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Inhibition of lipid peroxidation, cyclooxygenase
enzyme and human tumor cell proliferation by
compounds in herbal water
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A powdered mixture of dried herbs, “Panamrutham”, is sold in India for the preparation of “herbal
drinking water”. The hot water extract of this herbal mixture gave lipid peroxidation (LPO), cyclo-
oxygenase (COX-1 and -2) enzyme and human tumor cell proliferation inhibitory activities between
25 and 250 pg/mL. The bioassay-guided purification of the water extract afforded a novel compound
(1), along with phenolics (2, 4, 6, and 7) and sesquiterpenoids (3 and 5). The isolates were evaluated
for LPO, COX-1 and -2 enzyme and human tumor cell proliferation inhibitory activities. At 25 pg/
mL, compounds 1-7 inhibited LPO by 22—-73% and COX-1 and -2 enzymes by 3—14% and 14—
74%, respectively. Compounds 5 and 6 at 25 pg/mL showed growth inhibition of colon, gastric, lung,
breast and central nervous system human tumor cell lines by 60 and 67, 43 and 60, 24 and 64, 34 and
65, 6 and 27%, respectively. Compounds 2, 4 and 7 displayed weak or moderate growth inhibition of
colon, gastric and breast human tumor cell lines. This is the first report on the LPO inhibitory activ-
ities of compounds 1 and 3—7 and the COX and tumor cell proliferation inhibitory activities of com-

pounds 1,3—-5 and 7.
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1 Introduction

In recent years, more and more people have resorted to
herbal medicine to maintain good health and vitality.
Herbal medicine is still the mainstay of about 75-80% of
the world's population, mainly in the developing countries
for primary healthcare. Some herbal medicines used are
powdered mixtures of several plants and contain complex
mixtures of bioactive compounds which differ from con-
ventional supplements and Pharma drugs [1, 2]. The herbal
mixture, in most cases, is generally prepared as a decoction
by boiling the prescribed dose with water for a prolonged
period of time. The decanted supernatant will then be con-
sumed in portions until the dose is completed. The bioactive
compounds present in the herbal plant mixture may or may
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not be present intact in the boiled water extract because the
potential exists for new products resulting from rearrange-
ment and conversion due to prolonged heating. Therefore,
it is necessary to characterize the bioactive molecules in the
decoction rather than the bioactive compounds in the herbal
mixture.

“Panamrutham”, a powdered mixture of the dried plants
Khadira (Acacia catechu), Useera (Vetiveria zizanioides),
Padmaka (Prunus cerasoides), Lavanga (Syzygium aromati-
cum), Rakta Chandana (Pterocarpus santalinus), Sariba
(Hemidesmus indicus), Vilwa (Crataeva religiosa) and Ela
(Elettaria cardamomum), is one of the popular herbal prod-
ucts sold in Southern India. The compounds reported from
the constituent plants belong to different classes including
triterpenoids, sesquiterpenoids, flavonoids, steroidal glyco-
sides, lignans, coumarins, stilbenes, phenolics and essential
oils [3—11]. These natural antioxidants are important ingre-
dients that facilitate the prevention of the oxidative deterio-
ration in in vivo and in vitro systems. Herbal medicines con-
taining these antioxidants are expected to have preventative
activity against oxidative-stress related diseases. Anecdotal
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claims on the product package suggest that its consumption
improves digestion and blood purification (see Supporting
Information). It is used for the exclusive preparation of a
herbal water as an everyday drink. Therefore, in our study
“Panamrutham” was boiled with water, filtered and the
supernatant was lyophilized. The aim of this study was to
isolate the putative bioactive compounds present in the
drink by using bioassay-guided fractionation and purifica-
tion methods. In this paper, we report the isolation and char-
acterization of seven compounds including a novel com-
pound (1) present in the “Panamruthum” drink and the
quantification of compound 1 in both cold and boiled water
preparations. Also, we report the LPO, COX and tumor cell
proliferation inhibitory activities of the isolated com-
pounds.

2 Materials and methods

2.1 General experimental

All solvents used for isolation and purification were of ACS
reagent grade (Aldrich Chemical Co., Inc., Milwaukee,
WI). 'TH NMR spectra were recorded on a 500 MHz Varian
VRX instruments. *C NMR spectra were recorded at
125 MHz on the same instruments. The COX-1 enzyme
was prepared from ram seminal vesicles purchased from
Oxford Biomedical Research, Inc. (Oxford, MI) and the
COX-2 enzyme was prepared from insect cells cloned with
human PGHS-2 enzyme. Arachidonic acid was purchased
from Oxford Biomedical Research, Inc. (Oxford, MI). The
nonsteroidal anti-inflammatory drug Aspirin, used in COX
inhibitory assay, was purchased from Sigma—Aldrich
Chemical Co. (St. Louis, MO). Celeberex™ capsules and
Vioxx® tablets were physician's professional samples pro-
vided by Dr. Subash Gupta, Sparrow Pain Center, Sparrow
Hospital, MI. Positive controls used in LPO assay, ¢-butyl
hydroquinone (TBHQ), butylated hydroxyanisol (BHA)
and butylated hydroxytoluene (BHT), were purchased from
Sigma—Aldrich Chemical Company. Human tumor cell
lines MCF-7 (breast), SF-268 (central nervous system,
CNS) and NCI-H460 (lung) were purchased from the
National Cancer Insitute (NCI, Bethesda, MD). HCT-116
(colon) and AGS (gastric) cell lines were purchased from
American Type Culture Collection (ATCC, Rockville,
MD). All cell lines were maintained in the bioactive natural
products and phytoceuticals laboratory at Michigan State
University.

2.2 Plant material

The commercial product “Panamrutham” (sealed packets
of 50 g) was purchased from Vaidyaratnam Oushadhasala,
Thaikkattussery, Ollur, Thrissur, Kerala, India in February
2007 and stored at room temperature in the bioactive natu-
ral products and phytoceuticals laboratory at Michigan
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State University until the preparation of herbal water for
analysis. This product is a mixture of dried plant materials
Khadira (Acacia catechu), Useera (Vetiveria zizanioides),
Padmaka (Prunus cerasoides), Lavanga (Syzygium aromati-
cum), Rakta Chandana (Pterocarpus santalinus), Sariba
(Hemidesmus indicus), Vilwa (Crataeva religiosa), and Ela
(Elettaria cardamomum). The percentage of each plant
material in the mixture is a trade secret of the manufacturer.

2.3 Extraction and isolation

The plant mixture “Panamrutham” (140 g) was boiled with
water (6 L) for 30 min, cooled to room temperature, centri-
fuged for 5 min and lyophilized to yield a red powder
(10.9 g). An aliquot of this red powder (10 g) was stirred
with MeOH (2 x 10 mL) and centrifuged for 10 min to yield
the MeOH-soluble fraction (7.11 g). The residue was
insoluble in water and methanol and kept aside with the
assumption that it was the residual plant material. A portion
of the MeOH extract (2.5 g) was fractionated by silica gel
MPLC and eluted using CHCl;/MeOH gradient systems.
CHCI;/MeOH (4:1) yielded fractions A (22 mL), B
(30 mL), C (105 mL), D (50 mL), E (60 mL), F (170 mL)
and G (75mL); CHCl;/ MeOH (2:1) gave fraction H
(500 mL) and 100% MeOH gave fractions I (300 mL) and J
(200 mL). Based on TLC evaluation, fractions A, D, G, H, I
and J did not show compounds of interest after developing
the plate (viewed under UV and sprayed with acid) and
hence kept aside. Fraction B (200 mg) was subjected to
MPLC and eluted with CHCl;/MeOH (10:1) to afford three
fractions B; (70 mg), B, (30 mg), and B; (90 mg). Fractions
B,—B; were further purified with PTLC to obtain com-
pounds 2 (19 mg), 3 (20 mg), and 5 (40 mg), respectively.
Fraction C (180 mg) was subjected to medium pressure
MPLC and eluted with CHCl;/MeOH (8:1) to yield frac-
tions C; (62 mg), C, (58 mg), C; (10 mg), C4 (10 mg), Cs
(20 mg), and Cs (20 mg). The two major fractions (C, and
C,) were further purified by preparative PTLC (CHCIly/
MeOH, 30:1) to obtain compounds 7 (21 mg) and 4
(5.5 mg), respectively. Fraction E (50 mg) was purified by
C-18 preparative HPLC using MeOH/H,O (50:50) as the
mobile phase at a flow rate of 4 mL/min to yield compound
1 (11 mg). Fraction F (71 mg) was subjected to MPLC by
using of CHCl;/MeOH (10:1) as the solvent system to
afford compound 6 (15 mg).

2.4 Spectral data

Compound 1: White powder; mp 188—189°C; UV
(MeOH) /max 254, 280 nm; IR (NaCl) vy 3202, 1610,
1497, 1439, 1260, 1024, 821 cm~!; '"H NMR (500 MHz, in
DMSO-ds): 8 6.91 (2H, each 1H, d, J= 8.0 Hz, H-1/1'),
6.53 (1H, brd, J= 8.0 Hz, H-2), 6.48 (1H, brd, J = 8.0 Hz,
H-2"), 6.46 (1H, brs, H-4), 6.38 (1H, brs, H-4"), 4.24, 3.37
(each 1H, d, J=12.0 Hz, H-6), 3.95, 3.74 (each 1H, d,
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J=12.0 Hz, H-6"), 2.54, 2.43 (each 1H, d, J = 13.0 Hz, H-
8), 2.35 (2H, brs, H-8"), 6.58 (1H, s, H-9), 6.54 (1H, s, H-
9", 6.66 (1H, s, H-12), 6.62(1H, s, H-12"), 3.34, 3.25 (each
1H, d, J=12.5Hz, H-13), 3.31, 3.16 (each 1H, d,
J=11.0 Hz, H-13'); *C NMR (125 MHz, in DMSO-d): &
131.9/131.0 (C-1/1"), 111.0/110.2 (C-2/2"), 157.7/157.7
(C-3/3"), 107.9/107.0 (C-4/4"), 159.2/157.9 (C-4a/4'a),
76.2/74.7 (C-6/6"), 71.4/71.2 (C-7/7"), 42.0/39.5 (C-8/8"),
123.7/121.9 (C-8a/8'a), 116.7/116.2 (C-9/9"), 143.7/143.6
(C-10/10"), 143.7/143.6 (C-11/11"), 119.4/118.4 (C-12/12"),
130.0/129.8 (C-12a/12'a), 126.7/126.2 (C-12b/12'b), 67.2/
64.3 (C-13/13"); LR-ESIMS (negative ion,% intensity) gave
a molecular ion at m/z 603 (80, [M-H]") and fragments at
m/z 399 (40), 333 (88), 319 (20), 301(100), 271 (45) and
243 (50); LR-ESIMS (positive ion,% intensity) showed a
molecular ion at m/z 627 (20, [M + NaJ"), 363 (35), 357
(100), 261 (35) and 217 (40); HR-ESIMS m/z 603.1493
[M-H]~ (calcd. for C3,H,;01,, 603.1503). We have proposed
fragmentation patterns with relative intensity of compound
1 under negative and positive ion ESI mass spectral condi-
tions (Fig. 1 and 2).

Compound 2: liquid; '"H NMR (300 MHz, CD;0D) 5
3.23 (2H, d, J=17.2 Hz, a-H,), 3.81 (3H, s, OCHj;), 5.00
(2H, m, y-H,), 5.89-9.98 (1H, m, B-H), 6.60 (1H, dd,
J=17.8,2.8H-6), 6.69 (1H, d, /= 7.8 Hz, H-6), 6.72 (1H, d,
J=2.8Hz, H-3); *C NMR (125 MHz, CDCl;) & 148.1
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Figure 1. Proposed negative ion ESIMS
fragmentation of compound 1.

(C-1), 141.8 (C-2), 139.4 (B-C), 132.4 (C-4), 121.9 (C-6),
116.1 (y-C), 115.4 (C-3), 113.2 (C-5), 56.3 (OCHs), 40.8
(a-C). Based on the spectral data, compound 2 was identi-
fied as eugenol [2-methoxy-4-(2-propenyl) phenol] [12].

Compound 3: Pale yellow solid; 'H NMR (500 MHz,
CDCl,) 6 5.85 (1H, m, H-3), 1.20 (3H, s, 15-Me), 1.17 (3H,
s, 12-Me), 1.16 (3H, s, 13-Me), 0.86 (3H, s, 14-Me); *C
NMR (125 MHz, CDCls) 6 54.4 (C-1), 199.3 (C-2), 126.8
(C-3), 163.3 (C-4),47.4 (C-5), 24.2 (C-6), 49.6 (C-7), 22.4
(C-8), 40.0 (C-9), 37.5 (C-10), 72.7 (C-11), 27.5 (C-12),
27.9 (C-13),16.7 (C-14), 22.0 (C-15). Based on the spectral
data, compound 3 was identified as isopterocarpolone [13].

Compound 4: Yellow powder; 'H NMR (500 MHz,
DMSO-ds) 6 7.03 (1H, d, J=8.5Hz, H-1), 6.67 (1H, dd,
J=18.5, 2.5 Hz, H-2), 6.64 (1H, d, J=2.5 Hz, H-4), 6.23
(1H, s, H-9), 6.61 (1H, s, H-12), 2.01 (2H, s, H-6), 2.24
(2H,s, H-8); *C NMR (125 MHz, DMSO) 8 131 (C-1), 113
(C-2), 159 (C-3), 109 (C-4), 78.9 (C-5), 206 (C-6), 49.4 (C-
7), 125.1 (C-8), 117 (C-9), 145 (C-10), 145 (C-11), 117 (C-
12), 131 (C-13), 127.2 (C-14); ESI- m/z: 271 [M-H] . Based
on the spectral data, compound 4 was identified as protosap-
panin[14].

Compound 5: White amorphous powder; 'H NMR
(500 MHz, CDCl5): 6 0.72 (3H, s, 14-Me), 1.23 (6H, s, 12,
13-Me), 4.85, 4.59 (each 1H, m, 15-H), 3.90 (1H, m, 2-H),
2.68 (3-H). *C NMR (125 MHz, CDCl;): § 50.6 (C-1), 67.6
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(C-2),46.2 (C-3), 147.8 (C-4), 49.2 (C-5), 40.6 (C-6), 49.1
(C-7),24.5(C-8),21.8 (C-9), 35.0 (C-10), 72.8 (C-11),27.1
(C-12), 27.0 (C-13), 17.1 (C-14), 107.8 (C-15). Based on
the data, compound 5 was identified as pterocarpol [15].

Compound 6: Pale yellow solid; 'H NMR (CD;0D,
500 MHz) é 7.39 (2H, d, J=7.0 Hz, H-2, 6), 7.13 (1H, d,
J=16.5Hz,H-7),6.91 (1H, d, J = 16.5 Hz, H-8), 6.74 (2H,
d,J=7.0 Hz, H-3, 5), 6.69 (2H, d, J = 2.5 Hz, H-2, 6), 6.35
(IH, t, 2.5 Hz, H-4), 3.75 (6H, s, OMe-3, 5). *C NMR
(CD;0D, 125 MHz) 6 162.5 (C-3, 5), 158.5 (C-4), 141.3
(C-1),130.2 (C-4), 129.1 (C-7), 128.9 (C-2, 6), 126.8 (C-8),
115.5 (C-3, 5), 105.2 (C-2, 6), 100.3 (C-4), 55.7 (CH;0-3,
5). Based on the spectral data, compound 6 was identified
as pterostilbene [16, 17].

Compound 7: Reddish-yellow crystals; 'H NMR
(CD;0D, 500 M Hz): & 7.18 (1H, d, J = 8.5 Hz, H-1), 6.70
(1H, s, H-11), 6.59 (1H, s, H-8), 6.45 (1H, dd, J=8.5,
2.0 Hz, H-2), 6.28 (1H, d, J=2.0Hz), 3.92(1H, d,
J=11Hz, H-60), 3.68 (1H, d, /= 11 Hz, H-6f), 3.96 (1H,
s, H-12), 3.01 (1H, d, J=15.5Hz, H-7a), 2.77 (1H, d,
J=15.5Hz, H-7B). *C NMR (CD;0D, 500 MHz) & 157.6
(C-4a), 155.4 (C-3), 145.3 (C-9 and 10), 137.1 (C-11a),
131.8 (C-1), 130.9 (C-7a), 115.2 (C-la), 112.5 (C-la),
112.1 (C-11), 109.5 (C-2), 103.9 (C-4), 77.7 (C-6a), 70.4
(C-6), 50.6 (C-12), 42.5 (C-7); ESI-MS m/z: 285 [M-H] .
Based on the spectral data, compound 7 was identified as
brazilin [18].

2.5 Lipid peroxidation inhibitory assay

Compounds 1-7 and the hot water extract were tested for
LPO inhibitory activity by using Large Unilamellar
Vesicles (LUVs) according to the previously published
method [19]. Briefly, the LUVs were prepared by mixing
the phospholipid, 1-stearolyl-2-linoleoyl-sn-glycerol-3-
phosphocholine (Aventis Polar Lipids, Inc., Alabaster, AL)
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Figure 2. Proposed positive ion ESIMS

m/z: 217 @40% ) fragmentation of compound 1.

with a fluorescent probe 3-[p-(6-phenyl)-1, 3, 5-hexa-
trienyl] phenyl propionic acid (Molecucar Probes, Inc.,
Eugene, OR). The assay was conducted in a buffer con-
sisted of HEPES (pHS8, 0.1 M, 100uL), NaCl (1M,
200 uL), N,-sparged water (1.64 mL), test sample (20 uL)
in DMSO and LUV (20 ul) suspension. The peroxidation
was initiated by the addition of FeCl, (20 uL, 0.5 mM) solu-
tion and was monitored by observing the fluorescence at 0,
1, 3 and every 3 min thereafter up to 21 min using a Turner
model 450 digital fluorometer (Brenstead Thermolyne,
Dubuque, IA) at 384 nm. The relative fluorescence was
determined by dividing the fluorescence value at a given
time point by that at zero min. The antioxidant standards
BHA, BHT and TBHQ were tested at 1 pg/mL.

2.6 Cyclooxygenase enzyme inhibitory assay

The COX-1 used in the assay was prepared from ram semi-
nal vesicles (Oxford Biomedical Research Inc., Oxford,
MI). COX-1 was isolated from microsomal preparations of
ram seminal vesicles according to methods reported previ-
ously. A microsomal preparation of recombinant human
COX-2, obtained from an insect cell lysate, was used as the
source of COX-2 enzyme for the assay. [20, 21] COX
enzyme inhibitory assays of the hot water extract and com-
pounds 1-7 were performed in a micro oxygen chamber by
monitoring the initial rate of oxygen uptake using an oxy-
gen electrode (Instech Laboratories, Plymouth Meetings,
PA) attached to a YSI model 5300 biological oxygen moni-
tor (Yellow springs Instrument, Incl., Yellow Spring, OH) at
37°C. The assay was conducted according to the previously
reported procedure [22]. The enzyme was diluted with Tris
buffer (pH 7.0) to give a final concentration of 1.5 mg of
protein/mL. Each assay mixture contained 10 uL of DMSO
or test samples, 0.6 mL of 0.1 M Tris buffer (pH 7), 1 mM
phenol and 85 pg hemoglobin. COX-1 or COX-2 enzyme
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(10 pL) was added to the chamber and incubated for 2 min.
The reaction was initiated by the addition of arachidonic
acid (10 uL of a 1 mg/mL solution). Each sample was cal-
culated for n = 2. The data were recorded using QuichLog
for windows data acquisition and control software (Straw-
berry Tree, Inc., Sunnyvale, CA).

2.7 Tumor cell proliferation assay

The assays of the hot water extract and compounds 1-7
were performed according to the previously published
method [23]. MCF-7 (breast), SF-268 (CNS), NCI-H460
(lung), HCT-116 (colon) and AGS (gastric) human tumor
cells were cultured in RPMI-1640 medium containing peni-
cillin-streptomycin (10 Us/mL for penicillin and 10 pg/mL
for streptomycin) and 10% fetal bovine serum (FBS). The
samples and standards were dissolved in DMSO and diluted
to the desired concentration in media so that final concen-
tration of DMSO did not exceed 0.2%. Aliquots of 100 pL.
of test compounds were added to each well containing the
appropriate tumor cells and further incubated 48 h. After
incubation, an aliquot (25 uL) of MTT solution (5 mg MTT
dissolved in 1 mL of PBS solution) was added and the
plated were further incubated for 3 h at 37°C after wrapping
it with aluminum foil. The medium was removed from each
well and cells treated with DMSO (200 pL). The plates
were then shaken and OD was measured using a microplate
reader at 570 nm. Adriamycin was used as positive control
in this assay.

2.8 Quantification of compound 1 by HPLC

2.8.1 Preparation of samples for HPLC analysis
Cold water extract: ‘Panamruthan’ powder (10 g) was
weighed and stirred with cold water (50 mL) for 12 h. An
aliquot of the supernatant was filtered through a 0.2 um fil-
ter disc and analyzed by HPLC. Boiled water extract:
‘Panamruthan’ powder (10 g) was weighed and boiled with
water (50 mL) for 60 min. An aliquot of the supernatant
was filtered through a 0.2 um filter disc and analyzed by
HPLC.

2.8.2 Quantitative analysis of compound 1

HPLC was performed on an Xterra C;3 column (5 um;
4.6 x 250 mm; Waters Associates, Milford, MA). The peaks
were detected at 280 nm using a PDA detector (Waters
Associates, Milford, MA). A gradient solvent system was
used consisting of solvents A [water-acetic acid (99:1 v/v)]
and B (ACN). The linear gradient began at 95% A and 5%
B, reached at 65% A and 35% B in 60 min. In between
injections, the column was equilibrated for 10 min. The
flow rate was 0.3 mL/min. The injection volume for all
samples was 20 uL. The pure compound 1, isolated from
‘panamarutham’ hot water extract, was dissolved and
diluted with methanol to yield 1.0, 0.8, 0.4, 0.2, 0.1,
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Figure 3. Structures of compound 1-7 isolated from the “Pan-
amrutham” herbal drink.

0.05 mg/mL concentrations, respectively, and analyzed in
triplicate. The experiment was replicated. Calibration
curves were obtained by plotting the average of the 6 mean
peak areas of triplicate injections of each standard solution
against concentrations.

3 Results and discussion

We used mechanism-based in vitro LPO and COX enzyme
inhibitory assays along with tumor cells proliferation inhib-
itory activities to determine the potential efficacy of com-
ponents in the herbal drink prepared by boiling “Panamru-
tham” with water. The instruction on the packet sold is to
add 10 g of the mixture to 2 L of water and then boil. For
the purpose of obtaining a sufficient amount of extractable
material for chemical analysis, we prepared the extract by
boiling 140 g (contents of three bags) with 6 L of water for
30 min. The lyophilized extract was a red powder which
was kept refrigerated until the time of bioassays and chem-
ical investigation.

The crude extract inhibited LPO by 96% at 25 pg/mL
and COX-1 and -2 enzymes by 58 and 30%, respectively, at
250 pg/mL. At 100 pg/mL, it showed growth inhibition of
colon, stomach, lung, breast and CNS human tumor cell
lines by 69, 9, 48, 44, and 54%, respectively. The antioxi-
dant, anti-inflammatory and antitumor activities demon-
strated by the extract prompted us to perform a comprehen-
sive chemical investigation of the bioactive principles
present. Therefore, the extract was subjected to bioassay-
guided purification using chromatographic methods includ-
ing MPLC, HPLC and PTLC. Repeated purification of the
bioactive fractions afforded a nevol compound, (1) along
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with four phenolic compounds (2, 4, 6, and 7) and two ses-
quiterpenoids (3 and 5) (Fig. 3). The structures of all com-
pounds were established by NMR and MS experiments.
Compound 1 was purified by preparative HPLC and
obtained as a colorless powder. The molecular formula was
determined as C;,H,50,, by HR-ESI-MS (negative ion), m/z
603.1493 [M-H] (caled 603.1503), with 19 degrees of
unsaturation. The UV spectrum of 1 showed absorption
bands at 254 and 280 nm. The IR spectrum displayed
absorption bands at 3202, 1611, and 1497 cm~!, which sug-
gested the presence of a hydroxyl group and a benzyl ring.
The ¥C NMR and DEPT spectra of compound 1 displayed
32 carbon resonances which included six methylenes, ten
methines and sixteen quaternary carbons. The proton sig-
nals for two trisubstitued [6.91 (1H, d, J= 8.0 Hz), 6.53
(1H, brd, J= 8.0 Hz) and 6.46 (1H, brs)] and [6.91 (1H, d,
J=28.0 Hz), 6.48 (1H, brd, /= 8.0 Hz) and 6.38 (each, 1H,
brs)] as well as two tetrasubstituted [6.66/6.58 (each 1H, s)

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

and 6.62/6.54 (each 1H, s)] aromatic rings were evident in
its 'H NMR spectrum. It was further confirmed by the pres-
ence of carbon resonances assigned to two trisubstituted
(131.9, 111.0, 157.7, 107.9, 159.2 and 126.7) and (131.0,
110.2, 157.7, 107.0, 157.9 and 126.2) as well as two tetra-
substituted (116.7, 143.7, 143.7, 119.4, 130.0 and 123.7)
and (116.2, 143.6, 143.6, 118.4, 129.8 and 121.9) aromatic
rings in the molecule. These data accounted for 16 of the 19
required degree of unsaturation, indicating the presence of
three additional rings. The methylenes carbon signals at &
76.2, 67.2 and 42.0, and the quaternary carbon singals at &
71.4 were assigned to one ring located at 4a and 8a, which
was further confirmed by HMBC correlations from H-6
[4.24 (1H, d, J=12.0 Hz) to C-4a (159.2), C-7 (71.4), C-8
(42.0) and C-13 (67.2)]. Similarly, the methylenes carbon
signals at 6 74.7, 64.3 and 39.5, and the quaternary carbon
singals at & 71.2 were assigned to another ring located at 4'a
and 8'a. The '"H NMR and C NMR data were assigned
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Table 1. 'H NMR data of compound 1 (500 MHz, in DMSO-dk).

No. Protosappanin B and Isoprotosappanin B No.

Compound 1

1 7.00 (2H, d, J= 8.0 Hz) 11 6.91 (1H, d, 8 Hz) 6.91 (1H, d, 8 Hz)
2 6.56-6.62(2H, dd, J=8.0,2.5 Hz) 2/ 6.53 (1H, brd, 8 Hz) 6.48 (1H, brd, 8 Hz)
4 6.48-6.56(2H,d, J= 2.5 Hz) 44 6.46 (1H, brs) 6.38 (1H, brs)
6  3.16-4.35(4H,eachHJ=12Hz, H-6)  6/6' 4.24,3.37 (each 1H, d, 12 Hz) 3.95,3.74 (each 1H, 12 Hz)
8  2.54-2.74(4H, each 1H, J= 13 Hz) 8/8' 2.54,2.43 (each 1H, 13 Hz) 2.35 (2H,brs)
9  6.71-6.84(4H,s) oy 6.58 (1H, s) 6.54 (1H, s)
12 1212/ 6.66 (1H, s) 6.62 (1H, s)
13 3.16-4.35(2H, eachHJ= 11 Hz) 1313’ 3.34,3.25 (each 1H,d, 125Hz)  3.31,3.16 (each 1H, d, 11 Hz)

Table 2. '*C NMR data of compound 1 (125 MHz, in DMSO-ak).

Protosappanin B Isoprotosappanin B Compound 1
No. dc No. d¢c No. dc
1 134.2 1337.3 1 131.9 1 131.0
2 112.8 1121 2 111.0 2 110.2
3 159.82 159.8? 3 157.7% 3 157.7%
4 109.9 109.1 4 107.9 4 107.0
4a 159.8 160.2 4a 159.2 4'a 157.9
6 78.2 76.9 6 76.2 6 74.7
7 73.7 73.2 7 71.4 7 71.2
8 43.6 40.9 8 42.0 8 39.5
8a 125.9 124.3 8a 123.7 8a 121.9
9 118.4 118.3 9 116.7 9 116.2
10 145.5% 145.7 10 143.7% 10’ 143.6
11 145.5% 145.5% 11 143.7% 11 143.7%
12 119.9 120.7 12 119.4 12/ 118.4
12a 131.1 132.6 12a 130.0 12/ 129.8
12b 129.4 128.3 12b 126.7 12'b 126.2
13 66.7 69.1 13 67.2 13 64.3

a) Overlapping signals

protosappanin B

isoprotosappanin B

according to HMQC and HMBC ("H NMR data Table 1, *C
NMR data Table 2 and HMBC correlations Fig. 4). The
NMR data of 1 showed doubling of each signal as a pair and
with remarkable similarity to those of protosappanin B and
isoprotosappanin B (Fig. 5) [24]. This information along
with the MS data indicated that compound 1 is a hetero-
dimer of protosappanin B and isoprotosappanin B. The neg-
ative ion ESI-MS of 1 gave a molecular ion peak at m/z 603
[M-H] . The ion at m/z 301 [M/2—H]~ was generated from
the ion at m/z 603. Taking into account the MS fragments at
m/z 333, 319 and 301, the presence of oxygen-oxygen
bonds were implied in compound 1 (Fig. 1). The analysis of
the positive ion ESI-MS fragments at m/z 627, 363, 357,

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

compound 1

Figure 5. Possible biosynthesis pathway
of compound 1 from protosappanin B and
isoprotosappanin B.

261 and 217 further confirmed the presence of oxygen-oxy-
gen bonds in compound 1 (Fig. 2). Furthermore, The
HMBC experiment showed the correlations from H-13
(3.34) to C-7' (71.2) and from H-13' (3.31) to C-7 (71.4).
Thus, compound 1 was established as a novel heterodimer,
named as 7-13'-dehydro-7'-13-dehydro-di (protosappanin
B)-(isoprotosappanin B).

Compound 1 could possibly have formed as an artifact
by the coupling of protosappanin B and isoprotosappanin B
during the boiling of “Panamruthum” with water. In order
to determine whether compound 1 was a natural product or
an artifact, “Panamruthum” was also extracted separately
with methanol and water at room temperature. A TLC com-
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parison of the methanol, cold water and hot water extracts
revealed the presence of compound 1 in all three extracts.
Therefore, it was established that compound 1 is a natural
product present in “Panamruthum” and was not produced
during the course of extraction by boiling.

So far, a lot of peroxy compounds were isolated from nat-
ural products. The chemistry of mono- and polycyclic per-
oxides has attracted considerable recent attention since a
significant number of peroxidic natural products with inter-
esting pharmacological properties have been isolated [25,
26]. In our experiment, NaBH, was used to reduce com-
pound 1 to get the monomers, but all attempts were unsuc-
cessful. Even refluxing compound 1 with NaBH, for 24 h
did not yield the monomers. Interestingly, we were able to
isolate the parent compound intact from the reaction mix-
ture. This confirms the fact that peroxy compounds are sta-
ble and occur freely in plants. It was reported that 4-bond
correlations can usually be observed in concentrated sam-
ples of conjugated systems [27—29]. Although they are
weak, the unusual 4-bond HMBC correlation signals were
observed in compound 1.
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Figure 6. Lipid peroxidation inhibitory
activities of compounds and the hot water
extract of “Panamrutham”. Commercial
antioxidants BHA, BHT and TBHQ were
tested at 1 pg/mL. Oxidation of lipid was
initiated by the addition of Fe?* ions. Com-
pounds 1-7 and the extract were tested at
25 ug/mL. The vertical bars represent the
SD of each data point (n = 2).

BHT TBHQ

@ COX-1
W COX-2

Figure 7. The COX-1 and COX-2 enzyme
inhibitory activities of compounds 1-7
and the hot-water extract. Compounds 1—
7 were tested at 25 pg/mL. Commercial
NSAIDs Aspirin, Celebrex and Vioxx were
used as positive control and tested at 180,
1 and 1pug/mL concentrations, respec-
tively. Vertical bars represent the SD of
each data point (n = 2).

All isolated compounds were further analyzed for LPO,
COX-1 and -2 enzymes and human tumor cell proliferation
inhibitory activities. The lipid peroxidation inhibitory
effect of compounds 1—7 is shown in Fig. 6. At 25 pg/mL,
Compounds 1-7 inhibited Fe** catalyzed LPO by 23, 73,
51, 25, 42, 56, and 42%, respectively. The commercial anti-
oxidants BHA, BHT and TBHQ assayed at 1 pg/mL gave
89, 87 and 98% of LPO inhibitory activities, respectively.
Similarly, at 25 ppm, compounds 1—7 inhibited COX-1 and
-2 enzymes by 10 and 42%; 10 and 14%; 3 and 31%; 3 and
24%; 14 and 24%; 12 and 74%; and 10 and 47%, respec-
tively (Fig. 7). It is interesting to note that all of these iso-
lates showed weak COX-1 enzyme inhibitory activity.
Compound 6 showed the highest COX-2 enzyme inhibitory
activity (74%) followed by compound 7 (47%). Compound
7, known as brazilin, had been used as a natural red pigment
for histological staining [18].

The results of cancer cell proliferation inhibitory assay of
compounds 1-7 are presented in Fig. 8. At 25 pg/mL, com-
pounds 6 and 7 showed growth inhibition of colon, AGS,
lung, breast and CNS human tumor cell lines by 60 and
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@3 @m5 Figure 8. Cell proliferation inhibitory activities of
9 6 7 compound 2, 3, 5, 6, 7, and the hot-water extract
80 O Extract B adriamycin against human AGS (gastric), SF-268 (central nerv-
0 ous system, CNS), HCT-116 (colon) NCI-H460
(lung) and MCF-7 (breast) cancer cell lines. The
5 80 compounds were tested at 25 ng/mL and the extract
£50 was tested at 100 pg/mL. DMSO (0.1%) supple-
£40 mented with RPMI-1640 Medium and adriamycin
=30 (1.6 ng/mL) were used as solvent and positive con-
20 trols, respectively. Compound 3 did not show the
10 inhibitory activities against HCT-116, NCI-H460 and
0 s - - . SF-268 cell lines. Compound 5 did not show the
HCT-116 AGS NCI MCF-7 SF-268 inhibitory activities against NCI-H460 and SF-268
Tumor cell lines cell lines.

the boiled water preparation yielded higher amounts of

R z:: (a) Boiled water extract compound 1.
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Figure 9. HPLC profiles of (a) boiled water extract; (b) cold
water extract; (c) compound 1.

67%; 43 and 60%; 24 and 64%; 34 and 65%; 6 and 27%,
respectively. Similarly, compounds 2 and 3 showed growth
inhibition of colon and CNS cell lines by 38 and 9%; 18 and
4%, respectively. Compounds 3 and 5 displayed moderate
growth inhibition of colon, AGS and breast human tumor
cell lines whereas 1 and 2 showed no activity against any of
the human tumor cell lines tested.

Although compounds 1 and 4 were the least active among
the seven isolates tested, the novel dimer, 1, showed moder-
ate COX-2 enzyme inhibitory activity. Compounds 6 and 7
showed activity against LPO, COX and cancer cell prolifer-
ation and hence may contribute to most of the biological
effects of this “herbal drinking water”. Based on the recom-
mendation on the package, 10 g of the plant mixture yield
2 L of herbal drink. Based on our data and the recom-
mended dose, the consumption of 1 L of drink per day will
provide a daily dose of 0.389 g of total extract containing
about 50 mg of a mixture of compounds 1—7. The concen-
tration of compound 1 (R, = 28.5 min) in both of cold and
boiled water extracts was determined by HPLC (Fig. 9).
The cold and boiled water preparation afforded 1.5 and
7.8 mg of compound 1, respectively, in 50 mL of herbal
drink yielded from 10 g of herbal mixture. Although both
cold and boiled water preparations contained compound 1,

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

One of the constituents in “Panamruthum”, P, santalinus,
is known for its possession of two major red pigments san-
talins A and B [30]. The red powder yielded from the
lyophilized herbal drink most probably contained santalins
A and B, but they were not isolated in this study and inves-
tigated for biological activities. Among the seven isolates,
compound 2, eugenol, is a known essential oil and used in
perfumes, flavoring agents, and as a local antiseptic and
anesthetic [31]. In addition, it is reported to possess antiox-
idant [32] and tumor cell proliferation inhibitory activities
[33, 34]. Similarly, recent reports indicate the antioxidant
activities of compound 4 [35] and anticancer, antiinflam-
matory, antioxidant, and analgesic activities of compound 6
[36].

4 Concluding remarks

In conclusion, seven compounds were isolated from the
“herbal drinking water” prepared by boiling the commercial
product “Panamrutham”. Among them, one is a novel com-
pound and most showed significant inhibitions against
LPO, COX enzymes, and the growth of stomach, lung,
breast, colon, and CNS cancer cell lines. Our results do not
provide supporting evidence to the claims such as “improve
digestion, blood purification and natural health” printed on
the product package. However, the bioassay results of the
isolated major compounds from this “herbal drinking
water” and the crude extract suggest that consumption of
the drink may offer some health benefits.

The authors have declared no conflict of interest.
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