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seven migrating mineworkers used its dead branches as firewood for their barbecue with deadly consequen-
ces. They all passed away after consuming meat that was infused with toxic volatiles in the smoke. We report
in this study, on the isolation of the toxic triterpenoid, euphol that is present in high concentrations in the
stems and smoke of E. damarana. Small concentrations of compounds with phorbol ester skeletons were also
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Keywords:
Cyjtlotoxicity detected in this species. The cytotoxicity of euphol in the smoke and stem extracts of E. damarana was deter-
Euphol mined by the sulfo-rhodamine-B stain (SRB) assay on eight human cell lines (A549, PC-3, HeLa, HepG2, MCF-

Euphorbia damarana 7, MCF-12A, MRC-5 and HaCaT). Significant cytotoxic activity was observed from the purified euphol, stem
Smoke extract and smoke extracts with ICsg values ranging from 1.99 to 3.99 ug/mL, 5.00 to 20.00 pg/mL and from 11.75
Toxic to 40.00 pg/mL respectively, on all the tested human cell lines. Since euphol is the primary compound (con-

centration 10.3 mg/g) in the smoke extract and toxic to all cell lines tested at a significantly low ICsq level, it

can be considered as the main toxin in E. damarana and responsible for the deaths of the miners.
© 2024 University of Pretoria. Published by Elsevier B.V. on behalf of SAAB. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Although plants are indispensable as a critical food source and
provide many of our medicines, some of them are extremely poison-
ous and regularly cause human deaths. Numerous species within the
genus Euphorbia L. are widely recognised for their poisonous nature.
This fact was substantiated by El-Hawary et al. (2020) who conducted
toxicity experiments on 15 Euphorbia species. The study revealed that
all tested species demonstrated toxicity against human cell lines and
reported significant cytotoxic ICsg values of 7.2 ug/mL and 9.1 ug/
mL from E. officinarum L. and E. royleana Boiss. respectively, on the
human colon adenocarcinoma (CACO2) cell line. The ICsq values of E.
lactea Haw. against human hepatocellular carcinoma (HepG2) and
human breast adenocarcinoma (MCF-7) cell lines were 5.2 pg/mL
and 5.1 pug/mL respectively. E. grandialata R.A.Dyer had an ICsg value
of 7.5 pug/mL against MCF-7 and E. obesa Hook.f. ICso value against
HepG2 was 6.3 pg/mL. Moderate to low cytotoxic activity was
reported with the other species.

* Corresponding author.
E-mail address: petunia.degashu@up.ac.za (M.P. Degashu).

https://doi.org/10.1016/j.sajb.2024.05.019

Since all the Euphorbia milk bushes have not yet been studied for
toxicity, it is probably safe to consider them all as being toxic. There
have been several reports from newspapers and scientific journals
(Meyer et al., 2020), as well as from people living in the areas where
the Namibian Damara milk bush, Euphorbia damarana grows, that it
is very toxic, but no scientific toxicology studies have yet been pub-
lished on this species to confirm its toxicity. Several reports have
been published of the traditional use of toxic Euphorbia spp. latex
being used in arrow poisons by northern Namibian tribes like the
San, Herero, Hei||om, Ju|wasi etc. (Bradfield et al., 2015). It should be
noted that E. damarana was named and described for the first time
only in 1975 (Leach, 1975) and was probably only referred to as
Euphorbia milk bush previously. A recent study by Isaksson et al.
(2023) on the poison residues from nineteenth and twentieth-cen-
tury arrowheads collected from northern Namibia and the Kalahari
showed that Euphorbia plants were the main ingredient of many of
the samples analysed. Examples of Euphorbia latex found in arrow-
heads from Namibia were also presented by Schapera (1925), Watt
and Breyer-Brandwijk (1962) and Bradfield et al. (2015).

E. damarana grows only in the north-western desert areas of
Namibia and southern Angola (Fig. 1) and is often the only vegetation
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Fig. 1. Distribution map of Euphorbia damarana (A), an example of the species (B) and a stem showing the white milky latex (C) (Photographs: Marion Meyer).

one can find in these dry desert regions (Meyer et al., 2020). The local
inhabitants know very well how extremely poisonous it is to humans,
domesticated cattle and goats, as well as dogs and probably other
animals.

It also grows naturally in the rustic, small, desert town Uis on
the edge of the Namib Desert (Namibia). The town is well known
for its tin (and recently discovered lithium) mines, which attract
mineworkers from outside the region. Twenty-seven of these
migrating mineworkers used the dead branches of the Damara
milk bush as firewood for their barbecue in the 1960s with
deadly consequences. They all passed away that same night
because of the toxic volatiles in the smoke of the milk bush that

infused their meat, and they were buried at the exact same loca-
tion, next to a dead E. damarana (Fig. 2). This tragic incident was
confirmed recently by one of the elderly inhabitants who was
present when these events unfolded.

In this study we report on the toxicity of the stem and smoke
extracts of E. damarana and the isolation of its main toxin, euphol by
using column chromatography and Gas chromatography-mass spec-
trometry (GC—MS) and Nuclear magnetic resonance (NMR) analyses.
Cytotoxicity bioassays were conducted on eight human cell cultures.
Smoke was collected and extracted to identify the toxic compound(s)
present, that most likely led to the tragic deaths of the 27 mine-
workers.

Fig. 2. Graves of the 27 mineworkers who died in Uis, Namibia after consuming meat cooked on the dry stems of a dead E. damarana shrub. The dead plant is circled in red (Photo-

graphs:Marion Meyer).
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2. Materials and methods
2.1. Plant material

Stems of E. damarana were randomly collected from mature
plants growing on the Giribes Plains (S19°11.416’/ E13°17.557’) in
Namibia during March 2018. A voucher specimen was prepared (PRU
no: 122,229), identified and preserved at the H.G.W.J. Schweickerdt
Herbarium (PRU), University of Pretoria. Following plant collection
and transport to the University of Pretoria, the stems were freeze-
dried and stored at —20 °C in the dark.

2.2. Plant extraction

2.2.1. Stem extracts

The dried E. damarana stems (17 g) were cut into 10—15 cm long
sections and placed in 40 mL stainless steel vessels (5 stems per ves-
sel) for pressurised solvent extraction (PSE) in a speed extractor
(Buchi E916, Switzerland). The following solvents (all from Merck
(Pty) Ltd, South Africa) were used for extraction; hexane, ethyl ace-
tate, acetone, methanol and distilled water (Elga LabWater US, Labo-
tec, (Pty) Ltd, South Africa). The speed extractor’s temperature was
set at 50 °C and pressure at 100 bars. Following extraction, the crude
extracts collected from the speed extractor were dried using a Gene-
vac Series EZ-2 solvent evaporator (United Scientific (Pty) Ltd, South
Africa). The crude stem extracts were stored in the dark at 4 °C until
needed for further analysis.

2.2.2. Smoke extracts

A combustion chamber was used to collect smoke from burning
dried E. damarana stems (Swart et al., 2024). The apparatus consisted
of an airtight combustion chamber with controlled positive airflow
supplied by a pressurised air cylinder, and a chamber that contained
an electrical resistance coil to ignite dried material. The temperature
and duration of the supplied heat were controlled by a current regu-
lator and timer. The following four solvents were used for extraction
in glass flasks; hexane, ethyl acetate, acetone and methanol (Fig. 3).

Dried E. damarana stems (3.0 g) were placed onto the electrical
resistance coil to cover it completely. The combustion chamber was
sealed and the pressurised air (approximately 78.08 % nitrogen,
20.95 % oxygen, 0.93 % argon, 0.04 % carbon dioxide) was allowed to
flow from the gas cylinder through the air pressure regulator and
into the underside of the combustion chamber. Air pressure was set
between 3.0 and 4.0 x 1000 cm>/min. A positive and constant airflow
was established before the electrical current control and timer were

South African Journal of Botany 170 (2024) 88—96

switched on. The electrical current was set at the maximum (8.75 A)
for the ignition phase and smoke was visible in the chamber after
20 s. After 1 min, the electrical current was switched off. The system
was allowed to combust and produce smoke for another 9 min, the
total burning time was 10 min. During the burning phase, smoke
flowed from the combustion chamber and bubbled through a
sequential solvent series of hexane, ethyl acetate, acetone, and finally
methanol (70 mL each). Following extraction, the crude smoke
extracts collected from the combustion chamber were dried carefully
in a fume hood and stored in the dark at 4 °C until needed for further
analysis.

2.2.3. Stem extraction for euphol isolation and identification

The dried E. damarana stems (800 g) were ground (IKA, United
Scientific (Pty) Ltd, South Africa) to small pieces and shaken sequen-
tially in acetone and methanol for three days on an orbital shaker
(Labotec, (Pty) Ltd, South Africa), decanted and the process repeated
twice. The filtrates were combined and concentrated to dryness at
40 °C using a rotary evaporator (Buchi, Germany). The extract was
stored in the dark at 4 °C until needed for further analysis.

2.3. Chromatographic isolation and identification of euphol

2.3.1. Column chromatography

A glass column (50x8 c¢m) was packed with activated silica gel
powder (Merck (Pty) Ltd, South Africa), 60 g of the extract was
applied to the column and initially eluted with 100 % hexane and
then with gradually increased polarity with ethyl acetate to 40 %
ethyl acetate. The column was washed with 100 % acetone followed
by 100 % methanol. A total of 195 fractions were collected from the
silica gel column and similar fractions, as observed on the (Thin layer
chromatography) TLC plates, were combined to obtain 33 subfrac-
tions. Subfraction 10A was further fractionated on a 5 % (silver
nitrate) AgNO3 impregnated silica gel column. A total of 32 fractions
were collected and fractions 13B to 15B were combined and further
fractionated on another 5 % AgNO3; impregnated silica gel column. A
total of 52 fractions were collected and fractions 29C to 34C were
combined and further purified on a Sephadex LH-20 (Merck (Pty) Ltd,
South Africa) column (40x2 cm). The column was eluted with 10 %
methanol. A total of 36 fractions were collected and fraction 29D was
analysed on NMR.

2.3.2. Thin layer chromatography (TLC)
Collected fractions were spotted on TLC plates (10x7 cm) pre-
coated with silica gel 60 F254 (Merck (Pty) Ltd, South Africa) and
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Fig. 3. Illustration of the smoke generating and capturing apparatus (Swart et al., 2024).
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developed in hexane: acetone (90:10). Developed plates were visual-
ised by UV light at 254 and 366 nm followed by heating after spraying
with vanillin solution (250 mL ethanol, 5 mL sulphuric acid and 7.5 g
vanillin powder) (Merck (Pty) Ltd, South Africa).

2.4. Characterisation of euphol

2.4.1. Gas chromatography-mass spectrometry (GC—MS)

The crude extracts were subjected to GC—MS for the identification
and concentration determination of compounds using a Shimadzu
QP2010 instrument (Shimadzu South Africa (Pty) Ltd) with a Rtxi-
5MS column (30 m x 0.25 mm x 0.25 pm). Helium was used as the
carrier gas and the temperature was programmed with an initial
oven temperature of 80 °C, then held for 2 min at 200 °C and the final
temperature was 300 °C and held for 5 min. 1 «L sample was injected
in splitless mode, the ionisation potential set to 70 eV and a scan
range of 50 to 550 amu used. The total runtime for a sample was
40 min. The GC—-MS data was processed and analysed using MestRe-
Nova 11.0.1 (Mestrelab Research, Spain) and the database of the
National Institute of Standards and Technology vers. 14 (NIST) was
used for compound identification.

2.4.2. Nuclear magnetic resonance (NMR) spectrometry

NMR analysis was done on a Bruker Ascend 400 MHz spectrome-
ter (Bruker, Germany). The compounds were analysed in 5 mm NMR
tubes (5 mg/mL in CDCl5) at 1 024 scans for '"H NMR and 10 000 scans
for 13C NMR. The temperature was kept constant at 25 °C and all the
spectra were referenced to the internal standard, manually phased
and baseline corrected.

2.5. Human cell lines and culturing for cytotoxicity bioassay

The human cell lines HepG2 (liver cancer cells), HeLa (cervical
cancer cells), A549 (lung cancer cells), PC-3 (prostate cancer cells),
MCF-7 (breast cancer cells), MRC-5 (lung fibroblast cells), HaCat (ker-
atinocytes cells) and MCF-12A (breast epithelial cells) were grown in
culture flasks with Dulbecco’s modified Eagle’s medium (DMEM)
(Thermo Fisher Scientific, South Africa) and incubated at 37 °C in a
humidified atmosphere under 5 % CO, in an incubator (Labotec, (Pty)
Ltd, South Africa) for about 2 weeks. Subculturing was done every
2-3 days using phosphate buffer saline (PBS) (Merck (Pty) Ltd, South
Africa). A seeding density of 1 x 10* cells/mL was prepared and 100
L of the cell culture suspension was added to 96 well plates.

2.6. Cytotoxicity bioassay

The cytotoxic activity was determined in vitro using the sulfo-
rhodamine-B stain (SRB) (Merck (Pty) Ltd, South Africa) assay accord-
ing to Skehan et al. (1990) and Vichai and Kirtikara (2006) with some
modifications.

Stock solutions of the stem and smoke extracts (1 mg/mL) were pre-
pared and dissolved in 0.2 % dimethylsulphoxide (DMSO) (2 pg/mL)
(Merck (Pty) Ltd, South Africa). The stem extracts were tested at con-
centrations of 20.0 pg/mL to 0.625 pg/mL while smoke extracts were
tested from 40.0 pg/mL to 1.25 pg/mL. Following 24 h incubation of
the cell cultures, 100 L of the samples, 100 wL of 1 % (10 g/mL) sapo-
nin solution and 100 wL of cisplatin (positive control, Merck (Pty) Ltd,
South Africa) and 100 pL of 0.2 % DMSO were added to the 96 well
plates and incubated for 48 h at 37 °Cunder 5 % CO, and 95 % humidity.

Following 72 h incubation of the treated cell culture plates, 50 ©L
of a 10 % trichloroacetic acid (TCA) (Merck (Pty) Ltd, South Africa)
solution was added to each well to fix the cells. Plates were then
incubated at 4 °C overnight. After the incubation period the plates
were washed three times under running water and dried in an oven
at 30 °C. Once the plates have dried, 0.057 % SRB stain solution made
up in 1 % acetic acid (100 L) was added to each well and the plates
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incubated at room temperature for 30 min in the dark. The plates
were washed three times to remove unbound SRB stain by adding
150 wul of a 1 % acetic acid solution to each well and the plates were
then dried in an oven at 30 °C. 10 mM TRIS buffer (Merck (Pty) Ltd,
South Africa) at pH 10.5 (200 ©L) was added to each well. The plates
were left on a shaker for approximately 1 hour to allow the dye to
solubilise. The absorbance of the plates was determined using a spec-
trophotometer (BioTek ELx800, Analytical Solutions, South Africa) at
540 nm with a reference wavelength of 630 nm.

Data was blank-adjusted and expressed as the mean percentage of
the average of the untreated controls using Microsoft Excel. The cal-
culated results were used to generate a cell density curve (non-linear
regression method, normalised-variable slope) to determine the ICsq
with GraphPad Prism (GraphPad Software, Inc).

3. Results
3.1. Plant extraction

The highest yields of stem extract were with methanol and ethyl
acetate, followed by acetone, then hexane, with water as the lowest.
The yields of the four smoke extracts were very similar with a slightly
higher yield obtained with methanol and ethyl acetate.

3.2. Phorbol esters

Since phorbol esters are often the major toxic compounds of
Euphorbia species, this study set out to determine if they are also
present in E. damarana. The presence of only small concentrations of
two compounds in the stem and smoke extracts with phorbol ester
skeletons, were indicated in the GC—MS analysis by the NIST data-
base (Table 1). The NIST similarity index of these two compounds
were notably low (50—60 %). The two phorbol esters were suggested
to be 5h-cyclopropa-(3,4)-benz(1,2-e)azulen-5-one,9,9a-bis
(acetyloxy)—1,1a,1b,2,4a,7a,7b,8,9,9a-decahydro-2,4a,7b-tri-hy-
droxy-3-(hydroxymethyl)-1,1,6,8-tetramethyl and 2,4,6,8,10-tetra-
deca-penta-enoic acid,9a-(acetyloxy)—1a,1b,4,4a,5,7a,7b,8,9,9a-
decahydro-4a,7b-dihydroxy-3-(hydroxy-methyl)-1,1,6,8-tetra-
methyl-5-o0xo-1H-cyclopropa[3,4]benz[1,2-e]az.

3.3. Eupholisolation and identification

Chemical characterisation of the triterpenoid, euphol (Fig. 4) was
achieved by NMR ('H, 3C, and distortionless enhancement by polar-
isation transfer-135 (DEPT)), 2D-NMR experiments (correlation spec-
troscopy (COSY), heteronuclear single quantum coherence (HSQC)
and heteronuclear multiple bond correlation (HMBC)), Fourier Trans-
form Infrared Spectroscopy (FTIR) and MS, as well as comparison to
the available literature data (Nyigo et al., 2016; Silva et al., 2018). The
spectroscopic information of the isolated compound is as follows:

Euphol (fraction 29D of column chromatography) was isolated as
clear crystals (7.5 mg). The "H NMR (400 MHz) spectrum showed sev-
eral overlapping signals in the shielded region, which is a common
trend observed in triterpenes (Silva et al., 2018). Nevertheless, the
signals By, that were identified include: 5.05 (1H, brt, 7.0, H-24), 3.20
(1H, dd, 11.6, 4.2, H-3), 1.64 (3H, s, H-27), 1.57 (3H, s, H-26), 1.49 (1H,
m, H-17), 0.96 (3H, s, H-29), 0.91 (3H, s, H-19), 0.84 (3H, s, H-28), 0.82
(3H, d, 6.2, H-21), 0.76 (3H, s, H-18), and 0.71 (3H, s, H-30). The '3C
(100 MHz) and DEPT-135 NMR data showed thirty signals. The most
apparent signals were the olefin carbons at B¢ 125.4 (C-24), 131.0 (C-
25), 133.7 (C-9), and 134.2 (C-8). Very intense signals also appeared
upfield on the '>C NMR spectrum and were assigned to the eight
methyl groups: B¢ 15.7 (C-18), 15.8 (C-30), 17.8 (C-26), 19.1 (C-21),
20.7 (C-19), 24.6 (C-28), 25.9 (C-27), 28.2 (C-29). In addition, the sig-
nal of the methine B¢, which is characteristic of a carbon bearing a
hydroxyl group (Nyigo et al., 2016), appeared at 79.2 (C-3).
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Compounds with phorbol ester skeletons in the methanol smoke extract as indicated by the NIST database during GC—MS analysis.

NIST suggested structure, molecular ~ Retention Similarity ~ Suggested similar compound Area on
weight and chemical formula time (min.)  index (%) chromato-gram (%)
? 23:07 54.4 5H—Cyclopropa-(3,4)-benz(1,2-e)azulen-5-one, 9,9a-bis(acetyloxy)— 1.06
K P oM 1,1a,1b,2,4a,7a,7b,8,9,9a-decahydro-2,4a,7b-trihydroxy-3-(hydroxymethyl)—
D (H N/ 1,1,6,8-tetramethyl
H-O
o — g ) o 1
1
~ o o >\
0
C24H3209
Molecular weight: 464.2
18.81 59.4 2,4,6,8,10-Tetradecapentaenoic acid, 9a-(acetyloxy)—1a,1b,4,4a,5,7a,7b,8,9,9a-dec-  1.22

Ve Yo Y Y VO aN

ahydro-4a,7b-dihydroxy-3-(hydroxymethyl)-1,1,6,8-tetramethyl-5-oxo-1H-

cyclopropa(3,4)benz(1,2-e)az

\,;}\“Z , /
JQ

o7 7\

C36Ha60s
Molecular weight: 606.3

3.4. Cytotoxicity of E. damarana extracts

The morphology and growth of cells appeared normal in the cul-
ture medium and the 0.2 % DMSO solution. E. damarana stem and
smoke extracts exhibited very good cytotoxic activity against all
tested human cell lines (Table 2). The hexane stem extract exhibited
the highest cytotoxic activity, followed by acetone, methanol, ethyl
acetate, and then water extracts. The overall ICso values of organic
solvent stem extracts on cancerous cell lines ranged between 5.53
and 20.00 pg/ml, while for the non-cancerous human cell lines it
ranged between 5.16 and 20.00 pg/ml. The highest smoke cytotoxic
activity was exhibited by the methanol extract, followed by the hex-
ane, acetone and then ethyl acetate extracts. The overall ICsq values
of smoke extracts against cancerous cell lines was between 11.75 and
40.00 pg/mL, while for the non-cancerous human cell lines it ranged
between 20.00 and 40.00 pg/mL.

3.5. Cytotoxicity and concentration of euphol

The isolated euphol exhibited significant cytotoxic activity
(Table 2) on all the tested cancerous human cell lines with the PC-3

N

Fig. 4. Chemical structure of euphol.

cell line being the most sensitive to it, followed by the A549, MCF-7,
HeLa and HepG2 cell lines. Very high toxicity was also observed on
the non-cancerous cell lines (MRC-5, MCF-12F and HaCaT). The over-
all ICsq value for all cancerous human cell lines was between 1.99
and 3.77 pg/mL, while for the non-cancerous human cell lines it was
between 2.76 and 3.99 pg/mL.

The concentration of euphol in the different E. damarana extracts
was determined by GC—MS analysis (Fig. 5 and Table 3). It was found
that euphol is the major compound in the smoke extracts and present
in high amounts (Table 3). By burning 3.0 g of E. damarana twigs for
10 min., 30.89 mg euphol was transferred in total to the smoke, a sig-
nificantly high amount.

4. Discussion

Since the E. damarana compounds with phorbol ester skeletons
identified by GC—MS analysis were present in such small quantities,
they couldn’t be isolated and their chemical structures be elucidated.
They might contribute in a small degree to the toxicity of E. damar-
ana, but this needs further investigation. Toxic phorbol esters were
isolated and reported in other Euphorbia species such as in Euphorbia
fischeriana, Euphorbia frankiana, Euphorbia cocrulescence, Euphorbia
ticulli and Euphorbia bothae (Goel. et al., 2007; Popplewell et al.,
2010; Wang et al., 2013a, Wang et al., 2015; Tostes et al., 2021) and
possess beneficial effects e.g., being tumour inhibitors and having
antileukemic activity (Fiirstenberger and Hecker, 1986; Jassbi, 2006;
Haba et al.,, 2007; Goel. et al., 2007; Baloch et al., 2008; Popplewell
et al.,, 2010; Wang et al.,, 2015, 2020; Tostes et al., 2021). Exposure to
these toxic compounds occurs during consumption of animal prod-
ucts polluted with toxic phorbol esters. These animal products may
include honey collected from bees, meat contaminated by toxic
plants during primitive hunting as well as meat and milk from ani-
mals that were fed feeds contaminated with the toxic plants (Haas
et al., 2002; Silinsky and Searl, 2003; Goel. et al., 2007; Wang et al.,
2015; Vega-Quirds et al., 2022).

The concentration of euphol present in E damarana smoke
extracts was determined with GC—C-MS analysis. The highest con-
centration of euphol in the smoke extracts was found in the methanol
extract and the lowest in ethyl acetate. Euphol was also reported as a
major compound in other Euphorbia species (Gewali et al., 1990;
Uchida et al,, 2010; Cruz. et al.,, 2018; Silva et al., 2018; Athmouni
et al., 2019; De Oliviera et al., 2021; Zhu et al., 2023). The current
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Table 2
The percentage growth inhibition and log ICs, values of stem and smoke extracts, euphol and cisplatin (£ g/mL) of E. damarana (mean of four replicates).

Solvent A549 Hela HepG2 MCF-7 PC-3 MRC-5 HaCat MCF-12A

Stem extracts

Methanol 50 % inhibition 7.61 9.36 8.28 12.63 12.72 8.54 14.68 9.86
Log ICso 0.88 0.97 0.91 1.10 1.10 0.93 1.17 0.99

Acetone 50 % inhibition 7.07 8.08 5.00 12.42 12.68 5.16 8.29 447
Log ICso 0.84 0.91 0.70 1.09 1.10 0.71 0.92 0.65

Ethyl acetate 50 % inhibition 6.33 8.08 7.78 >20.00 9.65 5.77 9.15 5.43
Log ICso 0.80 0.91 0.89 >1.30 0.98 0.76 0.96 0.73

Hexane 50 % inhibition 5.53 717 6.74 8.54 8.31 5.77 8.29 4.07
Log ICso 0.74 0.86 0.83 0.93 0.91 0.76 0.92 0.60

Water 50 % inhibition >20.00 >20.00 >20.00 >20.00 >20.00 18.48 >20.00 >20.00
Log ICso >1.30 >1.30 >1.30 >1.30 >1.30 1.26 >1.30 >1.30

Smoke extracts

Methanol 50 % inhibition 32.06 11.75 31.17 29.50 30.50 20.00 40.00 37.71
Log ICso 1.50 1.07 1.49 1.46 1.48 1.30 1.60 1.57

Acetone 50 % inhibition 33.81 16.00 33.39 34.11 40.00 27.40 >40.00 34.55
Log ICso 1.53 1.20 1.52 1.53 1.60 144 >1.60 1.54

Ethyl acetate 50 % inhibition >40.00 37.69 >40.00 >40.00 >40.00 >40.00 >40.00 28.16
Log ICs >1.60 1.58 >1.60 >1.60 >1.60 >1.60 >1.60 144

Hexane 50 % inhibition 33.86 14.00 31.17 32.58 39.88 40.00 >40.00 >40.00
Log ICso 1.53 1.14 1.49 1.51 1.60 1.60 >1.60 >1.60

Isolated euphol

Euphol 50 % inhibition 2.14 222 3.77 233 1.99 2.76 3.99 3.38
Log ICso 0.33 0.34 0.58 0.37 0.29 0.44 0.60 0.53

Cisplatin (positive control)

Cisplatin 50 % inhibition 1.04 1.00 1.90 1.90 0.62 0.31 2.07 0.31
Log ICso 0.02 0.00 0.28 0.28 -0.21 -0.51 0.32 -0.51

study confirmed through GC—MS analysis that euphol is the major
compound present in the smoke produced by burning E. damarana’s
dried stems.

Based on the spectroscopic evidence provided herein, the identity
of the isolated compound was confidently determined to be euphol.
In addition, the experimental data is consistent with the previously
published data (Nyigo et al., 2016; Silva et al., 2018). Euphol is an
alcoholic tetracyclic triterpene (Fig. 4) with a wide range of pharma-
cological properties, including anticancer and anti-inflammatory
activities (Dutra et al., 2011; Lin et al., 2012; Vuong et al., 2015; Silva
et al.,, 2018; De Oliviera et al., 2021). Euphol was previously isolated
from the following Euphorbia species: E. antiquorum L., (Mallavadhani
et al., 2004; Akihisa et al., 2002) E. broteroi Daveau (Gewali et al.,
1990; Lin et al., 2000), E. kansui Liou ex S.B.Ho (Lin et al., 2000; Zhang
et al,, 2012), E. fusiformis Buch.-Ham. ex D.Don. (Natarajan et al.,
2005), E. tirucalli (Mallavadhani et al., 2004; Uchida et al., 2010), and
E. resinifera O.Berg (Fattorusso et al., 2002). Studies of the bioactivity
of euphol have proved it to have good anti-inflammatory, antinoci-
ceptive, antiarthritic, fibrinolytic and anticancer activity amongst
others (Yasukawa et al., 2000; Dutra et al., 2011; Wang et al., 2013b;
Cruz. et al., 2018; Silva et al., 2018; De Oliviera et al., 2021).

Significant cytotoxic activity to all the tested cancerous as well as
non-cancerous human cell lines was found in this study as is reported
above. Silva (2018) also reported the cytotoxic activity of euphol, iso-
lated from the latex of E. tirucalli against seventy-three human
cancerous cell lines with ICsq values for MCF-7, HeLa, PC-3 and A549
of 7.74 pg/mlL, 7.48 pg/mL, 5.09 pg/mL and 4.69 pg/mL, respec-
tively. No cytotoxic activity of euphol against PC-3 cell line was
reported by Romero-Moran et al. (2022). Cruz et al. (2021), studied
the E. umbellata latex and they reported no or poor cytotoxic activity
against MCF-7 from the methanol extract with an ICsg value above
200 pg/mL while cytotoxic activity against MCF-7 cell line was
reported with the hexane extract, ethyl acetate extract and euphol
with an ICsq value of 48.21 pg/mL, 35.47 pg/mL and 43.80 pg/mL
respectively.

E. damarana stem and smoke extracts exhibited significant cyto-
toxic activity against all tested human cell lines. The stem extracts
were more toxic than the smoke extracts, possibly because of toxic
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compounds breaking down in the fire or not being volatile enough to
be present in the smoke. Several authors reported the cytotoxicity of
Euphorbia species with ICso values ranging from 0.43 pg/mL to
135.00 pg/mL by E. caducifolia Haines, E. peplus L., E. antiquorum, E.
mauritanica L., E. milli Des Moul,, E. prostrata Burch. ex Hemsl., E. pros-
trata Burch. ex Hemsl,, E. tirucalli on a wide range of human cell cul-
tures (Zirihi et al., 2005; Bano et al., 2017; Al-Emam et al., 2019;
Ruangnoo et al., 2017; Choene and Motadi, 2014; Chohan et al.,
2020; Khiralla et al., 2016; Kwan et al., 2016; Wang et al., 2011; Ben-
jamaa et al., 2022).

5. Conclusion

The ICsq values of all the tested crude plant stem extracts includ-
ing the smoke extracts, have shown than the plant contains phyto-
chemicals that display good anticancer properties but are equally
toxic to the normal cell lines.

Since phorbol esters are commonly found in Euphorbia species
and are toxic to humans and animals, one of the aims of this study
was to determine if they are responsible for the toxicity of E. damar-
ana. The GC—MS results obtained in this study has shown that two
compounds with phorbol ester skeletons, present in very low con-
centrations, are present in this species. However, since they are pres-
ent in such small quantities, they could not be isolated for conclusive
structure elucidation.

The isolated major compound of E. damarana smoke extracts,
irrespective of the solvent used to prepare the extract, was con-
clusively identified as the triterpenoid, euphol. The cytotoxicity
analyses of the current study have shown that it has a very low
ICso value of below 5.0 ug/mL against all the cell lines tested.
The burning of 3.0 g of dried E. damarana twigs resulted in
30.89 mg euphol being detected in the combined smoke extracts.
However, the miners from Uis, Namibia would have used many
more branches of this toxic milk bush as firewood for barbecuing
their meat. Hence, their meat would likely have been exposed to
a significantly higher concentration of euphol in the toxic E. dam-
arana smoke, compared to the 30.89 mg detected in this
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Fig. 5. A) GC—MS chromatogram of the methanol smoke extract showing the euphol peak (arrow) at rt of 30.5 min. Mass spectra of rt peaks at 30.5 min. of B) methanol smoke

extract, C) methanol stem extract, D) isolated pure euphol.

Table 3

Euphol quantity and percentage per extract as determined by GC—MS analysis in smoke extracts generated by burning 3.0 g dried E. damarana stems for 10 min.

Solvent Retention time (min.) Mass of extracts (mg) Mass of euphol in extracts (mg) Euphol con-centration (%)
Hexane 30.52 50.0 6.32 12.65
Acetone 30.51 51.0 8.54 16.76
Ethyl acetate 30.51 52.0 4.59 8.33
Methanol 30.50 55.0 11.44 20.81

experimental study from burning only 3.0 g of twigs. This amount

far exceeds the ICso value of euphol of less than 5.0 pg/mL.
Hussain et al. (2010) stated that all compounds or extracts with an

ICsp of below 10 pg/mL is considered as being very toxic. Since the ICsq

values of the isolated pure euphol was less than 10 pg/mL against all
tested human cell lines, it should be considered as being very toxic. It is
therefore very likely that the barbecued meat of the 27 mine workers in
Uis, Namibia, contained lethal amounts of euphol.
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