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ABSTRACT Plant extracts are gaining more attention as therapeutic agents against inflammation. In this study, four different

widely used herbals were selected, such as holy basil leaf, sesame seed, long pepper, and cubeb pepper. We have evaluated the

anti-inflammatory action of an aqueous extract from these herbs and tested their effects on monocyte-derived macrophages

(MDMs). MDMs were pre-treated with these extracts individually for 2 h, followed by lipopolysaccharide (LPS) stimulation for

24 h and pro-inflammatory gene expression was analyzed. Also, we studied the effect of these extracts on the oxidation of low-

density lipoprotein (LDL) by enzymatic (Myeloperoxidase) and non-enzymatic (copper) reactions. All extracts attenuated LPS-

induced inflammation and also were able to inhibit the oxidation of LDL. These beneficial actions of extracts led us to identify

molecules present in the extracts. A liquid chromatography–high resolution mass spectrometric analysis was performed to

identify the chemical composition of extracts. Wide range of molecules were identified across all the extracts, short-chain

organic acids, phenolic acids and derivatives, piperine and its structural homologues, eugenol, rosmarinic acid, flavonoids and

their glucosides, and others. This study opens a door for future studies on non-pharmacological natural therapeutics that will be

useful for consumers and producers, as well as industries utilizing bioactive compounds.
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INTRODUCTION

Over the decades, botanicals and herbal-derived
products have made significant contribution to the

overall human health and well-being. Many articles have
demonstrated that plant-derived materials contain biological
active molecules and are shown to have anti-inflammatory,
antihypertensive, anti-atherosclerotic, antidepressant, hepa-
toprotective, neuroprotective, immunomodulatory, hypogly-
cemic, anti-microbial, analgesic, antipyretic, anti-hepatotoxic,
and antioxidant properties.1–22 These actions of botanicals are
attributed to their phytoconstituents, such as flavonoids, ca-
rotenoids, poly phenols, methylenedioxy phenol derivatives,
methoxy phenols, stilbenes, sterols, etc.19–20,22–33 Most of
these molecules are nonpolar in nature, and, hence, there
have been many studies on organic solvents extracts of
herbal products and their health beneficial proper-
ties.8,14,16,18,21,24,27,34–36 On the other hand, a few articles have
demonstrated that aqueous extracts of plant materials have
also shown several health benefits.2,13,37–44 By considering
these therapeutic effects, aqueous extracts of herbs are be-
coming more popular13,17,37,43,44 as these can be easy to pre-
pare for regular household consumption. In this study, four
different kinds of widespread herbal products were selected,

(1) Holy basil leaf (Ocimum basilicum L.), (2) Sesame seed
(Sesamum indicum L.), (3) Long pepper (Piper longum L.),
and (4) Cubeb pepper (Piper cubeba L. f.). However, there are
studies in the literature on the health beneficial properties and
chemical composition of these selected herbs by using various
extraction procedures, and many of them were based on or-
ganic solvent extracts.10,14,16,21,45 In this study, we have aimed
at evaluating chemical compounds present in the simple
aqueous extracts (household way of preparation) of herbs and
also compared molecules between different classes of herbs
that are attributed to their anti-inflammatory and antioxidant
properties. Liquid chromatography–high resolution tandem
mass spectrometric (LC-HRMS/MS) method was employed
to identify chemical constituents present in herbal aqueous
extracts. Anti-inflammatory properties of individual herbal
aqueous extracts were evaluated by measuring lipopolysac-
charide (LPS)-induced inflammatory gene expression (tumor
necrosis factor [TNF]-a and interleukin [IL]-1b) in macro-
phages. Anti-oxidant properties of the extracts were measured
by inhibiting the low-density lipoprotein (LDL) oxidation
both enzymatically (Myeloperoxidase—MPO induced) and
non-enzymatically (copper-Cu induced). Also, we have tried
to establish the chemical networks and their action of anti-
inflammatory and anti-oxidant properties. Thus, this study is
noteworthy, because the extraction procedure we have fol-
lowed is a common household way of preparation; having
knowledge of beneficial actions of different herbal extracts
will attract the attention of consumers and shed light on the
non-pharmacologic therapeutic approach.
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MATERIALS AND METHODS

Materials and reagents

Herbal products holy basil leaf, sesame seed, long pepper,
and cubeb seeds were purchased from Amazon online store.
Analytical-grade reference standard chemicals, LPS (Escher-
ichia coli), Phorbol 12-myristate 13-acetate (PMA), buffers,
and mobile phase solvents (liquid chromatography-mass
spectrometry [LC-MS] grade) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). High-purity water (£18 MU)
was obtained from Barnstead MegaPure Glass Stills (MP-3A;
Thermo Scientific, Waltham, MA, USA). Polymerase chain
reaction (PCR) primers and Trizol� reagent were purchased
from Invitrogen (Carlsbad, CA, USA).

Sample preparation

Herbs were finely pulverized by using a mixer grinder
(Mr. Coffee Electric Coffee Grinder, IDS77-RB; Ama-
zon). Each individual powder, about 50 mg, was placed
in a coffee maker (Better Chef, 91580119M; BestBuy)
and extracted with 50 mL of warm water. Extracts were
collected in 50-mL falcon tubes, the tubes were left to
cool down at room temperature, and the samples were
lyophilized to complete dryness. One milligram of each
dried extract was dissolved in 50% methanol contain-
ing 0.1% formic acid. Samples were vortexed for 2 min
and centrifuged at 8,000 g for 10 min. Supernatant was
collected and filtered through a 0.45-lm Nylon syringe
filter (Alltech Associates, Deerfield, IL, USA). Five
microliters of each individual sample solutions were
used for LC-MS analysis for characterization of chemi-
cal constituents of the extracts. Each extract was ana-
lyzed in triplicate. For cell culture experiments, samples
were reconstituted in pyrogen-free water under sterile
conditions.

Isolation and oxidation of lipoproteins

After obtaining Institutional Review Board approval,
blood was collected in heparinized tubes from consented
healthy donors and stored on ice. Blood was centrifuged
at 3000 rpm for 20 min, and plasma was separated. Lipo-
proteins were isolated from normal plasma by sequential
ultracentrifugation using a Beckman TL-100 tabletop ul-
tracentrifuge (Beckman, Palo Alto, CA, USA).46–48 The
isolated lipoproteins were dialyzed against 0.3 mM EDTA
in 1 · phosphate-buffered saline (PBS) of pH 7.4 over-
night and subsequently filter sterilized. The amount of
protein was estimated by using the Bio-Rad DC protein
assay (Hercules, CA, USA). The LDL sample was sub-
jected to oxidation immediately after dialysis. Oxidation
of LDL (100 lg/mL) was performed with 5 lM copper in
both the presence and absence of different concentrations
of aqueous extracts (5–50 lg). The formation of conju-
gated dienes was monitored at an optical density of
234 nm for about 16 h by using Jenway DB-6500 spec-
trophotometer equipped with an eight-chamber cuvette

changer. The degree of LDL oxidation was assessed by
determination of peroxide content using leucomethylene
blue (LMB) assay48 and thiobarbituric acid reactive sub-
stances (TBARS).

In addition to non-enzymatic oxidation, enzymatic oxi-
dation was also performed by using MPO (0.2 U) and
100 lM H2O2 to a 100 lg/mL of LDL in 1 mL of PBS at
37�C in both the presence and absence of 25 lg of extracts,
further confirmed by LMB and TBARS assays.

Preparation of HPODE and incubation
with aqueous extracts

Overall, 13-hydroperoxylinoleic acid (13-HPODE) of
200 nmoles/mL was prepared as previously described,49

and it was used to determine the effect of extracts on
free fatty acid peroxides (FFAOOH). HPODE was incu-
bated with increased concentrations of aqueous extracts
(0–50 lg) for 1 h at 37�C. The content of lipid peroxides
present in the reaction system was analyzed by LMB assay.
Similarly, effect of the extracts on hydrogen peroxide was
also determined.

Cell culture

THP1 monocytes (ATCC, Manassas, VA, USA) were
obtained from ATCC. Cells were grown in flasks and dishes
and maintained in RPMI 1640 medium supplemented with
10% fetal bovine serum (Sigma, St Louis, MO, USA), 2 mM
l-glutamine, and 1 · penicillin-streptomycin antibiotic so-
lution. Cultures were maintained in a 5% CO2 atmosphere at
37�C. For experiments, THP-1 cells were differentiated with
50 ng/mL PMA for 72 h in complete RPMI 1640. Monocyte-
derived macrophages (MDMs) were used for the experi-
ments, and cells were starved in serum-free medium before
experiments.

Incubation of MDMs with LPS and aqueous extracts

To monitor the changes in gene expression of TNF-a and
IL1b, MDMs (2 · 105cells/well) were pre-incubated in
serum-free RPMI 1640 for 3 h. They were pre-treated with
aqueous extracts (5 and 25 lg/mL) for 2 h, followed by
addition of LPS (100 ng/mL). Cells were incubated for 24 h.
At the end of 24 h of incubation, the cells were harvested in
Trizol for RNA isolation.

Complementary DNA synthesis and real
time-polymerase chain reaction

Total RNA from cells was isolated by using Trizol reagent.
One microgram of RNA was reverse-transcribed into comple-
mentary DNA (cDNA) by using the Superscript� III First Strand
Synthesis system (Invitrogen). cDNA (50 ng) sample was used
to perform quantitative real-time PCR by CFX96 Touch� Real-
Time PCR Detection System (Bio-Rad) with SYBR Green
(Invitrogen). PCR wascarried out withTNF-aand IL-1b specific
primers for human targets (Supplementary Table S1), resulting
in 200-bp fragments. As a reference gene we used GAPDH
primers, resulting in a 200-bp fragment. PCR was performed
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with an initial step of denaturation at 50�C for 2 min, 95�C for
10 min followed by 40 cycles of 95�C for 20 sec and 60�C for
20 sec. Melt curves were established for the reactions. Normal-
ized fold expression was calculated by using the 2-DDCt method.

Liquid chromatography and mass
spectrometric conditions

Compounds were separated on Zorbax Eclipse Plus C18
(150 mm L · 4.6 mm inner diameter, 5 lm particle size) col-
umn by using an Agilent 1200 series high performance liquid
chromatography system coupled with 6520B quadrupole time-
of-flight mass spectrometer (Agilent Technologies). Binary
mobile phase gradient program was employed to elute the
components from the column, pump-A: acetonitrile and pump-
B: water, both containing 0.1% HCOOH. The gradient pro-
gram was as follows: 90% B: 0–12 min; 10% B: 12–35 min;
10% B, 35–50 min; 90% B: 50–50.1; 10% B: 50.1–60 min; at
the end of the each run, the column was washed for 5 min
with a solvent composition consisting of 50% isopropyl al-
cohol, 30% methanol, 20% water, and 0.1% HCOOH (v/v).
The column was operated at 40�C with a constant mobile
phase flow rate at 800 lL/min.

Mass spectral data were acquired in electrospray ionization
(ESI) mode over the mass range of 50–1700 m/z and operated
in both positive (+) and negative (-) modes separately. The mass
spectrometer was tuned and calibrated each day before the
analysis to maintain mass accuracy and operated at optimized
source conditions as described in our recent article.50 Nitrogen
was used as a collision-induced dissociation gas, and studies
were performed at different collision energies in the range of
15–35 volts for interpreting the molecules by their tandem
mass spectrometry (MS/MS) products. The MS and MS/MS
data were collected and processed by using Mass Hunter
qualitative analysis software version B.07.00.

Compounds identification

The identification of unknown molecules present in herbal
extracts was achieved by considering multiple orthogonal
properties of molecules as described in our recent article.50

Briefly, the unknown molecular identification workflow was
carried out as follows: (1) Experimental monoisotopic masses
obtained from herbal extracts analysis were entered at <10 ppm
mass accuracy in publicly available accurate mass spectral li-
braries such as, Metlin, Massbank, Chemspider, LIPIDMAPS,

FIG. 1. Herbal aqueous extracts (BL, CB, SS, and LP) inhibit the oxidation of LDL by copper. LDL was isolated from the plasma of
consenting subjects and used for oxidation with copper. One hundred micrograms of LDL was oxidized with 5 lM copper in the presence and
absence of increased concentrations of extracts (5–50 lg), in 1 mL PBS; formation of conjugated dienes were measured at 234 nm. As
concentrations of (A) BL, (B) CB, (C) SS, and (D) LP increased, initiation of LDL oxidation was delayed. BL, basil leaf; CB, cubeb berries/
pepper; LDL, low-density lipoprotein; LP, long pepper; PBS, phosphate-buffered saline; SS, sesame seed.
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HMDB, and Pubchem to get tentative molecules; (2) MS/MS
fragmentation studies of precursor molecular ions; (3) confor-
mation of a few molecules with authentic reference standards or
with its structural analogues, analyzed in identical experimental
conditions to compare their chromatographic and mass spectral
profiles; and (4) the literature survey on studied herbal species.

Statistical analysis

Values were presented as mean – standard deviation, and
statistical analyses were performed by using Student t test at
significance of P < .05.

RESULTS AND DISCUSSION

Aqueous extracts of basil leaf, cubeb berries, sesame
seeds, and long pepper inhibit the oxidation
of lipoproteins

To test the effect of aqueous extracts on the oxidation of LDL,
the lipoprotein was incubated with 5lM copper, and oxidation
was performed in the presence and absence of different con-
centrations of basil leaf, cubeb berries, sesame seeds, and long
pepper. The formation of conjugated dienes was measured at
234 nm absorption wavelength. As shown in Figure 1, control

incubation generated an oxidized LDL (Ox-LDL) that reached a
maximum increase in absorption at about 200 min. The lag
phase, which represents the time at which antioxidants are
consumed, was 60–80 min. As shown in Figure 1, in the pres-
ence of increasing amounts of either basil leaf extract or sesame
seeds, there was an increase in lag time, suggesting that even
low concentrations are able to delay the oxidation rate. How-
ever, cubeb berries and long pepper aqueous extracts were able
to delay the oxidation at higher concentrations only. Reduced
peroxides and thiobarbituric reactive substances were observed
in the presence of aqueous extracts compared with Ox-LDL, as
shown in Supplementary Figures S1 and S2. Similarly, all ex-
tracts (used 25 lg) were able to inhibit the oxidation of LDL
with MPO, as shown in Figure 2.

All extracts are able to inhibit the oxidation of LDL by
copper or MPO in an in vitro system suggests that they could
prevent the formation of Ox-LDL in vivo, which has been
considered a major pathophysiological step in atheroscle-
rosis. This might be due to the ability of herbal extracts to
decrease the rate of initiation of oxidation by reacting with
oxygen radicals. They might also act as chain terminators
and prevent propagation of oxidation. Pre-treatment of
LDL with herbal aqueous extracts renders LDL resistant to
oxidation, suggesting that the latter might be able to remove

FIG. 2. Herbal aqueous extracts (BL, CB, SS, and LP) inhibit the oxidation of LDL by MPO. LDL was isolated from the plasma of consenting
subjects and used for oxidation with copper. One hundred micrograms of LDL was oxidized with 0.2 U MPO and 100 lM H2O2 in the presence
and absence of extracts (25 lg), in 1 mL PBS; formation of conjugated dienes was measured at 234 nm. (A) At the used concentration in the
presence of extracts, initiation of LDL oxidation was delayed. (B) LMB assay. (C) TBARS assay. *P < .05; **P < .01; LMB, leucomethylene blue;
MPO, myeloperoxidase; TBARS, thiobarbituric acid reactive substances.
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FIG. 3. Decomposition of HPODE in the presence of aqueous extracts. Two hundred nmoles per mL of HPODE was prepared by oxidizing
linoleic acid with soybean lipoxygenase and used to determine the effect of aqueous extracts on FFAOOHs. HPODE was incubated with
increasing concentrations (0–50 lg) of (A) BL (B) CB or (C) SS and (D) LP for 1 h at 37�C. Lipid peroxide present in the reaction system was
analyzed by LMB assay. All the extracts showed significant reduction in the peroxide content of FFAOOHs in a concentration-dependent manner.
*P < .05; **P < .01. FFAOOHs, free fatty acid peroxides.

FIG. 4. Herbal aqueous extracts attenuate LPS-
induced proinflammatory gene expression in MDMs.
MDMs were incubated with BL, CB, SS, and LP
(5 and 25 lg) for 2 h, followed by LPS (100 ng/mL)
for 24 h. RNA was isolated, and real time-PCR anal-
ysis was performed for (A) TNF-a and (B) IL-1b gene
expression by using appropriate primers. All are ef-
fective in attenuating LPS-induced inflammatory
markers. Results are represented as mean – standard
deviation. *P < .05; **P < .01; ***P < .001. IL, inter-
leukin; LPS, lipopolysaccharide; MDMs, monocyte
derived macrophages; PCR, polymerase chain reac-
tion; TNF, tumor necrosis factor.
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peroxidized lipids (13-HPODE and 15-HPETE) from
LDL, which are the major enhancers of the non-enzymatic
oxidation of both cholesterol linoleate and 1-palmitoyl-2-
arachidonoyl-sn- glycero-3-phosphocholine, which are
considered key players in disease progression.51

Reduction of peroxides in the presence of extracts

Reduction of peroxides in the presence of bail leaf/cubeb
berries/sesame seeds/long pepper is exciting and could have a
major impact in preventing propagation of oxidation as well as
in reducing the cellular effects of lipid peroxides. FFAOOH
(HPODE) was reduced into hydroxides in the presence of in-
creasing concentrations of all the aqueous extracts. As shown in
Figure 3, all extracts showed a significant reduction in the
peroxide content of FFAOOH, approximately 80–90%, with
increasing concentrations. Similarly, all extracts were able to
reduce the hydrogen peroxide with increasing concentrations,
as shown in Supplementary Figure S3. In our previous studies,
we already reported that basil extract52 and associated compo-
nents contain a methoxy group on phenol that acts as an MPO
inhibitor and that might also inhibit the soybean lipoxidase
action. This might be due to the presence of similar homology of
soybean lipoxidase with human 15 lipoxygenase and MPO.

Extracts attenuate LPS-induced inflammatory
cytokines in MDMs

MDMs were treated with LPS (100 ng/mL)– extracts (5 and
25lg/mL) for 24 h. LPS strongly induced messenger RNA
(mRNA) levels of TNF-a and IL-1b in MDMs, whereas all
extracts were able to attenuate the LPS-induced inflammatory
markers in MDMs in a dose-dependent manner. As shown in
Figure 4, a significant reduction in pro-inflammatory cytokine
TNF-a was observed in the presence of extracts as compared
with the control. All the extracts alone did not induce any of the
inflammatory cytokines by itself. LPS has been considered a
potent pro-inflammatory stimulant to induce TNF-a in macro-
phages, which is a key player in several inflammatory diseases.
In our studies, we observed the reduction of TNF-a by all herbal
extracts, which suggests their efficacy against LPS-induced
inflammation. Although proinflammatory cytokine generation
is essential for the development of the localized inflammatory
response, an imbalance and sustained overproduction of these
cytokines might lead to septic shock characterized by coagu-
lopathy, endothelial damage, loss of vascular tone, and multiple
system organ failure, often resulting in death.53 Further, their
anti-inflammatory nature would shed light on potential non-
pharmacological therapy for several inflammation-associated
diseases.

LC-MS experiments

The method development of LC-MS in terms of selection of a
column and mobile phase was achieved as described in our
recent article.50 The identified compound’s polarities have
fallen in a broad range from polar to non-polar. Though water is
a polar solvent, hot water could extract many non-polar com-
pounds to some extent, due to temperature effect on solubility of

molecules in various solvents.54 Small-chain carboxylic acids
were commonly identified in all the herbal extracts.

Compound identification by mass spec libraries
and fragmentation (MS/MS) studies

In this study, a total of 65 molecules were identified and
confirmed in four different types of herbal species. Most of
the molecules were confidently confirmed based on their
MS, MS/MS spectra, and chromatographic profiles and a
few were confirmed with their corresponding reference
standards analyzed in identical experimental conditions.
The mass spectral libraries and MS/MS studies have played
a huge role in the identification and confirmation of mole-
cules present in the extracts. Several monoisotopic masses
were shown numerous possible molecules on their entry into
mass spectral libraries. Later, appropriate molecules were
confirmed based on their MS/MS fragment ions, LC reten-
tion time and comparing their corresponding fragments with
MS/MS spectra with databases.

Basil leaf

In the basil, 26 molecules were identified and con-
firmed; these include short-chain organic acids, medium-
chain dicarboxylic acids, benzoic acid and cinnamic acid
derivatives, flavonoids and its glucosides, and eugenol. The
complete list of molecules is shown in Table 1.

Table 1. Complete List of Molecules Identified

in Basil Aqueous Extract

S. No. Compound RT Detected ion

1 Tartaric acid 1.79 149.0109
2 Malic acid 1.88 133.0159
3 Citric acid 2.41 191.0193
4 Glutaconic acid 2.87 129.02
5 Quinic acid 3.33 191.0565
6 Glutaric acid 3.86 131.0354
7 Gentisic acid 4.63 153.0203
8 Cis-Caffeoyl tartaric acid 5.09 311.0414
9 Phloracetopenone 8.98 167.0338

10 Caffeic acid 10.53 179.0356
11 4-Hydroxybenzaldehyde 12.35 121.0301
12 7-Epi-12-hydroxyjasmonic

acid glucoside
12.95 387.1671

13 Vanillin 16.65 151.0404
14 Suberic acid 18.27 173.0818
15 Ferulic acid 18.88 193.0494
16 Chicoric acid 19.05 473.066
17 Luteolin-7-O-glucuronide 19.15 461.0718
18 Apigenin 20.01 269.0451
19 2-(2-Oxopropyl)benzoic acid 20.55 177.0563
20 Rosmarinic acid 20.62 359.0744
21 Azelaic acid 20.66 187.0949
22 Salicylic acid 21.03 137.0217
23 Eugenol 22.02 163.0741
24 Luteolin 22.02 285.0376
25 Sebacic acid 22.41 201.1154
26 Eugenitol 24.49 205.0507
27 Eupatorin 26.69 343.0799

RT, retention time.
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The accurate mass ion at m/z: 179.0341 resulted in various
possible molecules on database search, 4-Hydroxyphenyl-
pyruvic acid, 3-(3,5-Dihydroxyphenyl)-2-propeonic acid, and
caffeic acid. MS/MS studies have been performed based on
the fragments that the caffeic acid molecule established.
Glutaric acid, glutaconic acid, 4 hydroxy benzaldehyde,
rosmarinic acid, luteolin, and eugenitol were also confirmed

by their MS/MS studies and matched with database MS/MS
spectra. The parent mass ion at m/z: 151.0404 resulted in
many possible molecules, up on MS/MS studies; produced
daughter ions at m/z: 136.0165, 108.0218, and 92.0271;
based on these fragments, vanillin molecules were confirmed.
The fragmentation mechanisms of a few molecules are shown
in Figure 5.

FIG. 5. Proposed fragmentation pathway and ESI-MS and MS/MS spectra (A, C) for caffeic acid and (B, D) for vanillin. ESI, electrospray ionization;
MS/MS, tandem mass spectrometry.
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Table 2. Complete List of Molecules Identified in Sesame Seed Aqueous Extract

S. No. Compound RT Detected ion

1 d-Tartaric acid 1.80 149.0114
2 Malic acid 1.86 133.0116
3 Citric acid 2.42 191.0195
4 Glutaric acid 3.01 131.0365
5 Quinic acid 3.28 191.0567
6 Gentisic acid 4.67 153.0198
7 Cis-Caffeoyl tartaric acid 5.18 311.0397
8 4-(b-D-Glucosyloxy)benzoate 6.24 299.0722
9 Fertaric acid 7.95 325.0628

10 Vanillyl alcohol 4-O-b-glucopyranoside 9.74 315.1069
11 Caffeic acid 10.53 179.0341
12 4-Hydroxybenzaldehyde 12.41 121.0290
13 12-Hydroxyjasmonic acid 17.11 225.1141
14 Chicoric acid 19.02 473.0639
15 Luteolin-7-O-glucuronide 19.18 473.0815
16 Rosmarinic acid 20.6 359.0817
17 9S,12S,13S-trihydroxy-10E,15Z-octadecadienoic acid 23.72 327.2217
18 Traumatic acid 24.68 227.1289
19 Eupatorin 27.88 343.0830
20 9,14-DiHODE 28.57 311.2245

FIG. 6. The ESI-MS and MS/MS spectra of chicoric acid and its proposed fragmentation pathway.
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Sesame seed

In the sesame seed, 20 molecules were identified and
confirmed; these include short-chain organic acids, benzoic
acid and its glucosides, cinnamic acid derivatives, and fatty
acid degradation products. The complete list of molecules is
shown in Table 2. Fertartaric acid, 4-(b-D-Glucosyloxy)
benzoate, 2,3 dihydroxy benzoic acid, and Luteolin-7-O-
glucuronide were confirmed by their MS and MS/MS frag-
mentation studies. Chicoric acid MS and MS/MS spectra are
shown in Figure 6. Eupatorin was confirmed by its MS and
MS/MS spectral match with Metlin database.

Long pepper

In the long pepper, 21 molecules were identified and
confirmed; these include short-chain organic acids, cin-
namic acid derivatives, and piperine derivatives. The com-
plete list of molecules is shown in Table 3.

The extract contains a few unique alkaloid molecules
containing methylenedioxy phenol moiety attached to them.
Piperine and its structural homologues were confirmed by
their MS/MS fragmentation studies. The proposed frag-
mentation pathway of a few molecules is shown in Figure 7.

Cubeb pepper

In the cubeb pepper, only few molecules were confirmed
out of many identified molecules; these include short-chain
organic acids and terpenoids. The list of confirmed mole-
cules is shown in Table 4.

Cubeb extract has produced poor ESI-MS spectra due to
the presence of planar and nonpolar molecules. Extensive
fragmentation was observed in corresponding MS/MS ex-

periments, and, hence, we could not confirm many mole-
cules in cubeb extract.

Identified molecules and inflammatory properties

Among the identified molecules, several molecules such
as short-chain carboxylic acids and di-carboxylic ac-
ids,55–57 phenolic acids, piperine derivatives, rosmarinic
acid, eugenol, etc., have been reported to have anti-
inflammatory properties.18,20,49 A few molecules are
commonly present in all the extracts and few are specific to
types of herbal species. Basil and sesame seed extracts
have shown many similar molecules and also shown a
similar kind of biological activities. Long pepper and cu-
beb pepper extracts have shown specific molecules, pip-
erine derivatives, and terpenes (extensive fragmentation in
ESI). Basil and sesame seed extracts have acid-containing
molecules; whereas long pepper and cubeb pepper extracts
have nitrogen (N)-containing basic molecules, mostly
heterocyclic compounds. The identified molecules and
beneficial properties of herbal extracts are summarized in
Table 5. The MS and MS/MS spectra of all herbal extracts
are shown as Supplementary Data.

TNF-a and IL-1b are two different inflammatory
markers. Here, we have investigated how these markers
respond to different herbal aqueous extracts based on their
chemical constituents. Though sesame seed (SS) and long
pepper (LP) extracts have different molecules except a few
(Table 5), they attenuate IL-1b more significantly when
compared with the other two extracts (basil leaf [BL] and
cubeb berries/pepper [CB]), as shown in Figure 4. SS and
BL extracts have many similar molecules (Table 5); BL
attenuation action on different inflammatory markers,
TNF-a and IL-1b is different, whereas SS inhibits both the
inflammatory markers significantly. Also, the oxidation
mechanism of LDL is different in enzymatic and non-
enzymatic conditions. BL and SS extracts inhibitory action
on oxidation of LDL is quite similar (5–50 lg) in both the
conditions, as shown in Figures 1 and 2; whereas LP and
CB extracts are inhibited at higher doses (25–50 lg). Thus,
different extracts and their chemical constituents have
shown various beneficial properties. Also, all antioxidant
molecules may not possess anti-inflammatory properties;
further, even some of them might need high doses for their
beneficial action.

Oxidative stress and inflammation are closely associated in
several diseases, including cardiovascular disease, diabetes,
inflammatory bowel disease, cancer, and different types of
neurological disorders. At what stage of the disease these two
factors play a key role and influence the progression is un-
known. The extracts also contain simple carboxylic and di-
carboxylic acids; our earlier studies with azelaic acid have
suggested that even simple dicarboxylic acids could have
anti-inflammatory actions in vivo.58 In this study, the con-
centrations of individual components could not be deter-
mined, hence we have used the microgram concentrations
instead of molar concentrations. In addition, our previous
studies with sesame oil aqueous extract (SOAE) revealed that

Table 3. Complete List of Molecules Identified in Long

Pepper Aqueous Extract

S. No. Compound RT Detected ion

1 Malic acid 1.86 133.0116
2 Citric acid 2.42 191.0195
3 Quinic acid 3.3 191.0541
4 Gentisic acid 4.63 153.0203
5 1-Acetylpiperidine 13.27 128.1041
6 3,4-Methylenedioxymethamphetamine 18.27 194.112
7 Benzoylmalic acid 19.69 237.0375
8 Cinnamaldehyde 23.16 133.0612
9 Coumaperine 25.33 256.1351

10 Piperyline 26.78 272.12
11 4,5-Dihydropiperlonguminine 27.88 276.155
12 (E,E)-piperlonguminine 28.01 274.1451
13 Piperanine 28.55 288.1523
14 Piperine 28.77 286.1441
15 Piperittine 30.58 312.1577
16 Dehydropipernonaline 32.59 340.1903
17 Pipernonaline 33.28 342.2033
18 Pipercide 33.86 356.2232
19 Piperolein B 34.18 344.2196
20 Piperundecalidine 35.11 368.2237
21 Guineesine 36.11 384.2489
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the whole extract and SOAE-8 are more beneficial than the
corresponding individual components.44,50

In this study, we have generated preliminary results. Based
on the observations, we are planning to evaluate the beneficial
properties of individuals and groups of molecules in vitro as
well as in vivo to understand the molecular mechanisms in-
volved in their anti-inflammatory properties. Thus, herbal
extracts can serve as simple non-pharmacological agents,
which could prove to be invaluable adjunct therapeutic agents
in the treatment of several kinds of oxidative stress as well as
in inflammation-associated diseases that will shed light on
many future studies.

FIG. 7. Proposed fragmentation pathway and ESI-MS and MS/MS spectra (A, C) for piperine and (B, D) for piperlonguminine.

Table 4. Complete List of Molecules Identified

in Cubeb Berries Aqueous Extract

S. No Compound RT
Detected

ion

1 Malic acid 1.86 133.0116
2 Citric acid 2.43 191.0195
3 Quinic acid 3.32 191.0541
4 Gentisic acid 4.61 153.0203
5 5-Acetyl-2,3-dihydro-7-methyl-1H-

pyrrolizine
16.13 164.1044
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