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Kibatalia maingayi (Hook.f.) Woodson belongs to the Apocynaceae family and is known as 
“jelutong pipit”. A preliminary study in this laboratory showed that the stem bark extract of K. 
maingayi inhibited the growth of Plasmodium falciparum with a high selectivity index, and the 
wood extract rich in alkaloids. To date, only one metabolite has been isolated from this plant. 
Further biological investigation on this plant is constrained by the lack of knowledge regarding 
its chemical components. Therefore, a dereplication approach was proposed to annotate and 
identify the known metabolites so that the isolation work can be directed toward new and/or 
potential known metabolites. The dichloromethane woods extract of Kibatalia maingayi was 
pre-treated with a C-18 solid-phase extraction and profiled using UHPLC, followed by LCMS 
analysis. Databases of metabolites from the Apocynaceae, genus Kibatalia and Kibatalia 
maingayi were constructed in Compound Discoverer 3.1 software. Nodes such as predicted 
compositions, mzCloud, ChemSpider, Mass Lists, mzLogic, and/or FISh scoring were applied 
to annotate metabolites. A total of 20 metabolites were detected in the woods part of Kibatalia 
maingayi, comprising 14 indole alkaloids and 6 fatty acids. Indole alkaloids such as 
penduflorines A to E from the Apocynaceae family were reported to possess antiplasmodial 
activity. As indole alkaloids are known to have good pharmacological potential, they will 
become the targeted metabolites for the next isolation and pharmacological studies. 
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Malaria is one of the top three communicable diseases 
that affected billions of people, especially in the 
Sub-Saharan Region. According to World Health 
Organization, almost half of the world's population 
was at risk of malaria in 2021, making it one of the 
global health issues. There were about 247 million 
cases of malaria in 2021, with about 619,000 deaths 
reported, where most of the reported deaths were 
among young children [1]. Plasmodium falciparum 
has developed resistance towards the last defense drug 
used to treat malaria namely artemisinin, especially in 
Greater Mekong Subregion, urging the scientific 
community to search for new lead candidates [2]. With 
human mobility, it is feared that this strain will spread 
to neighboring regions. It is not long before a total 
resistance developed against artemisinin, thus it is 
important to search for new lead candidates for 
malaria treatment. 

 
 Natural products are sources of important drugs, 
in particular quinine and artemisinin. The plants have 

been used traditionally to treat malaria and fever for 
centuries. Many newer drugs today were synthetic 
derivatives of quinine and artemisinin. Natural product 
chemistry research has evolved significantly during the 
last few years, mainly due to the introduction of new 
technologies and the integration of established areas. 
The application of new technologies at each step in the 
investigation process for biologically-active natural 
products has resulted in more automated, high through-
put, and comprehensive experimental conditions. In 
particular, the investigation involves the extraction 
of the plant material, the chemical and biological 
profiling of the plant extracts, the isolation and 
purification of natural products, and the structural 
elucidation of the pure isolated compounds.  
 

The chemical profiling of plant extracts is an 
important step in the overall process and is 
significantly facilitated by the introduction of 
hyphenated techniques in the natural products field 
such as tandem mass spectrometry (MS/MS). This  
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powerful technique has allowed the rapid profiling of 
complex plant extracts before any isolation step. 
Moreover, it is selective and highly sensitive 
compared to those other techniques [3]. Tandem 
MS/MS generates fragment ions that can be used 
further in the database searching to annotate and 
identify the metabolites in the plant extract. This rapid 
identification of known compounds in the extract refers 
to dereplication. The technique makes identification 
faster, and only targeted isolation is performed, saving 
time and greatly reducing the expensive consumption 
of solvent. The previous study showed that ultra-high-
performance liquid chromatography (UHPLC) coupled 
with tandem mass spectrometry provided fast screening 
of selected indole alkaloids such as harmine, harmaline, 
ajmalicine, and yohimbine [4].   
 
 Compound Discoverer is one of the licensed 
applications that use accurate mass data, isotope 
pattern matching, and mass library spectral searches 
for the structural annotation of small metabolites [5]. 
This qualitative data processing uses nodes such as 
predicted compositions, mzCloud, ChemSpider, Mass 
List, mzLogic, and/or FISh scoring to annotate 
metabolites. mzCloud uses automatic searches for 
online mass spectral databases using MSn scan, 
ChemSpider uses ChemSpider database search for 
matching metabolites, mzLogic measures how similar 
a putative structure close to a matching structure in the 
database while Fragment Ion Search (FISh) scoring 
uses fragmentation scan to propose the structure. 
Recently, 414 metabolites have been annotated in nine 
mixed plant extracts using Compound Discoverer 3.1 
software [6]. 
 
 Apocynaceae, or dogbane family, consists of 
approximately 410 genera and over 5,000 species of 
tropical trees, shrubs woody climbers, and herbs [7]. 
Apocynaceae is a source of various classes of 
alkaloids, including indole alkaloids, aporphine 
alkaloids, mono-terpene alkaloids, pyrrolizidine 
alkaloids, steroidal alkaloids, tropane alkaloids, 
indolequinoline alkaloids, β-carboline alkaloids and 
many more [8]. Many important drugs were developed 
from various classes of alkaloids from the Apocynaceae 
family, such as vincristine, vinblastine, yohimbine, 
ajmaline, atropine, reserpine, ellipticine, ibogaine, 
and many more [9–15]. 
 
 Kibatalia is a small genus in the Apocynaceae 
family, of about 15 species. Kibatalia can only be found 
in Southeast Asia, from Thailand to Indonesia and the 
Philippines to the east [16]. Kibatalia species are 
everlasting or occasionally enormous blooming plants 
that may grow up to 45 m or 65 m tall, have a straight 
trunk, no branches for approximately 30 m to 40 m 
lengths, have a circumference of up to 120 cm, and 
usually has short, massive, and broad roots with 1.5 m 
thickness [16]. Several classes of compounds were 
reported for Kibatalia sp. such as steroidal alkaloids, 
triterpenes, and coumarin [17,18]. 
 

Kibatalia maingayi  (Hook.f.) Woodson 
(Apocynaceae) is commonly known as “jelutong pipit”, 
“bintuas”, “mentaos”, and “pelai liling” [16,19]. This 
plant is a tree that can grow up to 40 m and can be 
found in lowland and lower montane forests [20]. It is 
widely distributed in Peninsular Malaysia, Sumatra, 
Borneo, the Philippines, Thailand, and Singapore 
[20,21]. The previous report on phytochemical screening 
on K. maingayi showed that the leaves have a low 
content of alkaloids and flavonoids, and moderate 
content of terpenes, while the bark showed a low 
content of flavonoids [22]. On contrary, preliminary 
phytochemical screening in this laboratory revealed 
that the wood extract of K. maingayi contained 
alkaloids. To the best of our knowledge, only one 
metabolite, known as maingayine, was isolated from 
this plant species. However, this paper was published 
under its synonym name, Paravallaris maingayi [23].  

 
In continuation of our interest in new hit 

candidates of the alkaloidal moiety, K. maingayi 
(Apocynaceae) was evaluated for antiplasmodial 
activity. In a recent screening in this laboratory for 
antiplasmodial activity using P. falciparum K1 strain, 
the chloroform extract of the stem bark of K. maingayi 
showed antiplasmodial activity in vitro with an IC50 
value of 1.1 μg/mL ± 1.0 μg with a selectivity index of 
86.8. The wood extract showed weaker activity, how-
ever, the wood extract showed the presence of a higher 
abundance of alkaloids compared to stem bark. Thus, 
the wood extract of K. maingayi is selected for the 
annotation of metabolites using the dereplication 
approach in the present study. This approach will 
facilitate targeted isolation and characterization of new 
and/or potential known metabolites. This approach can 
save time, energy, and solvent consumption.  
 

EXPERIMENTAL 
 
Chemicals and Reagents 
 
Analytical grade solvents (hexane, dichloromethane, 
and methanol) were used for the extraction of plant 
material while HPLC grade solvents (propan-2-ol, 
acetonitrile) were used for solid phase extraction method, 
UHPLC, and MSn profiling. The solvents were purchased 
from RCI Labscan Limited, Bangkok, Thailand.  Ultra- 
pure water was obtained from the arium® pro ultra-
pure water system (Sartorius, Malaysia). 
 
Collection of Plant Materials 
 
The woods part of K. maingayi were collected from 
Bukit Nanas Forest Reserve, Kuala Lumpur, Malaysia. 
The plant was identified by Dr. Shamsul Khamis of 
Universiti Kebangsaan Malaysia.  
 
Plant Extraction 

 
The dried ground woods (468.27 g) of K. maingayi 
were macerated in hexane for one day, with 12 hours 
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of stirring and another 12 hours without stirring at 
room temperature. The filtrate was then filtered using 
Whatman filter paper number 1 into the Erlenmeyer 
flask. Next, the sample was successively macerated 
in dichloromethane and methanol, and the procedure 
was repeated three times, followed by filtration into 
their respective flasks. All filtrates were concentrated 
using a rotary evaporator at 40 °C to give hexane 
(1.0877 g), dichloromethane (0.7032 g), and methanol 
(23.1666 g) extracts. The crude extracts were stored 
in the refrigerator at -4 °C before analysis.   
 
Sample Preparation 
 
The crude extract (20 mg) was weighed and dissolved 
in acetonitrile (ACN) and propan-2-ol (50:50, v/v%), 
and filtered through a 0.45 µm PTFE filter. The 
sample (20 mg/mL) was pre-treated using a solid 
phase extraction method (TMstrata® C18-E from 
Phenomenex) before high-resolution mass spectro-
metry analysis. The filtrate was dried using a rotary 
evaporator at 40 °C. The sample stock solution was 
prepared by dissolving 5.3 mg in suitable solvents. 
Then, the stock solution was further diluted to a 
concentration of 250 ppm for MSn profiling.  
 
UHPLC Profiling 
 
The analysis of a pre-treated wood extract of K. maingayi 
was carried out by using Thermo Scientific analytical 
ultra-high-performance liquid chromatography 
(UHPLC) system. This UHPLC is comprised of a 
Dionex UltiMate 3000 pump, a column compartment, 
an autosampler, a Diode Array Detector (DAD), and 
an automated fraction collector. Chromeleon 7 software 
was used for instrument control and data processing. 
The separation was carried out by using an analytical 
XBridge C18 (250 mm × 4.6 mm, 5 µm, Waters, 
Ireland). The injection volume was 10 µL, at the flow 
rate of 0.8 mL/min. The analysis was carried out 
using gradient elution, eluted with ultrapure water 
(solvent A) and ACN (solvent B). The gradient used 
was as follows: 0-30 min, from 10 to 100% B; 30-
35 min, at 100% B; 35-37 min, from 100 to 10% B; 
37-42 min, at 10% B. The profile was monitored at 
200 nm.  
 
UHPLC-Orbitrap Analysis 
 
The dichloromethane woods extract of K. maingayi 
was analyzed using Thermo Scientific Vanquish 
UHPLC coupled to a Thermo Scientific™ Orbitrap 
Fusion™ Tribrid™ Mass Spectrometer. FreeStyleTM 
software 1.6 was used for instrument control and 
data processing. The separation was carried out by 
using an analytical Accucore™ Vanquish™ C18 
column (100 x 2.1 mm, 1.5 µm, Thermo Scientific, 
Lithuania). Positive ion mode was used throughout 
the analysis. The injection volume was 1 µL. The 
automated injection and a similar profiling gradient 
were used during the analysis. Both solvents A and 
B were added with 0.1% formic acid. The flow rate 

was maintained at 0.2 mL/min. The mass spectro-
meter was operated at 60,000 and 15,000 orbitrap 
resolutions in full and MS2 scan modes, respectively. 
The ion source was electro-spray ionization (ESI). 
The spray voltage in positive mode was 3,500 V, an 
ion transfer tube temperature of 300 °C, sheath gas 
of 35 arb, auxiliary gas of 7 arb, vaporizer temperature 
of 275°C, and RF lens of 60%. The scan range was 
from m/z 150 to 1500. The orbitrap detector was 
used in full scan and MS2 scan modes while the ion 
trap detector was used in MS3 scan mode. 
 
Database Export 
 
A database called CHEMnetBASE: Dictionary of 
Natural Products (DNP), retrieved from an access 
Universiti Teknologi MARA library was used to 
import all metabolites obtained from the Apocynaceae 
family, genus Kibatalia and Kibatalia maingayi. The 
specific property was used to get the maximum total 
hit of metabolites. Type of organism property was used 
to search metabolites from the family of Apocynaceae. 
The specific code, Z.Q.04000, was selected, representing 
angiosperms (dicotyledons) from the Apocynaceae 
family. The chemical name, synonym, molecular 
formula, and accurate mass of those hits were 
exported to an excel file (.xls) formatted text and 
eventually saved as csv (comma delimited) file. The 
metabolite structures were saved in MDL molfile 
format. In contrast, all text and biological source 
properties were used for the genus Kibatalia and 
Kibatalia maingayi, respectively. Since Kibatalia is 
synonymous with Paravallaris, the later genus name 
was then included in the metabolite search.  
 
Database Building 
 
The excel files of Apocynaceae, Kibatalia, and Kibatalia 
maingayi, previously exported from DNP, were 
loaded into the Compound Discoverer software 
under the Mass List section. The structures of 
metabolites were manually added, one by one, using 
MDL molfile, to the excel file.  
 
Dereplication Process 
 
The dereplication strategy started by creating a new 
study and analysis in the Compound Discoverer 3.1 
software. Next, the study name was created and the 
studies folder containing raw data and blank were 
selected. The workflow of “Natural Product\Natural 
Product Unknown ID w Online and Local Database 
Searches” was chosen. After that, the unprocessed 
MSn raw data and its blank files in positive ion 
mode were added to the study and were assigned as 
sample and blank, respectively. The following settings 
were made: mass tolerance, 5 ppm; intensity tolerance, 
30%; and ions selection, [2M+H]+1, [M+H]+1, 
[M+Na]+1, [M+K]+1. The minimum element count 
was set to carbon (C) and hydrogen (H), while the 
maximum element counts for C, H, oxygen (O), and 
nitrogen (N) were set to their default settings. Databases 
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of ChemBank, ChemSpiderman, DrugBank, MassBank, 
Molbank, Nature Chemistry, NIST, PubMed, Royal 
Society of Chemistry, and Web of Science were 
selected for the dereplication process as well as the 
three previously developed databases. The search 
formula was set to by formula or mass. Nodes such 
as predicted compositions, mzCloud, ChemSpider 
search, Mass Lists search, and/or mzLogic were used 
to annotate metabolites. The system was then run until 
fully completed. FISh scoring was then applied to all 
listed structure proposals. 
 

RESULTS AND DISCUSSION 
 
In this study, the chemical profiling of the crude 
extract was first developed using UHPLC before 
introduction into a high-resolution mass analyzer 
(HRMS), Orbitrap. HRMS was used to rapidly 
annotate the metabolite in the dichloromethane 

extract of K. maingayi woods. The annotation of 
metabolites is based on accurate mass and fragmentation 
ions that will be compared with the developed data-
bases and standard in-house databases in the Compound 
Discoverer software. The analysis of the crude 
extract of K. maingayi revealed the presence of 
metabolites with molecular weights ranging from 
278 to 444 g/mol.  
 
 The base peak chromatogram of the dichloro- 
methane woods extract of K. maingayi was shown in 
Figure 1. There were 20 metabolites detected in this plant 
extract, comprising 14 alkaloids and 6 fatty acids. 
Alkaloid was the dominant compound found in the 
crude extract, showing 80% of the total metabolites 
(Figure 2). The alkaloids identified were of the indole 
alkaloid class. The other metabolites are from fatty 
acids which represent 20% of the total metabolites. They 
are shown by peak numbers 12, 16 to 20.  

 
 

 
 

Figure 1. The base peak chromatogram of dichloromethane extract of woods part of Kibatalia maingayi  
 
 
 

 
 

Figure 2. The pie chart of the classes of metabolites identified in the dichloromethane woods extract of K. 
maingayi 
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Table 1 showed the detailed structure proposal of 
each metabolite that was detected in the dichloro-
methane woods extract. The mass error was below 5 
ppm. The metabolites were detected between the 
retention time of 3 to 29 minutes. Most of the 
metabolites hit the Mass List or Apocynaceae (family) 
database while the other metabolites did not match the 
family database but matched the mzCloud and/or 
ChemSpider search. The percentage of mzCloud best 
match was quite high which was more than 85%. This 
showed that the proposed metabolite matched the online 
mass spectral databases to that percentage. In contrast, 
FISh scoring matches metabolites to the libraries based 
on the fragmentation scan. The uses of fragmentation 
scan reduced from hundreds of structures proposal to 
a few numbers of metabolites. It should be noted that 
there is no acceptable score for FISh scoring. It depends 
solely on the fragmentation spectra. FISh scoring 
annotates the full spectrum tree, use general 
fragmentation rules, and uses the fragmentation 
libraries [5].  
 

The priority of annotation source was given to 
the Mass List databases, followed by mzCloud and 
ChemSpider. Based on Table 1, coronaridine matched 
the Mass List and was supported by the mzCloud 
database, which gives a 95.8% best match score. Figure 
3 displays the coronaridine mzCloud result, and the 
green color denotes a match between the sample (top) 
and the database (bottom). The MS/MS fragmentation 
pattern of coronaridine was shown in Figure 4. The 
loss of the methoxy group and its side chain was 
observed. All fatty acids except brassidic acid matched 
mzCloud and were supported by the ChemSpider 
database, which might confirm the annotation. Many 
MS2 fragmentation scans matched the online mass 
spectral database (Table 1). Only one [2M+H]+1 ion 
appeared, corresponding to the major peak of peak 
number 11. This might be observed due to the higher 
concentration of the sample. Their MS3 was labeled as 
an asterisk (Table 1). 

 
There are five confidence levels of metabolite 

identification that were proposed by Schrimpe-Rutledge 
[24]. Level 1 is the highest confidence level where it 
identifies metabolite using a minimum of two properties 
such as tandem MS/MS, LC, or NMR of reference 
standard under the same experimental conditions, level 2 
is the putative identification that uses fragmentation 
data match to MS/MS spectrum libraries, without 
standard, level 3 is the tentative structure that uses 
MS1 database match, level 4 is the molecular formula 
candidates that use isotope abundance distribution, 
charge state, and adduct ion determination while level 
5 is the unique feature that uses mass measurement 
accuracy, ±ppm. All metabolites are putatively identified 
(Level 2). Compound Discoverer 3.1 software gives 
preliminary ideas on what metabolites might be present 
in the crude extract.  

 
Several subclasses of alkaloids were identified 

in the present study, including indole alkaloids, namely 

18-hydroxyyohimbine, sitsirikine, 16-episitsirikine, 
16,17-dihydrosecodin-17-ol, 17-O-acetyl-19,20-dihydro- 
voachalotine, coronaridine, 11-hydroxyhedranthine, 
eleganine A, suaveolenine, henrycinol A, and 17-
acetylsarpagine, and monoterpenoid indole alkaloid, 
namely ervatamine, and 20-epiervatamine. The indole 
alkaloids annotated in the present study are widely 
studied for various biological activities, including anti- 
parasitic activities. Indole alkaloids, such as yohimbine 
showed antiplasmodial activity [25] while monoterpene 
indole alkaloid, ervatamine, was reported to inhibit 
Leishmania amazonensis [26].  

 
Indole alkaloids from the Apocynaceae family 

have been previously shown to inhibit Plasmodium spp. 
A mixture of penduflorines A and B exhibited higher 
antiplasmodial activity against the two strains of P. 
falciparum (3D7 and Dd2) compared to penduflorines 
C to E [27]. The other indole alkaloids such as alstonisine 
[28], 20-epi-dasycarpidone [29], 16-demethoxycarbonyl 
voacamine [30], and strychnobaillonine [31] also 
exhibited antiplasmodial activity.  
 

18-Hydroxyyohimbine was identified in the 
methanol extract of the root bark of Rauvolfia mannii 
(synonym: R. cumminsii) [32], the root bark of R. nitida 
[33], and roots of R. mombasiana [34]. Ervatamine 
was reported in the ethanol extract of leaves and stem 
bark of Tabernaemontana pandacaqui (synonym: 
Ervatamia orientalis) [35], and stem and leaves of 
ethanolic extract of T. divaricata (synonym: E. 
divaricata) [36] while 20-epiervatamine was isolated 
in ethanol extract of stem bark of T. pandacaqui [35] 
and stem and leaves of ethanolic extract of T. 
divaricata [36].  

 
Sitsirikine was found in Vinca rosea [37] and 

ethyl acetate extract of leaves, stem bark, and root bark 
of Strychnos pungens of Loganiaceae family [38] 
while 16-episitsirikine was reported in the seeds of 
Aspidosperma album [39]. 16,17-Dihydrosecodin-17-
ol has been identified in the methanolic extract of roots 
of Rhazya orientalis [40]. 17-O-Acetyl-19,20-dihydro- 
voachalotine has been identified in the root bark of 
Voacanga chalotiana [41].  

 
Coronaridine has been identified in the ethanolic 

extract of root bark [42] and the benzene extract of the 
stem of T. divaricata [43], methanol extract of the 
whole plant of T. divaricata (synonym: E. coronaria) 
[44], benzene extract of the root of T. oppositifolia 
[43], methanol extract of wood and stem bark of T. 
alternifolia (synonym: E. heyneana) [45], dichloro-
methane extract of the root of T. ternifolia [46], 
ethanolic extract of leaves and twigs of T. pandacaqui 
(synonym: E. pandacaqui) [47], petroleum ether of 
fruits of Tabernanthe iboga (synonym: Tabernanthe 
pubescens) [48], dichloromethane extract of root bark 
of T. hystrix [49], and ethyl acetate extract of stem 
bark of T. buchtieni (synonym: Peschiera buchtieni) 
[50]. Coronaridine showed cytotoxic activity against 
P-388 lymphocytic leukemia (ED50 = 0.43 µg/mL) 
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[45], and weak antituberculosis activity against Myco-
bacterium tuberculosis (MIC = 82.64 µg/mL) [46]. 

 
11-Hydroxyhedranthine has been identified in 

the methanolic extract of leaves of Callichilia barteri 
(synonym: Hedranthera barteri) [51]. Eleganine A 
has been identified in the methanol extract of leaves of 
T. elegans and showed apoptosis induction activity in 
human hepatoma HuH-7 cells [52]. Suaveolenine has 
been identified in the ethanol extract of the trunk of 
Melodinus cochinchinensis (synonym: M. suaveolens) 
[53]. There was a report on the isomers of tetraphylline 
pseudoindoxyl, ajmalicine pseudoindoxyl [54] while 
tetrahydroalstonine pseudoindoxyl has been identified 
in ethanol extract of leaves and stem bark of Kopsia 
pauciflora [55]. Demethylcorynantheine has been 
identified in the stem bark of Rauvolfia mombasiana 
[56]. 

 
Henrycinol A has been identified in the ethanolic 

extract of roots of Melodinus cochinchinensis [57]. 
17-Acetylsarpagine has been identified in the roots of 
Alstonia yunnanensis [58]. α-Eleostearic acid has been 
identified in the seed oil of Momordica charantia of 
Cucurbitaceae [59] and seed oil of Centranthus 
macrosiphon of Caprifoliaceae [60]. 13(S)-HOTrE 
has been found in Pseudo-nitzschia multistriata [61].  

 
9-Oxo-10(E),12(E)-octadecadienoic acid has 

been identified in the fruiting bodies of ethyl acetate 
extract of Gomphus floccosus of Gomphaceae [62]. 
The compound showed weak antifungal activity against 
Phomopsis obscurans and Plasmopara viticola (IC50 = 

26 µM and 65 µM, respectively) compared to standard 
captan (IC50 = 2 µM and <1 µM, respectively) [62]. 
Palmitoyl ethanolamide and brassidic acid have been 
found in Brassica napus and Monascus purpureus, 
respectively [63,64]. Erucic acid has been identified in 
Physalia physalis [65].  

 
It is interesting to note that many indole 

alkaloids annonated in the present study were also 
reported in various alkaloid-rich plants in the 
subfamily Rauvolfioideae, and tribes Vincae, 
Tabernaemontaneae, and Melodineae. Meanwhile, 
Kibatalia genus is categorized under the subfamily 
Apocynoideae and tribe Malouetieae [66]. Isolation and 
characterization of a known compound for validation 
of the present study shall be warranted to further 
elucidate the relationship between the two subfamilies 
in the Apocynaceae family.  
 

CONCLUSION 
 

A total of 20 metabolites were detected in the woods 
part of Kibatalia maingayi. They were comprised of 
14 alkaloids and 6 fatty acids. These alkaloids were of 
the indole alkaloids class. Indole alkaloids like 
penduflorines A to E are known to have good pharma-
cological potential such as antiplasmodial activity. 
Therefore, it is recommended that the isolation and 
characterization of the indole alkaloids type of 
metabolite should be carried out to validate the 
dereplication of the K. maingayi extract as well as 
investigate their biological importance, especially 
malaria. 

 
 

Table 1. The metabolite proposal in the dichloromethane extract of woods part of Kibatalia maingayi using 
Compound Discoverer 3.1 

 

No. 
Retention 

Time (min) 
Annotation 

Source 
Name Formula 

Molecular 
Weight 

FISh 
Coverage 

Mass 
error 

MS1 MS2/MS3* 
mzCloud Best 

Match/mzLogic 
Score* 

1 3.976 Mass List 
18-

Hydroxyyohim 
-bine  

C21H26N2O4 370.18950 29.73 0.66 371.19705 
293.16476, 275.15466, 
171.09087, 169.07544, 

117.06931 
N/A 

2 4.771 Mass List 
Isomers of 
ervatamine 

C21H26N2O3 354.19560 25.00 3.56 355.20325 
295.17932, 225.10197, 
199.08582, 160.07494, 

92.04902, 67.05390 
N/A 

3 7.614 Mass List 
Isomers of 
sitsirikine 

C21H26N2O3 354.19560 20.53 3.56 355.20020 

337.19052, 305.16434, 
281.12808, 277.16983, 
263.15338, 249.13832, 
234.12727, 223.12270, 
209.10635, 182.09622, 
180.08003, 170.09566, 
169.07536, 142.06470 

N/A 

4 7.689 Mass List 
16,17-

Dihydrosecodin
-17-ol 

C21H28N2O3 356.21044 64.29 1.24 357.21722 
340.19193, 325.19031, 
307.18088, 297.19675, 
171.09099, 144.08012 

N/A 

5 8.452 Mass List 

17-O-Acetyl-
19,20-

dihydrovoachal 
-otine 

C24H30N2O4 410.22130 11.40 1.81 411.22855 

393.21808, 353.18484, 
351.20590, 339.16876, 
335.17444, 321.15884, 
293.16391, 277.17032 

N/A 

6 8.725 
Mass List 

and mzCloud 
Coronaridine C21H26N2O2 338.20094 11.03 4.49 339.20810 

309.15924, 307.18063, 
279.18527, 223.12320, 
171.09126, 159.09093 

95.8 
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7 8.846 MassList 
11-

Hydroxyhedrant
-hine 

C21H24N2O5 384.16887 28.57 0.91 385.17572 
367.16373, 353.14862, 
339.16916, 335.13840, 
325.15326, 206.08026 

N/A 

8 9.558 Mass List Eleganine A C21H24N2O4 368.17436 56.16 2.06 369.18085 
351.16858, 337.15356, 
309.15845, 146.05966, 

138.09088 
N/A 

9 11.744 Mass List Suaveolenine C21H22N2O4 366.15865 34.21 1.89 367.16614 

339.17169, 322.14502, 
307.14517, 289.13434, 
279.14984, 265.13373, 
214.08705, 202.08536, 

130.06482 

N/A 

10 11.801 Mass List 
Isomers of 

tetraphylline 
pseudoindoxyl 

C21H24N2O4 368.17436 47.37 2.06 369.18127 

351.16953, 341.18536, 
323.17496, 309.15918, 
291.14969, 281.16406, 
224.12704, 130.06458 

N/A 

11 14.169 Mass List 
Demethylcoryn 

-antheine 
C21H24N2O3 352.17864 81.25 0.14 

705.36505 
[2M+H]+1  

353.18469 / 
335.05, 324.12, 322.28, 
321.09, 294.08, 293.07, 
291.75, 277.02, 267.13, 
250.00, 223.21, 196.43* 

N/A 

12 14.761 
mzCloud and 
ChemSpider 

8-{3-Oxo-2-
[(2E)-2-penten-

1-yl]-1-
cyclopenten-1-

yl}octanoic 
acid 

C18H28O3 292.20424 41.86 1.36 293.21161 

275.19989, 257.18900, 
247.20491, 239.17874, 
229.19489, 223.13193, 
205.12134, 191.14261, 
177.12735, 173.13176, 
165.12672, 159.11641, 

85.06445 

85.6 

13 15.094 Mass List 

19,20-
Didehydro-6-

hydroxyervatam
-ine 

C21H24N2O4 368.17436 30.56 2.06 369.18106 

351.16861, 341.18555, 
337.15405, 323.17511, 
309.15955, 281.16452, 

172.07500 

N/A 

14 16.056 Mass List Henrycinol A C27H28N2O4 444.20529 23.53 0.85 445.21313 385.19049 N/A, 26.7* 

15 18.281 Mass List 
17-

Acetylsarpagine 
C21H24N2O3 352.17919 35.00 1.40 353.18643 

321.15878, 293.16385, 
264.13708 

N/A 

16 19.733 
mzCloud and 
ChemSpider 

α-Eleostearic 
acid 

C18H30O2 278.22495 49.30 1.33 279.23245 

261.22150, 243.21104, 
237.18483, 223.16917, 
219.21060, 209.15364, 
205.15860, 201.16469, 
195.13771, 191.14282, 
187.14771, 181.12178, 
179.14241, 177.12712, 
173.13205, 167.10622, 
165.16335, 165.12749, 
163.14758, 163.11121, 
161.13184, 151.14751, 
149.09535, 147.11613, 
141.09062, 135.08012, 
127.07526, 105.06956, 

95.04873 

97.7 

17 20.830 
mzCloud and 
ChemSpider 

13(S)-HOTrE C18H30O3 294.22017 43.55 2.28 295.22742 277.21561, 111.07989 93.4 

18 21.209 
mzCloud and 
ChemSpider 

9-Oxo-
10(E),12(E)-

octadecadienoic 
acid 

C18H30O3 294.22017 41.94 2.28 295.22729 
277.21567, 249.22101, 

175.14771 
97.9 

19 24.163 
mzCloud and 
ChemSpider 

Palmitoyl 
ethanolamide 

C18H37NO2 299.28285 100.00 1.42 300.28983 
283.26358, 282.27875, 
239.23772, 109.10095 

98.6 

20 28.420 ChemSpider 
Brassidic acid 
or erucic acid 

C22H42O2 338.31902 22.86 1.59 339.32645 

321.31448, 303.30399, 
219.21057, 195.17337, 
163.14734, 143.10690, 

121.10061 

N/A 

Note: N/A, not applicable     
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Figure 3. The mzCloud result of coronaridine 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. The MS/MS fragmentation result of coronaridine 



169   Hidayatul Atiqah Abd Karim, Nurulfazlina Edayah    Metabolites Annotation of Dichloromethane  
         Rasol, Nor Hadiani Ismail, Christophe Wiart    Extract of Kibatalia maingayi Woods using  
         and Che Puteh Osman  Orbitrap High- Resolution Mass Spectrometry 

ACKNOWLEDGEMENTS 
 
The authors would like to acknowledge Universiti 
Teknologi MARA for the grant provided with the code 
600-IRMI 5/3/LESTARI (027/2019). The authors also 
would like to thank Atta-ur-Rahman Institute for 
Natural Product Discovery for the excellent facilities 
provided. 
 

REFERENCES 
 
1. World Health Organization (2022) World Malaria 

Report 2022, Geneva. 
 
2. Imwong, M., Suwannasin, K., Kunasol, C., 

Sutawong, K., Mayxay, M., Rekol, H., Smithuis, 
F. M., Hlaing, T. M., Tun, K. M., Pluijm, R. W. V. 
D., Tripura, R., Miotto, O., Menard, D., Dhorda, 
M., Day, N. P. J., White, N. J. and Dondorp, A. 
M. (2017) The spread of artemisinin- resistant 
Plasmodium falciparum in the Greater Mekong 
subregion: a molecular epidemiology observational 
study. The Lancet Infectious Diseases, 17(5), 
491–497. 

 
3. Sashidhara K. V. and Rosaiah, J. N. (2007) 

Various dereplication strategies using LC-MS 
for rapid natural product lead identification and 
drug discovery. Natural Product Communication, 
2(2), 193–202. 

 
4. Tarkowská, D. (2020) A fast and reliable UHPLC– 

MS/MS-based method for screening selected 
pharmacologically significant natural plant indole 
alkaloids. Molecules, 25(14), 3274–3289. 

 
5. Thermo Fisher Scientific (2019) Compound 

Discoverer User Guide Software Version 3.1 
(Revision A), Thermo Fisher Scientific Inc., USA. 

 
6. Seetaha, S., Khamplong, P., Wanaragthai, P., 

Aiebchun, T., Ratanabunyong, S., Krobthong, S., 
Yingchutrakul, Y., Rattanasrisomporn, J. and 
Choowongkomon, K. (2022) KERRA, mixed 
medicinal plant extracts, inhibits SARS-CoV-2 
targets enzymes and feline coronavirus. Covid, 
2(5), 621–632. 

 
7. The Plant List (2013) Apocynaceae, retrieved 

from http://www.theplantlist.org/1.1/browse/A/ 
Apocynaceae/ on 2022, October 6. 

 
8. Dey, A., Mukherjee, A. and Chaudhury, M. (2017) 

Studies in Natural Products Chemistry. Elsevier, 
Amsterdam. 

 
9. Zhang, Y. -W., Kong, X. -Y., Wang, J. -H. and Du, 

G. -H. (2018) Natural Small Molecule Drugs from 
Plants. Springer, Singapore. 

 
10. Jabir, N. R., Firoz, C. K., Zughaibi, T. A., Alsaadi, 

M. A., Abuzenadah, A. M., Al-Asmari, A. I., 

Alsaieedi, A., Ahmed, B. A., Ramu, A. K. and 
Tabrez, S. (2022) A literature perspective on the 
pharmacological applications of yohimbine. 
Annals of Medicine, 54(1), 2861–2875. 

 
11. Yu, L., Wang, M., Yang, Y., Xu, F., Zhang, X., 

Xie, F., Gao, L. and Li, X. (2021) Predicting 
therapeutic drugs for hepatocellular carcinoma 
based on tissue-specific pathways. PLoS 
Computational Biology, 17(2), 1–23. 

 
12. Aldossary, S. A. (2022) Review on pharmacology 

of atropine, clinical use and toxicity. Biomedical 
and Pharmacology Journal, 15(2), 691–697. 

 
13. Schuldiner, S., Liu, Y. and Edwards, R. H. (1993) 

Reserpine binding to a vesicular amine transporter 
expressed in Chinese hamster ovary fibroblasts. 
Journal of Biological Chemistry, 268(1), 29–34. 

 
14. Stiborová, M., Černá, V., Moserová, M., Mrízová, 

I., Arlt, V. M. and Frei, E. (2015) The anticancer 
drug ellipticine activated with cytochrome P450 
mediates DNA damage determining its pharma-
cological efficiencies: studies with rats, hepatic 
cytochrome P450 reductase null (HRNTM) mice 
and pure enzymes. International Journal of 
Molecular Sciences, 16(1), 284–306. 

 
15. Mačiulaitis, R., Kontrimavičiūtė, V., Bressolle, 

F. M. M. and Briedis, V. (2008) Ibogaine, an 
anti-addictive drug: pharmacology and time to 
go further in development. A narrative review. 
Human and Experimental Toxicology, 27(3), 
181–194. 

 
16. Rudjiman (1987) A Revision of Beaumontia 

Wallich, Kibatalia G. Don and Vallariopsis 
Woodson (Apocynaceae), Ph.D. Thesis, Agricultural 
University, Wageningen, the Netherlands. 

 
17. Reyes, M. M. D. L., Oyong, G. G., Ng, V. A. S., 

Shen, C. -C. and Ragasa, C. Y. (2017) Cytotoxic 
Compounds from Kibatalia gitingensis (Elm.) 
Woodson. Pharmacognosy Journal, 9(1), 8–13. 

 
18. Phi, T. D., Pham, V. C., Mai, H. D. T., Litaudon, 

M., Gueritte, F., Nguyen, V. H. and Chau, V. M. 
(2011) Cytotoxic steroidal alkaloids from Kibatalia 
laurifolia. Journal of Natural Products, 74(5), 
1236–1240. 

 
19. Malaysia Biodiversity Information System (2022) 

Kibatalia maingayi, retrieved from https://www. 
mybis.gov.my/sp/26986 on 2022, November 4. 

 
20. Soepadmo, E., Saw, L. G. and Chung, R. C. K. 

(2004) Tree Flora of Sabah and Sarawak, Reka 
Cetak Sdn. Bhd., Kuala Lumpur. 

 
21. Woodson,  R. E.  (1936)  Studies in  the 

Apocynaceae, VI. The Philippine Journal of 



170   Hidayatul Atiqah Abd Karim, Nurulfazlina Edayah    Metabolites Annotation of Dichloromethane  
         Rasol, Nor Hadiani Ismail, Christophe Wiart    Extract of Kibatalia maingayi Woods using  
         and Che Puteh Osman   Orbitrap High- Resolution Mass Spectrometry 

Science, 60(3), 205-360. 
 
22. Goh, S. H., Lee, K. H., Ee, G. C. L., Ong, H. C., 

Geh, S. L. and Sylvester, R. (1996) A phyto-
chemical study of Borneo: Sarawak lowland 
forests. Journal of Herbs, Spices & Medicinal 
Plants, 3(3), 55–69. 

 
23. Davis, J. B., Jewers, K., Manchanda, A. H. and 

Wood, A. B. (1970) Maingayine: a new steroidal 
alkaloid from Paravallaris maingayi, Chemistry 
& Industry, 19, 627. 

 
24. Schrimpe-Rutledge, A. C., Codreanu, S. G., 

Sherrod, S. D. and McLean, J. A. (2016) 
Untargeted metabolomics strategies—challenges 
and emerging directions. Journal of the American 
Society for Mass Spectrometry, 27(12), 1897–1905. 

 
25. Paciaroni, N. G., Perry II, D. L., Norwood IV, V. 

M., Murillo-Solano, C., Collins, J., Tenneti, S., 
Chakrabarti, D. and Huigens III, R. W. (2020) 
Re-engineering of yohimbine’s biological activity 
through ring distortion: identification and structure- 
activity relationships of a new class of anti-
plasmodial agents. ACS Infectious Diseases, 
6(2), 159–167. 

 
26. Delorenzi, J. C., Attias, M., Gattass, C. R., 

Andrade, M., Rezende, C., Da Cunha Pinto, A., 
Henriques, A. T., Bou-Habib, D. C. and Saraiva, 
E. M. B. (2001) Antileishmanial activity of an 
indole alkaloid from Peschiera australis. Anti-
microbial Agents and Chemotherapy, 45(5), 
1349–1354. 

 
27. Bitombo, A. N., Zintchem, A. A. A., Atchade, A. 

D. T., Nyemeck II, N. M., Bikobo, D. S. N., 
Pegnyemb, D. E. and Bochet, C. G. (2021) Anti-
plasmodial activities of indole alkaloids from 
Tabernaemontana penduliflora K. Schum 
(Apocynaceae). Fitoterapia, 153, 104941. 

 
28. Cheenpracha,  S. ,  Ri t th iwigrom,  T.  and 

Laphookhieo, S. (2013) Alstoniaphyllines A-C, 
unusual nitrogenous derivatives from the bark of 
Alstonia macrophylla . Journal of Natural 
Products, 76(4), 723–726. 

 
29. Dos Santos Torres, Z. E., Silveira, E. R., e Silva, L. 

F. R., Lima, E. S., de Vasconcellos, M. C., de 
Andrade Uchoa, D. E., Filho, R. B. and Pohlit, A. 
M. (2013) Chemical composition of Aspidosperma 
ulei Markgr. and antiplasmodial activity of selected 
indole alkaloids. Molecules, 18(6), 6281–6297. 

 
30. Amelia, P., Nugroho, A. E., Hirasawa, Y., Kaneda, 

T., Tougan, T., Horii, T. and Morita, H. (2019) Two 
new sarpagine-type indole alkaloids and anti-
malarial activity of 16-demethoxycarbonylvoa-
camine from Tabernaemontana macrocarpa Jack. 
Journal of Natural Medicines, 73(4), 820–825. 

31. Tchinda, A. T., Jansen, O., Nyemb, J. -N., Tits, M., 
Dive, G., Angenot, L. and Frédérich, M. (2014) 
Strychnobaillonine, an unsymmetrical bisindole 
alkaloid with an unprecedented skeleton from 
Strychnos icaja roots. Journal of Natural Products, 
77(4), 1078–1082. 

 
32. Iwu, M. M. and Court, W. E. (1978) The alkaloids 

of Rauwolfia cumminsii. Planta Medica, 34(8), 
390–396. 

 
33. Amer, M. A. and Court, W. E. (1981) Alkaloids 

of Rauwolfia nitida root bark. Phytochemistry, 
20(11), 2569–2573. 

 
34. Iwu, M. M. and Court, W. E. (1980) The alkaloids 

of Rauwolfia mombasiana roots. Planta Medica, 
38(3), 260–263. 

 
35. Knox, J. R. and Slobbe, J. (1975) Indole alkaloids 

from Ervatamia orientalis. I: isolation of alkaloids 
and structural identification of two dimers. 
Australian Journal of Chemistry, 28(8), 1813–
1823. 

 
36. Zhang, H., Wang, X. -N., Lin, L. -P., Ding, J. and 

Yue, J. -M. (2007) Indole alkaloids from three 
species of the Ervatamia genus: E. officinalis, E. 
divaricata, and E. divaricata Gouyahua. Journal 
of Natural Products, 70(1), 54–59. 

 
37. Kutney, J. P. and Brown, R. T. (1963) The structure 

of sitsirikine - a new alkaloid from Vinca rosea 
Linn. Tetrahedron Letters, 4(26), 1815–1820. 

 
38. Thépenier, P., Jacquier, M. -J., Hénin, J., Massiot, 

G., Le Men-Olivier, L. and Delaude, C. (1990) 
Alkaloids from Strychnos pungens. Phytochemistry, 
29(7), 2384–2386. 

 
39. Brossi, A. (1986) The Alkaloids: Chemistry and 

Pharmacology. Academic Press, Inc., London. 
 
40. Cordell, G. A., Smith, G. F. and Smith, G. N. 

(1970) The isolation of monomeric secodine-type 
alkaloids from Rhazya species. Journal of the 
Chemical Society D: Chemical Communications, 
4, 189–190. 

 
41. Bombardelli, E., Bonati, A., Gabetta, B., Martinelli, 

E., Mustich, G. and Danieli, B. (1976) 17-O-
Acetyl-19,20-dihydrovoachalotine, a new alkaloid 
from Voacanga chalotiana. Phytochemistry, 
15(12), 2021–2022. 

 
42. Rastogi, K., Kapil, R. S. and Popli, S. P. (1980) 

New alkaloids from Tabernaemontana divaricata. 
Phytochemistry, 19(6), 1209–1212. 

 
43. Gorman, M., Neuss, N., Cone, N. J. and Deyrup, 

J. A. (1960) Alkaloids from Apocynaceae. III. 
Alkaloids of Tabernaemontana and Ervatamia. 



169   Hidayatul Atiqah Abd Karim, Nurulfazlina Edayah    Metabolites Annotation of Dichloromethane  
         Rasol, Nor Hadiani Ismail, Christophe Wiart    Extract of Kibatalia maingayi Woods using  
         and Che Puteh Osman  Orbitrap High- Resolution Mass Spectrometry 

171   Hidayatul Atiqah Abd Karim, Nurulfazlina Edayah     Metabolites Annotation of Dichloromethane  
         Rasol, Nor Hadiani Ismail, Christophe Wiart     Extract of Kibatalia maingayi Woods using  
         and Che Puteh Osman    Orbitrap High- Resolution Mass Spectrometry   

The structure of coronaridine, a new alkaloid 
related to ibogamine. Journal of the American 
Chemical Society, 82(5), 1142–1145. 

 
44. Sharma, P. and Cordell, G. A. (1988) Heyneanine 

hydroxyindolenine, a new indole alkaloid from 
Ervatamia coronaria var. plena. Journal of Natural 
Products, 51(3), 528–531. 

 
45. Gunasekera, S. P., Cordell, G. A. and Farnsworth, 

N. R. (1980) Anticancer indole alkaloids of 
Ervatamia heyneana. Phytochemistry, 19(6), 
1213–1218. 

 
46. Garcellano, R. C., Cort, J. R., Moinuddin, S. G. 

A., Franzblau, S. G., Ma, R. and Aguinaldo, A. M. 
(2020) An iboga alkaloid chemotaxonomic marker 
from endemic Tabernaemontana ternifolia with 
antitubercular activity. Natural Product Research, 
34(8), 1175–1179. 

 
47. Zhang, Q. -H., Ding, Y., Bai, W. -X., Zhang, J., 

Zhang, X. -Q. and Ye, W. -C. (2018) Studies on 
alkaloids from Ervatamia pandacaqui. China 
Journal of Chinese Materia Medica, 43(7), 
1471–1475. 

 
48. Mulamba, T., Delaude, C., Le Men-Olivier, L. 

and Lévy, J. (1981) Alcaloides de Tabernanthe 
pubescens. Journal of Natural Products, 44(2), 
184–189. 

 
49. De Souza, J. J., Mathias, L., Braz-Filho, R. and 

Vieira, I. J. C. (2010) Two new indole alkaloids 
from Tabernaemontana hystrix Steud. (Apocyna 
ceae). Helvetica Chimica Acta, 93(3), 422–429. 

 
50. Azoug, M., Loukaci, A., Richard, B., Nuzillard, J. 

-M., Moreti, C., Zèches-Hanrot, M. and Le Men-
Olivier, L. (1995) Alkaloids from stem bark and 
leaves of Peschiera buchtieni. Phytochemistry, 
39(5), 1223–1228. 

 
51. Naranjo, J., Hesse, M. and Schmid, H. (1972) Indo- 

lalkaloide aus den Blättern von Hedranthera barteri 
(Hook.f.) Pichon. Helvetica Chimica Acta, 55(6), 
1849–1866. 

 
52. Mansoor, T. A., Ramalho, R. M., Mulhovo, S., 

Rodrigues, C. M. P. and Ferreira, M. J. U. (2009) 
Induction of apoptosis in HuH-7 cancer cells by 
monoterpene and β-carboline indole alkaloids 
isolated from the leaves of Tabernaemontana 
elegans. Bioorganic and Medicinal Chemistry 
Letters, 19(15), 4255–4258. 

 
53. Ye, J. H., Zhou, Y. -L., Huang, Z. H. and Picot, 

F. (1991) Alkaloids from Melodinus suaveolens. 
Phytochemistry, 30(9), 3168–3170. 

 
 
 

54. Stahl, R. and Borschberg, H. -J. (1994) A 
reinvestigation of the oxidative rearrangement of 
yohimbane-type alkaloids. Formation of 
pseudoindoxyl ( = 1,2-dihydro-3H-indol-3-one) 
derivatives. Helvetica Chimica Acta, 77(5), 
1331–1345. 

 
55. Gan, C. -Y., Yoganathan, K., Sim, K. -S., Low, Y. 

-Y., Lim, S. -H. and Kam, T. -S. (2014) Cory-
nanthean, eburnan, secoleuconoxine, and pauci-
florine alkaloids from Kopsia pauciflora. Phyto-
chemistry, 108, 234–242. 

 
56. Iwu, M. M. and Court, W. E. (1979) Alkaloids of 

Rauwolfia mombasiana stem bark. Planta Medica, 
36(7), 208–212. 

 
57. Zhang, Y. W., Yang, R., Cheng, Q. and Ofuji, K. 

(2003) Henrycinols A and B, two novel indole 
alkaloids isolated from Melodinus henryi Craib. 
Helvetica Chimica Acta, 86(2), 415–419. 

 
58. Chen, W. M., Yan, Y. P., Wang, Y. J. and Liang, 

X. T. (1985) Isolation and identification of three 
new alkaloids from the roots of Alstonia yunnanensis 
Diels Indiana, USA. Acta Pharmaceutica Sinica, 
20(12), 906–912. 

 
59. Hopkins, C. Y. and Chisholm, M. J. (1962) 

Identification of conjugated triene fatty acids in 
certain seed oils. Canadian Journal of Chemistry, 
40(11), 2078–2082. 

 
60. Hopkins, C. Y. and Chisholm, M. J. (1965) 

Occurrence in seed oils of some fatty acids with 
conjugated unsaturation. Canadian Journal of 
Chemistry, 43(12), 3160–3164. 

 
61. National Center for Biotechnology Information 

(2022) PubChem Compound Summary for CID 
10469728, 13-HoTrE, retrieved from https://pub 
chem.ncbi.nlm.nih.gov/compound/10469728 on 
2022, November 3. 

 
62. Cantrell, C. L., Case, B. P., Mena, E. E., Kniffin, 

T. M., Duke, S. O. and Wedge, D. E. (2008) 
Isolation and identification of antifungal fatty acids 
from the basidiomycete Gomphus floccosus. 
Journal of Agricultural and Food Chemistry, 
56(13), 5062–5068. 

 
63. National Center for Biotechnology Information 

(2022) PubChem Compound Summary for CID 
4671, Palmitoylethanolamide, retrieved from 
https://pubchem.ncbi.nlm.nih.gov/compound/Pa
lmitoylethanolamide on 2022, November 1. 

 
64. National Center for Biotechnology Information 

(2022) PubChem Compound Summary for CID 
 
 
 



170   Hidayatul Atiqah Abd Karim, Nurulfazlina Edayah    Metabolites Annotation of Dichloromethane  
         Rasol, Nor Hadiani Ismail, Christophe Wiart    Extract of Kibatalia maingayi Woods using  
         and Che Puteh Osman   Orbitrap High- Resolution Mass Spectrometry 

172   Hidayatul Atiqah Abd Karim, Nurulfazlina Edayah    Metabolites Annotation of Dichloromethane  
         Rasol, Nor Hadiani Ismail, Christophe Wiart    Extract of Kibatalia maingayi Woods using  
         and Che Puteh Osman   Orbitrap High- Resolution Mass Spectrometry 

5282772, Brassidic acid, retrieved from https:// 
pubchem.ncbi.nlm.nih.gov/compound/Brassidic
-acid on 2022, November 1. 

 
65. Stillway, L. W. (1976) Fatty acids of the 

Portuguese man-of-war Physalia physalis. 
Comparative Biochemistry and Physiology Part 

B: Comparative Biochemistry, 53(4), 535–537. 
 
66. Sennblad, B., Endress, M. E. and Bremer, B. 

(1998) Morphology and molecular data in 
phylogenetic fraternity: the tribe Wrightieae 
(Apocynaceae) revisited. American Journal of 
Botany, 85(9), 1143–1158. 

 


