H, ddd, ] 16.2; 12.1; 3.2 Hz, H-2b), 2.97
(1H, ddd, ] 16.8; 7.4; 1.9 Hz, H-2a), 2.32 (1H, m, H-10), 2.11 (1H, m,
H-8b), 2.10 (1H, m, H-1), 1.91 (1H, m, H-9b), 1.82 ( 1H, m, H-8a),
1.76 (1H, m, H-9a), 1.22 (3H, d,] 7.5 Hz, CH,-14), 1.20 (3H, m, CH,-
15); ,,C NMR data (100 MHz, CDCL,): 208.0 (C-4), 170.3 (C-12),
140.2 (C-11), 134.1 (C-1") 133.6 (C-3""), 133.6 (C-3), 133.3 (C-8"),
133.0 (C-17), 131.4 (C-27), 128.7 (C-97), 128.5 (C-4"), 127.8
(C-77), 127.4 (C-6"), 127.0 (C-107), 126.8 (C-57), 121.3 (C-13),
81.9 (C-6) 54.9 (C-5),44.9 (C-7), 43.8 (C-1), 34.3 (C-9), 34.2 (C-10)
31.5(C-2),26.6 (C-8),15.9 (C-14) 14.2 (C-15) ; [a]D** +23.8 (¢ 1.00,
CH,CL); IR spectrum (film, y, cm-1): 2924, 2857,1756, 1713, 1617,
1472,1447,1385,1335,1271,1231,1191,1161,1117,1057, 988,
955, 882, 859, 816, 735, 640. HRMS-ESI (m/z) 387.1955 [M+H]+
(calculated for C 0, 387.1960).

zeH27

Compound 5a

&
O PR

'H NMR data (400 MHz, CDCL): 4.41 (1H, dd, ], 8.8; 2.8 Hz, H-6),
3.74 (1H, m, H-2"), 3.73 (3H, s, H-4"), 2.98 (1H, td, ] 13.3; 4.8 Hz,
H-1'b), 2.96 (1H, m, H-13b), 2.87 (1H, ddd, ] 13.6; 6.6; 3.8 Hz,
H-13a), 2.86 (1H, m, H-1b), 2.79 (1H, m, H-7), 2.78 (1H, ddd, ] 18.7;

9.3; 4.5 Hz, H-7), 2.64 (1H, ddd, ] 9.3; 6.3; 4.6 Hz, H-11), 2.40 (1H,
m, H-3b), 2.22 (1H, m, H-3a), 2.18 (1H, m, H-10), 2.05 (1H, m, H-1),
1.98 (1H, m, H-2b), 1.87 (1H, m, H-8b), 1.83 (1H, m, H-2a), 1.78 (1H,
m, H-8a), 1.74 (1H, m, H-9b), 1.66 (1H, m, H-9a), 1.08 (3H, m, CH,-
15), 1.07 (3H, d, ] 7.5 Hz, CH3-14); *C NMR data (100 MHz, CD2-
Cl2): 219.3 (C-4), 177.6 (C-12), 174.2 (C-3"), 83.1 (C-6), 55.1 (C-5),
54.8 (C-2), 52.7 (C-4"), 47.2 (C-11), 46.8 (C-1), 45.2 (C-7), 38.2
(C-17, 36.9 (C-3), 34.8 (C-10), 33.5 (C-9), 33.3 (C-13), 25.3 (C-8),
24.3 (C-2), 16.2 (C-14), 14.3 (C-15) ; [«]D* 7.6 (c 1.00, CH,CL);
IR spectrum (film, y, cm-1): 2922, 1736, 1438, 1408, 1385, 1359,
1176, 1053, 1000, 910. TOFMS: 384.1844 [M+H]+ (calculated for
C,,H,,NO_S 384.1845).

197730

Compound 5b

o—

'H NMR data (400 MHz, CDCL,): 4.45 (1H, d, ] 5.5 Hz, H-6), § 3.70
(3H,s,H-4"),83.65 (1H,dd, ] 7.1; 4.9 Hz, H-2"), § 3.00 (1H, dd, ] 13.0;
4.5 Hz, H-13b), § 2.93 (2H, m, H-11/1"), § 2.78 (1H, ddd, ] 13.5; 7.2;
0.7 Hz, H-1), 8 2.59 (2H, m, H-7/13a), § 2.43 (1H, dd, ] 19.2; 8.6 Hz,
H-3), 6 2.21 (1H, m, H-10), § 2.16 (1H, m, H-3a), § 2.08 (1H, m, H-1),
§2.03 (1H, m, H-2), § 1.85 (1H, m, H-9b), § 1.81 (1H, m, H-2a), § 1.60
(1H, tdd, ] 13.3; 8.7; 4.8 Hz, H-9a), & 1.52 (2H, dd, ] 9.5; 5.8 Hz, H8-
a/8b), 8 1.11 (3H, s, CH3-15), 1.06 (3H, d,] 7.6 Hz, CH3-14); *C NMR
data (100 MHz, CD,Cl,): 221.7 (C-4), 176.4 (C-3'), 174.8 (C-12), 82.3
(C-6), 55.0 (C-5), 54.8 (C-27), 52.5 (C-4"), 46.2 (C-1), 45.9(C-7), 45.8
(C-11),38.3 (C-17), 37.4 (C-9), 35.4 (C-10), 35.3 (C-3), 28.6 (C-13b),
24.6 (C-2), 18.4 (C-8), 16.9 (C-14), 16.1 (C-15); [a]D? -17.5 (c 1.00,
CH,CL); IR spectrum (film, y, cm-1): 2921, 1831, 1732, 1620, 1435,
1408, 1385, 1340, 1176, 1053, 1000, 931, 840. TOFMS: 384.1843
[M+H]+ (calculated for C,;H, NO_S 384.1845).
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Abstract

Sesquiterpene lactones (SLs) are a group of secondary plant metabolites that have
been shown to have anti-proliferative capacity. The chemical reactivity of SLs is
due to the presence of an a-methylene-y-lactone moiety, which via a Michael
addition can alkylate free thiols of the amino acid cysteine in proteins. Evidence
suggests that the cysteine 38 in the p65 subunit of the transcription factor NF—«B is
the target for the inhibitory action of SLs. Based on previous results showing cancer
cell and cancer stem cell (CSC) activity of damsin, we synthesized damsin
derivatives. Here we investigate the toxicity and molecular mechanisms of 12
damsin derivatives. The JIMT-1 breast cancer cell line was treated with an ICsg
concentration (single digit uM range) of the respective damsin derivative. When
cells are treated with tumour necrosis factor-o (TNF-a), NF-xB is rapidly
translocated to the nucleus to initiate transcription. Pre-treatment with damsin
derivatives for only 60 minutes inhibited TNF-o—induced translocation of NF-kB
to the nucleus. These data implicate that alkylation of p65/NF-kB probably inhibits
the binding of NF—xB nuclear transport proteins. Treatment with a damsin
derivative for 24 hours resulted in activation of Wnt and MAPK/ERK pathways
while the NF-kB, Myc/Max, and MAPK/JNK were inhibited. An inhibitory effect
on cell proliferation was found at 24 hours after seeding with concentrations lower
than ICso however there was a degree of reversibility of the inhibitory effect
observed between 48 and 72 hours of treatment. Treatment with the damsin
derivatives for 72 hours decreased the CSC population. This may be related to
observed changes in signal transduction pathways and related protein such as the
decreased level of human telomerase reverse transcriptase. This gene is
transactivated by the XTAT3/N®-xB complex. Altogether our data point to
inhibition of NF-kB being the molecular initiating event in the adverse outcome
pathway of treating with damsin derivatives.
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Introduction

Sesquiterpene lactones (SLs), a group of at least 5000 secondary plant metabolites,
have achieved immense interest due to their presence in medicinal plants and their
various pharmaceutical activities e.g. in inflammation and cancer [1]. The molecular
mechanism by which SLs impair cancer cell proliferation and viability are not clear
although a majority of studies have focused on the transcription factor NF-kB [2,3].
Other molecular mechanisms have been suggested and it is obvious that the
response to SL exposure is complex. Part of the complexity lies in the multitude of
SLs with different structures that allow the participation of different steric
interactions with the varied reported molecular targets resulting in effect on cell
proliferation and cell death [4] [5]. Important for the reactivity towards at least NF-
kB is the a-methylene-y-lactone moiety in SLs, which via a Michael addition can
alkylate free thiols of the amino acid cysteine in proteins. Evidence suggests that
the cysteine 38 sulthydryl groups in the p65 subunit of NF—xB is the targets for
inhibitory action of SLs.

We have previously shown that the pseudoguaianolides damsin and ambrosin
inhibit breast cancer cells as well as target breast cancer stem cells (CSCs) [6]. These
compounds inhibit tumor necrosis factor-oo (TNF-o)-induced translocation of
p65/NF-xB to the cell nucleus thus implying covalent binding of damsin and
ambrosin to the p65 unit preventing the NF-xB complex to be released from its
cytoplasmic binding protein [kB [6]. The NF-«B signaling pathway has been shown
to be constitutively activated in CSCs [7] and one means of eradicating this
subpopulation of aggressive cancer cells could be through inhibition of p65/NF-kB.

One goal of medicinal chemistry is to design and chemically modify natural
compounds to increase their efficiency. We have recently presented the synthesis of
and structure-activity relationship of 23 semisynthetic damsin derivatives [8]. Their
cytotoxicity was evaluated in MTT-based dose-response assays and all proved to be
more cytotoxic in the JIMT-1 breast cancer cell line compared to the normal-like
MCF-10A cell line. Here, we investigate further the mechanisms affected resulting
in impairment of JIMT-1 cancer cell proliferation by treatment with a selected group
of damsin derivatives at their respective ICso concentrations.

We show that the investigated damsin derivatives inhibit TNF-a-induced
translocation of p65/NF-kB to the cell nucleus in JIMT-1 breast cancer cells when
used at the ICso concentration, thus the compounds are active in a context of potent
activation of NF—xB. In growth curve experiments, we show that an ICs
concentration inhibits cell proliferation within 24 hours of addition of a damsin
derivative. NF-xB is known to interact closely with many pathways of which
STATS3 is one [9]. STAT3 is important for the expression of human telomerase
reverse transcriptase (W"TERT), an enzyme which is important for promotion of the



CSC phenotype in breast cancer [10,11] hTERT expression is linked to most of
cancer malignancies and it is been suggested as a strategic target for cancer therapy.
Here we show that treatment with damsin derivatives decreases hTERT expression
and there is also a decrease in the CSC population. Although we found a decrease
in the expression of the cell migration promoting protein vimentin, there was no
marked effect on JIMT-1 cell migration in a wound healing assay. The readout of a
signal transduction reporter assay shows the complexity in the response to treatment
with SLs, and, thus possible mechanism for the anti-proliferative activity of the
tested SLs may be their ability to simultaneously target several molecular pathways
as reported for other SLs although inhibition of the NF-xB pathway may be one of
the earliest molecular events after the start of treatment [12].

Material and Methods

Cell lines and culture conditions

The JIMT-1 human breast carcinoma cell line (ACC589) was purchased from the
German Collection of Microorganisms and Cell Cultures (DSMZ, Braunschweig,
Germany). The cells were cultured in DMEM/F-12 medium supplemented with 10
% fetal calf serum (FCS), 1 mM non-essential amino acids (VWR, Lund, Sweden),
10 pg/ml insulin (Sigma-Aldrich, Stockholm, Sweden), and 100 U/ml penicillin/100
pg/ml streptomycin (VWR). The cells were routine-passaged twice a week and were
kept at 37 °C in a humidified incubator with 5 % CO; in air.

For the experiments, the cells were detached with Accutase™ (Sigma-Aldrich) and
seeded at a density of 1.5x10* cells/cm?” in appropriate size tissue culture vessels to
obtain the suitable cell number for the different assays.

Compounds and stock solutions

Twelve sesquiterpene lactones (SL) synthetized from damsin were used in the
present study (Fig. 1) [8]. All compounds were dissolved in 100 % DMSO to a 100
mM stock solution which was stored at -20°C. Before use, the compounds were
diluted in phosphate-buffered saline (PBS: 8 g/l NaCl, 0.2 g/L KCl, 1.15 g/l
Na,HPO,, 0.2 g/l KH,PO4, pH 7.3). Controls were supplemented with PBS
containing DMSO at the same concentrations as the working solutions of the
compounds. The final DMSO concentration was equal to or less than 0.1 % in all
assays. All compounds were used at their ICso concentration [8].
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1 (E)-3-(4-Methylbenzyliden)damsin 21Cs0=2.1£0.3 uM
2 (E)-3-(3-Methylbenzyliden)damsin ICso =4.8+£0.3 uM
3 (E)-3-(2-Methylbenzyliden)damsin ICs0 =4.7£0.1 uyM
4 (E)-3-(4-Hydroxybenzyliden)damsin. ICs0 =2.9+0.2 uM
5 (E)-3-(3-Hydroxybenzyliden)damsin. ICsp =2.4+0.1 uM
6 (E)-3-(2-Hydroxybenzyliden)damsin ICs0=2.1£0.1 uM
7 (E)-3-((4-Trifluoromethylbenzyliden)damsin ICsp = 1.8+0.2 uM
8 (E)-3-((3-Trifluoromethylbenzyliden)damsin ICso = 4.4+0.7 uM
9 (E)-3-((2-Trifluoromethylbenzyliden)damsin ICs0 = 8.1£0.6 uM
10 (E)-3-(4-Methoxybenzyliden)damsin ICso = 1.6+0.1 uM
11 (E)-3-(3-Methoxybenzyliden)damsin ICs0=9.0+1.0 uM
12 (E)-3-(2-Methoxybenzyliden)damsin I1Cso=7.1£0.2 uM

Figure 1. Chemical structures of the 12 damsin derivatives with benzene addition used in the present study. ? ICso
concentrations from [8].



TNF-o-induced translocation of p65/NF-xB to the cell nucleus

The effect of the 12 compounds on TNF-a induced translocation of NF-xB to the
cell nucleus was performed as described previously [6]. In brief, 24 hours after
seeding, the cells were treated with compound at ICso for 60 min and then TNF-a
(25 ng/ml) was added to the medium and incubation was continued for another 40
minutes. The cells were fixed in 4 % formaldehyde in PBS for 15 min at 4 °C. The
cellular localization of NF-kB was visualized by immunofluorescene microscopy
(Olympus epifluorescence microscope Olympus OpticalCo.Ltd.,Japan equipped
with a Olympus DP74 digital camera) after labelling with rabbit anti-p65/NF-kB
(Abcam,Cambridge, MA,USA) and Alexa 488 anti-rabbit-conjugated secondary
antibody (MolecularProbes,Inc.,Eugene,USA).

Western blot analysis

Cells were seeded at a density of 1.5x10* cells/cm? in Petri dishes with 5 cm
diameter in 5 ml of medium and incubated for 24 hours to let them to attach.
Twenty-four hours later, the compounds were added at corresponding ICso
concentration. After 72 hours of treatment, the cells were detached with Accutase™
(Sigma-Aldrich), counted in a hemocytometer and pelleted. The dry pellets were
stored at -80°C. The pellets were diluted in sample buffer (62.5 mM Tris-HCI (pH
6.8), 20 % glycerol, 2 % sodium dodecyl sulfate, 5 % B-mercaptoethanol, 1% NP-
40; 100,000 cells/15 ul). The samples were sonicated twice for 20 seconds each,
boiled for 7 minutes and stored at -20°C until further application. Pre-cast
polyacrylamide Mini-PROTEAN®TGX™ Precast Gels (4-20 % acrylamide Bis-
Tris) were loaded with 10 pl of prepared samples per lane. Western blot and
electrophoresis were performed in a Bio-Rad electrophoresis and blotting system
(Bio-Rad, Hercules, California, USA). Electrophoresis was performed at 150 V for
5 minutes and at 300 V for 15 min in a Tris-glycine buffer. Then, the gels were
blotted onto nitrocellulose membranes using a semi-dry Trans-Blot® Turbo™
Transfer System (Bio-Rad, Hercules, California, USA). The membranes were
blocked in 5 % bovine serum albumin (BSA) (Sigma-Aldrich, Copenhagen,
Denmark) and 1 % Tween 20 (Sigma-Aldrich) in PBS and incubated with the
following primary antibodies: B-catenin (1:500) (BD Transduction laboratories™,
CA, USA, 610154), p53 (1:500) (BD Biosciences, Stockholm, Sweden, 554294),
p65/NFxB (1:1000) (ab76311), IkBa (1:2000) (ab7217), plkBo (1:500)
(ab12135), hTERT (1:1000) (ab32020), STAT3 (1:1000) (ab 68153), pSTAT3
(1:2000) (ab 76315), vimentin (1:1000) (ab 8069), or B-actin (1:500) from Abcam,
Cambridge, UK. All antibodies were diluted in PBS containing 5 % BSA and 0.1 %
Tween 20. After incubation with horseradish peroxidase (HRP)-conjugated swine
antirabbit or HRP-conjugated goat anti-mouse secondary antibodies (Dako,
Glostrup, Denmark) at room temperature, the membranes were exposed to enhanced
chemiluminescent solution (GE Healthcare, Buckinghamshire, UK) to detect the



protein bands. Data were collected and analyzed using Quantity One software (Bio-
Rad, Hercules, California, USA). The intensities of the bands were determined by
densitometric scanning.

Scrape wound healing
The wound-healing assay was performed as described by Huang et al. [13].

CD24/CD44 and ALDH analysis
The identification of the cell surface markers CD24 and CD44 and the analysis of
ALDH positive cells was performed as described previously [6,13].

Colony formation assay in soft agar
The identification of CSCs in a colony forming efficiency assay was performed as
described previously [6].

Reporter assay for analysis of 10 signaling pathways

The Cignal Finder Cancer 10-Pathway Reporter Array (Qiagen, Hilden, Germany)
was used to simultaneously analyze the effect of treatment with compound 6 on 10
signaling pathways. JIMT-1 cells (2 x 10* cells) were seeded in 100 pL of Opti-
MEM® containing 10 % FBS per well in the provided 96 well white assay plate
containing reporters. After 24 hours, the cells were transfected overnight using
Attractene. Cells were then treated for 24 hours with compound 6 at the ICso
concentration. Firefly and Renilla signals were detected using Dual-Glo luciferase
detection reagents (Promega, Wisc., USA) according to the manufacturer’s
instructions. Renilla luciferase was used as the internal transfection control. Firefly
luciferase levels were normalized to Renilla luciferase levels to generate a
measurement of relative luciferase units. The results are presented as percentage
luciferase activities normalized to control JIMT-1 cells according to the
manufactures instructions. The experiment was performed two times with three
independent samples in each experiment.

Growth curve

Cells were seeded at a density of 300 000 cells in Petri dishes with 5 cm diameter
in 5 ml of medium and incubated for 24 hours to let them to attach before addition
of compound 6. The compound was added to the final concentrations of 0.5, 1, 1.5,
2, and 2.5 uM. Cells were sampled every 24 hours for 96 hours for cell counting
using a hemocytometer.

Statistical analysis

A one-way ANOVA was used to determine if there was a significant difference
between means and a Dunnet post-test was used to compare the difference between



groups and control for the Western blot analysis. For the CSC analysis a student’s
t-test with a Holm-Sidak post-test was applied for grouped data. GraphPad Prisma
6 software was used to run all statistical analyses. Treatment groups were considered
significantly different if the p value was <0.05.

Results

Growth curve experiment to compare with dose response data

We have previously deduced ICso values for the damsin derivatives from dose
response curves obtained using an MTT assay [8]. This assay is only an indirect
means to determine the cell number. Thus, we decided to treat JIMT-1 cells with
one of the damsin derivatives ((E)-3-(2-hydroxybenzyliden) damsin (6)) at different
concentrations and count the cells at 24, 48, and 72 hours of treatment to get a true
evaluation of the effect on cell proliferation (Fig. 2A).
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Figure 2. (E)-3-(2-Hydroxybenzyliden)damsin (6) treatment inhibits proliferation of JIMT-1 breast cancer cells in a time-
and dose-dependent manner. (A) Growth curves. Cells were seeded day 0, and the compound was added 1 day after
seeding at different concentrations. o: control. m, 0.5 yM. ¢, 1 uM. ¢, 1.5 uM. A, 2 yM. X, 2.5 uyM. The cell number was
determined by counting in a hemocytometer after cell detachment at 1-4 days after seeding. Data are presented as the
mean of 6 independent cultures and bars show +SD. (B) Cell number-derived dose response curve. The cell number at
72 hours of treatment in B expressed in % of control. The mean of 6 values is shown in each point.

Figure 2A shows the effect of treating JIMT-1 cells with different concentrations
of compound 6. The cells were clearly affected after 24 hours of treatment with 6 at
different concentrations (i.e. 2 days after seeding, Fig. 2A). Thus, while the cell
number increased in control between 1 and 2 days after seeding, the cell number did
not increase to the same extent or was totally halted in cultures treated with the
different concentrations of 6, even the lowest concentration 0.5 uM. Between 48
and 72 hours of treatment (i.e. days 2 to 4 after seeding), the cell number increased
in treated cultures, implying a partial recovery from the initial inhibition. Figure 2B
shows a dose response curve drawn from the cell number data after 72 hours of



treatment where the cell number of treated is expressed in % of control. The ICso
for compound 6 is 1.6 UM derived from the cell number-based dose response curve.

Treatment with SLs at ICso inhibits TNF-o-induced translocation of p65/NF-
kB to the cell nucleus

Treatment with damsin inhibited TNF-a-induced NF-xB translocation into the
nucleus [9]. Here we investigated if the 12 damsin derivatives had the same effects
when treating JIMT-1 cells at ICso for 60 minutes before TNF-o stimulation. TNF-
o is a potent activator of NF—xB and analysis by immune fluorescence microscopy
is an efficient means of investigating inhibition of this activation [14]. In control,
p65/NF-kB is found in the cytoplasm and after treatment with TNF-o, p65/NF-xB
is found mainly in the nuclei (Fig. 3). In cells pre-treated with the damsin
derivatives, the TNF-o-induced nuclear translocation of NF-kB was inhibited (Fig.

3,1-12).

Control TNF-a

1 2 3 4 5 6
7 8 9 10 1" 12 -

Figure 3. Treatment of JIMT-1 cells with 12 damsin derivatives inhibited TNF-a-induced p65/NF-kB nuclear
translocation. JIMT-1 cells were pre-treated for 60 minutes with 12 damsin derivatives at their respective ICso
concentration. Then cells were stimulated with 25 ng/ml TNF-a for 40 minutes. Control: cells incubated with compound
vehicle and TNF-a vehicle. TNF-a:: cells incubated with control vehicle for 60 minutes and then TNF-a for 40 minutes.
1-12: cells incubated with compound for 60 minutes and then TNF-a for 40 minutes. The cells were fixed and stained
to visualize p65/NF-kB expression (green). Images were taken with a 100x oil immersion objective using an Olympus
epifluorescence microscope. The scale bars denote 20 um. Representative images from three independent experiments
are shown.
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Activity against cancer stem cells

We then decided to work with a selected number of the 12 analogues and choose
compounds 1, 6, 7, and 10 since they had the lowest ICso values and belong to groups
with different additives (Fig. 1) [8]. We used three different assays to evaluate the
effect of SLs on CSCs: a colony forming efficiency assay in serum free medium
containing soft agar, a flow cytometric assay to determine cell surface expression
of CD44 and CD24, and a flow cytometric assay to determine the ALDH activity.
Breast CSCs have the phenotype CD447/CD24 [15], express ALDH activity
[16,17], and form colonies in serum free conditions [18]. Figure 4 shows that
treatment with damsin derivatives decreases the CSC population, with the most
obvious results obtained with the colony forming efficiency assay in serum free soft
agar (Fig. 4C).
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Figure 4. Treatment with damsin derivatives decreases the CSC population. The cells were treated with 1 (E)-3-(4-
methylbenzyliden)damsin, 6 (E)-3-(2-hydroxybenzyliden)damsin, 7 (E)-3-((4-trifluoromethylbenzyliden)damsin, or 10
(E)-3-(4-methoxybenzyliden)damsin at ICso for 72 hours. (A) The CD44*/CD24 and (B) the ALDH" populations were
evaluated by flow cytometry. (C) Colony forming efficiency was evaluated using a serum-free soft agar assay. JIMT-1
cells were treated for 72 hours and then reseeded at cloning density. The colonies were counted after two weeks of
incubation. Data are presented as the mean + SE for n = 3.

Wound healing assay

We have previously shown that damsin treatment inhibited migration of JIMT-1
cells in a wound healing assay [6]. Here we investigate the effect of treating with
damsin derivatives on wound healing (Fig. 5). The damsin derivatives did not affect
the wound healing process of directed cell migration.

Vimentin is an intermediate cytoskeletal filamentous protein that is important for
cell migration [19]. Vimentin is a NF-kB target gene [20] and vimentin has also
been shown to be involved in NF-kB signaling [21,22]. Here we show that the
protein expression of vimentin is decreased by all for damsin derivatives tested.
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Figure 5. Treatment with damsin derivatives at ICso concentrations does not inhibit directed cell migration although the
level of the intermediary filament protein vimentin is lowered. (A) Evaluation of wound closure. Control: O. 1 (E)-3-(4-
methylbenzyliden)damsin, @. 6 (E)-3-(2-hydroxybenzyliden)damsin, WM. 7 (E)-3-((4-trifluoromethylbenzyliden)damsin,
A . 10 (E)-3-(4-methoxybenzyliden)damsin, x. Data in A is presented as the mean = SE for n = 6. (B) Representative
phase-contrast microscopy images 72 hours after wounding. The bars denote 100 um. The red lines encompass the 0-
hour wound area. (C) Data obtained from densitometric evaluation of Western blots of vimentin. The data in C are
expressed in % of control and presented as the mean + SE for n = 3. (D) Representative blots used for densitometric
scanning. Representative blots used for densitometric scanning to obtain the data D.

Proteins in the NF-kB pathway

We then investigating the levels of three key proteins in the NF-kB pathway:
p65/NF-xB, IkBa, and pIkBo. When the NF-kB complex containing p65 (Rel A)
and p50 is not active, it is kept in the cytoplasm by the protein IxkBa [20]. When
IxkBa. is phosphorylated by different signals, the NF-kB complex is released and
translocates into the nucleus. Our notion was that the levels of these proteins might
be affected after 72 hours of treatment. However, Western blot analysis shows, that
treatment with damsin derivatives for 72 hours did not have any major impact on
the protein levels of IxkBa (Fig. 5A), plkBa (Fig. 5B), or p65/NF-xB (Fig. 5C).
Compound 10 showed a tendency to decrease the [KBa protein level (Fig. 5A) but
without affecting pIkBa (Fig. 5B). Thus, although the compounds inhibit the TNF-
[J-induced translocation of p65/NF-kB to the cell nucleus, the levels of the key
players in the NF-xB pathway are not affected at 72 hours of treatment.
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Figure 5. Effect of treating JIMT-1 cells with SLs on proteins in the NF-xB pathway. (A) IkBo. expression. (B) plkBo
expression. (C) p65/NF-kB expression. The cells were treated with 1 (E)-3-(4-methylbenzyliden)damsin, 6 (E)-3-(2-
hydroxybenzyliden)damsin, 7 (E)-3-((4-trifluoromethylbenzyliden)damsin, or 10 (E)-3-(4-methoxybenzyliden)damsin at
ICso for 72 hours before sampling for Western blot. (D) Representative blots used for densitometric scanning of A-C.
The data in A-C are expressed in % of control and presented as the mean * SE for n = 4. (E) and (F) Expression of
IxBa. and p65/NF-xB, respectively, at 24, 48, and 72 hours of treatment of JIMT-1 cells with different concentrations of
compound 6. The data in E and F are expressed in % of control and presented as the mean + SE for n = 3.

We then investigated the IkBo and NF-kB/p65 protein levels in JIMT-1 cells treated
with different concentrations of compound 6 for 24, 48, and 72 hours of treatment
(Figs. 3E and 3F). Figures 3E and 3F show that there is a dynamic in the levels of
IxkBo and p65/NF-xB at different times of treatment and that the largest deviation
from control is 24 hours after treatment where the protein levels were increased in
cells treated with 1-2.5 UM concentrations of compound 6.
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Proteins in the STAT3 pathway

Since the NF-kB and STAT3 pathways are activated in cancer and engaged in
excessive crosstalk important for cancer progression [9], we decided to investigate
if proteins involved in the STAT3 pathway might be affected in SL-treated JIMT-1
cells. Also, SLs have been shown to inhibit the STAT3 pathway [23,24]. Figures
4A and 4B show that treatment with compounds 1, 6, 7, or 10 either do not affect
the level of STAT3 or pSTAT3 or lowers the level of the proteins. The level of
hTERT was decreased by treatment with damsin derivatives 7 and 10 (Fig. 4C).
hTERT gene expression is activated by STAT3 as well as STAT3 in a complex with
NF-xB [11].
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Figure 6. Effect of treating JIMT-1 cells with SLs on proteins in the STAT3 pathway. (A) STAT3 expression. (B) pSTAT3
expression. (C) hTERT expression. The cells were treated with 1 (E)-3-(4-methylbenzyliden)damsin, 6 (E)-3-(2-
hydroxybenzyliden)damsin, 7 (E)-3-((4-trifluoromethylbenzyliden)damsin, or 10 (E)-3-(4-methoxybenzyliden)damsin at
ICso for 72 hours before sampling for Western blot. (D) Representative blots used for densitometric scanning to obtain
the data in A-C. The data in A-C are expressed in % of control and presented as the mean + SE for n = 3.
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Signaling pathways affected by SL treatment

To get an overview of the cellular reaction to treatment with the damsin derivatives,
we choose to evaluate compound 6 in a reporter assay for signal transduction
pathways (Fig. 6). In this assay, the cells were treated for 24 hours. The Wnt and
MAPK/ERK pathways were activated while the NF-kB, Myc/Max, and
MAPK/INK were inhibited.
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Figure 6. Signal transduction pathways affected by treatment with (E)-3-(2-hydroxybenzyliden)damsin (6) for 24 hours.
A reporter assay was used to investigate the effect of treatment with 2 uM of compound 6 after 24 hours of treatment.
The data show the mean of two experiments compared to control with three independent samples in each + SEM. *, p
< 0.05, significantly different compared to control.

Discussion

Cancer is a disease with no boundaries affecting all humans on the earth. The global
cancer burden is estimated to increase due to factors such as population growth and
an increasing ageing population. Despite this, cancer deaths are decreasing due to
early detection and improved treatments. To further decrease the number of cancer
deaths, much research is aimed at finding new compounds for treatment, aiming at
a variety of targets that are important for cancer cell and CSC survival. Among
numerous groups of compounds tested for anti-cancer activity are the plant-derived
SLs. Still much research is needed around the molecular mechanisms of these
compounds and also research into chemically modified structures. We did an initial
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study on the toxicity of the SL damsin [6] and then opted to synthesize damsin
derivatives [8] some of which we have investigated here.

The general notion is that the chemical reactivity of SLs is concentrated to the o-
methylene-y-lactone group which has a high reactivity towards sulfthydryl groups in
proteins [25]. The cystein 38 of p65/NF-xB has been shown to be a specifically
vulnerable target for SL alkylation [26]. This cysteine is located in the DNA binding
pocket of NF-kB and when an SL is bound to it, NF-kB is prevented from binding
to DNA [27]. Here we show that TNF—a-induced translocation of NF-kB is blocked
by treatment with an SL, with the obvious result that there can be no DNA binding
and gene activation. Thus, the blocking of DNA binding of NF—«B in the cells is
inhibited already in the cytoplasm, implying that actually it is the transport into the
nucleus that is blocked. NF-kB is transported into the nucleus by importins a3 and
o4 [28]. The binding of importins is also in the DNA binding pocket of NF-xB
[29,30]. Thus, alkylation of cystein 38 of p65/NF-kB may affect the binding of NF-
kB to serval proteins besides binding to DNA. Other proteins that bind to NF-kB in
the DNA binding pocket region are co-activator coactivator ribosomal protein S3
[31], and the cAMP-responsive element-binding protein-binding protein [32].

Several observations show an interaction between NF—xB and STAT3 being
required for gene transcription [10,33-35]. It has been shown that STAT3 binds to
the p65/NF-kB transactivation domain and that STAT3 is present in the DNA
binding complex [35]. This may also imply that alkylation of cysteine 38 in p65/NF-
kB blocks the binding of STAT3 there by inhibiting transcription that is dependent
on STAT3/NF-kB complexes. STAT3/NF-xB has been shown to regulate hTERT
expression [10]. Here we found a decreased expression of the hTERT protein level
after treatment of JIMT-1 cells for 72 hours with SLs.

The NF-xB and STAT3 pathways are important in the regulation of the CSC
phenotype and inhibiting these pathways has been suggested therapeutic targets [7]
[36]. Here we show that treatment with SLs reduces the CSC population of the
JIMT-1 breast cancer cell line. It has previously been shown that inhibition of NF-
kB signaling with a synthetic inhibitor reduces the stemness characteristics in lung
cancer cell lines [37], which is in line with our results. In another study it was shown
that inhibition of NF-kB signaling reduced the proliferative capacity of bladder
CSCs [38]. Inhibition of h"TERT by a synthetic inhibitor was shown to decrease the
CSC population of breast and pancreatic cell lines [39]. From our data we cannot
draw the conclusion that it is a direct effect of SLs on STAT3 that reduces the level
of hTERT. In fact, the promoter for hTERT also contains promoters for NF-kB and
c-Myc [11] and here we demonstrate an inhibiting effect of compound 6 on the
Myc/Mac signaling pathway.
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We have previously shown that SLs inhibit directed cell migration in a scrath wound
assay in concentrations close to ICso [6]. Here we did not find a similar inhibiting
effect when treating JIMT-1 cells with ICsy concentration of the compounds 1, 6, 7,
and 10. This finding suggests that the damsin derivatives are not as efficient as
damsin in inhibiting JIMT-1 breast cancer cells at ICso concentrations. However, we
did find a decrease in the expression of the intermediate filament protein vimentin
compared to control. Vimentin is important for cell migration by integrating
mechanical input from the environment and modulating the dynamics of
microtubules and the actomyosin network [19].

The rapid initial inhibition of cell proliferation after addition of compound 6 and the
slight recovery is compelling. The TNF-o-induced translocation of p65/NF-kB to
the cell nucleus assay shows that only 60 min preincubation with the SLs is needed
to inhibit the translocation. Obviously, the SLs pass the cell membrane readily to
achieve an inhibitory concentration. JIMT-1 is a HER2 over-expressing
trastuzumab resistant estrogen receptor negative breast cancer cell line, and it has
been suggested that NF-kB is constitutively activated in this context contributing to
the resistance [40]. Thus, treatment with SLs may inhibit this constitutive signalling
and this need further investigation to exploit its utility in a clinical setting. We also
need to investigate the mechanisms behind the partly reversible effect of the initial
inhibition of cell proliferation.

Conclusion

Our data suggest that the molecular initiating event of treating cells with an SL is
the binding to NF-kB that occurs within 1 hour after addition of the compound,
which then leads to down-stream effects in the adverse outcome pathway. The down
stream effect involves molecular pathways that are affected in parallel or in series.
Our data implicate that Wnt, MAPK/ERK, NF-kB, Myc/Max, and MAPK/INK
pathways are affected 24 hours after treatment. At 72 hours of treatment, we found
effects on protein levels as well as cell functions and phenotypes that are down-
stream consequences of early effects on the signal transduction pathways. However,
a cell has a multitude of sulfhydryl groups prone to alkylation by an SL. Thus, we
cannot rule out alkylation of other proteins. Important to remember is that the
outcome is a question of dose. There may be intracellular concentrations where SLs
actually selectively alkylate cysteine 38 of p65/NF-kB because of the formation of
more favorable entropy and enthalpy.
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ABSTRACT

Oleanolic acid is a pentacyclic triterpenoid widely distributed in the plant kingdom, it has several pharmacological
properties and it has been marketed in China as hepatoprotective drug since decades. The plants are the main source of
this interesting compound, in this sense; during this study we quantified this metabolite in several Bolivian highland
plants (Tetraglochin cristatum, Lampaya castellani, Junellia seriphioides, Baccharis tola, Polylepis tomentella, P.
hieronyni, P. besseri and Satureja boliviana) by a high-performance liquid chromatography (HPLC) method. The
amount determined (2,87 to 22,69 mg/g) was higher than the concentration reported for the olive fruit (0,17-0,56
mg/g) and similar than the reported for olive leaf (31,0 mg/g) which is the main source of commercial oleanolic acid.
So native species, such as Junellia seriphioides (22,69 mg/g), Lampaya castellani (13,87 mg/g), Baccharis tola (11,93
mg/g) and Polylepis besseri bark (11,06 mg/g) are an interesting potential natural source of oleanolic acid in the
region.

*Corresponding author: giovyalmanza@gmail.com; gralmanza@umsa.bo

RESUMEN

Spanish title: Alto contenido de dacido oleandlico en plantas bolivianas de altitud. El dcido oleandlico es un
triterpeno pentaciclico ampliamente distribuido en el reino vegetal, posee diversas propiedades farmacologicas y ha
sido comercializado en China como droga hepatoprotectora desde hace décadas. Las plantas son la principal fuente de
este interesante compuesto, en este sentido, durante este estudio cuantificamos este metabolito en varias plantas
bolivianas de altura (Tetraglochin cristatum, Lampaya castellani, Junellia seriphioides, Baccharis tola, Polylepis
tomentella, P. hieronyni, P. besseri y Satureja boliviana) por un método de cromatografia liquida de alta resolucion
(HPLC). La cantidad determinada (2,87 a 22,69 mg/g) fue mayor que la concentracion reportada en frutos de oliva
(0,17-0,56 mg/g) y similar a la reportada para hojas de oliva (31,00 mg/g) la fuente mds importante de acido
oleanolico comercial. Por lo que especies nativas, como Junellia seriphioides (22,69 mg/g), Lampaya castellani
(13,87 mg/g), Baccharis tola (11,93 mg/g) y Polylepis besseri corteza (11,06 mg/g) son una interesante potencial
fuente natural de 4cido oleanolico en la region.
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INTRODUCTION

The natural product oleanolic acid (3B-hydroxyolean-12-en-28-oic acid) (Figure N° 1) is a bioactive pentacyclic
triterpenoid compound that has been isolated from more than 1620 plant species, including many food and medicinal
plants where it exists as free acid or as an aglycone of saponins [1, 2]

This metabolite is relatively non-toxic and possesses several promising pharmacological activities. Among them,
the hepatoprotective effects were widely studied [1] and are the bases of a drug against liver disorders commercialized
in China [3]. On the other hand, the antioxidant, anti-inflammatory, anti-HIV, and anticancer activities, among others,
motivated a large number of studies, reviews and publications of this compound and its derivatives [1,2,3,4,5], giving
as one of the main results, the possible commercialization of the first oleanolic acid-derived drug [5].

The compound is especially prevalent in the Oleaceae family, among which olive (Olea europaea) still serves as
the main source of commercial oleanolic acid where it is found in a concentration from 0,17 (in fruits) to 31,0 mg/g (in
leaves) [6,7,8]. Nevertheless, in our previous studies, we found oleanolic acid as one of the major secondary
metabolites in several studied plants of Bolivian highlands (3500 to 4200 m.a.s.l.) [9]. Even plants that biosynthesize
few secondary metabolites use part of their energy for the production of this compound, because it seems to play an
important role during the periods of frost [9]. However, in our previous report, the measure amount of this metabolite
was done by semi-quantitative classic methods, as thin layer chromatography (TLC), isolation by chromatography and
recrystallization. In this study, we developed a protocol to quantify this important metabolite in plants by HPLC,
because this technique is fast, reproducible, and reliable. Also, it only requires small amounts of sample, compared to
classical techniques [10].

The plants are the main source of this metabolite [5,8,11]. So, for this study we selected eight plants from
Bolivian highlands: Tetraglochin cristatum, Lampaya castellani, Junellia seriphioides, Baccharis tola, Polylepis
tomentella, P. hieronyni, P. besseri and Satureja boliviana based on the analysis done by TLC in our previous report
[9], where all of them showed a majority presence of this metabolite in the EtOH extract, in order to determine new
potential natural sources of this interesting metabolite.

RESULTS AND DISCUSSION

In agreement of our previous studies [8], eight plants from Bolivian highlands (Tetraglochin cristatum, Lampaya
castellani, Junellia seriphioides, Baccharis tola, Polylepis tomentella, P. hieronyni, P. besseri and Satureja boliviana)
were considered for this study. The plant material was submitted to an EtOH extraction by maceration for 48 h and the
content of oleanolic acid in the extracts was quantified by triplicate using the HPLC-DAD developed method.

The HPLC developed method was based in three previously reported methods for triterpenic acids [12, 13, 14]
and the calibration curve was done using the oleanolic acid isolated from Chenopodium quinoa residues after an acid
hydrolysis of its saponins [13,15]. Figure N°1 shows the HPLC-DAD chromatogram of oleanolic acid using a mixture
of Acetonitrile/ 0,15 % Formic acid (93:7) as a mobile phase, an EclipsePlus C-18 column at a flow rate 1.0 ml/min,
and detecting the analyte at 210 nm where the oleanolic acid appears at retention time #z- 8,2 min. Figure N°2 shows
the calibration curve, which was obtained using the peak areas of the standard whit different concentration. The area
for every point was the average of three runs. The calibration curve was constructed in the range of 400-2500 ug/ml.
The linear correlation equations and coefficient (r) was: 12,957x + 735,69 (r=0,9983.) showing a good linearity.

nAu -
400 -
300
200

Oleanolic acid N
"

Figure N°1. HPLC chromatogram of oleanolic acid (tr= 8,2); EclipsePlus C-18, wavelenght 210 nm and flow rate 1.0ml/min
The limit of detection (LOD) was obtained as the sample concentration that caused a peak with a height three times the

baseline noise level and the limit of quantification (LOQ) was calculated as 10 times the base noise level. Thus, the
LOD and LOQ calculated were 138.96 pg/ml and 421,11 pg/ml respectively.
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Figure N°2. Calibration curve of oleanolic acid

Then, the concentration of oleanolic acid was measured (Table N°1), showing that the species with high content of
oleanolic acid are Junellia seriphioides, Lampaya castellani, Baccharis tola and Polylepis besseri bark. Nevertheless,
it is important to note that all the plants evaluated showed a higher content of oleanolic acid than those found in the
olive fruit (0,17-0,56 mg/g) and similar than the reported for olive leaf (31,0 mg/g) which is still used as main source
of commercial oleanolic acid [7, 1]. In addition, one of these plants, Baccharis tola commonly known as “tola”, is
widely distributed in the Bolivian Highlands, so it could be used as new natural source of this compound. It is also
interesting to note that the bark of Polylepis besseri has a good content of oleanolic acid, because the shredding bark
of Polylepis is constantly peeling. Table N° 1 and Figure N° 3 show the high amounts of oleanolic acid in all the
collected plants.

Table N°1. Content of oleanolic acid (mg/g) in highland Bolivian plants (n=3)

(Mean + SD) CvV
Code Plants (mg/g) (%)
JUNE Junellia seriphioide 22,69 +0,41 1,8
TETRA Tetraglochin cristatum 4,19 +0,04 1,2
LAMP Lampaya castellani 13,87 +0,08 0,6
BTHO Baccharis tola 11,93 +0,32 2,7
PTOM ** Polylepis tomentella leaves 4,49 +0,15 3,5
SATB Satureja boliviana 8,73 +0,08 1,0
PTOM * Polylepis tomentella bark 2,87 +0,04 1,4
PHIE Polylepis hieronyni 3,62 +0,04 1,1
PBESS * Polylepis besseri bark 11,06 +0,03 0,3
PBESS ** Polylepis besseri leaves 2,88 +0,16 5,8

*Bark; **Leaves

In conclusion, we developed a new HPLC-DAD protocol for the quantification of oleanolic acid in plant extracts.
The method was used to quantify this compound in selected Bolivian highland plants determining high amounts in all
of them, in particular in Junellia seriphioides, Lampaya castellani, Baccharis tola and Polylepis besseri bark which
could be used as new natural source of this important metabolite.

EXPERIMENTAL

Plant material
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Tetraglochin cristatum, Baccharis tola and Lampaya castellani were collected in Orinoca at Oruro department,
Bolivia (3768 m.a.s.l); Junellia seriphioides was collected near to the Sajama mountain (3940 m.a.s.l) and finally
Satureja boliviana and Polylepis species were collected at the Botanical Garden of the University of San Andres
(UMSA), located in Cota Cota town of La Paz City (3600 m.a.s.l.). Voucher specimens of all plants where deposited
in the Bolivian National Herbarium where were identified by the staff.

= — (]
=) tn (=3

Oleanolic acid coneentration (mg/g)
wn

JUNE TETRA  LAMP BTHO PTOM®** SATB PTOM®* PHIE PBESS* PBESS
ik

Plant Code

Figure N° 3 Oleanolic acid contents in plants of Bolivian highland.
Oleanolic acid

The oleanolic acid, used as standard, was obtained of the industrial residue of Chenopodium quinoa Willd called
“mojuelo” rich in saponins [15, 13]. That residue was extracted with EtOH/H,O (75/25) for 72 h at room temperature.
The concentrated EtOH/H,O extract was submitted to an acid hydrolysis adding HCI 2N under reflux for 3 h, giving
the sapogenin extract. The oleanolic acid was isolated out of that extract after a VLC chromatography on Silicagel G-
60 and recrystallization, comparing the TLC and NMR data with those of the previous oleanolic acid isolated in our
lab [13, 15].

Sample preparation

Aerial parts of Tetraglochin cristatum, Junellia seriphioides and Satureja boliviana; leaves of Lampaya castellani and
Baccharis tola; bark and leaves of Polylepis tomentella, P. hieronyni, and P. besseri were dried in the bioorganic
laboratory at room temperature for 2 or 3 days. 500 mg of the dried and ground plant material were extracted in 25 ml
of EtOH 96 GL for 48 h. The extract was filtered through filter paper Whatman #4 and the residue was washed with 5
ml of EtOH, then the liquid extract was concentrated in vacuo. Before the analysis by HPLC the samples were
dissolved and set, with MeOH (HPLC grade), to 5 ml volumetric flasks.

HPLC analysis

The HPLC data were recorded on Agilent Technologies HPLC 1100 series instrument consisting of a quaternary
pump, continuous vacuum degasser, manual injection and column compartment coupled to a variable wavelength
diode-array detector (DAD). The column was an Agilent Technologies EclipsePlus RP-C18 (4.6x250mmx5pum) with a
0.5 um pre-column filter (Agilent Technologies), and the column compartment was heated at 35 °C. The acetonitrile
(HPLC grade, Sigma-Aldrich), formic acid >98% (Merck) and Ultrapure water at 18.3 MQ resistance were used for
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HPLC mobile phase. Water solvent was filtered through a 0.45 pm filtration system (Sartorius Stedim Biotech) before
use.

Calibration curve

A series of oleanolic acid solutions were prepared in MeOH HPLC at five different concentrations (400, 800, 1500,
2000 and 2500 pg/ml). The analyte was detected at 210 nm (DAD) and the area in the chromatogram at retention time
8,2 was recorder by triplicate. The analyte showed a linear relationship between 400 and 2500 pg/ml yielded the
following calibration curve y=12,957x+735,69 (R*= 0,9983).

Sample quantification

The samples were injected manually; the volume of standards and samples was 25 pl. Chromatographic separation
was done with an isocratic solvent of 93 % ACN as solvent D and 7% of 0.15 % (v) formic acid in water as a solvent
C, at a flow rate of 1.0 ml/min. The solvent C was filtered with a Whatman 0.45 pm PTFE/cellulose filter prior to use.
Then, the area of the compound at retention time Tr-8,2 min. was recorded by triplicate and the average was used for
the calculation of the amount of oleanolic acid in the EtOH extract of every plant.

Statistics

The limit of quantification (LOQ) and the limit of detection (LOD) were calculated on the base of standard deviation
of the response and the slope obtained from linear equation following equations: LOD = 3.3%(SD/slope “b”) and LOQ
= 10x(SD/ slope “b”); where SD is the standard deviation of the y-intercept.
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ABSTRACT

In this paper, we present the evaluation of two types of methods for obtaining sapogenins by acid hydrolysis of a
hydroalcoholic extract rich in saponins from quinoa husks. In the first method, called microwave method, the acid
solution of saponins was pre-stirred for one minute in a microwave and then was heated and stirred at 100° C for 15
min. In the second one, called conventional method, the same acid solution was heated and stirred at 80 °C for 4 h.
The results show that the conventional method is better to obtain more quantity of sapogenins. Then four sapogenins
were isolated: oleanolic acid (1), methyl oleanate (2), hederagenin (3), and phytolaccagenic acid (4). The cytotoxicity
of the compounds was evaluated in human JIMT-1 breast cancer cells and human MCF-10A normal-like breast
epithelial cells. The most active compound is hederagenin, which is more toxic in JIMT-1 cells (ICso 27.3 uM) than
in MCF-10A cells (ICsp 39.6 pM). Methyl oleanate is somewhat less toxic than hederagenin while oleanolic acid and
phytolaccagenic acid needed treatment concentrations up to 100 uM to become cytotoxic. Finally, we obtained four
new derivatives of oleanolic acid, the major sapogenin isolated, by oxidation of the OH group in C-3 to carbonyl (5)
and subsequent reaction of aldol condensation, adding to carbon C-2 the follow aldehydes: benzaldehyde 6a, p-
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methylbenzaldehyde 6b, m-methylbenzaldehyde 6¢, and o-methylbenzaldehyde 6d, these synthesis were carried out
in order to incorporate a Michael-acceptor into a molecular structure to enhance the biological activity, we obtained
yields of around 50% for 6a and 6b, and of around 10% for 6¢ and 6d.

*Corresponding author: giovyalmanza@gmail.com, galmanza3@umsa.bo

RESUMEN

En este trabajo, presentamos la evaluacion de dos tipos de métodos para la obtencion sapogeninas por hidrolisis acida
de un extracto hidroalcoholico rico en saponinas de cascaras de quinua. En el primer método, denominado método de
microondas, la solucion &cida de saponinas se agitd previamente durante un minuto en un microondas y luego se
calento y agité a 100 °C durante 15 minutos. En el segundo, llamado método convencional, la misma solucién acida
se calentd y agitdo a 80°C durante 4 h, nuestros resultados mostraron que el método convencional es mejor para
obtener mas cantidad de sapogeninas. Luego aislamos cuatro sapogeninas acido oleandlico (1), metiloleanato (2),
hederagenina (3) y acido fitolaccagénico (4) evaluando su actividad citotoxica en células humanas de cancer de
mama JIMT-1 y células epiteliales de mama MCF-10A similares a células humanas normales, observando que todos
ellos tienen citotoxicidad en ambas lineas celulares, pero el compuesto mas activo es la hederagenina, que es mas
toxica en las células JIMT-1 (ICso 27.3 uM) que en las células MCF-10A (ICso 39.6 uM). Finalmente, obtuvimos
cuatro nuevos derivados de acido oleandlico, la principal sapogenina aislada, por oxidacion del grupo OH en C-3 a
carbonilo (5) y reaccion subsiguiente de condensacion alddlica, afiadiendo al carbono C-2 los siguientes aldehidos:
benzaldehido 6a, p-metilbenzaldehido 6b, m-metilbenzaldehido 6¢, y o-metilbenzaldehido 6d, estas sintesis se
llevaron a cabo para incorporar un aceptor de Michael en la estructura molecular para potenciar la actividad
bioldgica, obtuvimos rendimientos de alrededor del 50% para 6a y 6b y de alrededor del 10% para 6¢ y 6d.

INTRODUCTION

Quinoa (Chenopodium quinoa Willd) is the main export crop of the western zone of Bolivia, in particular from the
Bolivian Southern Altiplano. It is a pseudo cereal determined as a strategic crop in the region, due to its high nutritive
value. In addition, it can grow in under harsh environmental conditions, such as dry and saline soils, strong winds and
frosts. Quinoa is a crop that has shown important growth in terms of production (92,312 t for the agricultural period
2017) [1]. In its natural state quinoa seeds have a bitter cover containing saponins, which cause an unpleasant taste
and these the bitter components must be removed before cooking and export. Before export, the Bolivian food
industries remove the seed coat by a mechanic process of scarification, where the dry grains are mixed causing
friction to remove the cover which results in a residue called “mojuelo”. The quinoa husks, which are residues of
scarification contain a high level of triterpenic oleanan-type saponins. In previous studies of quinoa husks, mainly
bidesmosidic triterpenic saponins with a glucose linked in the position C-28 and one, two or three sugars linked in the
carbon C-3, and four different aglycones (e.g., oleanolic acid, hederagenin, phytolaccagenic acid and serjanic acid)
were investigated [2, 3].

One of the main sapogenins in quinoa husks is oleanolic acid (OA), and it is present in more than 1620 plant
species [4]. In particular, it is one of the secondary metabolites found at a high concentration in high altitude plants
[5], and it seems to play an important role in protecting the plant in the adverse environmental conditions found in the
Altiplano region [6]. OA is one of the most popularly natural products studied, and from a pharmacological point of
view, it has been suggested that this triterpene has activities such as anti-diabetic [7], anti-HIV [8], chemopreventive,
hepatoprotective, tumor suppressant, anti-inflammatory, contraceptive, antioxidant, antineoplastic, and anti-cancer in
different cell lines [9]. In addition, several chemical modifications were carried out using OA as a lead compound in
order to improve the pharmacological activity as e.g. gastro protector [10], anti-liver cancer [11], and anti-HIV [12].
However, among the OA derivatives, there are no compounds with an a,B-unsaturated ketone, an important group
that has the ability to react via Michael-type nucleophilic additions with soft electrophiles, giving an enhancement in
the bioactivity of the molecules, particularly the cytotoxicity against cancer cell lines [13,14].

In this study, first we evaluate two types of methods for an acid hydrolysis reaction to obtain sapogenins from
quinoa husks. Then, we isolated four sapogenins: oleanolic acid (1), methyl oleanate (2), hederagenin (3), and
phytolaccagenic acid (4) evaluating their cytotoxic activity in human JIMT-1 breast cancer cells and human MCF-
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10A normal-like breast epithelial cells. Finally, we synthesized four new derivatives of OA, by oxidation of the OH
group in C-3 to carbonyl and a subsequent reaction of aldol condensation, adding to carbon C-2 the aldehydes
benzaldehyde 6a, p-methylbenzaldehyde 6b, m- methylbenzaldehyde 6¢, or o-methylbenzaldehyde 6d.

RESULTS AND DISCUSSION
Acid hydrolysis reaction

In agreement with previous reports [2], the saponins from quinoa husks are mainly bidesmosidics. When these
saponins are submitted to acid hydrolysis, the sugars are removed leaving the sapogenins (Figure 1). Then, to obtain
sapogenins, industrial residue of quinoa husks (100 g) was extracted with EtOH/H>O (1:1) for 3 h under constant
stirring (350 rpm) at room temperature giving a hydroalcoholic extract rich in saponins dried in vacuo at 55°C. The
obtained extract was subjected to two types of acid hydrolysis methods giving sapogenin extracts. In the first method,
called microwave method, an acid solution [1 g in 10 ml of 2 M HCl in ethanol (1:1)] was pre-stirred for one minute
in a microwave and then was heated and stirred at 100°C for 15 min. In the second one, called conventional method,
the same acidic solution was heated and stirred at 80°C for 3 h. The sapogenin extracts obtained by both methods
were chromatographed using VLC (Vacuum Liquid Chromatography) and Flash Chromatography over Silicagel
giving the isolation of four sapogenins (Figure 1) in the proportions found in Table 1.

Ro
O
HCl
O~
o Gy Eowm,0
y\o A
Ry
1 Oleanolic acid
2 Methyl oleanate CH;3 CHs CHs
3 Hederagenine CH2OH CHs H
4 Phytolaccagenic acid CH>OH COOCH;3 H
Figure 1. Acid hydrolysis of quinoa husks saponins to give four sapogenins
Table 1. Quantity of sapogenins isolated obtained by two acid hydrolysis methods
Microwave method Conventional method
Compound mg/g* mg/g*
1 98 317
2 21.2 66
3 21.6 279
4 116 104

*mg of sapogenin per g of hydro alcoholic extract.

Table 1 shows that the conventional method is more effective than the microwave method. But the conventional
method was improved in several assays done in our lab and it is the first assay using the microwave method. So, the
last one could be improved maybe using more time in the pre-stirring microwave process and/or more time in the
stirring heated process. On the other hand, the quantification of obtained sapogenins should be done by HPLC
methods, which are more exact and precise.

Cytotoxic evaluation

The cytotoxicity of the four isolated sapogenins was evaluated in one normal-like human breast epithelial cell line
(MCF-10A) and in one breast cancer cell line (JIMT-1) using an MTT dose response assay, where the cells were
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incubated with each compound for 72 h. Table 2 shows the ICsyp values obtained from dose response curves.
Hederagenin is the most toxic compound and it is more toxic in JIMT-1 cells than in MCF-10A cells. Methyl
oleanate also shows toxicity in both cell lines, however, for this compound the MCF-10A cells were more sensitive
than the JIMT-1 cells. Oleanolic acid itself and phytolaccagenic acid where less toxic than hederaginin and methyl
oleanate. Although not very toxic, hederaginin may be a compound for further synthetic modification to increase the
bioactivity preferentially towards cancer cells.

Table 2. ICso values of cytotoxicity of the isolated sapogenins in MCF-10A4 and JIMT-1 cells

1Cso pM*
Comp d
MCF-10A JIMT-1
1 101.5+11.4 90.9°
2 51.8+19.5 80.3+7.6
3 39.6+0.4 273+5.0
4 73.0+£0.4 105.1+£2.7

“Each value represents the mean of two independent experiments with 6 values in each + gives
the highest and lowest value.
"This result represents just one determination

Some of the compounds where previously evaluated against other cancer cell lines, like OA (1), which showed
cytotoxicity against the following lines: prostate cancer PC3 cells (ICso 6.5 uM), lung cancer A549 cells (ICso 0.4
uM), breast cancer MCF-7 cells (ICso 35.4 uM), and gastric cancer BGC823 cells (ICso 2.6 uM) [7]. Compared with
our data, we found a lower degree of toxicity. However, considering the activity of hederagenin (3) against the JIMT-
1 breast cancer cell line, is still interesting to continue studies with hederagenin and synthetic derivatives of it
investigating the activity in different cancer cell lines.

Synthesis of derivatives

The major sapogenin isolated from quinoa husks was OA (1). As mentioned in the introduction, it is one of the most
popular natural product studied, because of chemical and pharmacological reasons [7-12] but the synthesis of analogs
with an o,B-unsaturated ketone moiety are not still carried out. This synthesis was done to incorporate a Michael
acceptor into the molecular structure because this type of compounds forms a major component of the natural
products having anti-cancer activity [14], enhancing the biological activity of natural products [13].

o
4 I S on
| :/R 2 °
o PCC o - N OH
OH DCM OH p-TSOH: Toluene: 120°C o
HO' o
1 5

6a; R=H

6b; R (p)= CHj
6¢: Ry (m)= CHj
6d: R; (0)= CH;

Figure 3. Schematic procedure to obtain derivatives 5, 6a, 6b, 6¢, and 6d

The synthesis of new derivatives is showed in the Figure 3 where we can see that the reactions goes through the
compound 5 which was prepared by oxidation of the OH group in C-3 using pyridium chlorochromate (PCC) in
dichloromethane (DCM), yield 70.1%. Compound 5 is the target compound for carrying out aldol reactions of
Claisen Schmidt adding to carbon C-2 different benzaldehydes. The first reaction was done with benzaldehyde to find
the reaction conditions; the method was developed based on the method described by Karimi-Jaberi & Pooladian
[15]. Thus, compound 5 was dissolved in different solvents founding toluene as the most suitable, then we added
benzaldehyde (1 equiv) followed of p-TsOH (1 equiv) and the reaction was stirred at 120°C for different times
founding that the reaction needs more than 24 hours to be completed.
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Figure 1. Dose response curves and 1Cso values of isolated sapogenins obtained by treatment of JIMT-1 breast cancer cells. The
dose response was evaluated with a MTT assay after 72 hours of incubation with each compound. Each curve shows an
independent experiment (n=6). A. (1) Oleanolic acid, B. (2) Methyl oleanate, C. (3) Hederagenine, D. (4) Phytolaccagenic acid
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Figure 2. Dose response curves and ICso values of isolated sapogenins obtained by treatment of MCF-10A4 normal-like breast
epithelial cells. The dose response was evaluated with a MTT assay after 72 hours of incubation with each compound. Each
curve shows an independent experiment (n=6). A. (1) Oleanolic acid, B. (2) Methyl oleanate, C. (3) Hederagenine, D. (4)
Phytolaccagenic acid
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After the reaction was completed and the formation of aldol product was observed by TLC evaluations, the reaction
was quenched and the product was purified by Column Chromatography, giving the compound 6a (yield 48,9 %)
elucidated by NMR 1D and 2D. After founding the reaction conditions, we extended the substrate scope to different
methylbenzaldehydes to give the compounds 6b (yield 41.8%), 6¢ (yield 9.3%), and 6d (yield 10.3%), all of them
were purified by Column Chromatography and elucidated by NMR 1D and 2D. We still do not evaluate the
compounds against cancer cell lines, but we recommend their realization not only against breast cancer cell lines, but
also against of lung, gastric and prostate cancer cell lines, among others. It is also recommended to synthesize similar
derivatives from hederagenin, because, as we can see, it showed most activity against breast cancer cell lines than
oleanolic acid.

EXPERIMENTAL
General

All chemicals and solvents were purchased from Sigma Aldrich. "H NMR and '3C NMR spectra were recorded in a
Bruker 250 MHz spectrometer using deuterated DMSO. Column chromatography was performed using Silica gel 60
(35-63pum) and TLC analysis was made on Silica Gel 60 F»s4 (Merck, Darmstadt, Germany) plates.

Plant material

The quinoa husk industrial residue was collected from the Andean Organic Food Company “Irupana” located in La
Paz city at 3800 m.a.s.l. on June of 2016, then it was deposited in the laboratory of Bioorganic of Universidad Mayor
de San Andres at La Paz Bolivia.

Extraction and isolation

100 g of quinoa husk were extracted with an aqueous solution of EtOH (1:1) for 3 h under constant stirring at room
temperature. The hydro-alcoholic extract was concentrated in vacuo, to remove ethanol, the aqueous residue was
dried at 55°C.

Acid hydrolysis method 1 (Microwave)

A solution of extract 1g in 2M HCI in methanol (1:1) (10 ml) was heated at 100°C for 15 min with 1 min of pre-
stirring in a microwave. The mixture was neutralized with an aqueous solution of NaOH 5% (10 ml), followed by 10
ml of brine. The aqueous mixture was extracted with ethyl acetate (2x10 ml). The combined organics phases were
dried over Na;SO4 and concentrated in vacuo to yield 0.416g of crude extract. The crude product was purified by
flash chromatography over silica gel, eluting with EtOAc/n-heptane from 20% to 80%. Obtaining four pure
compounds 1 (98 mg), 2 (21.2) mg, 3 (21.6) mg and 4 (116 mg).

Acid hydrolysis method 2 (Conventional)

A solution of 1 g of hydro alcoholic extract with 10 ml of HCI 2N (1:1 EtOH/H,0) was stirred at 80°C for 3 h. The
progress of reaction was monitored by TLC. After the reaction was completed, the precipitate obtained was filtered,
washed with 5 ml of a solution of NaOH 2N and dried at room temperature for 72 h. The dried extract was diluted
with 15 ml of DCM/MeOH (9:1), filtered and concentrated in vacuo. The crude product was purified by vacuum
liquid chromatography (VLC) and Flash chromatography with a gradient of 10 to 100% of EtOAc/PeEty.0 and 100
to 95% of EtOAc/MeOH obtaining the four sapogenins: 1 (317 mg), 2 (66 mg), 3 (279 mg) and 4 (104 mg)

Compound 1; oleanolic acid

'H NMR (300 MHz, DMSO) & 12.05 (s, 1H, COOH), 5.16 (bs, 1H, H-12), 3.00 (, J=5.39 Hz, 1H, H-3), 2.74 (dd,
J=13.33,3.63 Hz, 1H, H-18), 1.90 (1, J=11.51 Hz, 1H, H-16a), 1.81 (m, 4H, H-11, H-22), 1,65 (bs, 1H, 15a), 1,61
(bs, 1H, H-2a), 1.56 (bs, 1H, H-19a) 1.49 (m, 3H, H-15b, H-16b, H-9), 1.46 (m, 3H, H-1a, H-7), 1,41 (m, 1H, H-
2b), 1,34, (m, 2H, H-6) 1,21 (m, 3H, H-5, H-21), 1,10 (s, 3H, H-27), 0,99 (m, 2H, H-19b, H-1b), 0.89 (s, 3H, H—
23), 0.87 (s, 6H, H-24 , H-25) 0,85 (s, 3H, H-30), 0.71 (s, 3H, H-29), 0.67 (s, 3H, H-26) 3C NMR (75 MHz,
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DMSO0) § 179.0 (C-28), 144.3 (C-13), 122.0 (C—12), 77.3 (C=3), 55.2 (C-5), 47.5 (C-9), 46.1 (C-17), 45.9 (C-19),
41.8 (C-14), 41.3 (C-18), 39.3 (C-8), 38.8 (C—4), 38.5 (C-1), 37.1 (C-10), 33.8 (C-21), 33.3 (C-29), 32.9 (C-7),
32.6 (C-22), 30.9 (C-20), 28.7 (C-23), 27.7 (C—15), 27.4 (C-2), 26.1 (C-27), 23.8 (C—11), 23.4 (C-30), 23.1 (C—
16), 18.5 (C—6), 17.3 (C-26), 16.5 (C-24), 15.6 (C-25).

Compound 2; methyl oleanate

IH NMR (300 MHz, DMSO) 8 5.17 (bs, 1H, H-12), 3.62 (s, 3H, H-31), 3.00 (1, J=5,48 1H, H-3), 2.55 (bs, 1H, H-
18), 1.94 (1, J=11.44, 1H, H-16a), 1.83 (m, 4H, H-22, H-11a, H-11b), 1.66 (bs, 1H, 15a), 1.62 (bs, 1H, H-2a), 1.57
(bs 1H, H-19a), 1.48 (m, 6H, H-16b, H-9, H-1a, H-7, H-15b, H-2b), 1.38 (m, 2H, H-6), 1.23 (m, 3H, H-5, H-21),
1.09 (s, 6H, H-27, H-23), 1.00 (m, 2H, H-19b, H-1b), 0.89 (s, 6H, H-24, H-25), 0.85 (s, 3H, H-30), 0.68 (s, 6H,
H-29, H-26). *C NMR (75 MHz, DMSO) 5 176.8 (C-28), 144.1 (C-13), 122.4 (C-12), 77.3 (C-3), 55.2 (C-5),
52.1 (C-31), 47.5 (C-9), 43.7 (C-19), 42.5 (C-17), 42.1 (C-14), 41.7 (C~18), 39.3 (C-8), 38.8 (C-4), 38.5 (C-1),
37.1 (C-10), 33.7 (C-21), 32.9 (C-7), 30.1 (C-29), 28.7 (C-20), 28.3 (C—22), 27.7 (C-23), 27.4 (C—15), 26.0 (C-2),
23.3 (C-27), 23.2 (C-30), 21.2 (C-16), 18.5 (C-11), 17.3 (C=6), 16.5 (C-26), 15.6 (C-24), 14.5 (C-25).

Compound 3; hederagenin

'H NMR (300 MHz, DMSO) 8 12.05 (s, 1H, COOH), 5.16 (£, J/=3,19, 1H, H-12), 3.43 (s, 2H, H-24), 3.16 (bs, 1H,
H-3), 3.07 (dd, J=10.6, 2.65 Hz, 1H, H-18), 1.91 (1, J=11,6 1H, H-16a), 1.81 (d, J/=5.9 Hz, 2H, H-11), 1.65 (m, 1H,
H-15a), 1.61 (m, 2H, H-22), 1.56 (m, 1H, H-2a), 1.53 (d, ]=6,93 1H, H-19a), 1.45 (m, SH, H-16b, H-9 H-1a, H-7,
H-15b), 1,38 (m, 2H, H-6), 1.14 (m, 3H, H-5, H-21), 1.10 (s, 3H, H-27), 0.99 (m, 2H, H-19b, H-1b), 0.87 (s, 9H,
H-23, H-25, H-30), 0.71 (s, 3H, H-29), 0.53 (s, 3H, H-26). *C NMR (75 MHz, DMSO) § 179.1 (C-28), 144.3 (C—
13), 122.0 (C-12), 70.7 (C-3), 64.8 (C-23), 49.1 (C-5), 47.5 (C-9), 46.8 (C-17), 46.1 (C—19), 45.9 (C—4), 42.3 (C—
14), 41.8 (C-18), 41.3 (C-8), 39.3 (C—1), 38.4 (C-10), 36.8 (C-21), 33.8 (C-22), 33.3 (C-29), 32.4 (C-7), 30.9 (C—
20), 27.7 (C-15), 27.0 (C-2), 26.1 (C-27), 23.8 (C-11), 23.4 (C-30), 23.1 (C-16), 18.0 (C-6), 17.4 (C-26), 16.0
(C-25), 13.1 (C-24).

Compound 4, phytolaccagenic acid

'H NMR (300 MHz, DMSO) & 12.02 (m, 1H, COOH), 5.18 (. J=3.30, 1H, H-12), 3.62 (s, 3H, H-31), 3.30 (s, 2H,
H-24), 3.07 (dd, J=10.3, 4.6 Hz, 1H, H-3), 2.57 (m, 1H, H-18), 1.95 (1, J=11.3, 1H, H-16a,), 1.81 (d, J=14.0 Hz,
2H, H-11,), 1.67 (bs, 1H, H-15a), 1.62 (bs, 2H H-22), 1.57 (bs, 1H, H-2a), 1.54 (bs, 1H, H-19a), 1.48 (m, SH, H-
16b, H-9, H-1a, H-7, H-15b), 1.38 (m, 2H, H-6), 1.22 (m, 3H, H-5, H-21), 1.11 (s, 3H, H-27), 1.09 (s, 3H, H-
23), 1.00 (m, 2H, H-19b, H-1b), 0.87 (s, 3H, H-25), 0.70 (s, 3H, H-29), 0.53 (s, 3H, H-26). 3C NMR (75 MHz,
DMSO0) § 178.7 (C-28), 176.8 (C-30), 144.1 (C-13), 122.4 (C-12), 70.7 (C-3), 64.8 (C-23), 52.1 (C-31), 47.5 (C—
5), 46.8 (C-9), 45.4 (C—17), 43.7 (C-20), 42.5 (C—18), 42.3 (C—4), 42.1 (C—14), 41.7 (C-19), 39.2 (C-8), 38.4 (C—
1), 36.8 (C-10), 33.7 (C-22), 32.4 (C-7), 30.1 (C-21), 28.3 (C-15), 27.7 (C-29), 27.0 (C-2), 26.0 (C-27), 23.3 (C—
11), 23.2 (C-16), 17.9 (C-6), 17.3 (C-26), 16.0 (C-25), 13.1 (C-24).

Synthesis of derivatives
Procedure to obtain compound 5, 3-oxoolean-12-en-28-oic acid

A solution of 1 (100 mg, 0.219 mmol) in DCM (5 ml) PCC (114 mg, 0.668 mmol) was added then the mixture of
reaction was stirred at room temperature for 2 h. The progress of reaction was controlled by TLC. After the reaction
was completed, the reaction was quenched by adding 10 ml of brine followed the extraction with DCM (4x15 ml).
The organic phases were dried over MgSOs, concentrated in vacuo and purified by flash chromatography with a
mixture of PeEty.s0/DCM/EtOAc (75:20:5) obtaining compound 5 (70.1 mg).

"H NMR (300 MHz, CDCLs). 8 5.31 (¢, /=3.31, 1H, H-12), 2.85 (dd, J=13.6, 3.8 Hz, 1H, H-18), 2.56 (ddd, J=16.0,
11.1, 7.2 Hz, 1H, H-1a), 2.38 (dd, J=16.29, 6.88 Hz, 1H, H-18), 2.00 (1, /=3.75 Hz, 1H, H-16a), 1.94 (dd, J=6.3,
3.3 Hz, 2H, H-11), 1.88 (m, 1H, H-1a), 1.78 (¢, J=5.5 Hz, 1H, H-22a), 1.72 (1, J=4.11 Hz, 1H, H-15a), 1.71-1.58
(m, 4H, H-9, H-19a, H-22b, H-16b), 1.49 (m, 3H, H-7a, H-6), 1.43 (dd, J=11.8, 3.9 Hz, 1H, H-1b), 1.39-1.30 (m,
3H, H-5, H-21a, H-7b), 1.25 (m, 1H, H-21b), 1.20 (d, J=4.5 Hz, 1H, H-19b), 1.16 (s, 4H, H-15b, H-27), 1.10 (s,
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3H, H-23), 1.06 (s, 3H, H-25), 1.04 (s, 3H, H-24), 0.94 (s, 3H, H-30), 0.92 (s, 3H, H-29), 0.82 (s, 3H, H-26). °C
NMR (75 MHz, CDCls) § 217.7 (C-3), 184.1 (C-28), 143.6 (C—13), 122.4 (C-12), 55.3 (C-5), 47.4 (C-4), 46.9 (C—
9), 46.6 (C-17), 45.8 (C-19), 41.7 (C-14), 41.0 (C-18), 39.3 (C-8), 39.1 (C—1), 36.8 (C-10), 34.1 (C-2), 33.8 (C—
21), 33.0 (C-29), 32.4 (C-22), 32.2 (C-7), 30.7 (C-20), 27.7 (C~15), 26.4 (C-23), 25.8 (C-27), 23.5 (C-30), 23.5
(C-11),22.9 (C-16), 21.4 (C-24), 19.5 (C-6), 17.0 (C-26), 15.0 (C-25).

Claisen Schmidt condensation products, from 5
Compounds 6a, 6b, 6¢, and 6d

A solution of 5 (80 mg, 0.176 mmol) in toluene (3 ml) benzaldehyde (36 ul, 0.352 mmol) was added followed of p-
TsOH (68 mg, 0.352 mmol), then the reaction was stirred at 120°C for 24 hours to obtain compound 6a, and 30 hours
to obtain compounds 6b, 6¢ and 6d. The progress of reaction was controlled by TLC. After the reaction was
completed it was quenched by addition of 10 ml of brine, the aqueous was extracted with DCM (4x15 ml). The
organic phases were dried with MgSOys, concentrated in vacuo and purified by column chromatography with mixtures
of PeEt20.60:DCM between 97 to 65% of PeEta.s0 obtaining compounds 6a (39,1mg), 6b (33,4 mg), 6¢ (7,4 mg) and
6d (8,2 mg).

Compound 6a, 2-phenylmethylene-3-oxo-13-hydroxy oleanolic acid.

'H NMR (300 MHz, CDCl5) & 7.55 (s, 1H, H-1"), 7.42-7.41 (m, 4H, H-2", H-6", H-3", H-5""), 7.35 (m, 1H, H—
47, 3.14 (d, J=16.1 Hz, 1H, H-1a), 2.31 (¢, J=3,61, 1H, H-18), 2.29 (d, J=5.1 Hz, 1H, H-1b), 1.99-1.82 (m, 3H,
H-22a, H-16a, H-15a), 1.69-1.62 (d, J=9.6 Hz, 4H, H-12, H-22b, H-6a), 1.56-1.51 (dd, J=10.7, 7.3 Hz, SH, H-5,
H-7a, H-11, H-6b), 1.44-1.41 (m, 3H, H-9, H-7b, H-16b), 1.27 (m, 2H, H-19a, H-15b), 1.24 (s, 4H, H-21a, H-
26), 1.21 (s, 3H, H-27), 1.19 (s, 4H, H-21b, H-24), 1.16 (s, 3H, H-23), 0.95 (s, 1H, H-19b), 0.91 (s, 3H, H-29),
0.86 (s, 6H, H-30, H-25). *C NMR (75 MHz, CDCL3) § 207.8 (C-3), 179.1 (C-28), 137,5 (C-1"), 135,9 (C-2),
133.9 (C-1"), 130.3 (C-2""), 130.3 (C-6""), 128.5 (C-4""), 128.4 (C-3""), 128.4 (C-5""), 89.5 (C-13), 52.8 (C-5),
47.9 (C-9), 47.4 (C—4), 45.3 (C—14), 44.9 (C-18), 44.5 (C—1), 43.9 (C—17), 41.2 (C-8), 36.3 (C-10), 36.2 (C-19),
352 (C-21), 33.7 (C=7), 33.0 (C-29), 31.5 (C—12), 29.9 (C-20), 29.5(C-23), 28.0 (C-22), 26.5 (C-16), 26.0 (C—
15), 23.1 (C-30), 22.5 (C-24), 19.8 (C—11), 19.2(C-27), 18.9 (C-6), 17.4 (C-26), 15.9 (C-25).

Compound 6b, 2-(p-(methylphenyl) methylene)-3-oxo-13-hydroxy oleanolic acid

IH NMR (300 MHz, CDCls) & 7.53 (s, 1H, H-1"), 7.34 (d, J=8.0 Hz, 2H, H-2"", H-6""), 7.22 (d, J=8.6 Hz, 2H, H-
57, H-3"), 3.13 (d, J=16.0 Hz, 1H, H-la), 2.40 (s, 3H, H-1"""), 2.34 (m, J=6.4 Hz, 2H, H-18, H-1b), 1.92 (m, 1H,
H-22a), 1.88 (m, 2H, H-16a, H-15a), 1.66-1.65 (m, 4H, H-12, H-22b, H-6a), 1.56 (bs, 1H, H-7a), 1.50 (m, 3H,
H-5, H-11), 1.47 (m, 1H, H-6b), 1.44-1,42 (m, 3H, H-9, H-7b, H-16b), 1.27 (m, 3H, H-19a, H-21a, H-15b), 1.24
(s, 3H, H-26), 1.21 (s, 3H, H-27), 1.18 (s, 3H, H-24), 1.15 (s, 3H, H-23), 1.09 (bs, |H, H-19b), 0.91 (s, 3H, H-29),
0.86 (s, 6H, H-30, H-25). 3C NMR (75 MHz, CDCls) § 207.8 (C-3), 179.1 (C-28), 138.7 (C-4""), 137.7 (C-1"),
133.1(C-1""), 133.0 (C-2), 130.4 (C-2"), 130.4 (C-6""), 129.2 (C-3""), 129.2 (C-5""), 89.5 (C—13), 52.8 (C-5),
48.0 (C-9), 47.4 (C-4), 45.2 (C-14), 44.9 (C-18), 44.6 (C-1), 43.9 (C-17), 41.2 (C-8), 38.7 (C-10), 36.3 (C-19),
35.1 (C-21), 33.7 (C-7), 33.0 (C-29), 31.5 (C—12), 29.9 (C-20), 29.5 (C-23), 28.0 (C-22), 26.5 (C—16), 26.0(C—
15), 23.1 (C-30), 22.4 (C-24), 21.4 (C-1"""), 19.8 (C-11), 19.2 (C-27), 19.0 (C-6), 17.4 (C-26), 15.9 (C-25).

Compound 6¢, 2-(m-(methylphenyl) methylene)-3-oxo-13-hydroxy oleanolic acid

'H NMR (300 MHz, CDCls) § 7.52 (s, 1H, H-1"), 7.24 (m, 2H, H-2"", H-6""), 7.17 (d, J=5.8 Hz, 2H, H-4"", H-5""),
3.14 (d, J=15.4 Hz, 1H, H-1a), 2.40 (s, 3H, H-1"""), 2.30 (bs, 1H, H-18), 2.25 (d, J=5,15, 1H, H-1b), 1.90 (m, 1H,
H-22a), 1.88 (m, 2H, H-16a, H-15a), 1.67-1.63 (m, 4H, H-12, H-22b, H-6a), 1.57 (m, 1H, H-7), 1.52-1.50 (m,
4H, H-5, H-11, H-6b), 1.44-1.41 (m, 3H, H-9, H-7b, H-16b), 1.27 (m, 1H, H-19a), 1.24 (m, 4H, H-21a, H-26),
1.21 (s, 3H, H-27), 1.18 (s, 4H, H-15b, H-24), 1.16 (s, 3H, H-23), 1.10 (bs 1H, H-21b), 0.95 (m, 1H, H-19b), 0.91
(s, 3H, H-29), 0.86 (s, 6H, H-25, H-30). *C NMR (75 MHz, CDCl3) & 207.8 (C-3), 179.1 (C-28), 138.1(C-3""),
137.8 (C-17), 135.9 (C-2), 133.7(C-1""), 131.3 (C-2"), 129.3 (C—4""), 128.3 (C-5""), 127.0 (C-6""), 89.5 (C-13),
52.8 (C-5), 48.0 (C-9), 47.4 (C-4), 45.3 (C-14), 44.9 (C-18), 44.5 (C-1), 43.9 (C-17), 41.2 (C-8), 36.3 (C-10),
36.2 (C-19), 35.2 (C-21), 33.7 (C-7), 33.0 (C-29), 31.5 (C-12), 29.9 (C-20), 29.4 (C-23), 28.0 (C-22), 26.5 (C—
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16), 26.0 (C—15), 23.1 (C-30), 22.5 (C-24), 21.5 (C—1"""), 19.8 (C—11), 19.2 (C-27), 18.9 (C—6), 17.4 (C-26), 16.0
(C-25).

Compound 6d, 2-(o-(methylphenyl) methylene)-3-oxo-13-hydroxy oleanolic acid

IH NMR (300 MHz, CDCL3) § 7.67 (s, 1H, H-1"), 7.24 (bs, 2H, H-3"", H-4""), 7.20 (bs, 2H, H-5"", H-6""), 2.96 (d,
J=15.8 Hz, 1H, H-1a), 2.31 (s, 3H, H-1"""), 2.26 (1, /=4.97 Hz, 1H, H-18), 2.05 (d, J=15.6 Hz, 1H, H-1b), 1.87—
1.84 (m, 3H, H-22a, H-16a, H-15a), 1.65-1.64 (m, 3H, H-6a, H-12), 1.58 (m, 1H, H-22b), 1.55-1.54 (m, 2H, H—
7a, H-6b), 1.51-1.49 (m, 3H, H-5, H-11), 1.42-1.39 (m, 3H, H-9, H-7b, H-16b), 1.27 (m, 2H, H-21a, H-15b),
1.22 (s, 3H, H-26), 1.20 (s, 4H, H-23, H-19a), 1.18 (s, 3H, H-27), 1.17 (s, 3H, H-24), 0.95 (bs, 1H, H-21b), 0.91
(bs, 1H, H-19b), 0.89 (s, 3H, H-29), 0.86 (s, 3H, H-25), 0.84 (s, 3H, H-30). *C NMR (75 MHz, CDCls) & 207.6
(C-3), 179.1 (C-28), 137.8 (C-2""), 137.0 (C-1"), 135.1 (C—1""), 134.2 (C-2), 130.2(C-3""), 128.5 (C—4""), 128.3
(C=5"), 125.4 (C-6""), 89.5 (C—13), 53.3 (C-5), 47.8 (C-9), 47.4 (C-4), 45.6 (C-14), 44.9 (C-18), 43.9 (C-17),
43.5 (C-1), 41.2 (C-8), 36.5 (C-10), 36.2 (C-19), 35.1 (C-21), 33.8 (C-7), 33.0 (C-29), 31.5 (C~12), 29.9 (C-20),
29.1(C-23), 27.8 (C-22), 26.5 (C-16), 25.9 (C-15), 23.1 (C-30), 22.7 (C-24), 20.1 (C-1"""), 19.7 (C-11), 19.2 (C—
27), 18.8 (C=6), 17.5 (C-26), 15.7 (C-25).

Cytotoxicity
Sample preparation

The compounds were diluted in 100 % DMSO to a 10 mM stock solution, which was kept at -20° C. The compounds
were diluted in PBS to give working solutions at appropriate concentrations. The controls were supplemented with
PBS containing DMSO at the same concentration as in the working solution of the compounds. The final DMSO
concentration was 0.1 % when using the compounds at 80, 40, 20, 10, 5, 2.5, 1.25 and 0.625 uM for MTT assays.

Cell lines

Two cell lines were selected for testing: the normal-like breast epithelial cell line MCF-10A and the breast cancer cell
lines JIMT-1 assays.

MCF-10A is an immortalized, non-transformed epithelial cell line derived from the breast tissue of a 36-year-
old patient with a fibrocystic change. It has retained many normal traits, including lack of tumorigenicity in nude
mice, lack of anchorage-independent growth, and dependence on growth factors and hormones for proliferation and
survival [16].

The MCF-10A cells were cultured in RPMI 1640 medium supplemented with 10% heat-inactivated fetal calf
serum (FCS), non-essential amino acids (1 mmol/L), insulin (10 pg/ml), epidermal growth factor (20 ng/ml), cholera
toxin toxin (50 ng/ml), hydrocortisol (250 ng/ml), penicillin (100 U/ml), and streptomycin (100 pg/ml).

JIMT-1 cells were established from the pleural effusion of a 62-year-old woman with ductal breast cancer
(grade 3 invasive, T2N1MO) after postoperative radiation; cell line was described to carry an amplified HER-2
oncogene and to be insensitive to HER-2-inhibiting drugs, like trastuzumab (Herceptin) [17].

The human breast carcinoma cell line JIMT-1 (ACC589) was purchased from the German Collection of
Microorganisms and Cell Cultures (Braunschweig, Germany) and routinely cultured in DMEM/F-12 medium
supplemented with 10% FCS, nonessential amino acids (1 mmol/L), insulin (10 pg/mL), penicillin (100 U/mL), and
streptomycin (100 mg/mL). All cell lines were kept at 37 °C in a humidified incubator with 5 % CO; in air.

For the experiments, cells were seeded at the following densities: MCF-10A: 1x10%cm? and JIMT-I1:
1.5x10%cm? in tissue culture vessels of appropriate size to obtain the desired cell number. The volume of medium

used was 0.2-0.3 per cm?. The cells were allowed to attach for 24 h before addition of compound.

MTT assay
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Cytotoxicity assays were performed to obtain dose response curves for compounds in JIMT-1 and MCE-10A cells.
For the MTT assay, cells were trypsinized, counted in a hemocytometer, and resuspended in cell culture medium.
Aliquots of 180 ul cell suspension containing 3000 (MCF-10A) and 5000 (JIMT-1) cells were seeded in 96-well
plates. Twenty-four hours later, the compounds were added. At 72 h of drug treatment, 20 pl of MTT solution (5
mg/ml MTT in PBS) was added to each well and the 96 well plates were returned to the CO; incubator for 1 hour.

The blue formazan product formed by reduction in live attached cells was dissolved by adding 100 ul of 100%
DMSO per well. The plates were swirled gently at room temperature for 10 minutes to dissolve the precipitate.
Absorbance was monitored at 540 nm.

The data were processed in GraphPadPrism 6.
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ABSTRACT

A sapogenin extract was obtained from quinoa waste (Chenopodium quinoa Willd) and analyzed by HPLC, as well
as other chromatographic and spectroscopic methods, determining four major constituents: Oleanolic acid 1, methyl
oleanate 2, hederagenin 3 and phytolaccagenic acid 4. The acute anti-inflammatory activity of both, isolated
sapogenins and sapogenin extract, were evaluated in two animal models, carrageenan-induced paw edema and croton-
induced ear edema, determining that the extract shows anti-inflammatory activity significant in ear edema model,
greater than the compounds, suggesting a synergistic effect between the compounds, while in the paw edema model
the isolated compounds show a significant anti-inflammatory activity while the extract shows only a moderate anti-
inflammatory activity.

*Corresponding author: giovyalmanza@yahoo.com.ar

RESUMEN

A partir de residuos de quinua real (Chenopodium quinoa Willd) se obtuvo un extracto de sapogeninas el cual fue
analizado por cromatografia HPLC, ademads de otros métodos cromatograficos y espectroscopicos, determindandose 4
constituyentes mayoritarios: dcido oleandlico 1, oleanato de metilo 2, hederagenina 3 y 4cido fitolaccagenico 4. La
actividad antiinflamatoria aguda fue evaluada mediante dos modelos animales, modelo de edema de oreja de ratén
inducido por aceite de croton y edema de pata inducido por carragenina, determindndose que el extracto muestra una
actividad antiinflamatoria significativa en el modelo de edema de oreja, mayor que los compuestos, sugiriendo un
efecto sinérgico entre ellos; mientras que en el modelo de edema de pata se observa una actividad antiinflamatoria
significativa en los compuestos aislados y solo una actividad antiinflamatoria moderada en el extracto.

INTRODUCTION

Inflammatory diseases are currently treated with steroidal and non-steroidal anti-inflammatory drugs (NSAIDs).
NSAIDs exert their effects by inhibiting the metabolism of arachidonic acid, by both cyclo-oxigenase and
lipoxygenase enzyme pathways.[1] Despite their widespread use, NSAIDs are often associated with severe adverse
effects; the most common being gastrointestinal bleeding.[2] For this reason, safer compounds with less side effects
are needed.

Bolivia is the first exporter of quinoa generating tons of quinoa waste each year. This quinoa waste does not have
application and contents around 20% of saponins [12]. The hydrolysis of those saponins can produce sapogenins as
oleanolic acid which have several studies about its anti-inflammatory effects [5]. The anti- inflammatory effect of
Oleanolic acid was first reported in 1960s [3] where the inhibition of carrageenan-induced rat paw edema was
showed and later was confirmed by other studies [4]. The other sapogenins have similar structures and can have
similar anti-inflammatory effects than Oleanolic acid. In view of those antecedents, in the present work we have
studied the activity of sapogenin extract and pure sapogenins in different inflammatory tests to observe the best
administration vie and possible synergy among the compounds.
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RESULTS AND DISCUSSION
Isolated Compounds from quinoa waste

A sapogenin extract was obtained from an acid hydrolysis of saponin extract of quinoa waste. The sapogenin extract
was subjected to diverse chromatographic separations giving four compounds. Compound 1 was identified as
Oleanolic acid and isolated as white power of m.p 314 °C. The molecular formula C3,H505, 456,70 g/mol was
consistent with the '*C NMR data (table1) which showed 30 signals, seven for methyl carbons C23 (5 28,7), C24 (8
16,7), C25(6 15,6), C26 (5 17.,3), C27 (5 26,1), C29 (3 32,9), C30 (6 23,8); one for a carbon hydroxyl substituted C3
(6 77,3), one for a carboxyl group substituent C28 (3 179,0) and two for a double bound in C12 (5 122,0) and C13 (&
144.3), all of them characteristic of an oleanane ring. Based on those data and previous reports we proposed the
oleanoic acid structure for compound 1 which was confirmed by comparison with bibliographic data.[5] Compound 2
was identified as methyl oleanate, it has the molecular formula C;;HsyO3, 470.73 g/mol, m.p 314-316°C and was
isolated as amorphous power. The 3C NMR data (table 1) showed 31 signals, similar chemical shifts to compound 1
were observed, the unique difference is the signal C31 (5 51,8) which was identified as a methyl ester located at C17
(5 46,2) by HMBC correlation 2J of H31 (8 3.71) with C28 (8¢ 177.0), as well as >J coupling of H22 (84 1.31) and
H16 (84 2.06) with C28, proposing for 2 a methyl oleanate structure. Compound 3 was identified as hederagenin by
comparison of the '*C chemical shifts with literature data.[6] It was isolated as white power of m.p. 314-316°C, the
molecular formula C;,Hy504 , 472.36 g/mol was consistent with the 3C NMR data which present 30 signals, similar
to oleanolic acid only exception in C-23 by the hydroxyl substitution. The hydroxyl group was located in C23 (8
70.3) by a HMBC analysis which revealed 3Jand ¥/ couplings of H-24 (3 0.65) with the carbons C-23 (3¢ 70.3), C3
(8¢ 75.6) and C4 (3¢ 41.5) confirming a hydroxyl group in C23.

Figure 1. Compounds isolated from quinoa waste

Compound 4 was identified as phytolaccagenic acid; by comparison of experimental '*C chemical shifts with
literature data, it was also isolated as an amorphous white power, m.p 281 -284 °C, with a molecular formula,
C31Hy506, 516.36 g/mol. The 3C NMR spectrum showed 31 carbon signals (tablel) similar to oleanolic acid except
by the presence of an ester group located in C-30 confirmed by analysis of the HMBC spectrum.[5]
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Table 1. >C NMR experimental data for compounds 1-4

la Za 3b 4b
1 37.0 384 379 38,0
2 27,5 27,1 274 27,5
3 773 79,0 75,6 75.8
4 38,5 387 415 424
5 553 552 49,4 493
6 18,5 18,3 18,1 18,2
7 32,6 32,6 32,1 323
8 38,9 39,2 39,0 39,0
9 47,6 47,6 47,6 475
10 338 37,1 36,6 36,7
11 23,1 23,1 232 23,0
12 122,0 1234 122,0 122,8
13 1443 142,9 143,7 143,1
14 41,8 414 414 414
15 277 27,7 294 25.6
16 234 234 22.8 232
17 46,7 46,2 46,2 45,6
18 413 413 41,0 42,4
19 45,9 459 45,8 42,0
20 30,9 303 30,4 43,7
21 333 335 33,6 30,2
22 30,9 28.4 32,7 335
23 28,7 28,7 70,3 70,6
24 16,7 15,5 11,3 11,3
25 15.6 153 154 154
26 17.3 17,1 16,6 16,6
27 26,1 26,1 25.8 26,0
28 179,0 177.0 180,7 1800
29 32,9 32,9 323 28,2
30 238 23.8 25,6 177,6
31 51,8 51,6

13C NMR data for compound 1-2 measured in DMSO at 300 at 300MHz
b13C NMR data for compound 3-4 measured in CDCl3 +CD3OD at 300 MHz

Anti- inflammatory activity
Ear edema test

Compounds 1-4 and sapogenin extract were submitted to the croton oil ear test, at the dose of 2 and 56 mg/ear, to
evaluate the topical anti-inflammatory effect. As showed in figure 2, all pure compounds 1-4 exerted some anti-
inflammatory activity, while sapogenin extract showed strong active, inducing 68,2% edema inhibition at the highest
administered dose (56 mg/ear). Consequently, the contribution to the activity of the extract could be very interesting
for mew pharmaceutical formulations by topical application.

Paw edema test

The development of edema induced by carrageenan corresponded to the events in the acute phase of inflammation
mediated by histamine, bradykinin and prostaglandins produced under an effect of cyclooxygenase.[7] Sapogenin
extract and compounds 1-4 had an anti-inflammatory effect at 636mg/kg po and 100mg/po, respectively, observable
to 3 (p< 0,05), 5(p< 0,01) and 7(p<0,01) hours, respectively (figure 3). In this test, the compounds 1-4 had higher
anti-inflammatory between 5-7 hours after treatment, while the activity of the sapogenins extract was less respect to
compounds. The strong activity of oleanolic acid and phytolaccagenic acid could be employed for anti-inflammatory
drugs of oral administration
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Figure 2. Topical anti-inflammatory effect of compounds 1-4 and sapogenin extract versus croton oil-induced imflammation of
the mouse ear. All values were significantly different from the negative control considered as 100% inflammation
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Figure 3 Anti- inflammatory activity of isolated compounds 1-4 respect of negative control; Paw edema test using carrageenan
as irritant agent.

HPLC analysis of sapogenins

The HPLC analysis revealed the presence of four triterpenic compounds in quinoa waste identified by external
standard and the purity peaks (purified compounds 1-4) verified by UV (DAD, 210 nm) spectra (figure 4). Oleanolic
acid (13,3 min), methyl oleanate (6,2 min) , hederagenin (5,4 min) and Phytolaccagenic acid (2,8 min). A subsequent
HPLC quantification of sapogenin extract, give the follow yields for the pure compounds: 24% Oleanolic acid, 12%
methyl oleanate, 28% hederagenin and 27% Phytolaccagenic acid. The extract contents 91% of sapogenins (Figure
5). This composition could be used for the analysis of the strong topical anti- inflammatory activity of the extract.
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Figure 4. HPLC Chromatogram of sapogenins of quinoa waste at 210 nm
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Figure 5. Quantitative HPLC analysis of pure compounds in the crude sapogenin extract from quinoa waste; HPLC analysis
using external standards

CONCLUSION

The quinoa waste is generally considered for its higher content in saponins while triterpenoid sapogenins are not
equal considered. An interesting pharmacological activity was observed for the sapogenin extract and isolated
sapogenins, which can be considered of therapeutical relevance for quinoa waste in pharmaceutical formulations
against inflammatory disorders. The HPLC analytical method set up here was fit for the determination of sapogenins
in the extract, as a mean to control the quality of bioactive extract which could be obtained in big quantities from
quinoa waste. Furthermore, the quinoa waste could also be a cheap primary material to obtain sapogenins extract or
individual sapogenins with anti-inflammatory propierties.

EXPERIMENTAL

Extraction and isolation
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The modified method of San Martin and Briones [8] was used for saponins extractions; first 500 g of ground sample
was extracted with an aqueous solution of ethanol 50% v/v (ratio 1:9) for 3 h under constant stirring at 200 rpm. The
extract was then filtered and ethanol was removed using a rota-evaporator and the water residue was dried by frizzed.
20g of saponin extract was hydrolyzed with 200ml of 2N HCl in 50% aqueous ethanol under reflux for 3h at 85°C,
and therefore sugars and aglicones were separated. The solid phase sapogenins were washed with H,O and NaHCO;
at 5% m/v, this residue was dried using high vacuum pump by 7h.[9], [10]

6,2g was subjected to Vacuum Liquid Chromatography (VLC) silica gel chromatography using mixtures of petroleum
ether/EtOAc (EtOAc: 10, 20, 30, 40, 50, 70, 80, 100 %, v/v) and EtOAc/ MeOH (MeOH: 5% v/v) as a gradient
solvent system to give ten fractions. The fraction 2 consist of pure compound oleanolic acid 1 and fraction 9 pure
phytolaccagenic acid 4. The pure compounds 2 and 3 were obtained by further silica gel flash chromatography using
ether/EtOAc 90% and40 % v/v.

HPLC chromatographic analysis of sapogenins

Quantification of oleanolic acid 1, methyl oleanate 2, hederagenin 3 and phytolaccgenic acid 4 were performed on an
HPLC system (Agilent, 1100 series) equipped with quaternary pump, DAD detector and Eclipse Plus C;3 column
(125x4,6, Sum). All these four compounds were detected at 210 nm at room temperature with an eluent flow rate of
1.0 mL/min. The mobile phase consisted of formic acid (0,1%) (A) and methanol (B) with a ratio of 15:85 (A:B, v/v)
and isocratic elution.[11]

Animals

Experiments were performed on females Swiss mice (24 -26g), housed in controlled room temperature (20 +2 °C)
under a 12: 12h light-dark cycle (lights on 7 a.m.). Animals were kept in groups of 6 in light cages and had a free
access to standard laboratory diet (pellets) and tap water in their cages.

Administration of extracts, fractions, isolated compound and drugs
Croton-induced ear edema

The topical anti-inflammatory activity was evaluated as inhibition of the croton oil-induced ear edema in mice
(CYTED, 1995ref) at doses of 2 mg/ear for the pure compounds and 56 mg/ear for the sapogenin extract, to the right
ear of each mouse was administered mean dose and after mean hour was administered the other mean dose.
Inflammation was induced on the inner surface of the right ear of mice, by application of 20uL of Croton oil,
suspended in the appropriated vehicle, In the left ear was only applied the vehicle. Control animals received only the
irritant solution, whereas the other mice received both the irritant and the test substances: At the maximum of the
edematous response, 4 h later, mice were sacrificed and a plug (6mm @) was removed from both the treated (right)
and the untreated (left) ears. The edematous response was measured as the weight difference between the two plugs.
The anti-inflammatory activity was expressed as percentage of the edema reduction in treated mice in comparison to
control mice. As a reference, the non-steroidal anti-inflammatory drug (NSAID) Dexamethasone (0.04 mg/ear) was
used.

Carrageenan-induced paw edema

Pure compounds and sapogenin extract in 100 mg/kg p.o. and 636 mg/kg p.o., indomethacin in 10 mg/kg p.o. doses
were given to rats orally by feeding tube. One hour after of administration, 0,05 ml (1% w/v) carrageenan solution
was subcutaneously injected into the plantar surface of the left hind paw. The paw volume was measured with
bernier, at 1, 2, 3, 5 y 7 hours after carrageenan administration . The anti-inflammatory activity in animals of pure
compounds and sapogenins extract were compared with that of indomethacin and control groups.

Statistical analysis

Values are presented as mean + S.E.M. Independent samples r-test and analysis of variance (ANOVA, Dunnett
method) were used for the evaluation of data and POOS was accepted as statistically significant
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