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Plants contribute to 75% of molecular medicines (MM) either directly or indirectly. Centella asiatica (CA)
is being extensively used in experimental and clinical studies. However, its scientific approval is not
forthcoming. It is well known that every plant contains useful as well as some harmful compounds.
Subjecting whole plant extracts containing harmful compounds to modern pharmacological methods
will only demonstrate that they are not safe for use as medicines. To ascertain both the useful and
harmful compounds in CA extract, all the compounds of the extract must be identified. In the present
study, a methanol extract was prepared from the whole plant. The compounds were identified using
liquid chromatography-mass spectrometry with database confirmation. 3,201 compounds were
identified using the METLIN database. Database searches yielded 1,187 biological compounds of which
154 were for human/human cell lines. These 154 compounds were classified based on their already
reported effects. Two contemporary medicines found in this extract were quantified. Here, we report
both beneficial and harmful compounds in the methanol extract of CA. We propose that the harmful
compounds can be removed to yield safe medicines from CA.

Key words: Centella asiatica, mass spectrometry, secondary metabolites, traditional medicine, medicinal plant,
molecular medicine.

INTRODUCTION

Traditional medicine (TM) is the result of accumulated
knowledge and practices based on past experiences. As
different TMs evolved 5000 years ago, they mainly
depended on natural products. However, the TM system
appears to have become stagnant over the past

millennium with regard to new theories and practices. TM
lacks a suitable means to review its principles and
practices. Cochrane reviews of available studies reveal
that clinical trials in TM have poor controls and lack
statistical power or comparisons (Nahin and Straus,
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2001; Narahari et al., 2010; Telles et al., 2014).

Conversely, traditional herbal medicines are claimed to
be effective and safe. This assertion has existed
throughout history and is a common claim by millions
who have different medical options. About one-fifth of the
US population uses some form of TM (Barnes et al.,
2004), more than 40% of adults with neuropsychiatric
symptoms in the US used complementary or alternative
medicine in the year 2007 (Purohit et al., 2012), and
35.3% of persons diagnosed with cancer in the US took
aid of complementary health approaches (Clarke, 2018).

Of all cancer patients in China, 93.4% were using
complementary medicines during the period of 2009-
2010 (Teng et al., 2010). About three-fourths of molecular
medicines originate from plants. Molecules of plant origin
are used in many therapeutic applications, including:
cancer (paclitaxel from Taxus brevifolia) (Rao, 1993;
Weaver, 2014), malaria (artemisinin from Artemisia
annua) (Klayman et al., 1984; Levesque and Seeberger,
2012), Alzheimer's disease (galantamine from Galanthus
nivalis) (Heinric and Lee, 2004; Libro et al., 2016),
hypertension (reserpine from Rauvolfia serpentina)
(Sheldon and Kotte, 1957; Lobay, 2015), and pain
(codeine and morphine from Papaver somniferum)
(Tookey et al., 1976; Maurya et al., 2014). It is the
presence of these types of molecules that provide the
medicinal value found in plants.

Importantly, plants appear to have molecules that may
be helpful in certain clinical applications for which
contemporary medicine has no solution, such as
neurodegenerative disorders. Though it evolved before
the concepts and tools of modern pharmacology, TM
remains empirical, and the molecules devised by it can
be used therapeutically without significant manipulation.
Rather than blaming TM, these molecules should be
engineered for efficacy and to avoid unwanted
interactions. There were early attempts to identify
molecules from the extracts of many medicinal plants in
different contexts. Some studies identified plant extract
molecules in the serum because only the absorbed
molecules matter as medicines (Sun et al., 2012).

Few studies have reported the compounds that are
present in specific fractions (Ding et al., 2014; Sun et al.,
2016). Numerous interaction studies on herbal
formulations with conventional drugs are available (Chen
et al., 2012). Knowledge about herbal drugs has grown in
recent years, but the recommendation of their use is not
forthcoming. They are acceptable only if there is no
contemporary treatment available and no herb-drug
interaction is known (Moérike and Gleiter, 2014). The
number, concentrations, and identities of all compounds
consumed as herbal medicines are not known.

These preparations along with many beneficial
compounds may contain compounds such as the
phytotoxins, excess heavy metals, apoptotic inducers,
and psychoactive and drug interacting chemicals.
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Available evidence has shown that several herbal
products that have been put to extensive use in
traditional medications for generations may possess
carcinogenic, hepatotoxic, cardiotoxic and other harmful
activities (Gromek et al.,, 2015). Thus, such harmful
compounds should be removed to make traditional herbal
medicines safer and more acceptable. It is imperative
that we identify all of the compounds present in an
extract. Only then can we know which useful, harmful or
conditionally useful compounds are present in traditional
medicines. The fingerprinting of extracts is helpful for
molecular medicine to better understand the active
components the plants contain and for TM to avoid
unwanted reactions (Miyata, 2007; Yuan et al., 2016).

Centella asiatica, a member of Apiaceae family, is
native to the tropical countries of India, China, Malaysia,
Sri Lanka, Indonesia, South Africa, and Madagascar
(Orhan, 2012; Sabaragamuwa et al., 2018). This
perennial, herbaceous creeper has small fan-shaped
green leaves, white flowers and bears small oval fruits.
The medicinal qualities of this plant have been utilized in
Ayurvedic and Chinese traditional medicines for centuries
(Meulenbeld and Wujastyk, 2001; Yuan et al., 2016). The
whole plant of CA can be used for medicinal purposes.

CA is reported to possess an array of therapeutic
properties such as wound healing (Somboonwong et al.,
2012; Jenwitheesuk et al., 2018), anti-inflammatory (Park
et al., 2017), anti-cancer (Rai et al., 2014), anti-ulcer
(Cheng and Koo, 2000; Zheng et al., 2016), anti-diabetic
(Chauhan et al., 2010; Emran et al, 2016), anti-
convulsant (Visweswari et al., 2010; Manasa et al.,
2016), immunostimulant (Wang et al., 2003; Sushen et
al., 2017), neuroprotective (Kumar et al.,, 2009;
Sabaragamuwa et al., 2018), hepatoprotective (Antony et
al.,, 2006; Sivakumar et al., 2018), cardioprotective
(Gnanapragasam et al., 2004; Kumar et al., 2015), anti-
bacterial (Dash et al., 2011; Soyingbe et al., 2018), anti-
viral (Yoosook et al., 2000; Sushen et al., 2017), anti-
fungal (Naz and Ahmad, 2009; Senthilkumar, 2018),
insecticidal (Senthilkumar et al., 2009), and anti-oxidant
(Pittella et al., 2009; Gulumian et al., 2018). Triterpene
saponosides are the major class of active compounds in
CA and are generally accredited for its therapeutic
physiological effects (Gohil et al., 2010).

CA is a popular medicinal herb that is widely utilized for
its therapeutic properties in a number of traditional
medicinal systems. However, individual compounds
responsible for different therapeutic physiological effects
or compounds that might have adverse effects are not
known. Since it is a widely consumed plant, there is an
urgent need for in-depth analysis of compounds present
in this plant rather than only focusing on the gross effects
of the herb. Often prescribed in many traditional medicine
systems, the whole plant extract of CA was used to
identify all the compounds present in this plant during the
present study.
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Methanolic extraction was employed to get high
percentage yield of extracts from the plant (Dhawan and
Gupta, 2017) and extract maximum bioactive compounds
such as alkaloids, steroids, flavinoids, saponins, and
tannins from CA.

Here, we report the identification of a large number of
compounds in the methanol extract of CA (Gotu Kola)
using mass spectrometry and database confirmation, an
effective way of performing large scale untargeted plant
screening. We understand that this knowledge is critically
needed to realize the medicinal value of a plant by
identifying the presence of (1) the active therapeutic
molecules (efficiency) and (2) the harmful molecules that
should be removed from the preparation.

MATERIALS AND METHODS
The extract

CA was obtained from the Mother India Nursery, Najafgarh, New
Delhi and identified by Dr. Vandana Mishra, Department of
Environmental Studies, University of Delhi. The plant was submitted
to the herbarium in the same department with the herbarium
voucher DUH 14337. The plants were collected from the same
place within a period of 15 days to avoid the metabolite variability
due to seasons, geography and environmental causes. Surface
disinfection was performed by brushing the fresh plants with a soft
brush under running tap water before processing. The whole plant
was cut into small pieces and dried in the laboratory. The methanol
extract of the dried plant material was prepared by incubating it with
100% methanol for 24 h at room temperature with mechanical
stirring. The extract was centrifuged at 10,000 g for 10 min at room
temperature. The supernatant was collected. The methanol from
the supernatant was removed in a centrifugal evaporator. The dried
sample was weighed and stored at -20°C in an airtight vial

Identification of compounds

The dried methanolic extract was re-suspended in 0.1% formic acid,
centrifuged and injected into a Shimadzu Prominence SIL HTC
system equipped with a C18 column, 1.8 pum, 2.1x100 mm
(ACQUITY UPLC HSS T3 Column). A gradient elution using water
and acetonitrile containing 0.1% formic acid was used at a flow rate
of 0.3 ml/min for 20 min. The injection volume was 5 pl. An AB
SCIEX TripleTOF® 5600 LC-MS/MS system with a DuoSpray™
Source and electrospray ionization (ESI) probe was used for data
acquisition. TOF MS scan mode acquisition with simultaneous
information dependent acquisition MS/MS was performed. Each
sample was analyzed in positive polarity. Data were acquired over
a mass range of 100 to 1100 m/z with IDA MS/MS performed with a
collision energy of 35 eV and a spread of £20 eV. From the MS/MS
data collected, the compounds corresponding to 100 to 1100 m/z
were searched. Only the monoisotopic molecule ions were
considered. The generated peak list with a peak above the quality
of 30 was searched in METLIN database using its m/z ratio. All the
possible compounds for a given monoisotopic mass were screened
for known biological activity using Pubmed and Google. The data of
shortlisted compounds was processed using PeakView® Software,
AB Sciex for features identification and ID confirmation. The
structure elucidation of the compound was confirmed by matching
experimental fragments of the m/z to theoretical fragments of the
structure. The molfile file of the possible structure was uploaded in

PeakView software which then generated the fragmentation pattern

for that structure. The fragments generated from molfile were
matched with the experimental fragments. The percentage of
matching was generated from the software. Only the compounds
having 100% match were considered in the present analysis.

Quantification of compounds

In order to substantiate that the compounds identified by software
are actually present in the extract, two compounds, methotrexate
and cytarabine were selected at random for quantification. The
stock solutions of methotrexate, cytarabine, and homatropine
(internal standard) were separately prepared at a concentration of 1
mg/ml in acetonitrile. The stock solutions were appropriately diluted
with 75% acetonitrile containing 0.1% formic acid to reach the
required lower working concentrations.

The calibration curves of methotrexate and cytarabine were
plotted with concentrations ranging from 3.9 to 62.5 ng/ml. A
working internal standard solution was used at a concentration of
250 ng/ml in 75% acetonitrile. A ZIC HILIC 4.6x50 mm column was
used for analytical separation with an isocratic mobile phase
consisting of 10 mM ammonium formate and acetonitrile containing
0.1% formic acid at a ratio of 25:75 with a flow rate of 0.5 ml/min.
The autosampler tray and the column were kept at 22°C. 20 pl of
the sample was injected into the UPLC with a run time of 5 min.

Chromquest software version 4.1 was used to control all UPLC
parameters. The tandem mass spectrometric detection of analyte
and internal standard (IS) was performed on a 4000QTrap (AB
SCIEX) equipped with a Turbo lon Spray (ESI) source operating in
positive ion mode. Data acquisition and integration were performed
by Analyst 1.5.2 software (AB SCIEX). The source dependent and
compound dependent parameters were optimized in positive ion
mode using the inbuilt algorithm of Analyst 1.5.2 software to yield
the maximum intensity for precise detection.

RESULTS
Identification of compounds

The non-redundant number of compounds containing
both MS and MS2 spectra was found to be 3,201 in
positive polarity. About half of the compounds (46.8%)
had less than 1 ppm mass error when compared to
the METLIN database. More than three-fourths of the
compounds (77.4%) were within 5 ppm mass error.
The rest of the compounds had a mass error between 6
and 10 ppm. The methanolic extract of CA was separated
on UPLC coupled to mass spectrometer. The duplicate
runs are shown in Figure 1.

Molecular identification of m/z 244.09 is as shown in
Figure 2. Figure 2, Panel A shows chromatogram of CA
methanolic extract while Panel B shows the compound
eluted at 1.43 min and had m/z value of 244.09. The
identification of the compound was done based on the
fragment matching of the theoretical and experimental
MS/MS pattern. The m/z of the peak was uploaded into
METLIN software and a list of all possible compounds
was generated from METLIN.

The molfile of each compound was then used to
generate the theoretical fragments and was compared
with the experimental MS/MS spectrum for identification
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Figure 1. Chromatogram of the Centella asaitica methanolic extract. Two different runs are indicated in red and blue.

of the compound. The percentage matching was obtained
for each compound and a list of all the fragments
assigned by matching theoretical fragments of the
structure to the experimental spectrum was displayed.
The molfile of cytarabine showed 100% matching with the
experimental fragments of 244.09 (Figure 2, Panel C).

Thus, the m/z 244.09 was identified as Cytarabine
(Figure 2, Panel D). Highlighted in blue are the peaks that
have been matched. If there is no matching, then the
peak will be highlighted in red. All the m/z matched to
molfile are listed in panel E of Figure 2. The m/z 244.09
fragmented to 227.10, 169.04, 112.05, 95.02 and 84.04
m/z. The determined compound has 100% matching of
the experimental and theoretical peaks (Figure 2, Panel
E). Major fragments in the spectrum (m/z 227.10, 169.04,
and 112.05) were investigated, and each m/z was also
seen in MS mode with the same elution profiles at a
retention time of 1.43 min.

Categorization of compounds

Among these 1,187 compounds identified in the extract,
154 compounds have been studied in humans or human
cell lines and have 100% matches with the theoretical
and observed MS/MS spectra (fragments). These
compounds had varying effects on living systems. They
had properties that were inflammatory, anti-oxidative,
anti-bacterial, anti-nociceptive, anti-viral, anti-fungal, anti-
apoptotic, anti-parasitic, anti-insecticidal, neuroprotective,

anti-tumor, anti-diabetic, etc. They also had volatile
compound, including insect attractants and repellants,
some of which were quorum sensing compounds for
plants (Supplementary Information, Tables S1, S2, S3,
S4, S5, and S6). These 154 compounds were
categorized based on their effect on normal physiology.
The present report is based on the analysis of these
compounds. Table 1 lists 37 compounds that are listed as
drugs in the Drugbank database (DrugBank Version 4.3)
(Wishart et al., 2006). 17 toxins were detected in the
extract (Table 2). In addition to these compounds, 11
environmental pollutants were identified (Table 3).

Quantification of compounds

The quantification of methotrexate and cytarabine was
performed in multiple reaction monitoring (MRM) mode
based on molecular adduct ion and its fragment ion with
the transitions of 244.3 — 112.1 for cytarabine (Figure 3,
Panel A) and m/z 455.2 — 308.3 for methotrexate (Figure
3, Panel B). The transition of m/z 276.1 — 142.2 was
used for the internal standard (homatropine). All of the
calibration curves showed good linearity (r > 0.999) within
the test ranges. The precision was evaluated by intra and
inter day tests, which revealed relative standard deviation
(RSD) values of less than 3.88%. The recoveries for the
guantified compounds were between 96.3 and 103.7%,
with RSD values below 2.89%. Methotrexate and
cytarabine were detected at concentrations of 60 and 400
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Figure 2. Structural Elucidation of m/z 244.09 in PeakView™ Software. Panel (A) shows the elution pattern, panel (B) shows the
m/z and retention time, panel (C) indicates the fragmentation pattern, panel (D) shows the identity, and panel (E) shows peak
matching of both experimental and theoretical fragments for the compound shown, cytarabine.

ng/mg of methanol extract, respectively.

DISCUSSION
The contemporary medicines

Thirty seven contemporary drugs were identified in the
methanolic extract of CA (Table 1). The pharmacological
activities of these drugs are already established. Upon
reviewing the literature, it was found that CA is reported
to exhibit same therapeutic effects as these 30
contemporary drugs. CA manifests anti-diabetic (Rahman
et al., 2011; Emran et al., 2015), anti-ulcer (Sairam et al.,
2001; Abdulla et al., 2010), anti-fungal (Lalitha et al.,
2013), anti-cholinergic (Arora et al., 2018), anti-cancer
(Hamid et al.,, 2016; Ren et al.,, 2016), anti-bacterial
(Arumugam et al, 2011; Idris and Nadzir, 2017),
anxiolytic (Wijeweea et al., 2006; Wanasuntronwong et
al.,, 2012), anti-convulsant (Manasa and Sachin, 2016;

Sudha et al.,, 2002), anti-inflammatory (Somchit et al.,
2004; Chippada et al., 2011), anti-diarrheal (George et
al., 2009), anti-psychotic (Chimbalkar et al., 2015; Chen
et al., 2003), anti-nociceptive (Somchit et al., 2004;
George et al., 2008), analgesic (Saha et al., 2013;
Qureshi et al., 2015) and sedative (Hossain et al., 2005;
Rocha et al., 2011) properties. Though it has been
proved that CA possesses the aforesaid properties in
various studies, the specific compounds or the
mechanism of action responsible for all these properties
are not known. There is a concurrence of the
pharmacological effects of the drugs identified in extract
and reported effects of CA. This indicates that the drugs
identified in the study may be responsible for the
remedial effects illustrated by CA extract.

The toxins

Seventeen toxins (Table 2) have been identified in the



Table 1. Contemporary medicines identified in the Centella asiatica extract.
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Compound name m/z Functions Drug Bank Reference
Acarbose 646.2553 Anti-diabetic DB00284 (APRD00656)
Cinitapride 403.2013 Gastroprokinetic agent and anti-ulcer agent DB08810

Clotrimazole 344.108 Anti-fungal DB00257 (APRD00244)
Conivaptan 499.2176 Vasopressin receptor antagonist DB00872 (APRD01302)
Cyclopentate 292.1911 Anti-cholinergic DB00979 (APRD00893)
Cytarabine 244.0928 Anti-leukemia DB00987 (APRD00499)
Demeclocycline 464.0986 Anti-bacterial DB00618 (APRD00272)
Desflurane 168.001 Anesthetic DB01189 (APRD00907)
Ecabet 380.1657 For reflux esophagitis and peptic ulcer disease. DB05265

Eplerenone 415.2120 Aldosterone receptor antagonist DB00700 (APRD00707)
Epothilone D 492.2778 Colorectal cancer DB01873 (EXPT01350)
Eprosartan 424.1457 Diabetic Nephropathy and Hypertension DB00876 (APRD00950)
Estrone acetate 312.1725 17-beta-isomer of estradiol DB00783 (Estradiol)
Eszopiclone 389.1123 Nonbenzodiazepine hypnotic DB00402 (APRD0043)
Ethynodiol diacetate 384.23 A synthetic progestational hormone DB00823 (APRD00760)
Fludiazepam 302.0622 Anxiolytic, anti-convulsant, sedative and skeletal muscle relaxant DB01567
Fludrocortisone 380.1999 Synthetic adrenocortical steroid DB00687 (APRD00756, DB02478)
Flunitrazepam 314.0936 Sedative, anti-convulsant DB01544

Isothipendyl 285.13 Anti-histamine, anti-cholinergic DB08802

Loperamide 476.2231 Anti-diarrheal DB00836 (APRD00275)
Lumichrome 243.0194 Activates the LasR bacterial quorum-sensing receptor. DB04345 (EXPT02065)
Meclizine 390.1863 Anti-histamine DB00737 (APRD00354)
Methotrexate 455.1786 Chemotherapy drug DB00563 (APRD00353)
Mitoxantrone 445.2082 Anti-neoplastic agent DB01204 (APRD00371)
Netilmicin 476.3060 Anti-biotic DB00955 (APRD00232)
Nitisinone 329.0511 Inhibitor of HPPD DB00348 (APRD01141)
Norethindrone acetate 340.2038 Progestational hormone DB00717 (APRD00679)
Penbutolol 291.2198 Beta-blocker DB01359

Perphenazine 404.1558 Anti-psychotic drug DB00850 (APRD00429)
Phenacetin 180.1018 Anti-pain, fever-reducing DB03783 (DB08243, EXPT03306)
Prazepam 324.1029 Anxiety disorders DB01588
Prochlorperazine 374.1449 Anti-psychotic DB00433 (APRD00624)
Remoxipride 371.0976 Anti-psychotic agent DB00409 (APRD00316)
Ridogrel 367.1283 Systemic thrombo-embolism DB01207 (APRD00271)
Rimonabant 463.0854 Anorectic anti-obesity DB06155
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Table 1. Cont.
Vigabatrin 130.0863 Anti-epileptic drug DB01080 (APRD00282)
Zidovudin 268.1045 Anti-retroviral drug DB00495 (APRD00449)

Table 2. Toxins from Centella asiatica extract.

Compound name m/z Origin Functions References

(-)-Batrachotoxin 538.3043 Fungi Potent cardiotoxic and neurotoxic steroidal alkaloid Tokuyama et al. (1969)
1-Desulfoyessotoxin 1062.522 Marine Cytotoxic Korsnes et al. (2006); Korsnes et al. (2013)
Anatoxin-a(s) 252.0987 Fungi Neurotoxic cyanobacterial toxin Hyde et al. (1991); Mejean et al. (2014)
Daphnin 341.0872 Plant Binds to HAS. Plant toxin Zhu et al. (2012)
Dihydrosterigmatocystin 326.079 Fungi Aflatoxin biosynthesis Yabe et al. (1998)

Gitoxin 781.4386 Plant Cardenolides Haustein et al. (1975)

Huratoxin 584.3349 Plant From Pimelea simplex Mcclure et al. (1984)

llludin M 249.1482 Fungi Fungal cytotoxin illudin M Schobert et al. (2008)

Ipomeamaronol 267.1592 Plant Furanoterpenoid toxins from sweet potato Shen et al. (1997)

Miserotoxin 267.0954 Plant Plant toxin Patocka et al. (2000)

Nivalenol 312.1209 Fungi Mycotoxin Li et al. (2014)

Onchidal 277.1761 Marine Neurotoxins with anti-cholinesterase activity Pita et al. (2003)

Oscillatoxin A 578.3091 Marine Toxins from blue-green algae Fujiki et al. (1983)

Patulin 154.0266 Fungi Cytotoxic and Cytopathic Schaeffer et al. (1975)

Radicinin 237.0862 Fungi Produced by Alternaria radicina on carrots Solfrizzo et al. (2004)

Sambutoxin 453.2879 Fungi Mycotoxin by Fusarium spp. Kim et al. (1994)

Zinniol 267.1592 Fungi Phytotoxins from Alternaria solani. Moreno et al. (2005)

CA extract. Five of these toxins were of plant
origin, nine toxins were from fungi and three
toxins were from marine origin. The plant origin
toxins could be inherent but fungi and marine
origin toxins seem to be acquired. Plant origin
toxins ipomeamaronol, huratoxin, daphnin, gitoxin,
and miserotoxin have been reported in diverse
plants in the literature. It is known that a large
number of endophytic fungi and bacteria reside in
CA (Rakotoniriana et al., 2008). 45 different taxa
of fungi and 31 endophytic bacteria were isolated

from healthy leaves of CA. Endophytes alter the
composition of secondary metabolites in their
plant hosts (Gao et al., 2015; Zhang et al., 2013).
Climatic stress, wounding, metals, bacterial
infections, fungal infections, and environmental
chemicals also control and contribute to plant
metabolomics (Ramakrishna and Ravishankar,
2011; Ncube et al., 2013; Nasim and Dhir, 2010).
Plant secondary metabolites have microbicidal,
insecticidal or herbicidal functions. It is surprising
that the toxins oscillatoxin A (blue-green algae), 1-

desulfoyessotoxin (dinoflagellate) and onchidal
(onchidioideans) are present in CA considering
that these three species are of marine origin.
These three species are also known to thrive in
freshwater environments. The early land-dwelling
plants were effective in the uptake of DNA (broken
by the harsh conditions), which might have helped
in the acquisition of many self-defense functions
(Cove, 2015). Notwith-standing the apical
meristem, plants do acquire foreign entities through
various mechanisms. These toxin molecules
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Compound m/z Function References
Benfuresate 256.0769 Pesticide Albert-Garcia et al. (2008)
Chlorphoxim 332.0151 Insecticide Bown et al. (1984)
Coumachlor 343.1239 Rodenticide Dam et al. (1953)
Cycloprothrin 481.0848 Insecticide Jiang et al. (2008)
Dodemorph (93% matching) 282.2806 Pesticide Leenheers et al. (1992)
HC Blue no. 2 286.1398 Hair colorant Kari et al. (1989)
Isopropalin 310.2307 Pesticide West et al. (1988)
Propargite 350.1552 Pesticides Zhang et al. (2014)
Thionazin (95.6% matching) 249.1482 Pesticide Skrbi¢ et al. (2007)
Tolfenpyrad 383.1401 Insecticide Hikiji et al. (2013)
Xylylcarb 180.1018 Pesticide Hayatsu et al. (2001)

provide a glimpse of evolutionary interactions between
plants, marine, and microbial genomes.

Environmental pollutants

Eleven environmental pollutants were identified in the
present study of CA extract (Table 3). The soil of
medicinal plants is also a major cause for concern since
the toxicity of traditional medicinal plants is associated
with environmental pollutants. The unacceptable level of
heavy metals in traditional medicine is well known. Plants
take up nutrients, fertilizers and other chemicals from
their environment. Environmental pollutants such as
synthetic pesticides, rodenticide, etc., can be taken up.
Some of the pollutants detected are organo-phosphorous
and c-organochlorine compounds. Long-term exposure of
experimental animals to organo-phosphorous compounds
resulted in glucose intolerance with hyperinsulinemia, a
hallmark of insulin resistance (Nagaraju et al., 2015).
Some of the pollutants are acetylcholine esterase
inhibitors and carcinogens. A previous study reported 198
types of pesticides in 120 types of traditional Chinese
medicine (Wang et al., 2014). Furthermore, the types of
pesticides were not the same in different parts of the
plant. Typically, any acute effect (toxicity of pesticides,
the benefit of medicines, etc.) has been largely measured
at the acute median lethal dose or concentration. In
addition to direct mortality induced by pesticides, their
sub-lethal effects on physiology and behavior must be
considered for a complete analysis of their impact. To
appreciate the potential effects of a pest or pollutant,
ecologically relevant experimental approaches that take
into account the sub-lethal exposure over the long-term
should be developed. The results of one such study
indicated that insecticide mixtures continue to affect
natural systems over many weeks, despite no traces of
the mixture being detectable in the environment. Direct
and indirect consequences across many levels could be

observed (Hasenbein et al., 2016). The data of the
present study revealed that care should be exercised
while disposing biological and industrial waste.

Quantification of compounds

Cytarabine and methotrexate are prescribed for cancer
treatment. As the beginning of therapy, a low dose of
cytarabine produced maximal anti-leukemic effects a
evidenced by all response endpoints. This suggests
saturation in the dose-response relationship at this dose
level. High-dose cytarabine results in excessive toxic
effects without the therapeutic benefit (NTR 230). When
used for induction, methotrexate in doses of 3.3 mg/m? in
combination with 60 mg/m? of prednisone, given daily,
produced remission produced remission in 50% of
treated patients, usually within a period of 4 to 6 weeks.
These concentrations are at least ten times greater than
the concentrations of cytarabine and methotrexate
estimated in the CA extract. The two drugs were detected
at concentrations of 0.4 pg and 0.06 pg/mg of methanol
extract. A normal prescribed dose of up to 1 to 10
g/kg/day of CA extract is recommended for enhanced
cognition over a 52 week period (Manyam et al., 2004;
Kumari et al., 2016).

Over this span, 2.0 and 0.3 mg of these drugs will be
consumed, respectively. Methotrexate is at the top of the
list of high-risk drugs in a hospital setting causing
prolonged hospitalization (Saedder et al.,, 2014).
Methotrexate and cytarabine can exert their effects at low
doses (Hocaoglu et al., 2008). Another set of compounds
that could be actively harmful are hormones. There are
plant and insect related hormones in CA. Four
compounds, megestrol acetate, norethindrone acetate,
conivaptan and A4-tibolone, are hormonal drugs used in
humans. There are also compounds that stimulate
hormones. In TM, CA extract is taken over a long period.
Effectively, one is consuming over twenty cancer drugs at
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Figure 3. Quantification of cytarabine and methotrexate using LC-ESI-MS/MS. (A) representative chromatogram of
cytarabine m/z 244.3 — 112.1 at 2.67 min and internal standard homatropine m/z 276.1 — 142.2 at 1.83 min,
respectively, in the plant extract. (B) Representative chromatogram of methotrexate m/z 455.2— 308.3 at 2.06 min
and the internal standard homatropine at m/z 276.1 — 142 at 1.83 min in the plant extract.

sub-lethal doses over an extended period. If the intention
is neuroprotection or anti-oxidation, the consumption of
cytotoxic compounds is unnecessary.

CA has been actively used as a medicinal herb in
Ayurveda for various ailments from ancient times. For
many years, CA extracts have been considered acutely
and chronically non-toxic, even at doses as high as 5000
mg/kg (Chivapat et al., 2011; Chauhan and Singh, 2012;
Deshpande et al., 2015). A clinical case study has
reported the development of hepatotoxicity in three

women after consuming CA tablets for 30, 20 and 60
days in order to lose weight (Jorge and Jorge, 2005). In
the same study, it was found that not only did the
discontinuation of the tablets help cure the symptoms
such as jaundice, hepatitis, hepatomegaly, choluria, etc.,
but the commencement of the tablets again reinstated the
same symptoms. Another study reported a 15-year girl to
develop hepatotoxicity after ingesting lymecycline and a
herbal medicine with active ingredient CA (20 mg/day) for
6 weeks to treating acne (Dantuluri et al., 2011).



The study concluded that the deranged liver function and
coagulation profile were in fact caused by herbal
medicine containing CA. Methotrexate and Cytarabine
are well-known hepatotoxicity inducers (Sotoudehmanesh
et al., 2010; Thatishetty et al., 2013). Consequently,
chemotherapic drugs methotrexate and cytarabine might
play a role in hepatotoxicity caused by CA ingestion in
different cases. Ingestion of crude plant extract can
cause many such interactions.

Library of secondary metabolites

Since the pharmacological activities of 154 compounds
have been reported in human or human cell lines, we
have the name, chemical formulae, therapeutic activity in
humans as well as the MS/MS data for these 154 plant
products (many given under different categories). This list
should be combined with compounds from aqueous and
other extracts of CA in the future. This compilation should
be continued to include all medicinal plants. A detailed
database of secondary metabolites from all medicinal
plants will be of great pharmaceutical use. To complete
the knowledge, (1) all the compounds are to be studied in
vitro/ex vivo/in vivo and (2) the peaks with MS and
MS/MS data (including compounds with less than 100%
matching) should be identified de novo as well as their
effects should be studied. Natural products are the most
proven source of novel drug candidates. An integrated
approach involving virtual screening, automated high
content assays and high impact technologies for
fractionation as well as assay development is urgently
needed in drug discovery research (Cremin and Zeng,
2002; Koehn, 2008). The availability of purified natural
products and experimental high-throughput screening
can synergize to yield new therapies.

Conclusions

TM should make sure of the identity of the compounds
present in the extract. This will identify the harmful
compounds. The presence of the active molecules
indicates the efficacy of the extract. TM should undergo
pharmacological tests to gain acceptance. Equally
important issues are quality assurance and Good
Manufacturing Practices (GMP). TM can assure the
safety of plant compounds after enzyme inhibitors, toxins,
environmental pollutants, and cytotoxic substances are
removed. The approach used in this study is affordable,
efficient, and safe.
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Table S1. Anti-cancer compounds from CA extract:
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SIN Compound M/z Functions References
name
Induces Apoptosis and Cell Cycle Arrest in Lung
1. Alloantolactone 233.1897 Squamous Cancer SK-MES-1 Cells Zhao et al. (2015)
2. Alismol 221.1894 Cytotoxic, cytostatic and HIV-1 PR inhibitory activities Ellithey et al. (2015)
3 Alpha- 1371320 anticancer and antioxidant activities of Schinusmolle L. Bendaoud et al.
" phellandrene ' and SchinusterebinthifoliusRaddi berries essential oils (2010)
in vitro cytotoxic activity against 34 human cancer cell
lines with mean IC50 (IC70) values of 0.005 pg mi(-1)
4.  Altersolanol 337.0925 (0.024 pg mi(-1), Mishra et al. (2015)
kinase inhibitor, induces cell death by apoptosis through
the cleavage by Caspase-3
Chemopreventive mechanism for a traditional medicine: Dickinson et al
5.  Alpha-santalol 221.1894 induces autophagy and cell death in proliferating (2014) '
keratinocytes
6. Amurensin 534.1737 Amurgnsm G .|nh|b|ts angiogenesis .and.turrjor.g‘rqwth of Kim et al. (2012)
tamoxifen-resistant breast cancer via Pin1 inhibition
7 Asiatic Acid 489 3569 Anti-tumor and anti-angiogenic activity evaluations of Jing et al. (2015)
asiatic acid
Beta- ) o Robinson et al.
8. cyclocostunolide 233.1536 anticancer activity study (2008)
9.  beta-Thujaplicin 164.0837  P-Thujaplicinmodulates estrogen receptor signaling and o o1 (2015)
inhibits proliferation of human breast cancer cells
10. Broussoflavonol 4221729 Broussoflavor_mol B restricts growth of ER-negative breast Guo et al. (2013)
F cancer stem-like cells
Anti-cancer drug in trial
11. Carbestrol 275.0761 g Kogler et al. (1972)
12, Ceanothic acid 487.3433 Potent cancer chemopreventive agents Nakagawa etal.
(2009)
13. Chicoric Acid 475.0873 Antioxidant and antiproliferativeactivities Elansaryetal. (2015)
14. Costunolide 233.1897 Potential Anti-Cancer Activitiy Lin et al. (2015)
15. Cryptocaryone 283.0966 Induces apoptosis in human androgen independent Chen et al. (2010)
prostate cancer cells
A pyrimidine nucleoside analog that is used mainly in the
16. Cytrabine 244.0932 treatment of leukemia, especially acute non- Larrueet al. (2015)
lymphoblastic leukemia
17. Damsin 249.1482 Multiple anticancer effects Egll)ei%c))mez etal.
Inhibits vascular endothelial growth factor receptor-2
18. Delphinidin 303.0383 phosphorylation, sensitizes prostate cancer cells to Ko et al., 2015
TRAIL-induced apoptosis
19. Dextrin 505.1763 Ant_l-tu_mor effect o_f pH-responswe dextrin nanogels Manchun et al.
delivering doxorubicin on colorectal cancer (2015)
20.  Elesclomol 400.1028 Cellular mechanlsms_ of the cytotoxicity of the anticancer Hasinoff et al. (2015)
drug elesclomol and its complex with Cu(ll)
21. Ginsenoyne K 277.2161 Cytotoxic phenylpropanoids from carrot Yang et al. (2008)
22. Isoalantolactone 233.1536 Induces reactive oxygen species mediated apopiosis in Khan et al. (2012)
pancreatic carcinoma PANC-1 Cells
Plant anticancer agents. 28. New antileukemicjatrophone
23, Jatrophone 312.1725 derivatives f_rom Jat_rophagossypufolla: structural anq Pessoa et al. (1999)
stereochemical assignment through nuclear magnetic
resonance spectroscopy
24. Methotrexate 455.1596 Chemotherapy drug Chu et al. (2015)
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25.
26.

27.

28.
29.

Mitoxantrone

Parthenolide

Perillyl alcohol

Sorafenib

Usambarensine

445.2065
249.1481

153.1269

465.1030
432.2314

Anthracenedioneantineoplastic agent.

Inducing apoptosis in acute myelogenous

leukemia cells,

Perillyl alcohol for cancer including lung

cancer, breast cancer, colon cancer, prostate cancer,
and brain cancer

Sorafenib inhibit colonies formation into human
hepatocarcinoma cells

Potential anticancer and antiparasitic

Hussain et al. (2015)
Kim et al. (2015)

Chen et al. (2015)

Bondi et al. (2015)
Bonjean et al. (1996)

Table S2. Antioxidant compounds from CA extract.

S/IN Compound name M/z Functions References
Evaluation of antioxidant, antidiabetic and
1 1,4-Di-O- 5151194 anticholinesterase activities of small Russo et al.
) caffeoylquinic acid ' anthussonchifolius landraces and correlation with (2015)
their phytochemical profile
5,7-dihydroxy-4- _ Kancheva et al.
2. methylcoumarin 193.0343 Antioxidants (2010)
3 Cernuoside 449 1088 Antioxidant properties of cernuoside by the DFT Gugcluturk et al.
method (2012)
4 Chicoric Acid 475.0873 Ir_1 vitro ant_|OX|dant (_smd gntlprollferatlve activities of Elansary et al.
six international basil cultivars (2015)
5. Chlorogenic Acid 3551029  Anantioxidant, may also slow the release Zhen et al. (2015)
of glucose into the bloodstream after a meal
Scavenger and antioxidant properties of
6. Cyclandelate 277.2161 prenylflavones isolated from Ko et al. (2015)
Artocarpusheterophyllus
Epicatechinpentaac Cyclooxygenase inhibitory and antioxidant Seeram et al.
7. 501.1361
etate compounds (2003)
Antidiabetic, antihyperlipidemic and antioxidant
8 Isorhoifolin 577.1619 effects of the flavonoid rich fraction of Bansal et al.
' Pileamicrophylla (L.) in high fat diet/streptozotocin- (2012)
induced diabetes in mice.
172.0986 First observation of N-acetyl leucine and N-acetyl
9. N-Acetylleucine ' isoleucine in diabetic patient hair and quantitative Min et al. (2015)
analysis by UPLC-ESI-MS/MS
579.1767 Naringin ameliorates cognitive deficits via oxidative
10. Naringin ' stress, proinflammatory factors and the PPARy Qi et al. (2015)
signaling pathway in a type 2 diabetic rat model.
Bixin and Norbixin Have Opposite Effects on .
79.1
11. Norbixin 379.1895 Glycemia, Lipidemia, and Oxidative Stress in (Azrggg)lo etal.
Streptozotocin-Induced Diabetic Rats
Antimicrobial and antioxidant activities, inhibitory Sahoo et al
12. Mangiferin 423.0921 effects on type Il 5a-reductase in vitro, and (2016) '
gastroprotectiveand antidiabetic effects in rodents
Phloridzin reduces blood glucose levels and
435.1282
13. Phloridzin improves lipids metabolism in streptozotocin- Paganga et al.
. . . (1999)
induced diabetic rats
. An antioxidant effect in human plasma. In vitro .
14. Quercetin-3-O- 479.0825 studies indicate that miquelianin is able to reach Ishisaka et al.
glucuronide (2014)

the central nervous system from the small intestine.
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Table S3. Cytotoxic compounds from CA extract.
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SIN Compound M/z Functions References
name
1. Altersolanol A 336.0845 Altersola_nol A: a selective cytotoxic Mishra et al. (2015)
anthraquinone from a Phomopsis sp.
Cytotoxic effects on tumor cells showing Wisintainer et al
2. Biflorin 355.1030 antimicrobial, antitumor and antimutagenic )
_— (2014)
activities.
3. Bet.a- . 165.0904 In vitro cytotoxic and antileishmanial activities Capello et al. (2015)
thujaplicin
Cytotoxicity of two naturally occurring
4. Dorsmanin | 422.1729 flavonoids (d_orsmaryn F and pqmsettlfolln B) Kuete et al. (2015)
towards multi-factorial drug-resistant cancer
cells
Cytotoxic  activity egonol-derived  hybrid
5. Egonol 327.2015 molecules against Plasmodium falciparum Reiter et al. (2014)
and multidrug-resistant human leukemia cells
6. Elesclomol 400.1028 Cellular mechamsms of the cytotoxicity of Hasinoff et al. (2011)
elesclomol and its complex with Cu(ll)
amma- Cytotoxicity of the hinokitiol-related
7. gamma- 164.0837 compounds, gamma-thujaplicin and beta- Morita et al. (2004)
Thujaplicin .
dolabrin
8. Ginsenoyne C 277.1787 Cytotoxicity in vitro Yang et al. (2008)
Some cytotoxic effects of mixtures of
9. Huratoxin 584.3349 simplexin and huratoxin obtained from the McClure et al. (1984)
desert rice flower, Pimelea simplex
Melampodiumleucanthum, a source of
10. Melampodin A 420.142 cytotoxic sesquiterpenes with antimitotic Robles et al. (2015)
activities.
11. Scytophycin C 806.5409 Potent antifungal and cytotoxic activities. Parker et al. (2008)
Cytotoxic and is an inhibitor of microtubule
12 Ustiloxin A 674.2082 assembly in vitro. Because of its resemblance Li etal. (1995)

to phomopsin A

Table S4. Apoptotic compounds from CA extracts.

S/N Compound M/z Functions References
name
Alantolactone induces apoptosis and cell cycle Zhao et al.
L Alloantolactone 233.1897 arrest on lung squamous cancer SK-MES-1 Cells (2015)
In vitro cytotoxic activity against 34 human cancer
cell lines with mean IC50 (IC70) values of 0.005 pg Mishra et al
2 Altersolanol 337.0925 mi(-1) (0.024 pg ml(-1), kinase inhibitor, induces (2015) '
cell death by apoptosis through the cleavage by
Caspase-3
- . Anti-tumor and anti-angiogenic activity evaluations Jing et al.
3 Asiatic Acid 489.3569 of asiatic Acid (2015)
Induces apoptosis in human androgen
independent prostate cancer cells by death Chen et al.
4 Cryptocaryone 283.0966 receptor clustering in lipid raft and nonraft (2010)
compartments.
Inhibits vascular endothelial growth factor receptor-
- 2 phosphorylation, Ko et al.
5 Delphinidin 303.0383 Delphinidin sensitizes prostate cancer cells to (2015)

TRAIL-induced apoptosis
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Isoalantolactone Induces Reactive Oxygen

6 Isoalantolactone) 233.1536 Species Mediated Apoptosis in Pancreatic gz)inz;a tal
Carcinoma PANC-1 Cells
. Inducing apoptosis in acute myelogenous Kim et al.
7 Parthenolide 249.1481 leukemia (AML) cells, (2015)
8 Pheophorbide A 5931481 Indu_ces apoptosis in human hepatocellular Chan et al.
carcinoma cells (2006)
9 Scutellarein 2881438 Induc_e apoptosis of ovarian and breast tumor Shi et al.
cells in vitro (2015)
dose-dependent death ( apoptosis )
Of lymphocytes . Due to inhibition of the MDR Mishra et al
10 Spathulenol 221.1894 protein 1 (also PGP pump ) in vitro has the '
. (2015)
potential spathulenol, a chemotherapy at
a cancer support
Zidovudine (INN) or azidothymidine (AZT)
. . 268.104 (also called ZDV) is a nucleoside analog .
11 Zidovudin 68.1045 reverse-transcriptase inhibitor (NRTI), a type ggggga etal.
ofantiretroviral drug used for the treatment of
HIV/AIDS infection.
Table S5. Anti-Inflammatory compounds from CA.
SIN Compound name Miz Functions References
Induces apoptosis and cell cycle arrest on lung squamous
1 Alloantolactone 233.1897 cancer SK-MES-1 Cells Zhao et al. (2015)
o Anti-inflammatory effects via the suppression of NF-kappaB
2 Madecassic acid 505.3523 pathway in LPS-induced RAW 264.7 macrophage cells Won etal. (2009)
3 Madecassoside 9755157 Attenuates !nﬂammatory response on collagen-induced arthritis Li et al. (2009)
in DBA/1 mice
4 Myrcene 1371326 ;r;?cir;t:nﬂammatory, anti-catabolic and pro-anabolic effects of Rufino et al. (2015)
6 Parthenolide 249.1481 Anti-Inflammatory and Cytostatic activities Talhouk et al. (2015)
7 Phytosphingosine 3183003 Amellqratg skin |pflammat|on by.mhlbmng NF-«B and JAK/STAT Kim et al. (2014)
signaling in keratinocytes and mice
8 Quillaic acid 4831322 Anti-inflammatory activity Em?“ez{"az etal.
9 Rhododendrin 329.1016 Analgesic/anti-inflammatory Kim et al. (2011)
10 Ridogrel 367.1283 Anti-inflammatory profile inflammatory bowel disease. Carty et al. (2000)
11 Sericoside 667.2290 Anti-inflammatory triterpenoid Rode et al. (2003)

Table S6. Agonist /Antagonist of receptors from CA extract.

S/IN  Compound name M/z Functions References

1 Idazoxzn 205.0974 A2-adrenoceptor antagonist Smith et al. (1992)
A noxious fungal sesquiterpene, excites sensory

2 Isovelleral 233.1897 neurons through activation of TPRAL Escaleraet al. (2008)

3 L-902,688 420.2230 Agonists on prostaglandin E2 Kay et al. (2013)

4 N6-methyl deoxy adenosine  266.1383 A competitive antagonist specific to the P2Y1 Lee et al. (2001)
receptors in the P2Y receptor family

5 Thujone 153.1267 Modulator of the gamma-aminobutyric acid Holdet al. (2000)

(GABA) type A receptor
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