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ABSTRACT

Initial isolation and characterization screens have been
carried out on the Jamaican ball moss (Tillandsia re-
curvata L.) plant producing a novel complex glycosi-
dic compound. This complex glycoside may be respon-
sible for the promising anti-cancer and anti-inflamm-
atory properties of this ball moss plant. A combina-
tion of supercritical fluid processing and chromatog-
raphic purification was used to produce the isolate.
LC-MS analysis showed the presence of a compound
with a molecular weight of ~800 and mass spectral
(MS-MS and MS-MS-MS) data indicate that this
compound may be a glycoside with a molecular mass
of 1601.1 Da (negative ionization mode) and possibly
contain up to two sialic acids, based on the doubly-
charged state of the molecule at neutral pH condi-
tions. 2D-TOCSY NMR spectrum lends evidence to
the presence of at least one likely amide to aliphatic
proton correlation, indicating the presence of a sialic
acid moiety. The main structure of this therapeutic
compound appears similar to a soyasaponin.

Keywords: Jamaican Ball Moss; Tillandsia recurvata;
Anti-Cancer; Anti-Inflammatory; LC-MS;
High-Resolution Mass Spectrometry; Total Correlation
Spectroscopy (TOCSY)

1. INTRODUCTION

Cancer is a disease of de-regulated cell proliferation and
is the leading cause of death in Jamaica [1] and the third
leading cause of death worldwide [2-4] with an annual
projection of 26 million new cases by 2030 of which 17
million deaths will occur [5]. Previous studies conducted
on the Jamaican ball moss indicated that this plant exhibits
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anti-inflammatory and anti-cancer potential against sev-
eral cancer cell lines including; ex. PC-3 prostate cancer;
Kaposi Sarcoma, B-cell lymphoma, breast cancer, and
B-16 melanoma; [6]. The bioactivity of ball moss against
these cell lines will prove useful in designing treatments
against cancers of the prostate, connective tissue, immune
system, breast and skin.

Prostate cancer is the most commonly diagnosed neo-
plasm in Jamaica [7] and is of significant concern among
men of African descent [8] while breast cancer is the most
common cancer among women in Jamaica and the sec-
ond leading form of cancer worldwide [9]. The search
for treatment associated with fewer side effects against
these deadly diseases is on-going and so this research
undertook investigations to determine the active ingre-
dient in ball moss possibly responsible for the plant’s
anti-cancer and anti-inflammatory properties

Tillandsia recurvata L., commonly known as ball
moss is a flowering plant (not a true moss) that grows
upon larger host plants in Jamaica. Older plants develop
multiple ramets or clones which form a spherical tussock
and can range in size from a golf ball to a basketball,
hence the common name “ball moss” [10]. It grows well
in areas with low light, minimal airflow and high humid-
ity, which is commonly provided by southern shade trees
as well as electrical poles. It is not a parasite like mistle-
toe, but an epiphyte weed like its relative Spanish moss.

The genus Tillandsia is a group of epiphytic plants
with approximately 500 species that belong to the sub-
family Tillandsioideae and the family Bromliaceae. While
research on the Tillandsia genus remains limited, Tilland-
siausneoides, commonly known as “Spanish moss,” is the
most extensively studied species [11-13]. There are no
reports of traditional use of this species; however, re-
search has shown its potential medicinal value in treating
hypoglycemia, rheumatoid arthritis and liver infections
[12]. In Brazil, its anti-inflammatory activity is sometimes
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used against rheumatism, ulcers, and hemorrhoids [14,15].
In addition, research has identified several phytochemi-
cals from the plant and these include; cycloartanetriter-
penoids, pentacyclictriterpenes, sterols, and flavonoids [16].
Previous phytochemical studies showed the presence of
hydroperoxyclycloartanes, a dicinnamate, flavanone, and
a caffeic acid ester from the whole plant extracts [16,17].
The current paper describes the chemical and spectral
characterization of a compound partially characterized from
Tillandsia recurvata L.

2. MATERIALS AND METHODS
2.1. Plant Material

The whole T. recurvata plant was collected from trees
and electricity poles in Kingston, Jamaica. A voucher
specimen of the plant was identified at the Institute of
Jamaica Herbarium where it is deposited with Accession
Number: 1J 3411. The collected plant material was air dried
under shade, pulverized into powder, and stored at 4°C.

2.2. General Experimental Procedures

Supercritical fluid extractions were conducted using Aphios
bench scale super fluids™, CXP unit (127 ml extraction
column (rated for 10,000 psig) and a 50 ml chromato-
graphic column (rated for 10,000 psig)). HPLC (Agilent
1100, 1Q-0001, Santa Clara, CA) was connected to a
UV/VIS detector using a Phenomenex Luna C18 (2), 4.6
mm x 15 cm column at wavelengths of 210, 254, and 280.
Mass spectra of extracts were acquired using an Agilent
Tof equipped with an electrospray ionization (ESI) source.
The mobile phase was a binary system consisting of Sol-
vent A: 10 mM ammonium acetate in 75% HPLC grade
water/25% acetonitrile and Solvent B: 100% acetonitrile.
The injection volume was 5 pl and the flow rate was 0.2
ml/min. All chemicals used were of analytical grade.
Proton NMR experiments were performed using a
Varian 600 MHz *H NMR system with tetramethylsilane
(TMS) as an internal standard. The JEM 03-25 sample
was dissolved in 200 pl deuterated methanol (99.9% from
Cambridge Isotopes) and delivered into a 3 mm NMR
tube for analysis at 25°C. Two-dimensional Total Corre-
lation Spectroscopy (TOCSY, 2D-NMR) was determined
at 25°C using a Varian 750 MHz proton-proton NMR
system. Samples were dissolved in deuterated methanol.

2.3. Extraction and Isolation

Ball moss biomass (28 g) was subjected to supercritical
fluid extractions ((70% CO,:30% methanol) to yield 7
fractions (JEM 01-JEM 0Q7)). Bio-guided assays showed
that 3 fractions (JEM 03-JEM 05) were most bioactive
(killed 99.1% of cells at 0.07 - 70 pg/ml) against B-16
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cancer cells and non-toxic to experimental rat models.
Purity of the fractions was analyzed using gradient RP-
HPLC-PDA (acidic acetonitrile: water mobile phase at
30°C at a flow rate of 1.0 ml/min) at 205 and 280 nm
wavelengths which indicated that the 3 former fractions
displayed similar chemical profiles. Being the most bio-
active and displaying the least number of peaks, JEM 03
was then further subjected to preparatory scale C-18
HPLC column (10% ACN to 100% ACN for 60 minutes
at 1.5 ml/min) yielding 50 fractions of which JEM 03-25
was the most bioactive.

2.4. LC-MS Analysis of Extracts

Further fragmentation analyses on JEM 03-25 were con-
ducted by LC-MS-MS and LC-MS-MS-MS. An Agilent
1100 HPLC system equipped with an ion trap-mass spec-
trometer 6340 was used. For MS-MS analysis, sample
fragmentation was accomplished by CID. Mobile phase
consisted of 25 mM ammonium acetate in 50% acetoni-
trile. The sample buffer was prepared by adding 3.85 g
ammonium acetate to 1L HPLC water to produce 50 mM
ammonium acetate. A 10 mL quantity of 50 mM ammo-
nium acetate was then added to 10 mL of acetonitrile.
Samples were diluted 1:2 (10 pl sample in 20 pl buffer)
in mobile phase. Flow was maintained at 0.25 pl/min by
the infusion pump. Detection was by ion trap (IT) IT-
MS-MS in both positive and negative ionization modes,
with additional fragmentation modes (MS3 and MS4,
ETD) applied to yield maximum fragmentation results.
Total ion chromatograms were analyzed by the Ana-
lyst™ software in order to obtain the respective mass
spectra across the specified time ranges.

3. RESULTS AND DISCUSSION

Polarity-guided fractionation experiments were conducted
on the dried JEM biomass utilizing a bioassay-guided
fractionation approach employing supercritical fluid tech-
nology. These experiments were selected since the use of
conventional organic solvents is not always ideal for the
extraction of phytochemicals. This is due to the difficulty
involved in separating the compounds of interest from
the solvent which can result in masked bioactivity [15].
Fractionation of the JEM biomass was carried out in two
steps. In the first step, the biomass was disrupted by ex-
posing it to a fluid at or near its supercritical pressure. In
the second step, the disrupted biomass interacted with the
supercritical fluid(s) in several successive steps at dif-
ferent solvation conditions used for each fractionation.
CO, exposed to specific conditions (204 atm and 40°C),
behaved like a non-polar organic solvent and its selectiv-
ity was enhanced by the use of polar entrainers or co-sol-
vents such as ethanol or methanol [15], While the solvation
conditions to fractionate the active constituents can vary
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from 100% carbon dioxide (CO,) to 100% methanol
(CH30H), the optimum levels were found to be 70% car-
bon dioxide and 30% methanol. The final yield of the
most effective concentrated JEM biomass fraction (JEM
03-25) was estimated at 0.068% which compares well
with potent anti-cancer compounds Taxol® or paclitaxel
(0.02% - 0.05%) isolated from the Taxus media Yew tree
[18].

Detection of peaks was performed by HPLC-PDA
(photo diode array detector) with UV absorbance at 210
nm, 254 nm, and 280 nm, in addition to the in-line detec-
tion by MS. Figure 1 shows that sample JEM 03-25 had
only three significant peaks at 210 nm; of these, the peak
at 14 minutes was also detectable at 254 nm and 280 nm,
and the doublet at ca. 20 minutes that did not absorb at
either 254 nm or 280 nm.

Analysis of these samples using in-line high-resolution
mass spectrometry by electrospray ionization (ESI) with
time-of-flight in both positive and negative modes re-
sulted in the detection of a series of masses ranging from
133 m/z to 134 m/z. Of major interest was the doublet in

mAU 3

0 4

JEM 03-25 which was eluted between 20 and 22 minutes
(210 nm) to yield strong signals at 809.5 and 821.5 m/z
in the positive mode and 808.0 m/z in the negative mode.
No obvious mass signal was detected for the peak that
was eluted at 14 minutes (210 nm, 254 nm, or 280 nm).
These results confirm that JEM 03-25 contained the few-
est number of components. Since JEM 03-25 was the most
bioactive fraction and the doublet observed was eluted
between 20 and 22 minutes (210 nm) which made it unique,
further fragmentation analyses were conducted on this
compound (peak) by LC-MS and LC-MS-MS-MS.

The ion trap survey mass spectrum was extracted and
de-convoluted to yield the masses provided in Table 1.
Results show that the main species found in sample JEM
03-25 displayed a molecular mass of 1601.1 in negative
ionization mode. While the major peak detected at m/z
1617.0 represented the oxidized form of the molecule,
major peaks at m/z 800.7 and 808.2 represented the main
species and its oxidized doubly-charged form. Positive
ion mode analysis yielded similar results, although the
molecule was detected with several adducts being present
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Figure 1. RP-HPLC Chromatograms of JEM 03-25 extract. (a) Detection at 254 nm; (b) Detection at 210 nm; and (c) Detection at
280 nm.
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(see Table 1). We conclude therefore that the molecule is
a glycoside with a molecular mass of 1601.1 Da (nega-
tive ion mode), containing up to two sialic acids, based
on its doubly charged state under neutral pH conditions.
In addition, since the molecule was also found to carry
two positive charges, there may be two amines present
within its structure. Database searches did not reveal any
known molecules or dimmers with these characteristics.

Results from the fragmentation of the major peaks by
both collision-induced dissociation (CID) and electron
transfer dissociation (ETD) obtained in negative ion mode
can be seen in Table 2. A similar fragment spectrum was
obtained from fragments generated from both the single
and doubly-charged precursors, indicating that both pre-
cursors were identical. In addition, fragmentation of oxi-
dized precursors also yielded oxidized fragments. Frag-
mentation performed in positive ion mode yielded no
detectable unique ions. Based on the fragmentation spec-
tra, the analyte appeared to contain at least one (perhaps two)
sialic acid moieties which could be N-acetylneuraminic
acid (Neu5Ac) and N-glycosylneuraminic acid (Neu5Gc).
This conclusion is based on the characteristic mass dif-
ference of 292 daltons found between the fragment masses
at 796.5 and 1088.8. Other fragment masses are less fac-
ile to match with known structures, but the mass differences
may be consistent with a polysaccharide structure. HPLC
and mass spectrometry results appear to exclude the pres-
ence of any aromatic structures. Monosaccharide content
analysis or chemical derivatization along with *H and **C-
NMR of the molecule may yield further information. Based
on gradient and isocratic HPLC analyses with detection by
UV-PDA and evaporative light scattering detector (ELSD),
JEM 03-25 appeared to have a UV spectra maximum at
193.7 nm and is a weak absorber suggesting the absence
of aromatic groups (Figure 2). No known existing mole-
cules with this spectra and molecular weights were iden-
tified; therefore we can conclude that the molecule could
be novel.

Table 1. Masses detected by ion trap mass spectrometry (MS).

lonization Detected  Charge  Molecular
Notes
mode mass state mass
Negative  1616.0 -1 1617.0 oxidized molecule’
Negative ~ 1600.1 -1 1601.1 native molecule
Negative 808.2 -2 1616.2 oxidized molecule
Negative 800.7 -2 1601.4 native molecule
Positive  1618.0 +1 16170  Oxidized molecule
oxidized molecule
Positive 1635.1 +1 1634.1 amine
Positive  809.7 +2 16174  Oxidized molecule
oxidized molecule
Positive 818.0 +2 1635.0 amine

Copyright © 2012 SciRes.

Two-dimensional 750 MHz proton-proton (TOCSY)
was used to determine correlations for protons in the spin
systems (e.g., sugar rings or chains of coupled aliphatic
protons). Based on this, JEM 03-25 appears to be a highly
aliphatic compound possibly consisting the following; 1
to 3 sugar rings, several aliphatic rings and a hydrocar-
bon chain(s). There are at least six methyl (CH3) groups
and on the order of 10 CH, and CH groups. There is also
evidence of at least one likely amide to aliphatic proton
correlation (Figure 3), lending credence to the MS-based
hypothesis that a sialic acid moiety may be present in the
molecule. Under the current sample conditions, exchange-
able protons are expected to be weak and difficult to ob-
serve. Next, a proton NMR of JEM 03-25 was assessed
for structural characterization. Figure 4 shows the full
spectrum with major peak annotations. The spectrum in-
dicates the presence of impurities. Table 3 is a list of the
relative integrals from Figure 4. The proton at 7.97 ppm
is assumed to be one proton, and all other integrals are
relative to this peak.

Finally, JEM 03-25 was analyzed using 2D-TOCSY,
an experiment that showed correlations for protons in a
given spin system. In theory, TOCSY correlates connec-
tivity of protons throughout an entire spin system and is
a very useful tool for characterizing natural products.
Figure 5 is an expansion of the CH,-CHj region of the
TOCSY spectrum. It features a relatively large number
of coupled CH, and CHj; protons, these types of correla-
tions indicate that the molecule is likely one that has
multiple aliphatic rings and/or aliphatic chains. Due to
the relatively complex nature of the spectrum, it is very
difficult to obtain definitive numbers of CH, and CHj,
groups, but there are certainly enough to suggest a mo-
lecular weight of 800 - 900 (or even 1600 if it is some
sort of dimer). Further 2D experiments will allow for
more specific information to be obtained.

Figure 6 is a density display of the entire TOCSY
spectrum of JEM 03-25. The peaks between ~6.5 and 8.6
ppm are from aromatic and NH, NH, protons. The cir-
cled peak shows a weak, but clearly present, correlation
between what is likely an amide proton and a CH, (insert
chemical shift relating to this group) group. This agrees
with the postulate that there could be a sialic acid moiety
in the molecule. This peak is very weak given the sample
conditions as amide protons would readily exchange with
deuterons in the solvent. There are also a number of aro-
matic protons; however, they do not appear to show cor-
relations to aliphatic protons. This is consistent with the
idea that there is a “contaminant” in the sample, which may
be from the relatively low molecular weight plasticizer.

HPLC analysis in Figure 1 shows that sample JEM 03-
25 appeared to contain the fewest number of components
based on one peak which eluted at ca. 14 minutes within
the gradient and then a doublet which eluted between 20

OPEN ACCESS



278

H. I. C. Lowe et al. / Advances in Biological Chemistry 2 (2012) 274-282

Table 2. Negative ion mode fragmentation (MS-MS).

Parent/precursor mass 808.2 1616.0
Fragment masses mass/charge mass/charge

385.5 692.5
386.4 720.6
409.5 721.5
701.6 765.3
737.2 795.6
744.1 796.6
770.1 1088.7
7725 1089.8
786.2 1090.7
795.6 1272.8
796.5 1273.8
819.7 1287.3
1088.8 1297.5
1089.8 1372.3
1229.8 1373.2
1230.8 1374.1
1231.8 1382.3
1400.2 1400.1
1401 1401
1402

1403
1414.1

1415

1475

1476
1477.1
1489.1
1541.2
1542.2
1543.1
1597.9
1599.3

Table 3. NMR integration list.

and 22 minutes. The doublet seen between 20 and 22 min-
utes for JEM 03-25 contained species with m/z values of
808.0 in negative ionization mode and 809.5 and 821.5
in positive ionization mode. No ionizable species were
detected for the peak eluting at 14 minutes.

The proposed structure of the therapeutic principle in
the JEM 03-25 extract responsible for its anti-cancer and
anti-inflammatory activities appears to be similar to a so-
yasaponin. Soyasaponins are major phytochemicals pre-
sent in legume seeds [19]. The basic structure of soyas-
aponins is an oleanene-type triterpenoidaglycone with one
or more polysaccharide chains attached, resulting in the
amphiphilic nature of the molecules. Soyasaponins have
been shown to have a variety of health-promoting prop-
erties including anti-viral activities [20,21] and anti-carc-
inogenic [22,23], plasma cholesterol lowering [24,25],
and hepatoprotective effects [26,27].

A schematic representation of the proposed structure
of this Soyasapoinintype compound is presented in Fig-
ure 7. While this structure is highly speculative at this
point, chemistry data does point to the potential class of
the molecule of interest. The sugar rings shown here could
be of a sialic acid type; however, the exact number of sug-
ars cannot be determined at this time. Alternatively, there
could be an aliphatic chain(s), although closed rings are
suspected.

4. CONCLUSION

A 2D-TOCSY spectrum was generated from the JEM
03-25 fraction despite the low concentration for NMR stu-
dies. From this spectrum, the molecule of interest appears
to be a highly aliphatic compound possibly consisting of 1

N  Start ppm End ppm Absolute. Int. Normalized Int. . ) L.
1 79905 79471 295 83 1.00 -3 sugar rings, several allpha_tlc rings, and a hydrocarbon
2 7.9038 7.8581 394.36 1.75 chain(s). There are at least six methyl (CH;) groups and
3 7.8262 7.7668 350.43 1.55 on the order of 10 CH, and CH groups. There is evidence
‘51 ;'g‘;gg ;'gfgg ggg'j% 1"112 of at least one likely amide to aliphatic proton correlation,
6 73083 72398 625.47 277 lending credence to the MS-based hypothesis that a sialic
7 7.1189 6.9842 1260.71 5.58 acid moiety may be present in the molecule. Although there
L L1 L S E— [ I— |
T T T T T T T T T T T T T T R ! T T T T T ) T T T T T
825 8.00 775 7.50 725 7.00
ppm (f1)

Figure 2. Aromatic region of 600 MHz proton spectrum of JEM 03-25.
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Figure 3. Aliphatic region of 600 MHz proton spectrum of JEM 03-25.
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Figure 4. 600 MHZ proton spectrum of JEM 03-25.
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Figure 5. Expansion of the CH2-CH3 region of the TOCSY spectrum.
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Figure 6. Density display of the entire TOCSY spectrum of JEM 03-25.
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Figure 7. Structural moieties of JEM 03-25 extracted from Tillandsia recurvata L., (Jamaican ball moss).

are peaks and TOCSY correlations in the aromatic re-
gion, these could be as a result of impurity in the sam-
ple. Further characterization of this novel isolate from
the Jamaican ball moss might be useful as the search for
potent anticancer and anti-inflammatory agents continue.
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