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ABSTRACT: One of the best solutions to understanding the chemical data of complex natural substances is to use
chemometric techniques. This research aims to apply chemometric techniques, specifically principal component analysis
(PCA) and cluster analysis (CA), to determine the fingerprint profiles of nine pagoda extracts (PCP) and their isolated
compounds using IH NMR data and to conduct initial cytotoxicity tests on the extracts. PCP flowers were extracted
using various solvents and extraction methods, resulting in 9 types of extracts. The methanol-extracted flower portion
was subjected to maceration and the compounds were then isolated using various techniques, including silica gel,
column chromatography, and preparative thin layer chromatography (PTLC), which yielded 3 types of compounds. The
structures were identified using 1D and 2D NMR and mass spectrometry. Meanwhile, their cytotoxic activity was tested
on MCF-7, A549, KB, KB-VIN, and MDA-MB-231 cancer cells using the sulforhodamine B (SRB) assay. The research
results revealed that compounds (1) stigmasta-5,22,25-trien-33-0l, (2) 6-nonadecenoic acid, and (3) 6,9-nonadecadienoic
acid, methyl ester was discovered in this plant for the first time. The fingerprinting profile of the PCP extracts and
compounds showed resonance at 6y 5.33 ppm (1, 1H) and 6n 5.24 ppm (i, 1H). PCA of the 12 samples with eigenvalues
> 1 explained 91% of the data and exhibited a normal distribution. The score plot was influenced by PC1 (82.2%) and
PC2 (10.5%). The loading plot and CA combined with the linearity of (1), (2), and (3) with respect to the variation in
extracts had determination coefficients (R? = 0.7550 - 0.9288) and similarities (78.26% - 98.98%). Cytotoxicity activity
showed weak growth inhibition (> 89.6%) in all tested cancer cell types. In conclusion, TH NMR spectrum and
chemometrics detects the fingerprinting profile of Pagoda extract variations, clustering extracts, identifying marker
compounds, and potential for cytotoxicity studies in cancer cells.
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1. INTRODUCTION

Pagoda, also known as Clerodendrum paniculatum (PCP), is a plant within the Clerodendrum genus,
which belongs to the Verbenaceae or Lamiaceae family consisting of over 500 species [2, 3]. This plant thrives in
tropical and subtropical regions and grows as a small tree, shrub, or herb [1]. The plants under the genus of
Clerodendrum have been reported for exhibits various bioactivities, including cytotoxic, antiproliferative,
antibacterial, antiparasitic, and anti-inflammatory properties [2]. It also demonstrates antinociceptive,
antioxidant, antihypertensive, anticancer, antimicrobial, antidiarrheal, hepatoprotective, hypoglycemic,
hypolipidemic, memory-enhancing, and neuroprotective effects [3].
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Several reports showed that PCP offers ranges of pharmacological activities and it has been
observed through the studies of various plant parts and solvent extractions. For instance, ethanol extracts
from the leaves have demonstrated potential efficacy against SARS-CoV-2 [5, 12]. Ethanol extracts from
flowers was investigated and repoted to exhibit antidiabetic and antilipidemic activities [6]. Ethyl acetate
extract from leaves and ethanol extract from flowers showed antioxidant and hepatoprotective properties [7,
8]. Ethyl acetate extract from the aerial parts were reported for the anticonvulsant properties [4], whereas
ethyl acetate fraction from the leaves have shown inhibitory effects against Pseudomonas aeruginosa [9]. A
study on the hexane extract from the flowers indicated the cytotoxic effects of this plant [1]. A more specific
compound known as clerodol from leaves acts as a coronavirus protease inhibitor [10]. Furthermore, ethyl
acetate extract from the leaves was reported for its antimicrobial properties, while methanolic extract
indicated a potential radical scavenging activity [11].

These pharmacological activities associated with PCP are a result of the presence of several
metabolites and compounds that are highly correlated with these activities [13]. Recent advancements in
untargeted and targeted fingerprinting methods involve the use of various chromatographic and
spectroscopic tools to analyze compounds in the plant extracts [14]. Analytical instruments, such as GC-MS
for PCP flower parts, have successfully identified compounds such as pilocarpine, glyceric acid, pangamic
acid, and gallic acid. Moreover, HPTLC has been employed to detect quercetin [7]. LC-MS analysis has
demonstrated that the ethanol extract of PCP leaves contains compounds such as erucamide, caffeic acid, 7-
hydroxycoumarin, and linamarin, whereas the ethyl acetate fraction includes erucamide, apigenin, caffeic
acid, kynurenic acid, apigenin 7-O-glucuronide, 6-O-methyl scutellarin, apigetrin, 4-methoxycinnamic acid,
4-coumaric acid, scutellarin, and 7-hydroxycoumarin [9]. TLC has indicated the presence of terpenoids,
flavonoids, alkaloids, and tannins in hexane, ethanol, and methanol extracts from various parts of the plant
(flower, stem, and leaf) [1]. An important triterpenoid, clerodol, has been identified in the leaves of PCP [10].
GC-HRMS analysis of the hexane extract from the leaves predicted the presence of major compounds such as
phytol, 22-tritetracontanone, 6,9,12-octadecatrienoic acid, and phenyl methyl ester, whereas the ethyl acetate
extract was predicted to contain phytol. Furthermore, LC-HRMS analysis of the methanolic extract revealed
significant fractions, including 8', 10' dihydroxydihydroergotamine, khayanthone, galactonic acid,
calotropin, and 26,26,26,27,27,27-hexafluoro-lalpha,24-dihydroxy vitamin D3 [11]. Finally, LC-MS/MS
analysis of the alcohol extract from the leaves confirmed the presence of compounds such as komarovicine
and roemerine [12].

The use of proton nuclear magnetic resonance ({H-NMR) chemical shift fingerprinting across diverse
regions offers valuable insights into the identification, detection of adulteration, and quality control of herbal
plants [15, 18]. This method is known for its simplicity, robustness, and reproducibility in metabolomic
profiling based on 'H-NMR spectroscopy for various plant extract applications [17]. The application of 1H-
NMR analysis, when coupled with chemometrics techniques such as principal component analysis (PCA)
and cluster analysis (CA), is important for categorizing chemical constituents, assessing similarities, and
discerning the metabolomic fingerprint profiles of herbal plants [15, 16, 18]. Despite an extensive review of
the literature, there is currently no comprehensive study addressing the fingerprint profiles of different PCP
flower extract variations using various solvents (methanol, ethanol, and hexane) and extraction methods
(maceration, MAE, and reflux) along with 1H-NMR spectroscopy and chemometric methods (PCA and CA).

In the background of this research, there is a need to develop more sophisticated and efficient
analytical methods to understand the variation of secondary metabolites from herbal plants such as Pagoda.
Secondary metabolites in plants have long been known to have significant pharmacological potential, but
identifying and deeply understanding these compounds are often complex and time-consuming. Therefore,
the novelty of this research aims to present an innovative approach by utilizing NMR spectroscopy
techniques (H NMR) with solvent variations and extraction methods, as well as chemometric analysis, to
generate fingerprinting profiles of extracts and isolate key compounds. This approach is expected to provide
deeper insights into the variation of chemical compounds in Pagoda, facilitate the identification of
compounds with significant biological activities, and provide a foundation for the development of more
effective and efficient plant-based drugs. Thus, this research is expected to be an important initial step in
accelerating the discovery and utilization of the therapeutic potential of these medicinal plants. This research
aims to obtain fingerprint profiles of extracts and isolate compounds and preliminarily evaluate the
cytotoxic activity of these extracts against various cancer cell cultures.
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2. RESULTS AND DISCUSSION
2.1. Fingerprint profiling of pagoda extracts

In this study, 12 different samples were obtained using pagoda flower extracts with various solvents
and extraction methods. These samples included nine different extract variations and compounds (1-3)
derived from the MMP extract. The variations considered in these samples involved different solvents
(methanol, 96% ethanol, and hexane) and extraction methods (maceration, reflux, and microwave), all of
which were applied to the flower part of the plant. To analyze these samples TH-NMR spectroscopy in
combination with chemometric analysis using multivariate techniques such as PCA and CA, played a crucial
role. This analysis was essential for studying the grouping and quantitative similarity among these extract
variations and for authenticating the target compounds based on the proton resonances present in the
samples [23]. Based on the data (Figure 1) obtained from 'H-NMR at 400 MHz, it was observed that the
proton resonances in the RMP, MiMP, MMP, REP, MiEP, and MEP extracts primarily occurred in specific
chemical shift regions. These regions included resonances in the range of: ox 0.9-1.2 ppm (R-CHs), o 1.2-1.5
ppm (Ro:CHy), 61 1.4-1.9 ppm (R-R2CH), 61 1.5-2.5 ppm (R2C=CRCHRy), 61 2.0-2.6 ppm (R-CCH3=0), 01 2.2-
2.5 ppm (Ar-CHzs), 6n 2.5-3.0 ppm (R-C=CH), 0n 3.3-4.0 ppm ((H)R-O-CHjs)), 01 3.1-3.8 ppm (X-CH2R; X: Cl,
Br, I), 6u 1-5 ppm (R-OH; R-NHo>), 6n 4.5-6.0 ppm (R:C=CRH), 6n 9.5-10.0 ppm (R-C=0O-H). Meanwhile, the
RHP, MiHP, and MHP extracts exhibited proton resonances in the same chemical shift regions as mentioned
earlier.

Compound (1) stigmasta-5,22,25-trien-3p-ol displays proton signals at specific chemical shift values
based on 1D 'H NMR and 1D DEPT 135 C-NMR data: 6n 3.51 ppm (s, 1H), 6u 5.33 ppm (br d, 1H), 6u 5.22
ppm (dd, 1H), 6u 5.16 ppm (dd, 1H), 6 2.42 ppm (br g, 1H), 01 4.68 ppm (br s, 2H), 61 0.69 ppm (s, 3H), 6n 1.02
ppm (s, 3H), on 0.99 ppm (d, 3H), 6u 1.63 ppm (f, 3H), and o 0.81 ppm (¢, 3H). Compound (2), 6-
Nonadecenoic acid, exhibits proton signals at 6u 5.33 ppm (m, 1H), 6u 5.24 ppm (m, 1H), 6u 2.21 ppm (t, 2H),
0n 2.0 ppm (d, 2H), 6u 1.62 ppm (¢, 2H), 6u 0.87 ppm (¢, 3H), and a broad singlet at én 1.28 ppm representing
25H. Compound (3), 6,9-Nonadecadienoic acid, methyl ester, features proton signals at 6u 5.33 ppm (m, 2H),
0n 5.24 ppm (m, 2H), 6u 3.66 ppm (s, 3H), on 2.75 ppm (m, 2H), 6u 2.27 ppm (¢, 2H), 6u 2.03 ppm (m, 1H), on
1.60 ppm (m, 2H), 6u 0.87 ppm (¢, 3H), 6u 0.97 ppm (¢, 1H), and a broad singlet at 1.25 ppm representing 18H.
The proton groups that consistently appear in all extract variations, serving as a fingerprint for these
variations and compounds, are located at 6u 5.33 ppm (m, 1H) and 6u 5.24 ppm (m, 1H). In the case of
compounds (2) and (3), the markers for fatty acids are present at 6u 1.28 ppm (br s, 25H) and 61 1.25 ppm (br
s, 18H) [20, 21], respectively. Additionally, positions at 6u 0.69 ppm (s, 3H) and 61 1.02 ppm (s, 3H) serve as
markers for cholesterol at positions C-18 and C-19 [22].

2.2. Chemometrics
2.2.1. Principal component analysis

PCA is the most widely used multivariate data analysis method [23]. This method is used for sample
classification and reduction of samples with similar properties and characteristics based on the measured
parameters [24]. Multivariate analysis with a PCA design for sample classification generates statistical data
in the form of a scree plot, which aids in understanding the data model, a score plot to visualize data
distribution and inter-variable relationships, and a loading plot to reveal the correlation between extract
variables. These results were combined with linear regression to identify positive correlations between
extracts and linear equations according to grouping [25]. The scree plot analysis should have eigen values
that exceed one and be able to explain more than 80% of the data for the data model to be considered
excellent and optimal. In this analysis, one eigenvalue exceeds 1, which is PC1 with a value of 10.92,
explaining 91% of the data. The scree plot demonstrates that the data follows a normal distribution, as the
graph conforms to normality, and each variable is randomly distributed around zero [26].
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Figure 1. The 1H NMR spectra of Clerodendrum paniculatum extracts are provided for the conditions and identification of
compounds (1-3), RHP, MiHP, MHP, RMP, MiMP, MMP, REP, MiEP, and MEP. See refer to the Experimental Procedure
section for details. Additionally, (A) serves as a marker for all samples, (B) as a fatty acid marker, and (C) as a cholesterol
marker.

The data loading plot (Figure 2) shows that sample variations are divided into two major groups,
indicating a positive correlation. Group 1 (represented by the green line) includes RHP, MHP, MiHP,
compound (1), and REP, with an influence on PC1 ranging from 0.256 to 0.300 and on PC2 ranging from
0.038 to 0.562. This demonstrates the equation (y=1.3778x - 1.762; R? = 0.9338). Group 2 (represented by the
black line) comprises MMP, RMP, MiMP, compound (2), compound (3), MEP, and MiEP, with an influence
on PC1 ranging from 0.259 to 0.300, showing the equation (y=1.139x - 0.8387; R? = 0.9694). The data score
plot (Figure 3) illustrates the contribution of each variable to PC1 and PC2. The scores indicate the
contribution of each variable used for sample classification, with higher variable contributions having a
greater impact on the PCA model. The score plot in the results of this study reveals that RHP significantly
affects PC1, compound (2) significantly affects PC2, and all variables combined have an 82.2% influence on
PC1 and a 10.5% influence on PC2.
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Figure 2. The loading plot illustrates the contribution of variables in the principal component analysis of samples
classified under linear correlation. The green line represents group 1, while Group 2 is represented by the black line.

10

Comp

3

tn

(2]

E Compound 3

-

c

)

5 NE

20 N Y frammnay
Compoun

§ 2 A

&)

o

=

o

b REP

v -5 A

-10 0 10 20 30 40
First Component (PC1 82.2%)

Figure 3. The score plot depicting the classification of samples through principal component analysis shows three
groups represented by red, blue, and green lines.

2.2.2. Cluster analysis

CA is a multivariate analysis technique used for clustering based on the Euclidean distance
expressed as a percentage of similarities [27, 28]. Similarity data indicate a strong relationship when the
percentage of similarity is > 80% [29]. Figure 4 illustrates the dendrogram obtained during variable
clustering based on the proton values detected using 1H-NMR at 400 MHz. The data reveal that it is divided
into two clusters: Cluster 1 (92.81%), comprising MMP, RMP, MiMP, compound (2), compound (3), MEP,
and MiEP, and Cluster 2 (92.08%), which includes RHP, MHP, MiHP, compound (1), and REP. Based on the
data linearity for quantifying extract variations compared to the reference compounds, namely compound
(1), compound (2), and compound (3), quantification linearity was found (Table 1). The calibration curve for
compound (1) with the highest similarity was observed in the MEP extract (y = 0.7009x + 1.1428; R? = 0.9204;
% similarity = 98.26%). For compound (2), the highest similarity was found in the REP extract (y = 1.1161x-
3.8084; R? = 0.9189; % similarity = 94.19%), and for compound (3), the highest similarity was found in the
RMP extract (y = 0.8879x - 0.0971; R? = 0.9179; % similarity = 98.13%). However, when compared with all
samples (Figure 5), a positive correlation was observed between the variations in the extract and the
successfully obtained compounds (y = 0.9616x-0.0291; R2 = 0.9734).
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Figure 4. The dendrogram illustrates the classification of samples through cluster analysis, with members of Cluster 1

and Cluster 2 assigned the same colored line for each respective cluster.

Table 1. The linearity for quantitation and the similarity of (1) Stigmasta-5,22,25-trien-3p-o0l, (2) 6-Nonadecenoic acid,

and (3) 6,9-Nonadecadienoic acid, methyl ester in the variation of PCP extract.

No Sample Isolated Compound Calibration Curve R? % Similarity
1 MEP Compound 1 y =0.7009x + 1.1428 0.9204 98.26
2 MiEP Compound 1 y = 0.6462x + 1.4723 0.8902 97.74
3 REP Compound 1 y =0.6292x + 0.8331 0.9119 98.08
4 MMP Compound 1 y = 0.7308x + 0.9808 0.9198 98.22
5 MiMP Compound 1 y =0.7003x + 1.4124 0.8942 97.82
6 RMP Compound 1 y =0.7225x + 1.1812 0.9277 98.36
7 MHP Compound 1 y = 0.7465x + 0.2261 0.8392 95.84
8 MiHP Compound 1 y = 0.7863x + 0.3574 0.8644 96.58
9 RHP Compound 1 y = 0.9863x - 2.1226 0.8525 96.34
10 MEP Compound 2 y =0.998x - 2.1089 0.8789 96.77
11 MiEP Compound 2 y =0.9437x - 1.715 0.9078 97.29
12 REP Compound 2 y =1.1161x - 3.8084 0.9189 94.19
13 MMP Compound 2 y =1.1382x - 2.8658 0.8701 95.79
14 MiMP Compound 2 y =1.0486x - 1.9764 0.8639 96.42
15 RMP Compound 2 y =1.0535x - 2.233 0.8330 95.95
16 MHP Compound 2 y =2.2059x - 9.1776 0.7700 85.77
17 MiHP Compound 2 y = 2.1555x - 8.3511 0.7703 87.66
18 RHP Compound 2 y =2.5039x - 13.225 0.8297 78.26
19 MEP Compound 3 y = 0.8342x - 0.0541 0.8576 96.98
20 MiEP Compound 3 y = 0.7665x + 0.3471 0.8313 96.18
21 REP Compound 3 y = 0.8253x - 0.8147 0.8496 97.58
22 MMP Compound 3 y =0.9122x - 0.4126 0.8933 98.98
23 MiMP Compound 3 y = 0.8538x + 0.2039 0.8760 97.19
24 RMP Compound 3 y = 0.8879x - 0.0971 0.9179 98.13
25 MHP Compound 3 y =1.3131x - 3.1403 0.7550 94.79
26 MiHP Compound 3 y =1.247x - 2.3584 0.8139 96.12
27 RHP Compound 3 y =1.9551x - 8.3529 0.9288 86.92
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Figure 5. The variations in the extract and the obtained compounds indicate a positive correlation relationship.
2.3. Isolation of compounds

The MMP extract with a total quantity of 95.16 g was chosen for the subsequent isolation of
compounds. The procedure involved three rounds of partitioning using a mixture of hexane and methanol-
water (1:1), each time employing 250 ml solvent. The obtained MeOH and hexane extracts weighed 68.76
grams and 17.4 grams, respectively. To separate the compounds in the hexane layer, a combination of
various chromatography techniques was applied, leading to the isolation of the following compounds: (1)
stigmasta-5,22,25-trien-3p-ol, (2) 6-nonadecenoic acid, and (3) 6,9-nonadecadienoic acid, methyl ester.
Detailed 1D spectroscopic, 2D NMR, and mass spectrometry data were also reported for these compounds.

Compound (1) is a white, non-crystalline powder belonging to the steroid group. Its molecular
formula is CoHyO, as indicated by the mass spectrometry data (m/z 410 [M*]) in Figure 6. The 'H NMR
spectroscopy data, presented in Table 2 show various signals. Notably, there are five methyl group signals at
specific chemical shift positions: 6u 0.69 ppm (3H, s), 6u 1.02 ppm (3H, s), 6u 0.99 ppm (3H, d), on 1.63 ppm
(3H, t), and 61 0.81 ppm (3H, t). Additionally, there are proton methine signals at 6n 5.33 ppm (1H, b d, ]=5.50
Hz), 6u 5.22 ppm (1H, dd, ]=8.24 Hz), éu 5.16 ppm (1H, dd, [=8.24 Hz), 6n 2.42 ppm (1H, br g), and 6n 3.51
ppm (1H, s). These proton signals are attributed to hydroxyl groups or methylene protons, as confirmed by
the DEPT 135 data, providing insight into carbon positions. Furthermore, the 13C NMR spectrum indicates
the presence of 29 carbon atoms within the compound. DEPT 135 data helps determine the carbon
functionalities. Specific carbon signals are observed at 6c 71.88 ppm carbon with a hydroxyl group, 6c 121.77
ppm, oc 137.28 ppm, 6c 130.10 ppm, and 6c 109.59 ppm carbons involved in double bonds, and oc 140.8 ppm,
0c 36.58 ppm, 6c 42.33 ppm, and 0c 148.78 ppm carbons without associated protons.

The two-dimensional NMR data, including the HMQC and HMBC spectra in Figure 6, revealed
significant correlations between hydrogen and carbon atoms, as indicated by the blue lines: methyl protons
with a chemical shift at 6u 1.02 ppm (3H, s) were correlated with carbon atoms at dc 36.58 ppm (C-10), 6c
37.32 ppm (C-1), oc 50.21 ppm (C-9), and oc 140.8 ppm (C-5). Methyl protons with a chemical shift at 6n 0.99
ppm (3H, d) were correlated with carbon atoms at oc 40.28 ppm (C-20), 6c 55.94 ppm (C-17), and oc 137.28
ppm (C-22). Methyl protons with a chemical shift at 6g 0.69 ppm (3H, s) were correlated with carbon atoms
at 0c 55.94 ppm (C-17), oc 42.33 ppm (C-13), and 6c 39.74 ppm (C-12). Additionally, protons with a chemical
shift at on 0.81 ppm (3H, ) and carbon at 6c 12.13 ppm were correlated with carbon atoms at oc 25.78 ppm
(C-28) and 0c 52.06 ppm (C-24). Furthermore, protons with a chemical shift at 6u 1.63 ppm (3H, ) and carbon
at 0c 20.30 ppm were correlated with carbon atoms at oc 52.06 ppm (C-24), 6c 148.78 ppm (C-25), and oc
109.59 ppm (C-26). The methylene protons with a broad singlet at on 4.68 ppm (2H) were correlated with
carbon atoms at 6c 52.06 ppm (C-24) and 6c 20.30 ppm (C-27). These correlations provide essential insights
into the chemical structure of the compound and the connections between different functional groups.

The 1H-'H Cosy correlation data shown in Figure 6, indicated by the black lines, revealed the
following proton correlations: Proton H3 with a chemical shift of 6x 3.51 ppm (1H, s) was correlated with
protons H2 and H4. Proton H6 with a chemical shift of on 5.33 ppm (1H, br d) was correlated with proton H7.
Proton H22 with a chemical shift of 6u 5.16 ppm (1H, dd) was correlated with proton H20. Proton H20 with a
chemical shift of 6u 4.99 ppm (1H, dd) was correlated with proton H17 and H21. In addition, the combined
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data from 1D and 2D NMR, as well as ESI* MS analysis, confirmed that this previously unreported
compound in this plant species is a steroid known as (1) stigmasta-5,22,25-trien-3p-ol with the steroid
framework positioned at carbons C1 - C19, which has been previously characterized. It is noteworthy that
this compound has been documented in the same genus but in different species, including Clerodendrum
viscosum [30], Clerodendrum scandens [31], Clerodendrum splendens [32], Clerodendron brachyanthum [33],
Clerodendrum inerme [34], and Clerodendrum serratum [35]. It was first isolated from the leaf parts of Alangium
lamarckii [45] and Albizia ferruginea [46]. However, this is the first reported occurrence of this compound in
this plant species.

Compound (2), 6-nonadecenoic acid, is a yellowish oil. Mass spectrometry data (DART+ MS)
confirmed a molecular weight of m/z 296 [M*], which corresponds to the chemical formula Ci19HsO, as
depicted in Figure 6. The spectroscopic data from 'H NMR, 3C NMR, DEPT 135, and 2D NMR, as outlined
in Table 2, provide the following insights: One group of methyl protons at 6n 0.87 ppm (3H, t) with a
corresponding carbon at oc 14.13 ppm. A set of fifteen methylene protons at ox 1.28 ppm (25H, br s), 6u 2.21
ppm (2H, t), 6n 2.0 ppm (2H, d), and 6n 1.62 ppm (2H, t), with their respective carbon resonances at oc 22.69
ppm, 6c 25.51 ppm, Oc 27.16 ppm, Oc 27.22 ppm, 6c 29.11 ppm, 6c 29.24 ppm, 6c 29.32 ppm, 6c 29.20 ppm, Oc
29.49 ppm, 0c 29.32 ppm, 6c 29.52 ppm, 6c 29.70 ppm, 0c 29.76 ppm, 6c 31.91 ppm, and oc 35.89 ppm.
Furthermore, there are two methine protons at éu 5.33 ppm (1H, m) with a corresponding carbon at 6c 130.01
ppm and 6n 5.24 ppm (1H, m) with a corresponding carbon at c 129.73 ppm. In addition, there is a carbon
lacking a proton at 6c 175.43 ppm, which indicates its association with a hydroxyl group, as confirmed by 2D
NMR data. This information collectively provides a comprehensive understanding of the compound
structure and is consistent with data obtained from *C NMR, DEPT 135, DART* MS, and 2D NMR analyses.

The two-dimensional NMR data, including the HMQC and HMBC spectra in Figure 6, reveal
correlations between hydrogen and carbon atoms, indicated by the blue lines: methyl protons with a
chemical shift at o 0.87 ppm (3H, ) correlate with carbon atoms at oc 22.69 ppm (C-18) and 6c 31.91 ppm (C-
17). Protons with a chemical shift at 6n 2.21 ppm (2H, f) correlate with carbon atoms at 6c 175.43 ppm (C-1),
0c 25.51 ppm (C-3), and oc 29.52 ppm (C-4). Protons with a chemical shift at on 2.0 ppm (2H, d) correlate with
carbon atoms at oc 130.01 ppm (C-6) and 6c 129.73 ppm (C-7). Protons with a chemical shift at 6n 1.62 ppm
(2H, t) correlate with carbon at 6c 29.52 ppm (C-4). Protons with a chemical shift at 6u 1.28 ppm (2H, br s)
correlate with carbon at 6c 31.91 ppm (C-17). Additionally, the 'H-'H Cosy correlation data in Figure 6,
indicated by the black lines, show correlations between protons: Proton H2 (6u 2.21 ppm, 2H, f) correlates
with H3 (6n 1.62 ppm, 2H, t), H4 (0n 1.28 ppm, 2H, br s), H5, and H6 (0n 5.33 ppm, 1H, m). On the basis of
data from 1D and 2D NMR, DEPT 135, and DART* MS, it is confirmed that this compound, previously
unreported in the Clerodendrum genus, is a phospholipid fatty acid known as (2) 6-nonadecenoic acid.
Notably, although this compound has been found in other plant species, it had not been previously reported
within the Clerodendrum genus before this publication. It was first documented in Caribbean sponge species,
including Geodia gibberosa [36], Cinachyrella aff. schulzei keller [37], Polygonatum odoratum [38], and Calyx
odatypa [39].

Compound (3) 6,9-nonadecadienoic acid methyl ester is a yellow oil. Mass spectrometry data
(DART* MS) revealed a molecular weight of m/z 308 [M*], which corresponds to the chemical formula
C20H3602, as depicted in Figure 6. The TH NMR, 3C NMR, and DEPT 135 spectroscopy data presented in
Table 2 provide the following information: There are two sets of methyl protons at 6x 0.87 ppm (3H, t) with
corresponding carbons at oc 14.08 ppm, and 6 3.66 ppm (3H, s) as a methoxy group with a carbon at dc
174.34 ppm. Thirteen methylene protons at on 1.25 ppm (18H, br s), 6u 2.75 ppm (2H, m), 0x 2.27 ppm (2H, t),
0n 1.60 ppm (2H, m), and 6u 2.03 (2H, m), with their respective carbon shifts at oc 22.58 ppm, 6c 22.70 ppm, oc
24.95 ppm, 6c 25.63 ppm, oc 27.21 ppm, oc 29.12 ppm, 6c 29.16 ppm, dc 29.35 ppm, 6c 29.59 ppm, 6c 29.69
ppm, 6c 31.54 ppm, 0c 34.11 ppm, and 6c 51.45 ppm. There are four methine protons at 6u 5.33 ppm (2H, m)
with corresponding carbons at oc 130.06 ppm and oc 130.23 ppm, and 6éu 524 ppm (2H, m) with
corresponding carbons at dc 127.91 ppm and 6c 128.04 ppm. Furthermore, a carbon without a proton at 6C
174.34 ppm was associated with a methoxy group, as confirmed by 2D NMR data.

The two-dimensional NMR data, including the HMQC and HMBC spectra in Figure 6, reveal
correlations between hydrogen and carbon atoms, represented by blue lines. Methyl protons at 6x 3.66 ppm
(3H, s) correlate with carbon at 6c 174.34 ppm (C-1). Protons at 0n 2.27 ppm (2H, t) correlate with carbon at 6c
174.34 ppm (C-1), oc 24.95 ppm (C-3), and 6c 29.35 ppm (C-4). Methyl protons at 6x 0.87 ppm (3H, t) correlate
with carbon at 6c 31.54 ppm (C-17) and oc 22.70 ppm (C-18). Methine protons at 6u 5.33 ppm (2H, m)
correlate with carbon at 6c 27.21 ppm (C-5). Methine protons at on 5.24 ppm (2H, m) correlate with carbon at
0c 25.69 ppm (C-8). Protons at 6u 2.75 (2H, m) correlate with carbon at 6c 127.91 ppm (C-9). Protons at on 2.03
ppm (2H, m) correlate with carbon at oc 29.35 ppm (C-4), 6c 130.23 ppm (C-6), and 6c 130.23 ppm (C-7).
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Protons at on 1.60 (2H, m) correlate with carbon at oc 174.34 ppm (C-1), 6c 34.11 ppm (C-2), and 6c 29.35 ppm
(C-4). Protons at 611 1.25 ppm (2H, br s) correlate with carbon at 6c 31.54 ppm (C-17).

The correlation data between protons using 'H-'H Cosy in Figure 6, indicated by the black lines,
reveals the following correlations: Proton H2 (6n 2.27 ppm, 2H, t) correlates with H3 (6n 1.60 ppm, 2H, m).
H3 correlates with H4 (6u 1.25 ppm, 2H, br s). H4 correlates with H5 (6u 2.03 ppm, 2H, m). H5 correlates with
H6 (61 5.33 ppm, 2H, m). H9 (6u 5.24 ppm, 2H, m) correlates with H8 (0n 2.75 ppm, 2H, m). H19 (6n 0.87 ppm,
3H, t) correlates with H18 (6u 2.03 ppm, 2H, m). Based on these data, it is confirmed that this compound,
previously unreported in the Clerodendrum genus, is a phospholipid fatty acid known as (3) 6,9-
Nonadecadienoic acid, methyl ester. This compound had not been reported within the Clerodendrum genus
before this publication.

Table 2. The data includes 'H NMR, 13C NMR, and DEPT 135 spectra of (1) Stigmasta-5,22,25-trien-3p-ol, (2) 6-
Nonadecenoic acid, and (3) 6,9-Nonadecadienoic acid, methyl ester recorded at 400 MHz in CDCl;.

Compound (1) Compound (2) Compound (3)
Observed 13C Observed 'H Observed Observed IHand ~ Observed Observed 1H and
(ppm) and DEPT (ppm)  13C (ppm) DEPT (ppm)  13C (ppm) DEPT (ppm)
37.33, CHa septet, 3.51 (1H) 14.13 m, 5.33 (1H) 14.08 m, 5.33 (2H)
31.97, CH br d, 5.33 (1H) 22.69 m, 5.24 (1H) 14.13 m, 5.24 (2H)
71.88, CH dd, 5.22 (1H) 25.51 t,2.21 (2H) 22.58 s, 3.66 (3H)
42.37,CH, dd, 5.16 (1H) 27.16 d, 2.0 (2H) 22.70 m, 2.75 (2H)
140.8, C br g, 2.42 (1H) 27.22 t,1.62 (2H) 24.95 t, 2.27 (2H)
121.77, CH br s, 4.68 (2H) 29.11 t,0.87 (3H) 25.63 m, 2.03 (1H)
31.74, CH, 5, 0.69 (3H) 29.24 br s, 1.28 (25H) 27.21 m, 1.60 (2H)
31.97, CH; s, 1.02 (3H) 29.32 29.12 t, 0.87 (3H)
50.22, CH d, 0.99 (3H) 29.20 29.16 t,0.97 (1H)
36.59, C t, 1.63 (3H) 29.49 29.35 brs, 1.25 (18H)
21.14, CH; t, 0.81(3H) 29.32 29.59
40.27, CH 29.52 29.69
42.33,C 29.70 31.54
56.92, CH 29.76 34.11
24.39, CH; 31.91 51.45
28.79, CH; 35.89 127.91
55.94, CH 130.01 128.04
12.13, CH; 129.73 130.06
19.47, CH; 175.45 130.23
39.74, CH; 174.34
109.59, CH;
137.28, CH
130.1, CH
52.07, CH
148.70, C
20.87, CH;3
20.30, CH3
25.78, CH;
12.22, CH;
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Figure 6. The structure of compounds (1) Stigmasta-5,22,25-trien-33-ol, (2) 6-Nonadecenoic acid, and (3) 6,9-
Nonadecadienoic acid, methyl ester, along with their two-dimensional proton correlations

2.4. Cytotoxicity Activity

The preliminary test results of the (MHP) maceration hexane flower extract, (MMP) maceration
methanol flower extract, (MHL) maceration hexane leaf extract, and (MML) maceration methanol leaf extract
against cytotoxic cancer cells with 20 pg/mL showed that the percentage growth of all cancer cells was >
89.6 %. These results indicate that the initial extracts from the flower and leaf parts of this plant, extracted
using methanol and hexane solvents with maceration as the extraction method, exhibit low inhibitory effects
on various tested cancer cell types, including KB, KB-VIN, A549, MDA-MB-231, and MCF-7, compared with
the negative control DMSO at 0.20%, which fully inhibits the growth of cancer cells (100%).

Based on the existing literature, MML has ICsy values of 196.55 ng/ml for inhibiting MCF-7 breast
cancer cells, 190.21 pg/ml for inhibiting KB cancer cells, and 118.77 pg/ml for inhibiting A549 cancer cells. In
contrast, the positive control paclitaxel had respective values of 298.86 ng/ml, 264.71 pg/ml, and 273.25
ug/ml [40]. In cytotoxicity testing using the Brine Shrimp Test (BST), the MHP extract had an LCs of 0.02
pug/ml, MMP had an LCsp of 1.94 pg/ml, MHL had an LCs of 1.48 ng/ml, and MML had an LCsg of 3.09
pg/ml. These results indicate toxic effects on Artemia salina when incubated for 24 h [1].

Compounds isolated from this plant include compound (1), with the synonym 22-
dehydroclerosterol (25 pmol/L), which demonstrates 56.10% inhibition of proliferation in ER* breast cancer
(MCEF-7) cells [41]. However, it does not exhibit activity against human colon adenocarcinoma (SW620), lung
bronchus carcinoma (ChaGO0-K-1), hepatocellular carcinoma (HepG2), gastric carcinoma (KATO-III), or
human breast cancer cell line (BT-474) [42]. On the other hand, compound (2) with the synonym 6Z-
nonadecenoic acid or (Z)-6-Nonadecenoic acid does not show anticancer activity but possesses other
properties, such as antifungal effects. Its derivative, 4R-hydroxy-55-cysteinylglycyl-6Z-nonadecenoic acid,
acts as an antagonist to the mediators LTD4, LTC4, and LTE4 in the respiratory system [43]. Compound (3)
also lacks anticancer activity, but its derivative, nonadecenoic acid methyl ester, exhibits anti-inflammatory,
anti-acne, and insecticidal effects [44].

3. CONCLUSION

Fingerprint profiling markers in various Clerodendrum paniculatum flower extracts using different
solvents (hexane, methanol, and 96% ethanol) and extraction methods (reflux, microwave-assisted
extraction, and maceration), as well as the isolated compounds (1), (2), and (3), are located at 6u 5.33 ppm (1,
1H) and 6u 5.24 ppm (m, 1H). The study identified specific markers for compounds and various extracts
were fatty acids, and cholesterol. Principal component analysis revealed distinct groupings among the
extracts, while cluster analysis further confirmed these groupings. Calibration curves demonstrated
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quantification linearity for isolated compounds in specific extracts. Furthermore, preliminary testing
suggested weak inhibitory effects on various cancer cell lines. This comprehensive analysis provides
valuable insights into the chemical composition and potential bioactivity of Clerodendrum paniculatum flower
extracts, laying a foundation for further exploration in pharmaceutical and medicinal applications.

4. MATERIALS AND METHODS
4.1 Materials

A sample of PCP (Clerodendrum paniculatum) flower approximately 10 kg was collected in the city of
Masamba, North Luwu District, South Sulawesi Province, Indonesia. Plant identification was conducted at
the Botanical Laboratory, Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas
Negeri Makassar, Indonesia, with reference number No: 046/SKAP/LAB.BIOLOGI/IV/2018. The
preparation process involved sorting to remove any moldy or damaged flower parts.. The flower parts were
then cut into small pieces and subjected to a drying process using an oven with a temperature range of 40-50
°C for 3 days. The dried material was packed, supplemented with dessicant (silica beads), coarsely shredded,
and prepared for the extraction process [1, 19].

4.2 Extraction and isolation

As many as 25 g of PCP dried flower were extracted using different solvents (hexane, methanol, and
96% ethanol) and subjected to extraction methods (reflux, microwave-assisted extraction, and maceration).
The solid-to-solvent ratio was maintained at 1:10 (w/v). The resulting liquid extracts were passed through
filter paper in combination with a vacuum pump. Then, all of the extracts were concentrated using a rotary
evaporator IKA RV 3 V with a speed range specification of 60 - 80 rpm, permissible ambient temperature of
40 - 60 °C for 2-3 h, and under vacuum conditions. The pagoda flower extracts obtained from this process
were categorized as follows: reflux hexane flower (RHP) extract, microwave-assisted hexane flower (MiHP)
extract, maceration hexane flower (MHP) extract, reflux methanol flower (RMP) extract, microwave-assisted
methanol flower (MiMP) extract, maceration methanol flower (MMP) extract, reflux 96% ethanol flower
(REP) extract, microwave-assisted 96% ethanol flower (MiEP) extract, and maceration 96% ethanol flower
(MEP) extract. This process outlines the extraction and categorization of pagoda flower extracts based on
variations in solvents and extraction methods.

A total of 95.16 g extract from the MMP was partitioned using hexane and a methanol-water mixture
(1:1) in three separate 250 ml portions. The resulting MeOH and hexane extracts yielded 68.76 grams and
17.4 grams, respectively. The hexane-partitioned extract was separated using a normal phase (NP) silica
chromatography column. This separation involved a mobile phase consisting of hexane and ethyl acetate
with the following ratios: (8:1) 5 times, (6:1) 9 times, (4:1) 10 times, (1:1) 2 times, and (1:5) 2 times. In addition,
650 ml ethyl acetate and 1050 ml methanol were used once in the process. From this fractions were obtained:
the A - P fraction and fraction (P), weighing 0.2521 grams, which was washed with hexane. During this
process, a portion soluble in hexane (A) was isolated and weighed 0.0089 g. Furthermore, the insoluble part
in hexane (B) was 0.0153 g identified as compound (1).

Fraction (C), weighing 1.2992 g, was subjected to normal phase (NP) silica chromatography. The
mobile phase consisted of hexane and ethyl acetate with the following ratios: (20:1) twice, (15:1) 3 times,
(10:1) 2 times, (5:1) 3 times, and (1:1) 3 times. In addition, a one-time use of 300 ml of ethyl acetate and 300 ml
methanol was used in the process. From this, an A - G subfraction was obtained, with subfraction (E)
weighing 0.0134 g. To isolate compound (2), further purification was performed using Preparative Thin-
Layer Chromatography (PTLC) on NP silica with a mobile phase of hexane and ethyl acetate (5:1), resulting
in a yellowish oil compound weighing 0.0010 g.

Fraction (B), consisting of 0.1542 g, was processed using a normal phase (NP) silica chromatography
column. The mobile phase used was a combination of hexane and ethyl acetate with a ratio of (20:1) 2 times.
In addition, 200 mL of ethyl acetate and 300 mL of methanol were used once in the process. From this, an A -
F subfraction was obtained, with subfraction (B) resulted in 0.0207 g. Subsequently, normal phase
preparative TLC was employed by using a mobile phase of hexane and ethyl acetate (8:1) to isolate
compound (3), resulting in a yellowish oil compound (0.0023 g).

4.3 Cytotoxicity activity

In the initial cytotoxicity tests, various extracts from the Pagoda plant were used. These extracts
included maceration methanol and hexane extracts from both leaves and flowers. Each of these extracts was
weighed at 1 mg and prepared at a concentration of 20 pg/ml. Dimethyl sulfoxide (DMSO) was used as the
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negative control at a concentration of 0.1 % v/v. DMSO at this concentration did not show any inhibitory
effect on cancer cells, as previously reported [47, 48]

The tests involved five different lines of human tumor cells: KB (originally isolated from epidermoid
carcinoma of the nasopharynx), KB-VIN (a vincristine-resistant subline of KB displaying multidrug
resistance due to the overexpression of P-glycoprotein), A549 (lung carcinoma), MDA-MB-231 (characterized
by estrogen receptor-negative, progesterone receptor-negative, and HER2-negative breast cancer), and MCEF-
7 (characterized by estrogen receptor-positive and HER2-negative breast cancer). These cell lines were
obtained from the Lineberger Comprehensive Cancer Center (UNC-CH) or ATCC. Following a 72-h
incubation period, 10% trichloroacetic acid was added, and the sulforhodamine B assay was performed at a
concentration of 0.04%. The cell growth percentage was calculated for each tested well and compared with
the control wells. This calculation was performed using the following formula: (Average absorbance of test
wells x 100) / Average absorbance of control wells, as previously described [49, 50].

4.4 Analysis of fingerprinting profiling extracts

The analysis of fingerprinting profiles for the extracts involved nine different variations of PCP
extracts and three compounds, which were prepared using various solvents and extraction methods.
Compounds (1), (2), and (3) were analyzed by 'H-NMR spectroscopy at 400 MHz using a JEOL Delta®
instrument. For this analysis, 5 mg of each sample was mixed with 5 ml of deuterated chloroform (CDCls).
The NMR system met specific criteria, including a minimum spin rate of 15 Hz and a pressure of 260 MPa. A
total of 60 scans were conducted over a 5-min period, and the data were processed using JEOL Delta v5.3.3
software for spectrum analysis of the samples.

4.5 Chemometrics analysis

The chemometric analysis involved determining the chemical shift values of the nine different PCP
extract variations and three compounds, considering various solvents and extraction methods. Compounds
(1), (2), and (3) were identified on the basis of measurements obtained from 'H-NMR spectra and were
subjected to statistical analysis using chemometric techniques. The software used for this analysis was
Minitab® version 18, developed by Minitab Incorporation in the USA. Multivariate analysis methods were
employed for data interpretation and pattern recognition, including principal component analysis (PCA)
and cluster analysis (CA).
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