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A B S T R A C T

Hura crepitans (Euphorbiaceae), is widespread in the Amazon rainforest and on plantations in sub-Saharan Africa. 
This tree produces an irritating milky latex rich in secondary metabolites, notably daphnane-type diterpenes and 
cerebrosides. Previous studies have shown that huratoxin, the main daphnane in the latex, significantly and 
selectively inhibited the growth of colorectal cancer cells through a unique mechanism involving the activation 
of PKCζ. One major challenge in isolating active molecules from natural products is the accessibility of the 
resource. This study explores the phytochemical composition and cytotoxic activities of latexes collected in Peru, 
Benin, and Togo using UHPLC-MS and metabolomics tools to identify a renewable source of bioactive com-
pounds. Significant inter- and intra-continental differences in chemical composition have been highlighted, with 
daphnanes being concentrated in the Peruvian samples. Extracts form latexes collected in Peru showed cytostatic 
activity on Caco-2 cells, correlated with the presence of daphnanes, while some African samples exhibited 
cytotoxic activity on Jurkat and Hela cancer cell lines, leading to the identification of potential other new 
bioactive compounds such as elasterol and cerebrosides.
Objective: To compare the composition of different Hura crepitans latex samples and determine their cytotoxic 
activity in order to identify new bioactive compounds
Conclusions: Inter- and intra-continental variations in the phytochemical composition of latex were observed, 
leading to significant cytotoxic activities on different cell lines. Daphnanes were identified as responsible for the 
activity on Caco-2 cells, while elasterol and cerebrosides were putatively associated with the activity on Hela 
cells.

1. Introduction

Hura crepitans L. is a member of the Euphorbiaceae family, wide-
spread in South America, Africa and Asia [1–3]. This thorn-covered tree 
can reach heights of 35–60 m, depending on environmental conditions. 

Its leaves can grow up to 30 cm in length and it is distinguished by red 
petal-less flowers and dehiscent capsule-shaped fruits composed of 
eleven to fourteen carpels [1]. H. crepitans also produces an irritant latex 
containing numerous secondary metabolites [1–3]. Our previous 
phytochemical studies focused on South America species, particularly 
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on Peruvian latex extracts, which revealed two main families of com-
pounds: daphnane diterpenes (mono- and diesterified) and cerebrosides 
[4] (Fig. 1).

Monoesterified daphnanes, especially huratoxin, the main daphnane 
diterpene in latex, exhibited promising cytostatic activity against colo-
rectal cancer cells including Caco-2 cell line and colorectal cancer cells 
cultured as colonoid, with high selectivity [5,6]. Colorectal cancer 
(CRC) ranks as the third most common cancer worldwide and the second 
most deadly [7,8]. At the metastatic stage, the 5-years survival rate is 
only about 5–15 % [9]. The development of new therapies for colorectal 
cancer is a global health issue. In this context, H. crepitans could be a 
promising source of new bioactive molecules, particularly daphnane 
diterpenes contained in its latex. However, one of the main limitations 
concerning the isolation of active molecules from natural products is 
access to the resource. As H. crepitans is used as a pepper tree stake in 
Africa, notably in Benin and Togo, collecting latex on plantations be-
comes more feasible compared to the challenges posed by the Amazo-
nian rainforest. In addition, plant adaptation to different environmental 
conditions, such as climate or soil composition, could lead to the 
development of a reservoir of chemical diversity.

However, to our knowledge, there are no recent studies on the 
phytochemical composition of H. crepitans latex collected in Africa 
because the literature primarily focuses on other parts of the plant such 
as leaves, seeds and stem barks [1,10,11]. It is therefore interesting to 
investigate the phytochemical composition of African latex and compare 
it with that of Peruvian latex using a metabolomic approach.

Metabolomic allows for the identification and quantification of 
numerous components within complex mixture, whereby all of the ac-
quired data can be leveraged to compare phytochemical composition 
between extracts [12]. However, the ability of metabolomics to 
encompass the full complexity of phytochemical blends greatly depends 
on the method used to capture the data. For instance, it has been shown 
that separative methods provide more accurate statistical models and 
higher identification rates compared to direct spectroscopic finger-
printing [13].

Following on from our previous works on Peruvian H. crepitans 
daphnanes [4–6], and in order to identify renewable sources for 
obtaining monoesterified daphnanes and possibly detecting new ones, 
the present work focused on the chemical analysis and cytotoxicity on 
cancerous cell lines of various H. crepitans latex samples collected in 
South America (Peru) and Africa (Togo, Benin). A metabolomic 
approach was then conducted to highlight the main differences between 
the samples. Multivariate statistical analyses were used to emphasize the 
most discriminative spectrometric signals of each class. First, PCA 

provided an unsupervised overview of the dataset. Then, orthogonal 
PLS-DA, known for revealing group differences while filtering noise, was 
applied. Finally, the Shared Unit Structure plot (SUS-plot) exhibited 
main biomarkers for each group. Additionally, molecular networking 
was constructed to improve compound annotation using their MSMS 
spectra.

2. Material and method

2.1. Plant material

Peruvian latex samples from six Hura crepitans specimens were 
collected in December 2021 in the Cocha Vainilla area, (Coordinates 
UTM 640726, 9458471; elevation 110 m.a.s.l; zone 18, District of 
Jenaro Herrera, Province of Requena, Region of Loreto). Botanical 
identification was based on specimens from the Arboretum of the Jenaro 
Herrera Research Center “José López Parodi” and was performed by 
botanist Nallarett Davila.

Latexes of H. crepitans from Africa were collected in southern Benin 
(12 specimens in 3 locations: Ouidah (6◦21’33.196 ‘’N / 2◦5’25.022’’), 
Ahita (6◦42’06’’N / 2◦37’30’’E) Ofia (7◦21’38.505’’N / 2◦39’3.02’’E)) 
and in Dafo, Togo (5 specimens in the same location).The collected 
specimens were identified as Hura crepitans L. by Professor Haunnank-
pon Yedomohnan, conservator of the National Herbarium of Benin in 
Africa.

2.2. Extraction of the latex of H. crepitans

Notches were made in the trunks of several H. crepitans to collect the 
latex. The lyophilizated latex (1 g per specimen) was then extracted with 
10 mL of 96 % EtOH during 2 h, under reflux with stirring. After two 
successive paper filtrations (particle retention from 5 to 13 µm), 23 
extracts were obtained: B1 to B6, A1 and A2 and O1 to O4 (latexes from 
Benin); D1 to D5 (Togo) and P1 to P6 (Peru). Extractions were per-
formed in triplicate, followed by an evaporation step under vacuum.

2.3. Sample preparation

Dry samples were solubilized in absolute EtOH at a concentration of 
10 µg/mL for extracts and 1 µg/mL for huratoxin. Ten µL of each sample 
were pooled to form QC.

Fig. 1. General structure of huratoxin (A), diesterified daphnanes (B) and cerebrosides (C).
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2.4. UHPLC-HRMS profiling

UHPLC/DAD/HRMS analyzes were performed using an UHPLC Ul-
timate 3000 system (Dionex) equipped with LTQ-Orbitrap XL mass 
spectrometer (Thermo Fisher Scientific), a Diode Array Detector (Dio-
nex) and a Phenomenex Luna Omega C18 UPLC 100 Å column (2,1 ×
150 mm, 1,6 μm). Ionization was performed using an atmospheric 
pressure chemical ionization source (APCI) functioning in the positive 
ionization mode at 15,000 resolving power (full width at half maximum 
(FWHM) at 400 m/z). The capillary temperature was 275◦C and spray 
voltage was fixed at 5 kV. The mass scanning range was m/z 
100–2000 Da. Each full MS scan was followed by data dependent MS/ 
MS with dynamic exclusion (repeat count 3) using stepped collision- 
induced dissociation (CID) (35 normalized collision energy, isolation 
width 1 Da, activation Q 0.025). Chromeleon Xpress 6.8 (Dionex) and 
Xcalibur 3.0 (Thermo Fischer Scientific) softwares were used for data 
acquisition and analysis. Mobile phases were deionized water (A) and 
acetonitrile (B) acidified with 0.1 % formic acid. Gradient conditions 
were: 0 min, 10 % A; 2 min, 10 % A; 22 min, 0 % A; 36 min, 0 % A; 
37.5 min, 10 %A and 40 min 10 % A. The flow rate was 0.4 mL/min, 
column temperature 40◦C and 16 µL of all extracts at 0.5 mg/mL were 
injected.

2.4.1. Data processing
The UHPLC-HRMS raw data were processed with MS-DIAL version 

5.1 [14] for mass signal extraction between 0 and 2000 Da, from 0.53 to 
40 min. MS1 and MS2 tolerance were set to 0.01 and 0.025 Da in 
centroid mode respectively and the detection threshold was set to 
1 × 106 for MS1 and 10 for MS2. Peaks were aligned on a quality control 
(QC) reference file with a retention time tolerance of 0.2 minutes and a 
mass tolerance of 0.015. Finally, MS-CleanR [15] peaks filtering were set 
with these parameters: minimum blank ratio 0.8, maximum RSD 40, 
RMD 50–3500 and ghost peaks were deleted.

2.4.2. Identification of significant features
Molecular formula of significant features were calculated with MS- 

FINDER 3.60 [16]. Various parameters were used in order to reduce 
the number of potential candidates, such as the element selection 
exclusively including C, H, O, N; mass tolerance fixed to 15 ppm for MS1 
and 50 ppm for MS2, the isotopic ratio tolerance set to 20 %. The 
annotation was conducted with three levels of confidence [17]: manual 
annotation with inspection of MS-MS spectrum and in-house database 
matching (level 2), and comparison with general databases (level 3). For 
natural product databases, selections were made from the Universal 
Natural Products Database (UNPD), Natural Products Atlas (NPA), CO-
CONUT, North African Natural Products Database (NANPDB), KNAp-
SAcK, PlantCyc, and PubChem. The results were presented as a list of 
compounds sorted according to the score value of the match. This value 
encompassed uncertainty on accurate mass, the isotopic pattern score 
and the experimental MS/MS fragmentation mirrored to in silico 
matches. Additionally, manual inspection of MS2 fragmentation pattern 
according to a previously published paper [4], allowed the dereplication 
of daphnanes derivatives.

2.4.3. Statistical analysis
For each feature, the mean peak height of the triplicates of extraction 

was used. Then, comma-separated value files exported from MS-DIAL 
were imported into SIMCA-P + (version 14.1, Umerics, Umea, Swe-
den) after adducts and neutral losses were manually removed (see 
StatTable.csv file on Supplementary data). For all data, Pareto scale was 
used. An unsupervised overview of chemical profiles was obtained using 
Principal Component Analysis (PCA). A discriminative model was set-up 
to separate extract origin from Africa and Peru. The SUS-plot and VIP 
coefficient from Orthogonal Projection to Latent Structure-discriminant 
Analysis (OPLS-DA) model, were used to highlight most discriminant 
compounds. A PLS regression analysis was done with cytostatic activity 

(% of growth inhibition of Caco-2 cells) values as Y input and coefficient 
scores were used to rank variables statistically correlated to the cyto-
static activity.

Univariate analyses were carried out in Excel using the correlation 
coefficient function. This approach allowed for the assignment of a co-
efficient to each feature, representing its correlation with the percentage 
of growth inhibition on Jurkat and Hela cells.

2.4.4. Mass spectral similarity network
Text files exported from MS-DIAL were imported into Cytoscape 

3.10.1 [18]. Files were exported with the Bonanza score method, mass 
tolerance was set at 0.2 Da, and similarly cut off at 60 %.

Adducts and neutral losses were manually removed. Feature with 
similarity score between 0.6 and 1 were selected to build the mass 
spectral similarity network. An attribute file containing all processed 
information, in particular m/z values, PLSDA VIP coefficients and 
chemical classes of identified features were imported to enhance 
network visualization (see Nodes.csv and EdgeAll.csv files on Supple-
mentary data).

2.5. Biological assay

2.5.1. Cell cultures
The human colon adenocarcinoma cell line Caco- 2 (HTB-37TM), the 

human cervical carcinoma cell line Hela and the human lymphocyte T 
from leukemia cell line Jurkat were purchased from the American Type 
Culture Collection (ATCC). Caco-2 cells were cultured in DMEM medium 
with 4.5 g/L of glucose, 1 % GlutaMAX and 1 % pyruvate (GIBCO, 
31966) supplemented with 10 % FBS (GIBCO), 1 % non-essential amino 
acids (GIBCO) and 1 % penicillin and streptomycin mixture (P/S, 
GIBCO). Hela cells were cultured in MEM medium (biowest), while 
Jurkat cells were cultured in RPMI medium (Sigma-Aldrich), both sup-
plemented with 10 % FBS and 1 % P/S. All cells were cultured at 37 ◦C 
in 5 % CO2 incubator and media were changed every 48 h and passages 
were done at 90 % of confluence.

2.5.2. Cytotoxicity tests
Forty-eight hours before cytotoxicity test, 10,000 (Caco-2 and Hela 

assays) cells/well were seeded in 96-wells plates (Thermo Fisher Sci-
entific), while Jurkat cells were seeded at 20,000 cells/wells on the same 
day as treatment with extracts. All extracts and huratoxin were dissolved 
in dimethyl sulfoxide (DMSO, Thermo Fisher Scientific) at 100 mg/mL 
and 10 mg/mL, respectively, followed by successive dilutions with 
medium to obtain final concentration (10 µg/mL for extracts and 1 µg/ 
mL for huratoxin). At 48 h after cells seeding, extracts were added in 
triplicates with DMSO as a negative control (maximum concentration 
0.01 %) and doxorubicin as positive control (1 µg/mL). After 48 h, MTS 
(Cell line assay, CellTiter 96 AQueous One Solution Cell Proliferation 
Assay, Promega) was added on each well and cytotoxicity tests were 
performed according to the manufacturer’s instructions. Then, cell 
viability was measured by colorimetry at 490 nm (BioTek Eon™ High 
Performance Microplate Spectrophotometer). The growth inhibition 
percentages ± SEM of doxorubicin (n = 2–3) were 57 % ± 0.7, 39 % 
± 4.5 and 17 % ± 4.0 for Jurkat, Caco-2 and HeLa cell lines, 
respectively.

2.5.3. Statistical analysis
Statistical analyzes were performed using GraphPad Prism 8. Stu-

dent’s t-test was used for experiments analysis. P values < 0.05 were 
considered to be significant.

3. Results and discussion

3.1. Multivariate analysis of the different latex extracts

UHPLC-HRMS analysis of all 70 extracts (18 from Peru, 51 from 

E. Crossay et al.                                                                                                                                                                                                                                 Journal of Pharmaceutical and Biomedical Analysis 255 (2025) 116583 

3 



Africa and 1 QC sample) yielded 741 features, including MSMS, in 
positive ion mode, after data processing with MS-Dial and MS-CleanR. 
Subsequently, adducts and neutral losses were manually removed 
leading to 540 features. Firstly, principal component analysis (PCA) was 
conducted to provide an unsupervised overview of the LC-MS 

fingerprints, leading to the identification of three distinct groups: 
Peruvian samples in red, Beninese samples from Ahita and Ofia in blue, 
and Togolese and Beninese samples from Ouidah in green (Fig. 2A). 
OPLS-DA was then achieved to cluster the samples according to these 
three groups with good model prediction (R2Y = 0.965, Q2 = 0.924, CV- 

Fig. 2. Comparison of phytochemical composition of H. crepitans latex extracts. PCA (A) and OPLSDA (B) of the APCI-POS ionization dataset are shown. Peruvian 
samples are in red, African samples from Ahita and Ofia (Benin) are in blue, and African samples collected in Togo and Ouidah (Benin) are in green. The SUS-plot of 
the OPLS-DA analysis (C) compares the Peruvian samples with African samples from Benin (Ouidah) and Togo (bottom left corner), and with African samples from 
Benin (Ahita and Ofia) (top left corner).
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Anova < 0.001) (Fig. 2B). OPLS-DA analysis revealed a separation be-
tween African and Peruvian samples, indicating significant differences 
in the composition of latexes from the two sites. Considering that the 
southern regions of Benin and Togo and northern regions of Peru 
(collection sites) share a similar equatorial climate, the observed inter-
continental differences could be attributed to another environmental 
factor. In particular, biotic stress such as exposure to insects, herbivores, 

bacteria, and fungi can influence their phytochemical composition as 
already established by Salomé-Abarca and colleagues for latex of 
Euphorbia species [19]. Furthermore, abiotic stresses such as salinity, UV 
radiation, and heavy metals can also modify the plant metabolome [20].

In addition, intra-continental differences also emerged (Figs. 2A and 
2B). It can be observed that the African extracts were further separated 
into two groups: samples collected in Benin (Ouidah) and Togo, trees 

Fig. 3. Mass spectral similarity network of H. crepitans latex extracts from Peru and Africa. Structures of top five compounds, ranked by the VIP score of the OPLSDA 
regression analysis were shown.
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aged from 4 to 6 years and extracts collected exclusively in Benin (Ahita 
and Ofia), trees aged from 20 to 80 years old. Interestingly, one Peruvian 
sample appears to be more closely related to the African extracts than to 
the other Peruvian samples. Thus, for the same continental location, 
developmental stage of the plant could be implicated in its chemotype, 
as previously mentioned by Rodziewicz et al. [20].

After OPLS-DA, a Shared Unique Structure (SUS)-plot was generated 
using OPLS-DA regression analysis (Peru/Benin (Ahita and Ofia) R2Y 
= 0.998, Q2 = 0.974, CV-Anova < 0.001; Peru/ Benin (Ouidah) and 
Togo R2Y = 0.993, Q2 = 0.974, CV-Anova < 0.001) (Fig. 2B). This su-
pervised method enabled to classify the most discriminating features 
between different groups (Fig. 2C). Features were colored according to 
their chemical class. Daphnane diterpenes were manually annotated 
(level 2) due to their characteristic MSMS fragments, observed in posi-
tive ionization mode, at m/z 361, 325, 307, 297, 279, 253 for an hur-
atoxigenin core (Fig. 1A) and at m/z 311, 293, 283, 265 for a 5-deoxy- 
6,7-deepoxydidehydro-huratoxigenin skeleton (Figs. 1 and 2 in SI), as 
previously described by our group [4]. Other compounds were anno-
tated using in silico natural product databases (level 3) in MS-FINDER. 
For each feature, the results provided several candidates ranked ac-
cording to their similarity scores, which were determined by comparison 
with experimental MSMS fragments and in silico spectra of the candi-
dates. As shown in Fig. 2C, sphingolipids (colored in yellow) are abun-
dant in each group, whereas daphnanes (in green) are concentrated in 
Peruvian extracts. Furthermore, latexes collected at Ahita and Ofia 
(Benin) are almost exclusively composed of sphingolipids and other 
lipids (orange-labeled), while latexes collected in Togo and Ouidah 
(Benin) contain other terpenoids besides daphnanes, mostly sesqui- and 
tri-terpenoids (red-labeled). Terpenoids may be linked to the latex’s 
defense role against biotic stress, explaining their accumulation in this 
part of the plant. Moreover Salome-Abarca et al. concluded that the latex 
composition of Euphorbia species collected from different regions of 
Slovenia, particularly the amount of triterpenes, showed a low degree of 
variation with respect to geographical location and environmental 
stresses [19]. It is therefore surprising that the Beninese group contains 
no terpenoid compounds. A comparative analysis of the genomes of the 
different trees would be valuable to better understand the differences in 
metabolite production.

3.2. Mass spectral similarity network

For better visualization of the phytochemical composition of the 
extracts, mass spectral similarity network was constructed (Fig. 3). The 
latter highlighted two major clusters: daphnane analogs (on the left) and 
cerebroside derivatives (on the right side). Mono- and diesterified 
daphanes were manually annotated and surrounded in black and yellow, 
respectively, while cerebrosides cluster was outlined with a dotted line. 
VIP coefficients from OPLS-DA analysis were used to adjust node size, 
and the structures of the top five compounds were shown. Additionally, 
a pie chart was generated for each node, representing the abundance of 
each compound in African (green or blue) or Peruvian (red) latex. 
Finally, edges width was set based on the MSMS similarity score.

The mass spectral similarity network confirms that daphnanes and 
cerebrosides are the main components of H. crepitans latex [4]. Inter-
estingly, daphnane diterpenes are mainly present in Peruvian extracts 
(in red) and nearly absent from African ones (shown in green and blue), 
whereas cerebrosides appear to be distributed in both locations (Fig. 3). 
A decrease in the production of terpenoid compounds, particularly ca-
rotenoids, in response to climatic conditions was already observed in 
drought-stressed cotton [20]. More recently, Zheng et al. demonstrated 
the influence of genotype on metabolite production in two Euphorbia 
species, noting that two genes involved in diterpenoid biosynthesis were 
sensitive to adaptive mutations. Thus, the accumulation of different 
metabolites can reflect a plant’s adaptation to varying environmental 
conditions [21].

The daphnane cluster indicates that di-esterified daphnanes 

(surrounded in yellow) are more abundant than mono-esterified de-
rivatives (surrounded in black). Previous study on H. crepitans latex 
extracts collected in the same location in Peru, showed the opposite 
proportion of mono- and di-esterified daphnanes [4], confirming that 
phytochemical composition not only depends on geographic condition 
but can also be influenced by other biotic and/or abiotic parameters. It is 
worth noting that three collections were conducted for the Peruvian 
samples: February 2017, September 2019, and December 2021 (for the 
present study). Di-esterified daphnanes from H. crepitans are not 
extensively described in the literature, which is promising for the dis-
covery of new natural products. However, cytostatic activity on Caco-2 
cells appears to be driven by mono-esterified derivatives [5].

Top five discriminating features between groups are huratoxin, a di- 
esterified daphnane and three cerebrosides, respectively compounds 2, 
3, 1, 4 and 5 (drawn in Fig. 3). For the unknown di-esterified compound, 
dereplication was performed based on its MSMS spectrum obtained from 
the [M+H]+ ion at m/z 823.57397 and Rt 26.26 min (no. 3 in Fig. 3). 
The dereplication reasoning set out below was applied for the other 
annotated di-esterified daphnanes. As depicted in Fig. 4, the character-
istic fragments of a huratoxigenin core are present. Additionally, it can 
be observed three successive dehydrations from the molecular ion at m/z 
805, 787 and 769, thus indicating a compound with two monoesterified 
alkyl chains. Indeed, an orthoesterified chain allows only two de-
hydrations from molecular ion since one hydroxyl group of the diterpene 
core is engaged in the link with alkyl side chain (see Fig. 1). The neutral 
loss of 224 uma (C14H24O2), resulting in the ion at m/z 599, indicates the 
loss of the C14-doubly unsaturated alkyl chain. The most probable 
localization for this chain is the C-14 carbon of the huratoxigenin since 
all daphnanes previously isolated from H. crepitans are (ortho)esterified 
in C-14 [5,6]. As expected, three dehydrations occur from the 
[M+H-C14H24O2]+ ion at m/z 599 leading to fragments at m/z 581, 563 
and 545. The structure of the second esterified chain was easily deduced 
from the difference 599 minus 361 implying a neutral loss of 238 u, 
corresponding to a saturated 16-carbon alkyl chain. The most likely 
location of this chain is the methylene alcohol at C-20 as previously 
described by Adolf and Hecker in 1984 [22]. Thus, this compound was 
named 20-hexadecanoyl-huratoxin(monoester).

3.3. Correlation of the cytotoxic activity and the phytochemical 
composition of the H. crepitans latex extracts from Peru and Africa

3.3.1. Cytotoxicity against Caco-2 cells
Our previous studies have demonstrated that monoesterified daph-

nanes of H. crepitans, especially huratoxin, isolated from a latex collected 
in Peru, exhibit notable selective cytostatic activity on the colorectal 
cancer cell line Caco-2, as well as on primary cells cultured as organoids 
[5,6]. Additionally, an original mechanism of action involving PKCζ was 
established for this compound [6]. In this context, Caco-2 cells were 
used as cellular model to compare the biological activities of our 
extracts.

The Fig. 5A depicts the cytostatic activity of Peruvian (left) and Af-
rican (right) latex extracts normalized to the effect of DMSO (control). 
As illustrated, huratoxin exhibits the better antiproliferative effect 
(20 % of growth inhibition at a concentration of 1 μg/mL) on Caco-2 
cells, when compared to the different extracts (at a concentration of 
10 μg/mL). Extracts collected in Peru showed varying activity on Caco-2 
cells, so each Peruvian sample was represented individually, while Af-
rican extracts were grouped according to their geographical collection 
sites. As pictured in Fig. 5A, Peruvian extracts, except for tree no. 5, 
showed significative cytostatic activity with 10–15 % of growth inhi-
bition on Caco-2 cells. Additionally, the latex extract obtained from tree 
no. 1 exhibited a more potent cytostatic activity than trees no. 3, 4 and 6. 
Concerning African samples, none of the extracts showed a significative 
cytostatic activity. This can be explained by the fact that monoesterified 
daphnanes, which were proved to be responsible for the cytostatic ac-
tivity on Caco-2 cells [5], are concentrated in Peruvian extracts and 
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rarely found in African samples (Fig. 3). Interestingly, the Peruvian latex 
extract obtained from tree no. 5 showed no cytostatic activity. As 
depicted in the PCA (Fig. 2A), the extract from Peruvian tree no. 5 is 
distant from the other Peruvian samples, suggesting significant differ-
ences in chemical composition, thus explaining this absence of cytostatic 
activity against Caco-2 cells.

In order to detect compounds responsible for these differences, PLS 
regression analysis was applied to classify samples according to their 

cytostatic activity (percentage of Caco-2 cells growth inhibition as Y 
input, R2Y = 0.75, Q2 = 0.553, CV-Anova = 0.004), and features were 
ranked based on their regression coefficient values (Figs. 5B, 5C): pos-
itive coefficients were correlated with potential cytostatic activity, while 
negative ones were associated with less-active compounds. From the list 
containing the first hits (Table 1), an annotation based on their MSMS 
spectra is proposed. As expected, huratoxin, a known active mono-
esterified daphnane, ranks first followed by two diesterifed daphnanes.

Fig. 4. MSMS spectra of 20-hexadecanoyl-huratoxin(monoester) (m/z 823.57, RT = 26.26 min).

Fig. 5. Correlation of the cytostatic activity on Caco-2 cells and the phytochemical composition of the H. crepitans latex extracts from Peru and Africa. A) Activity of 
Peruvian (left) or African (right) extracts on Caco-2 cells. Cells were incubated with extracts (10 µg/mL) or huratoxin (1 µg/mL) as a positive control during 48 h then 
cell viability was measured by colorimetry and compared to control (DMSO). Mean ± SEM, t-test from triplicates of 2–3 independent experiments. * p < 0.05, 
** p < 0.01. B) PLS score plot of APCI-POS ionization dataset, with cytostatic activity as Y input. The node size was correlated with the cytostatic activity of the 
sample on Caco-2 cells. C) Coefficient plot obtained by PLS regression.
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To further explain the differences in activity among the six Peruvian 
samples, normalized peak areas of the top three compounds correlated 
with potential cytostatic activity on Caco-2 cells were graphically rep-
resented (Fig. 6). As depicted in Fig. 6, the top three features correlated 
with cytostatic activity are absent in the latex extract of Peruvian tree 
no. 5, which explains its lack of activity. This observation underlines the 
fact that specimens located in the same area can have very different 
chemotypes. Moreover, huratoxin is more abundant in the latex extract 
of trees no. 2 and 4 and almost absent in trees no. 3 and 6 (Fig. 6). 
However, there is no significant difference between the activity of tree 
no. 2 and that of the other active trees (Fig. 5A), indicating that other 
compounds can also be responsible of the activity. Two diesterified 
daphnanes, 20-hexadecanoyl-huratoxin (monoester) and 20-octa-dien- 
oyl-huratoxin (monoester), show a strong correlation with cytostatic 
activity on Caco-2 cells (Table 1). However, previous studies have re-
ported that diesterified daphnanes from H. crepitans do not exhibit 
cytostatic activity against these cells [5]. This correlation does not 
necessarily indicate that these daphnanes are bioactive but suggests that 
they are more concentrated in the most active extract, which comes from 
Peruvian tree no. 1 (Figure 6). To explain the superior activity of the 
latex from tree no. 1 (Fig. 5A), it can be expected that other minor 
monoesterified daphnanes are exclusively present in this tree’s latex and 
potentiate the effect of huratoxin. This conjecture is supported by the 
mass spectral similarity network (Fig. 4), where several potential active 
monoesterified daphnanes are present in the Peruvian Hura latexes. It 
would be interesting to isolate these new compounds, with a particular 
interest in the monoesterified daphanes from the latex of Peruvian tree 
no. 1.

3.3.2. Activities against Hela and Jurkat cells
Cytotoxic assays were also conducted on Jurkat and Hela cell lines to 

identify other potential bioactive compounds besides daphnanes. An 

extract from each tree was tested, and the mean effect of trees from the 
same collection site was calculated. As shown in Fig. 7A, which displays 
the cytotoxic activity of latex extracts from Peruvian and African trees 
normalized to the effect of DMSO (control), only the samples collected in 
Ouidah and Ahita exhibit a significant effect, inhibiting Hela cell pro-
liferation by approximately 20–30 %, surpassing the activity of doxo-
rubicin at 1 µg/mL (17 %). A similar result was obtained with the Jurkat 
cells (Fig. 7B) assay, with a slight effect from the Peruvian samples, 
resulting in about 10 % proliferation inhibition. Doxorubicin inhibited 
Jurkat cell growth by approximately 57 % at 1 µg/mL, which is signif-
icantly higher than the inhibition observed with our extracts. Surpris-
ingly, Ouidah and Ahita extracts are separated on the PCA and OPLS-DA 
built according to the phytochemical compositions (Figs. 2A and 2B). 
Therefore, these activities are most likely due to different compounds in 
the samples collected in Ouidah and Ahita. This distinction probably 
contributes to the failure of multivariate analyses to pinpoint specific 
cytotoxic compounds, necessitating the use of univariate analyses to 
identify correlations between individual chemical features and growth 
inhibition on Jurkat and Hela cells.

Ten compounds showed a correlation coefficient greater than 0.6 
and were correlated with the inhibition of Hela cell proliferation. The 
top three are listed in Table 2. The first one was annotated as elasterol 
(level 3), a steroid, followed by two cerebrosides. To our knowledge, 
elasterol has not been previously described in Euphorbia species. 
Consequently, it would be interesting to isolate it to confirm this 
annotation, despite the potential difficulty due to its low abundance. 
Therefore, this is supported by the fact that numerous steroids have been 
previously described in Euphorbia species [23–26]. In the literature, 
several biological activities of phytosterol derivatives have been sug-
gested, notably antibacterial and anticancer activities [27–29]. 
Regarding the cerebrosides, some were incorrectly annotated by the MS 
Finder software due to their fragmentation (a systematic loss of glucose 
moiety) in the atmospheric pressure chemical ionization probe leading 
to a false annotation of the fragment as a molecular ion. These com-
pounds were therefore manually annotated by examining their MS and 
MSMS spectra. Cerebrosides have already been described in the litera-
ture for their biological activities, including anticancer properties 
[30–32]. However, to our knowledge, they have not been specifically 
described for their cytotoxicity against Hela cells.

In contrast, the correlation coefficients for compounds correlated 
with cytotoxic activity against Jurkat cells are below 0.6. Consequently, 
we were unable to establish any significant correlation between the 
phytochemical composition of the extracts and this activity. Therefore, 
in this case, only bioguided fractionation can lead to the identification of 
the compounds responsible for this activity.

4. Conclusion

This study provides a comprehensive analysis of the phytochemical 

Table 1 
Top three compounds correlated with the cytostatic activity on Caco-2 cells.

PLS 
Rank

[MþH]þ RT 
(min)

MF PLS 
coefficients

Identification/ 
Annotation

1 585.34381 3.64 C34H48O8 0.002923415 Monoesterified 
daphnane 
huratoxin

2 823.57397 26.26 C50H78O9 0.00292309 Diesterified 
daphnane 
20-hexadecanoyl- 
huratoxin 
(monoester)

3 847.57233 23.24 C52H78O9 0.001767752 Diesterified 
daphnane 
20-octadec-dien- 
oyl-huratoxine 
(monoester)

Fig. 6. Normalized peak areas of the top three compounds correlated with potential cytostatic activity on Caco-2 cells for each Peruvian tree. Mean ± SEM, t-test 
from triplicates of extraction. ** p < 0.01, *** p < 0.001, **** p < 0.0001.
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composition and cytotoxic activities of Hura crepitans latex extracts from 
Peru, Benin, and Togo. Metabolomic approaches and multivariate 
analysis revealed significant differences in the phytochemical profiles of 
extracts from various collection sites. Intercontinental differences were 
evident, with daphnane compounds concentrated in Peruvian samples, 
explaining their cytostatic activity on Caco-2 cells. African samples were 
categorized into two groups according to their chemical composition: 
latex collected in Ouidah (Benin) and Togo contained mainly sphingo-
lipids, while latex from Ahita and Ofia (Benin) contained terpenoids 
(excluding daphnanes) and sphingolipids. Intra-continental differences 
may be attributed to the developmental stage of the trees. Notably, 
samples from Ouidah and Ahita exhibited cytostatic activity on Jurkat 
and Hela cells. Univariate analyses identified significant correlations 
between specific compounds and the inhibition of Hela cell prolifera-
tion, with a steroid annotated as elasterol and two cerebrosides showing 
the highest correlation. These findings suggest that these compounds 
may contribute to the observed cytotoxic effects and warrant further 
investigation to confirm their identities and biological activities. The 
diverse metabolites in Hura crepitans latexes reflect the plant’s adaptive 
responses to varying environmental conditions, offering valuable in-
sights into the chemical ecology and therapeutic potential of this spe-
cies. As Hura crepitans is used in plantations as a pepper tree stake in 
various sub-Saharan African countries, it generates a latex biomass that 
could be used to produce complex bioactive molecules.
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Table 2 
Top three compounds correlated with the cytotoxic activity on Hela cells.

Rank [MþH]þ RT 
(min)

MF Correlation 
coefficients

Annotation

1 411.36365 13.93 C29H46O 0.73270714 Steroid 
elasterol

2 598.57764 
Fragment of 
760.63031

16.98 C42H81NO10 0.68877741 Cerebroside 
GlcCer(d19:1 
(6)/17:1(1) 
(4OH))

3 612.59271 
Fragment of 
774.64673

19.46 C44H87NO9 0.67717051 Cerebroside 
GlcCer(d20:0/ 
18:0(2OH)
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Supplementary data associated with this article can be found in the 
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