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Antiproliferative Terpenoids from Almond Hulls ( Prunus
dulcis ): ldentification and Structure —Activity Relationships
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Bioassay-guided fractionation of the EtOAc crude extract from Sicilian almond hulls, a waste material
from Prunus dulcis crop, allowed identification of 10 constituents, isolated as pure compounds (15,
7, and 10) or unseparable mixtures (5 + 6 and 8 + 9). All compounds were subjected to spectroscopic
analysis and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide bioassay on MCF-7 human
breast cancer cells. In addition to the main components oleanolic (1), ursolic (2), and betulinic (3)
acids, the 2-hydroxy analogues alphitolic (4), corosolic (5), and maslinic (6) acids, as well as the
related aldehydes, namely, betulinic (7), oleanolic (8), and ursolic (9), were identified. From a more
polar fraction, the f-sitosterol 3-O-glucoside (10) was also identified. A sample of commercially
available betulin (11) was also included in bioassays as further support to a structure—activity
relationship study. Betulinic acid showed antiproliferative activity toward MCF-7 cells (Glso = 0.27
uM), higher than the anticancer drug 5-fluorouracil.

KEYWORDS: Almond hulls; Prunus dulcis sin. amygdalus ; terpenoids; antiproliferative; MCF-7 cells;
structure—activity relationship study

INTRODUCTION production reached 1 530 000 metric tons (Mt) in 2064 The
United States is the main producer (735000 Mt), while
European production was estimated at 241 000 Mt, mainly
located in Spain, Italy, and Greece. ltalian production is
concentrated in the South and particularly (70%) in Sicrly: (
Sicilian almonds are reputed of good quality and are appreciated

Vegetable wastes, which are particularly rich in polyphenols
with antigermination propertiesl) and other bioactive sub-
stances (2), may cause ground or water pollution if simply
dumped and, in many cases, are unsuitable for animal feeding

due to low digestibility or bitter taste. Even maceration for by th facti ndustry. Al d qucti ford
composting or incineration may cause problems due to the y the contectionery industry. Aimond production may afior

formation of “off-odors” (3). Nevertheless, vegetable waste different waste pr_oducts: hulls and shells, coming_from the first
materials are also a promising source of compounds with steps of production of shelled almonds, and skins, if peeled
interesting nutritional, pharmacological, or technological proper- &/monds are produced. A global amount of 600 000 Mt/year
ties (3). At present, only a minimum amount of agroindustrial (8) has been _reported for hulls. At present, almond crop wastes
wastes are up-graded or recycled. This is particularly true in @€ not valorizedq): The common use of the shells is fuel
Europe, where biomasses of agroindustrial origin are generally Material, while hulls and skins are generally discharged or
dumped or used for animal feed or compost, without any deposited for composting.
pretreatment. On this scenario, as a continuation of our previous Almond consumption is reputed to afford health benefiy.(
research aimed at the isolation and structure elucidation of Among the promising properties of almond nuts or oil, low-
bioactive natural productg), we have recently started to study density lipoprotein (LDL) cholesterol-lowering (112) and
vegetable wastes largely available in the Mediterranean basinanticancer 13) activities have been reported. Recent investiga-
as sources of high added value products potentially useful for tions on almond nuts showed the presence of an unusual
pharmaceutical, cosmetic, or food indust®y.(We now report diterpene glycoside (amygdaloside) (14), a sphingolipide, and
the first results of a chemical study on hulls of a commercially other known constituentg{sitosterol, daucosterol, uridine, and
relevant almond cultivar from Sicily. adenosine) (15). A flavanone (persicogeni®@3jlycoside) has
Almond [Prunus dulcigMill) D. A. Webb, sin.amygdalus ~ been obtained from stem bark€). Recently, the main fla-
Batsch] is a popular tree largely grown in the United States vonoids from almond skins have been identified and their
and Europe. Almond nuts are used as snacks or ingredients forbioavailability and antioxidant capacity in vitro have been
processed foods (bakery, confectionery, and others). The worldestablished; they act synergistically with vitamins C and E in
LDL protection against oxidatiorl®). Further chemical analysis
*To whom correspondence should be addressed. Tét-39)095- of almond skins allowed identification of several flavonoids,
7385025. Fax: (++39)095-580138. E-mail: ctringali@unict.it. flavonoid glycosides, and other phenolic compounds (18).
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Previous work on almond hulls led to the identification of
volatile constituents (1920), the triterpenoid acids betulinic,
oleanolic, and ursolicg), phenolic acids, and sterol2l), and
to the isolation of a sesquiterpene lactone (amygdalact@2g) (
and a prenylated benzoic acid derivati@3). On the basis of Ru,
the present interest of betulinic acid as an antitumor and anti-
HIV agent @4, 25) as well as of the biological properties of H®
oleanolic and ursolic acid2§), we judged Sicilian almond hulls s

worthy of chemical investigation, aimed to quantify the above 1R =H, R,=COOH oleanolic acid 2R =H, R,=COOH ursolicacid
3 H H H 1 H 5 o 6 R =OH, R, = COOH maslinic acid 5 R =0H, R, =COOH corosolic acid
triterpenoid acids and identify minor related constituents with SR oK R.oCHO olanclicaldehyde 9 R oH, R oGHO areolic aidehyde

antiproliferative properties. Thus, we used a cytotoxicity bio-
assay-guided methodology in order to isolate compounds with J
potential usefulness as cancer chemotherapeutic or chemo- .
preventive agents. Crude extracts, chromatographic fractions, H
and purified compounds were tested with 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT) bioassay against g,
MCF-7 human breast cancer cel&7], previously reported as
sensitive to betulinic acid (28).

HO'

I“‘g

MATERIALS AND METHODS H, R,=COOH betulinic acid 10 R = B-D-(+)-glucose daucosterol
OH, R;=COOH alphitolic acid

H, R,=CHO betulinic aldehyde

H,

R;=CH,OH betulin

General Methods.*H NMR spectra were measured on a Varian
Inova operating at 500 MHz where&®C NMR spectra were run at
125 MHz. Multiplicities of 3C NMR resonances were determined by  Figure 1. Structures of compounds isolated from almond hulls.

DEPT experiments. All NMR experiments were performed at constant

temperature (27C) using software supplied by the manufacturer, petroleum ether (from 70 to 100%), and subsequently with MeOH in
employing deuteriochloroform, deuteriomethanol, or pyridibeas CHCI; (from 5 to 10%) to yield eight subfractions £ Ezg). Fraction
solvent on the basis of solubility of the sample and literature data. E,,was identified as betulinic aci®(154.5 mg). Fraction & (0.794
Electron impact mass spectra were recorded on a Kratos MS 50. Thin-g) after further chromatography on a 32 cm3 cm silica column,
layer chromatography (TLC) was carried out using glass-backed eluted with E£O in petroleum ether (from 35 to 100%), gave four
precoated silica gelJ, plates (Merck) and cerium sulfate as a spray  subfractions (Ei—Ezss). Fraction s, (280.9 mg) was identified as a
reagent. LiChroprep Si-60 (Merck) was used as a stationary phase formixture (ratio 8:2) of oleanolic/ursolic acids (respectivelyand 2);
flash column chromatography. Optical rotations were measured at 25 fraction Bas (298.5 mg) was identified as ursolic aci#l)( Fraction

°C on a Jasco 135 instrument in chloroform, methanol, or pyridine, on E,; (344.6 g) was submitted to further flash chromatography on a 28
the basis of solubility of the sample and literature data. cm x 3 cm silica column, eluting with EtOAc in petroleum ether (from

Material and Extraction. Almond hulls (P. dulcis, Pizzutella 30 to 100%) to yield five subfractions §a—E,7s). Fraction k7, was
variety) were obtained from a private cultivation near Belpasso identified as alphitolic acid (4, 18.0 mg). Fraction&£(176.5 g),
(Catania), on the slopes of mount Etna (September 2004). The freshsubmitted to chromatography on a 28 en2 cm silica column, eluting
material was partially air-dried on the collection site and subsequently with MeOH—CHCI; (from 1 to 10%), afforded four subfractionsy(g—
freeze-dried to obtain a completely dry material. This was finely ground Ezzs4). Fraction E73,(48.9 mg) was identified as a mixture (ratio 7:3)
and stored at-20 °C until use. An aliquot of the powdered material  of corosolic/maslinic acids (respectivelyand6); E;733(67.0 mg) was
(50 g) was extracted with EtOAc (250 mL) for 24 h with continuous identified as corosolic acid (5).
stirring, and the residue was then extracted with EtOH (250 mL) for  Fraction F (3.5807 g) was submitted to further flash chromatography
24 h. Both extracts were dried over #© and taken to dryness  on a 23 cmx 4 cm silica column eluting with increasing amounts of
yielding 0.745 and 0.768 g, respectively (1.49 and 1.54% of dried CHCI; in petroleum ether (from 70 to 100%) and subsequently with
material). These extracts were used for bioassays. MeOH in CHC} (from 2 to 50%) to yield five subfractions {FFs).

For preparative purposes, a larger amount (987 g) of ground almond Fraction R (453.6 g) was submitted to chromatography on a 27xcm
hulls was extracted with ethyl acetate (243, total time 24 h) with 3 cm silica column, eluting with MeOHCHCI; (from 3 to 12%) to
continuous stirring. After evaporation of the solvent, an oily EtOAc give four subfractions (fr—Fs4). Fraction ks was identified as a
residue (13.59 g) was obtained. The majority of this crude extract (12.51 -sitosterol 3-O-glucoside (10, 11.6 mg).

g) was applied to a 30 cm 5 cm silica column and subjected to flash Constituentsl—10 were identified from*H, *C NMR, MS data,
chromatography under light nitrogen pressure, eluting first with an and [0}, in agreement with those reported in the literat28-35).
increasing gradient of ethyl acetate in petroleum ether1(#9%) and To determine the total amount of the major constitudnt8, we carried
subsequently with ethanol. The eluates, analyzed by TLC, were pooledout further chromatography of subfractions obtained from fractions E
in six fractions (A—F). and F, employing the above-reported, or very similar, elution systems.

Fractions A (573.7 mg), B (703.6 mg), and C (193.3 mg) were not Chromatography of fractions:EEs, and k and subfractions & and
analyzed in the present study. Fraction D (307.1 mg) was submitted to E,4 afforded a total amount of 540 mg of betulinic ac8).(Chroma-
flash chromatography on a 30 cm 3 cm silica column and eluted  tography of fractions E Es4, and k as well as of subfractions,=-Eze
with EO in petroleum ether (from 10 to 50%) to yield five afforded a total amount of 2980 mg of oleanolic/ursolic acids-(2).
subfractions: B-Ds. Fraction D was identified as betulinic aldehyde  NMR analysis of these mixtures clearly indicat@das the main
(7, 8.6 mg); fraction @ was identified as a mixture (ratio 3:1) of  component (approximately 65% of the mixture). Thus, the calculated
oleanolic/ursolic aldehydes (respective8/and9, 13.3 mg) (Figure total amount in the crude EtOAc extract (13.59 g) was as follodys:

1). 1365 mg (10.1%)2, 2514 mg (18.4%); and, 721 mg (5.3%). From

Fraction E (6.884 g) was submitted to flash chromatography on a 1 kg of dried hulls, 703 mg of betulinic acid and a total amount of
28 cmx 4 cm silica column with a gradient of increasing percentage 3930 mg of the mixture oleanolic/ursolic acids can be obtained.
of CHCl; in petroleum ether (from 70 to 100%) and subsequently with MTT Bioassay. MCF-7 Cell Culture Human mammary adenocar-
MeOH in CHCE (from 5 to 50%) to yield four subfractions: ;EE,. cinoma cells (MCF-7) were grown in Dulbecco’s minimum Eagle’s
Fraction k (2.610 g) was subjected to further chromatography on a medium (DMEM), 1.0 g/Lp-glucose supplemented with 10% (v/v)
24 cm x 4 cm silica column, with increasing amounts of CHI@1 heat-inactivated fetal bovine serum, 2 mMalanyl4i-glutamine, and
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Table 1. Growth Inhibition (Glsg) of Compounds 1-11 and 5FU
against MCF-7 Cells2

=
‘g compound Glso (uM + SEM) compound Glsg (uM + SEM)
. 1 263+ 25 7 18120
® 2 178 £ 15 8+9 202+19
> 3 0.27 +£0.03 10 239+ 15
;E, 4 324 +£30 11 17.00 £ 2
o 5 309+28 5FU 534+04
g ‘ 5+6 296 + 28

0 100 200 300 : S .

pug/mL @Mammary carcinoma cell line, Michigan Cancer Foundation (MCF).

Figure 2. Effects of treatment with different concentrations of fractions
A-F from EtOAc extract on MCF-7 cell growth evaluated by MTT assay.
Final concentrations in culture medium are indicated in the graph. Each
value is the average + SD of four wells.

penicillin—streptomycin (50 units—50g for mL) and incubated at 37
°C in a humidified 5% C®incubator. The culture medium was changed
twice a week.

MTT Colorimetric AssayMCF-7 cells (5x 10%cells/0.33 crd) were
plated in Nunclon TM Microwell TM 96 well plates (Nunc, Roskilde,
Denmark) and were incubated at 3Z. After 24 h, cells were treated
with test compounds. Cells treated with 1% dimethyl sulfoxide (DMSO)
were used as controls. Microplates were incubated af@7n a
humidified 5% CQ incubator for 3 days, and then, the cytotoxicity
was measured with colorimetric assay based on the use of tetrazolium
salt MTT. The results were read on a multiwell scanning spectropho-
tometer (Multiscan reader), using a wavelength of 570 nm. Each value
was the average of four wells. ThedgValue was calculated according
to NCI (National Cancer Institute, Bethesda, Maryland): Thus, Gl
the concentration of test compound where 200T — Tg)/(C — To) =
50 (T is the optical density of the test well after a 72 h period of
exposure to test compount, is the optical density at time zero, and
C is the DMSO control optical density). The cytotoxicity effect was
calculated according to NCI when the optical density of treated cells
was lower thanT, value with the following formula: 106 (T — To)/

(To).

RESULTS AND DISCUSSION

Almond hulls obtained from &. dulciscrop in East Sicily
on the slopes of Mount Etna were partially air-dried on the
collection site and subsequently freeze-dried to obtain a
completely dried material suitable to grinding and solvent
extraction. The powdered material was extracted first with ethyl
acetate and subsequently with ethanol, thus affording the EtOAc
and EtOH crude extracts, respectively. Both extracts were
subjected to the MTT bioassay with MCF-7 human breast cancer
cells. The EtOAc sample proved to be cytotoxic60% at 1000
ug/mL), whereas the EtOH sample was inactive. On this basis,
we carried out a preparative extraction of almond hulls with
ethyl acetate. The crude EtOAc extract was fractionated by silica
gel flash chromatography, and subfractions were pooled in six
groups (A-F) on the basis of their TLC profile. These were
submitted to MTT bioassay at three concentrations (50, 100,
and 250ug/mL). Results are reported iRigure 2. The less
active fractions were A, B, and C. Fraction F was moderately
active, while fractions D and E produced a pronounced
cytotoxicity (—80%) even at the lowest concentration tested (50
ug/mL). On this basis, we decided to analyze in detail fractions
D, E, and F. We examined first the most active fraction E, which

major component of the mixture. From a less polar subfraction,
a further triterpenoid constituent was identified as betulinic acid
(3) (30). At this point, we concentrated our efforts toward the
minor constituents of fraction E. From the more polar subfrac-
tions of this fraction, we could isolate compourtland5 and

an inseparable mixture of two constituerisand 6. The MS
spectrum of4 showed a molecular peak at/z472, 16 amu
higher than that of the major acids-3. ThelH and3C NMR
spectra of compound clearly indicated a close relationship
with betulinic acid and the presence of a further hydroxylic
function. On the basis of literature search, compodnaas
identified as alphitolic acid 31), a 2-hydroxy analogue of
betulinic acid. Preliminary MS and NMR analysis of the mixture
5+ 6 showed a close similarity with the couple oleanolic/ursolic
acids. Through a literature search, compoBnaas identified

as corosolic acid (32). By analysis of the spectroscopic data of
the mixture, in comparison with those 6f compounds was
unambiguously identified as maslinic aci82). Also,5 and6

are the 2-hydroxy analogues of the corresponding major acids,
1 and2.

A preliminary TLC analysis of fraction D showed a different
profile with respect to fraction E and careful chromatography
of this fraction to obtain a pure constituéhand an unseparable
mixture of two compound8 and9 to be obtained. Spectroscopic
analysis of7 showed a close relationship withbut also the
presence of antH NMR aldehydic signal atd 9.68 and
immediately allowed identification as betulinic aldehyde, as
confirmed by literature searcl83). A careful analysis of the
IH NMR spectra of the mixtur& + 9 and the presence of
aldehydic signals ai 9.33 and) 9.41 (ratio 3:1) indicated that
these constituents were the couple oleanolic/ursolic aldehydes
(respectively,8 and 9); a literature search corroborated this
assumption (3435). TLC of fraction F indicated the presence
of the main constituentd—3 as well as more polar minor
constituents. Repeated chromatography on F fractions afforded
a further, very polar constitued, whose'H NMR spectrum
did not show the typical features of the co-occurring triter-
penoids, instead suggesting a steroid glycoside structure. On
the basis of MS'H and 3C NMR data, and reference to
literature,10 was identified ag-sitosterol 30-glucoside, known
also as daucosterol, a metabolite previously reported from
almond nuts (15).

All of the above-reported compounds, as pure constituents
(1-5,7, and10) or unseparated mixtureS ¢ 6 and8 + 9),
were subjected to the MTT bioassay on MCF-7 human breast
cancer cells. 5-Fluorouracil (5FU) was also tested as a positive
control. A sample of commercially available betulibl] was

was also the most abundant. Through repeated chromatographyncluded as further support to a structtigctivity relationship

on silica gel, the main constituent, showing a one-spot TLC
profile, was resolved into two different compounds, which were
submitted to spectroscopic analysis (M8, NMR,13C NMR,

and [0]p) and literature search and identified as the triterpenoids
oleanolic acid (1) and ursolic aci@) (29); the latter was the

study. Results are reportedTiable 1 as Gko. The most active
compound is betulinic acid with & = 0.27 uM. All of the
other tested samples were active toward MCF-7 cells in the
range 17—324:M. Although the antiproliferative activity o8

was predictable on the basis of previously reported data, it is
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Figure 3. Effects of different concentrations of pure compounds (betulinic
acid, betulinic aldehyde, betulin, and 5-FU) on MCF-7 cell growth evaluated
by MTT assay. Each value is the average of four wells. SDs were lower
than 10% and were omitted for the sake of clarity.

interesting to note that betulinic acid in our test against MCF-7
cells was significantly more active than the positive control 5FU
(Glsp = 5.34uM), a well-known anticancer agent for clinical
use (36). Betulinic acid was first reported to be selectively
cytotoxic against melanoma cells (MEL-2, B3= 1.2 ug/mL)
(37). More recent studies rep@&being cytotoxic also for other
nonmelanoma human tumor cellg4) and is considered a
promising anticancer candidat&g). Antitumor properties have
been previously reported also for the triterpenoid atidsd2
(24,26), the 2-hydroxy analoguds-6, the aldehydeg—9, and
[-sitosterol 30-glucoside 10) 33,39—41). Compound® (42),

3 (28),5 (43), and10 (44), in particular, have been tested on
MCEF-7 cells. Structure—activity relationship studies have been

reported for betulinic acid and some closely related compounds.

The carboxylic function of these triterpenoids is reported as
important for membrane permeability and consequently for
bioactivity (45). A comparative study reports comparable B16
2F2 melanoma cell growth inhibition values for aldehy@de®

and suggests that the carbonyl function is important for
bioactivity (33). On the basis of our data, the 2-hydroxy
analoguest—6, as well as aldehydés-9 have a comparable
activity so their structural differences seem to have little
influence on the activityFigure 3 reports the doseresponse
curves for the betulinic acid family (compoung@s7, and11).

It is worth noting that growth-inhibiting activity dramatically
decreases in the orde&d > 11 > 7, thus confirming the
importance of the carboxylic function. BetulihX), a compound
easily available from white birch bark®), shows approximately
one-third activity with respect to 5FU against MCF-7 cells, but
it is noticeably more active than the related triterpenoid
compounds here examined, with the exceptioB.dPreviously
reported data on mouse melanoma B16 2F2 cells follow an
opposite trend33), thus indicating that additional studies are
needed to establish unambiguous structaivity relationships

for these related triterpenoids. Betulinic acB) (s confirmed

as the most important member of this family of related
compounds and the terminal moiety, including a five-membered
ring, an isopropenyl chain, and a carboxylic function appear to
be the reason for its higher antitumor activity. In addition to
the above-reported activit®,is under active study as HIV and
cancer chemopreventive principle and also displays further
biological activities, among them antiinflammatory and in vitro
antimalarial activity 24). It is worth noting here the® has a
favorable therapeutic index and showed no toxic effects in mice
at doses up to 500 mg/k@T). Hepatoprotective, antiinflam-
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(26). These triterpenoids have been used also in the cosmetic
field (47, 48).

This is the first analysis of Sicilian almond hulls. On the
whole, the data reported confirm that this waste material is a
rich source of bioactive compounds. Among them, the minor
constituentgl—9 have not been previously reported from almond
hulls or even fronP. dulcis AlImond hulls may be a convenient
source of betulinic acid: An amount of at least 703 mg/kg dried
hulls of betulinic acid (3) could be obtained from this material.
Although white birch bark is a good source of betuliri), it
contains a considerably lower level 8f(46) and chemical
conversion ofl11 is normally required to obtair8 (49). In
addition, a total amount of at least 3930 mg/kg dried hulls of
oleanolic/ursolic acids is obtainable from this material, with an
estimated 65% of ursolic acid. In almond crop areas, like Sicily,
hulls are easily available and their exploitation may contribute
to reduce disposal costs for the almond agroindustry.
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