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ABSTRACT

The cytotoxic activity of three triterpenoid compounds namely, friedelin [1],
friedelan-33-ol [2] and taraxerol [3] isolated from hexane fraction Euphorbia lactea
Haw. was investigated in breast cancer cell lines MDA-MB-231 and MCF-7. Dose-
dependent cytotoxic activity of these compounds was detected in MDA-MB-231
cells. Of the three compounds, [2] elicited the strongest inhibitory effect. The
interplay between [2] and doxorubicin (Dox) in a series of combination treatments
was analyzed in MDA-MB-231. Computer modeling software CompuSyn revealed
that [2] and Dox exhibited a synergistic relationship over a broad range of
concentration. The ratio of [2]:Dox at 25:1 ug/mL was predicted to achieve a 90%
inhibitory effect with the lowest dose of each agent, thus allowing a dose reduction
of [2] and Dox by ~30 and ~3 fold, respectively. Finally, the percentage of apoptotic
cells in MDA-MB-231 treated with [2]:Dox at a 25:1 pg/mL combination was
markedly higher than cells treated with 1x and 2x the concentration of each
individual agent, supporting the predicted synergism. Together, the results
highlighted [2] as an anticancer phytochemical exhibiting synergistic activity with
Dox and warranted further research to assess the possibility to exploit this synergy
for breast cancer treatment.
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risk factors such as advancing age, genetic mutation and
familial history (Loibl et al, 2021). Current breast

Globally, breast cancer accounts for approximately 30% of
all cancer cases in women and is ranked the second most
common cancer-related death in women (Siegel et al,
2020). The pathology of breast cancer involves various
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cancer therapy includes radiotherapy, surgery and
pharmacotherapy (Maughan et al, 2010). However, drug
resistance and adverse drug reactions can detrimentally
affect treatment. Therefore, the discovery and development
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of new anticancer agents against breast cancer are much
needed.

Euphorbia, belonging to the botanical family
Euphorbiaceae, consists of over 2000 species of flowering
plants. A number of publications have revealed that
euphorbia contains a wide repertoire of phytochemicals
with diverse pharmacological activities including
antimicrobial, anti-inflammatory and anticancer properties
(Ernstetal,, 2015; Shi etal., 2008). Along with at least 500
compounds isolated from this group of plants, euphorbia
appears to be a rich source of terpenoids (Shi et al.,, 2008).
Moreover, many of these terpenoids have been shown to
exert an inhibitory effect against diverse models of cancer
(Wongrakpanich and Charoensuksai, 2018).

A standard pharmacological treatment for breast
cancer involves a combination of multiple drugs, which
can confer benefits including a higher probability to
achieve favorable response, decrease dosages, lessen the
associated risk of concentration-dependent adverse
effects, and prevent drug resistance (Fisusi and Akala,
2019). Doxorubicin (Dox), an anthracycline drug, is one
of the most frequently used chemotherapeutic agents for
breast cancer. In practice, Dox is often used in
combination with other chemotherapeutic agents
including cyclophosphamide, 5-fluorouracil, paclitaxel,
docetaxel and mitomycin (Fisusi and Akala, 2019;
Gradishar et al,, 2020; Maughan et al., 2010).

Our research team has previously detected anti-
proliferative and anti-migratory effects of Euphorbia
lactea Haw. hydroalcoholic extract against HN22 cell line
(Wongprayoon and Charoensuksai, 2018). This prompted
us to continue the investigation to understand whether
putative cytotoxic compound(s) can be isolated from this
plant and if it can confer advantages when used in
combination with established anticancer compounds.
However, the interpretation of the interaction of drugs in
a combination treatment, i.e., synergistic, additive and
antagonistic effect, is largely affected by the definition of
each term from the perspective of the observer. To avoid
this bias, we utilized CompuSyn software which employed
the Chou-Talalay algorithm to calculate, predict and
determine the interplay between drugs when used
simultaneously in a combination strategy.

2. MATERIALS AND METHODS

2.1 Materials

Dox hydrochloride and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) were bought from
Sigma Aldrich® (St. Louis, MO, USA). Hoechst 33342
trihydrochloride and SYTOX® green were purchased from
Invitrogen (Carlsbad, California, USA). Breast cancer cell
lines, MCF-7 and MDA-MB-231 were obtained from
American Type Culture Collection (ATCC, Rockville, MD,
USA). Dulbecco's modified Eagle medium (DMEM), trypsin-
EDTA, penicillin/streptomycin antibiotics (Pen/Strep), and
fetal bovine serum (FBS) were purchased from GIBCO (San
Diego, California, USA). Dimethyl sulfoxide (DMSO) was
purchased from Fisher Scientific (Waltham, MA, USA).
Hydroxypropyl-p-cyclodextrin (Cavasol W7 HP Pharma)
was purchased from Wacker Chemie AG (Munich,
Germany). Information regarding the structural
identification of compounds [1-3] can be found in
supplementary materials.
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2.2 Determination of anticancer activity by MTT
assay

MCF-7 and MDA-MB-231 were cultured in DMEM
supplemented with 10% FBS and 1% Pen/Strep at 37°C
and 5% COz. The isolated compounds [1-3] were dissolved
in a solution mixture containing DMSO and 30% w/v
hydroxypropyl-B-cyclodextrin  (DMSO-HPBCD). The
anticancer activity of isolated compounds was tested in
MCF-7 and MDA-MB-231. Cells were exposed to isolated
compounds at 2.5, 5, 10, 25 and 50 pg/mL final
concentration. For the combination experiment, MDA-MB-
231 cells were treated with [2] and Dox at various
concentrations and ratios. First, cells were treated with a
fixed concentration of Dox at 0.1 pg/mL while the
concentration of [2] varied from 2.5-50 pg/mL. Next, cells
were treated with a fixed concentration of [2] at 25 pg/mL
while the concentration of Dox varied from 0.01-1 pg/mL.
The final concentration of DMSO-HPBCD vehicle control
was maintained at 0.5% w/v for all conditions. Cells were
exposed to the compounds for 72 h. Afterward, cell
viability was determined by MTT assay.

For MTT assay, once the cells reached the designated
exposure time, the stock solution of MTT was added into
each well to the final concentration of 1 mg/mL and
incubated for 3 h. Then, the medium was discarded and
100 uL. DMSO was added to each well before measuring the
amount of formazan by UV-Vis VICTOR Nivo multimode
microplate reader (PerkinElmer Inc., Waltham, MA, USA)
at 550 nm. Data were presented as the percentage of cell
viability relative to vehicle control. All experiments were
performed in triplicate.

2.3 Combination index (CI) and dose reduction
index (DRI) analysis

Cell viability data of the combination experiments was
used to calculate fractional inhibition (Fa = 100 - % cell
viability of sample)/100) and then analyzed by CompuSyn
software (Bijnsdorp et al, 2011; Chou, 2010). The
anticancer interaction between [2] and Dox was
determined by the CI method to identify synergistic (Cl<1),
additive (CI=1), and antagonistic relationships (CI>1). DRI
was calculated as a fold reduction in individual drug dose
in single treatments relative to its dose in combination in
order to reach the same inhibitory effect. DRI > 1 favored
dose reduction whereas DRI < 1 disfavored dose reduction.

2.4 Analysis of cells undergoing apoptosis

MDA-MB-231 cells were plated in a 96-well plate at 6,000
cells/well and allowed to attach. Cells were then exposed
to 25 pg/mL of [2] and 1 pg/mL of Dox in a combination
treatment (ratio of [2]:Dox = 25:1). Additionally, cells were
exposed to 1x and 2x the concentrations of [2] and Dox in
a single treatment. Cells were exposed to the tested
compounds for 24 h. Afterward, Hoechst 33342 (5 mg/mL
in PBS) and SYTOX® green (0.1 uM in PBS) were used to
stain DNA and dead cells, respectively. Cells were stained
for 15 min while protected from light. Nucleus morphology
of MDA-MB-231 cells was observed by an inverted
fluorescent microscope (Eclipse TE 2000-U, Nikon,
Yokohama, Japan) with DAPI and blue excitation (B-2A)
filter for Hoechst 33342 and SYTOX® green, respectively. A
bar graph represents apoptotic cells with characteristic
nuclear condensation and fragmentation when stained
with Hoechst 33342 normalized to the total number of



Pengnam, S., et al.

cells within the same microscopic field. Data were collected
from three different microscopic fields. Error bars represent
standard deviation.

2.5 Data analysis

All data were expressed as means and standard deviations.
Statistical analysis used for each stage of the study was
described in each figure. GraphPad Prism software version
7 was used for statistical analysis and p-value < 0.05 was
considered statistically significant.

3. RESULTS AND DISCUSSION

Previously, our group reported that crude ethanolic extract
of E. lactea exhibited cytotoxic activity against HN22
cancer cells (Wongprayoon and Charoensuksai, 2018).
This observation led to the investigation of whether the
cytotoxic activity could be extended to other cancer cell
types and whether putative cytotoxic compound(s) could
be isolated from this plant. Then polarity-based
fractionation and purification was employed which
resulted in the isolation of three triterpenoid compounds;
namely, friedelin [1], friedelan-33-ol [2] and taraxerol [3]
from the hexane fraction of E. lactea (Figure 1). Chemical
structure elucidation of these compounds was performed
by 1D and 2D-NMR spectroscopic data and by comparing
their physical and spectroscopic data with other reported
literature (Govindachari et al, 1967; Jamal et al., 2009;
Koay et al, 2013; Ndwigah et al, 2013). Moreover, the
molecular mass of the isolated compounds measured by
HRESIMS was consistent with the calculated mass of each
compound.

The cytotoxic activity of these compounds was first
determined in two breast cancer cell lines, i.e., MDA-MB-
231 and MCF-7 cell lines. At 72 h of exposure, all
compounds exhibited a dose-dependent cytotoxic activity
against MDA-MB-231 cells, while the marginal effect was
observed in MCF-7 (Figure 2). Of the three compounds, [2]
exhibited the most potent cytotoxic activity, achieving
~40% reduction in cell viability at 50 ug/mL. It should also
be noted that the molecular mass of the three compounds
was nearly identical (~450 g/mole).

Given that pharmacological treatment of cancer often
employs multiple anticancer agents in a co-treatment
strategy, we then asked whether [2] could potentiate the
effect of other anticancer compounds routinely used for
the management of breast cancer. Dox was selected as a
model drug. To investigate the effect of [2] in combination
with Dox, a series of co-treatments was carried outin MDA-
MB-231 fixing the concentration of one agent while varying
the concentration of the other and vice versa. First, the
concentration of Dox was fixed at 0.1 pg/mL while the
concentration of [2] was varied from 2.5-50 pg/mL (Figure
3A). Afterward, the concentration of [2] was fixed at 25
pug/mL, while the concentration of Dox was varied from
0.01-1 pg/mL (Figure 3B). The results revealed that the
addition of [2] increased the cytotoxic activity of the
treatment in all tested conditions. Notably, the
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potentiation effect appeared to be stronger on increasing
Dox concentration, achieving >80% reduction in cell
viability at conditions 25:0.5 and 25:1 [2]:Dox ratio (Figure
3B), while such effects appeared to diminish on increasing
the concentration of [2] (Figure 3A). Morphological
changes, ie., decreased density, cell shrinkage and
detachment of MDA-MB-231 that were treated with [2]
and Dox combinations at 25:0.5 and 25:1 [2]:Dox ratio
(Figure 3C)were consistent with the marked decrease in
cell viability of the combination treatment compared to the
single agent as determined by MTT assay.

To further understand the interplay between [2] and
Dox, data collected from the combination treatment were
subjected to analysis by computer modeling software
CompuSyn (Chou, 2010). First, our team sought to
determine whether [2] and Dox exhibited synergistic
activity. Indeed, the analysis revealed that [2] and Dox
exhibited a synergistic effect under all test conditions
(Table 1). Further, the strongest synergistic effect, as
demonstrated by the low CI value, was predicted in 25:0.5
and 25:1 [2]:Dox ratio (Table 1).

Next, to determine which combination ratio would
likely perform best over a range of concentration, data
collected from the 25:1, 50:1, 250:1 and 500:1 [2]:Dox
combination treatments were analyzed by CompuSyn. The
results revealed that 25:1 [2]:Dox ratio emerged as the
best combination as it was predicted to achieve the highest
inhibitory effect (Fa) (Figure 4A), while maintaining the
synergy over a broad range of concentration (Figure 4B).
Moreover, among the four combination ratios tested, the
predicted concentration of each agent required to reach
90% inhibition (0.9 Fa) was the lowest in the 25:1 [2]:Dox
combination (Table 2). At this ratio, the concentration of
[2] and Dox required to reach 90% inhibition was
predicted to be ~30 and ~3 folds lower than the
concentration of [2] or Dox when used as a single agent in
order to reach the same effect, respectively.

As the cell viability assay and computer modeling
prediction favored this condition, the 25:1 [2]:Dox ratio
was selected for further analysis to determine the
percentage of cells undergoing apoptosis using a
fluorescent imaging technique. In this analysis, cells
undergoing apoptosis, which exhibited nuclear
condensation and fragmentation were stained bright blue
with Hoechst 33342 (Figure 5A) compared to healthy
living cells. Dead cells with compromised integrity of the
cell membrane appeared green with SYTOX® green
staining. Indeed, apoptotic cells markedly increased in
MDA-MB-231 treated with the combination of [2] and Dox
at 25 pg/mL and 1 pg/mL (25:1), respectively, compared
to the vehicle control (Figure 5B). The increase in the
proportion of apoptotic cells of the combination was
significantly more than each individual agent when used at
the same concentration (1x) in the single treatment.
Notably, the induction of apoptosis of the combination
was higher than [2] or Dox at twice the concentration
(2x; 50 pg/mL for [2] and 2 pg/mL for Dox) when used as
a single agent (Figure 5B).
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[1] [2] [3]

Figure 1. Chemical structures of friedelin [1], friedelan-3(-0l [2] and taraxerol [3] isolated from the hexane extract of

E. lactea
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Figure 2. Dose-dependent cytotoxic activity of triterpenoids isolated from E. lactea against MDA-MB-231 cells after 72 h

exposure
Note: Statistical significance was calculated using one-way ANOVA with Fisher’s LSD test.

"p <0.001, "p <0.01, and "p < 0.05 compared with vehicle control.
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Figure 3. The anticancer activity of [2] and Dox combination treatment in MDA-MB-231 cells; (A) viability of cells
exposed to a series of combination treatments with a constant concentration of dox (0.1 pg/mL) and a varying
concentration of [2] (2.5, 5, 10, 25 and 50 pg/mL), (B) viability of cells exposed to a series of combination treatments
with a constant concentration of [2] (25 pg/mL) and a varying concentration of Dox (0.01, 0.05, 0.1, 0.5 and 1 pg/mL),
(C) morphology of MDA-MB-231 cells after 72 h of Dox exposure with and without [2] under an inverted microscope

Note: Statistical significance was calculated using two-way ANOVA with Fisher’s LSD tests. “*p < 0.001 compared with the single
agent treatment (the adjacent black bar), ###p < 0.001 compared with the co-treatment condition Ia for Figure A and Ib for Figure B

(the furthest left gray bar), respectively.
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Table 1. The combination index of [2] and Dox at various ratios generated by CompuSyn

Treatment Ratio of Concentration (pg/mL) Fractional Combination Grade of CI2
conditions? [2]:Dox [2] Dox inhibition (Fa) index (CI)

Ia 25:1 25 0.1 0.41 0.48 +++
Ila 50:1 5 0.1 0.48 0.37 e+
Illa 100:1 10 0.1 0.51 0.41 +++
IVa 250:1 25 0.1 0.57 0.46 +++
Va 500:1 50 0.1 0.60 0.64 e+
Ib 2500:1 25 0.01 0.45 0.68 +++
IIb 500:1 25 0.05 0.54 0.46 +++
I1Ib 250:1 25 0.10 0.55 0.51 +++
IVb 50:1 25 0.50 0.76 0.36 +++
Vb 25:1 25 1.00 0.83 0.34 +++

Note: ! corresponding with the treatment conditions depicted in Figure 3.

2Cl values interpretation as follows: <0.1 very strong synergism (+++++), 0.1-0.3 strong synergism (++++), 0.3-0.7 synergism (+++),
0.7-0.85 moderate synergism (++), 0.85-0.90 slight synergism (+), 0.90-1.10 nearly additive (+), 1.10-1.20 slight antagonism (-), 1.20-
1.45 moderate antagonism (--), 1.45-3.3 antagonism (---), 3.3-10 strong antagonism (----), >10 very strong antagonism (-----).

A B

1 r

- Antagonism

- Synergism

0 Dose 75 0

Ratio of [2]:Dox

©-25:1 £ 50:1 -A- 250:1 - 500:1

Figure 4. Graphical representations of combination treatment at the ratio 25:1, 50:1, 250:1 and 500:1 generated by
CompuSyn software; (A) dose-effect curve and (B) combination index plot

Table 2. Simulation data obtained from CompuSyn software predicting the concentration of each individual agent required
to reach 90% cell inhibition (ICs0), combination indexes (CIs) and dose reduction indexes (DRIs) of each agent at different

combination ratios

Samples CI Concentration for ICoo (ng/mL) DRI of [2] DRI of Dox
[2] Dox

[2] 1668.24

Dox 6.76

25:1 0.32 49.05 1.96 34.01 3.44

50:1 0.35 98.85 1.98 16.88 3.42

250:1 0.77 643.90 2.56 2.59 2.62

500:1 1.10 1224.96 2.45 1.36 2.76

Our report served as a proof-of-concept that [2] could
be used in combination with Dox against breast cancer,
conferring a synergistic effect and favoring a dose-
reduction of Dox at least in MDA-MB-231 cell line.
Nevertheless, breast cancers are generally classified into
molecular subtypes including hormone receptor sensitive,
HER?2 positive and triple negative subclasses (Jeibouei et
al,, 2019) with specific treatment schemes for each group.
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Indeed, this data indicated that the inhibitory effect of [2]
was more prominent against the MDA-MB-231 (triple
negative type) than the MCF-7 (hormone receptor
sensitive type). It will be interesting to investigate the
effect of [2], alone and in combination with other
anticancer agents, using established cancer cell lines
representing specific subclasses of breast cancer (Dai etal,,
2017).
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Figure 5. Determination of cells undergoing apoptosis after 24 h of being treated by double staining with Hoechst
33342 and SYTOX® green; (A) representative images from an inverted fluorescent microscope (arrows indicate

apoptotic cells), (B) percentage of cells undergoing apoptosis (apoptotic cells were counted and normalized to the total
number of cells in the same field)

Note: Statistical significance was calculated using one-way ANOVA with Fisher’s LSD test. ***p < 0.001, **p < 0.01, *p < 0.05 compared
with the vehicle (White bar); $$$p < 0.001, $$p < 0.01, $p < 0.05 compared with [2]:Dox 25:1 pg/mL (Black bar).
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Previous reports indicated that [2] generally exerted
a weak cytotoxic activity against several cancer cell lines
(Monkodkaew et al., 2009; Oliveira et al.,, 2012; Su et al.,,
2009); however, strong effects were detected in certain
cancer types, such as Kaposi sarcoma cell line (~30%
inhibition at 20 uM) (Martucciello et al., 2010) and T24
bladder cancer cell line (50% inhibition at 35 ~uM)
(Yessoufou etal., 2015). Therefore, it may be worthwhile
to explore the cytotoxic activity of this compound in
combination with established anticancer agents
routinely used to treat these cancers.

4. CONCLUSION

This report described the cytotoxic activity of friedelan-
3pB-ol or [2], a triterpenoid isolated from Euphorbia lactea
Haw. against breast cancer. Compound [2] exhibited a
dose-dependent cytotoxic activity against MDA-MB-231
breast cancer cell line, and a synergistic activity with a
chemotherapeutic agent Dox over a broad range of
concentrations. Computer modeling predicted that a
combination of [2]:Dox at 25 pg/mL and 1 pg/mL could
achieve a 90% inhibitory effect with the lowest dose of
each agent, allowing the dose reduction of [2] and Dox by
~30 and ~3 folds, respectively. Finally, the synergistic
effect of the combination was further confirmed by the
analysis of cells undergoing apoptosis.
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2. Structural identification

The chemical structures of pure compounds [1-3] were
determined by nuclear magnetic resonance (NMR)
spectroscopy and mass spectrometry. The 1H and 13C-NMR
data were recorded at 300 MHz and 75 MHz on a Briiker
AVANCE 300 NMR spectrometer using TMS as an internal
reference. High-resolution electrospray ionization mass
spectrometry (HRESIMS) experiments were performed on
a Micro TOF Briiker Daltonic mass spectrometer. The
obtained H-NMR, 13C-NMR and mass spectral data of each
compound (Figure S1-S9) were compared with data reported
in literature. Together these compounds were identified as
friedelin [1], friedelan-3B-ol [2] and taraxerol [3]. Their
physical and spectroscopic data were as followed.

Friedelin [1]: white crystals; mp 254-258 °C; tH-NMR
(Figure S1) (300 MHz, CDCl3) & ppm: 2.40 (1H, m, H-6b),
2.25 (1H, q, ] = 6.3 Hz, H-4), 1.97 (1H, m, H-1b), 1.75 (1H,
m, H-6a), 1.69 (1H, m, H-1b), 1.18 (3H, s, H-28), 1.05 (3H, s,
H-27), 1.01 (3H, s, H-26), 1.00 (3H,s, H-30), 0.95 (3H, s, H-
29), 0.89 (3H, d, ] = 6.3 Hz, H-23), 0.87 (3H, s, H-25), 0.73
(3H, s, H-24); 13C-NMR (Figure S2) (75 MHz, CDCl3) § ppm:
213.3 (C-3), 59.5 (C-10), 58.2 (C-4), 53.1 (C-8), 42.8 (C-18),
42.1 (C-5), 41.5, (C-2), 41.3 (C-6), 39.7 (C-13), 39.3 (C-22),
38.3 (C-14), 37.4 (C-9), 36.0 (C-16), 35.6 (C-11), 35.3 (C-
19), 35.0 (C-29), 32.8 (C-21), 32.4 (C-15), 32.1 (C-28), 31.8
(C-30), 30.5 (C-12), 30.0 (C-17), 28.2 (C-20), 22.3, (C-1),
20.3 (C-26), 18.7 (C-27), 18.2 (C-7), 17.9 (C-25), 14.7 (C-
24), 6.8 (C-23); HRESIMS (Figure S9) m/z 449.3757
[M+Na]* (calcd. for C30Hs0ONa, 449.3760).

S:H science, engineering
- and health studies

Friedelan-3§3-o0l [2]: white amorphous powder; mp.
274-2800°C; 1H-NMR (Figure S3) (300 MHz, CDCl3) & ppm:
3.73, (1H, m, H-3), 1.90 (1H, m, H-2b), 1.73 (1H, dt, ] = 9.6,
3.3 Hz, H-6b), 1.22 (1H, m, H-2a), 1.17 (3H, s, H-28), 1.01
(3H, s, H-27), 1.00 (3H, s, H-30), 0.99 (3H, s, H-26), 0.98
(1H, m, H-6a) 0.96 (3H, s, H-24), 0.95 (3H, s, H-29), 0.93
(3H,d,/=6.0 Hz, H-23), 0.86 (3H, s, H-25); 13C-NMR (Figure
S4) (75 MHz, CDCl3) 8 ppm: 72.8 (C-3), 61.3 (C-10), 53.2 (C-
8), 49.2 (C-4), 42.8 (C-18), 41.7 (C-6), 39.7 (C-14), 39.3, (C-
22),38.4 (C-13), 37.8 (C-5), 37.1 (C-9), 36.1 (C-16), 35.6 (C-
11), 35.3 (C-19), 35.2 (C-2), 35.0 (C-29), 32.8 (C-21), 32.3 (C-
15),32.1(C-28),31.8(C-30),30.6 (C-12),30.0 (C-17),28.2 (C-
20),20.1 (C-26),18.7 (C-27), 18.3 (C-25),17.6, (C-7), 16.4 (C-
24), 15.8 (C-1), 11.6 (C-23); HRESIMS (Figure S10) m/z
[M+NHa]* 446.4342 (calcd. for C30Hs20+NH4*, 446.4356).

Taraxerol [3]: white crystals; mp 269-272 oC; 1H-NMR
(Figure S5) (300 MHz, CDCI3) 6 ppm: 5.53 (1H, dd, H-15,/ =
8.2,3.2 Hz), 3.19 (1H, m, H-3), 2.03 (1H, dt, ] = 12.5, 3.2 Hz,
H-7b),1.96 (1H, dd, /= 14.7, 3.1 Hz, H-16b), 1.63 (1H, m, H-
16a),1.34 (1H, m, H-7a), 1.09 (3H, s, H-26), 0.98, (3H, s, H-23),
0.95, (3H, s, H-29), 0.93, (3H, s, H-25), 0.90, (6H, s, H-27, H-
30), 0.82, (3H, s, H-28), 0.80, (3H, s, H-24); 13C-NMR (Figure
S6) (75 MHz, CDCls) & ppm: 158.1 (C-14), 116.9 (C-15), 79.1
(C-3), 55.5 (C-5), 49.3 (C-9), 48.7 (C-18), 41.3 (C-7), 39.0 (C-
8), 38.8 (C-4), 38.0 (C-10), 37.7 (C-1, C-16), 37.6 (C-13), 36.7
(C-16),35.8(C-17),35.1 (C-22),33.7 (C-21),33.4 (C-29),33.1
(C-12),29.9 (C-30),29.8 (C-28), 28.8 (C-20), 28.0 (C-23),27.1
(C-2), 259 (C-26), 21.3 (C-27), 18.8 (C-6), 17.5 (C-11), 15.5
(C-24), 15.4 (C-25); HRESIMS (Figure S11) m/z 449.3768
[M+Na]* (calcd. for C30Hs00Na, 449.3760).
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Mass Spectrum List Report

Analysis Name  OSSSUJJ12112019001_1.d

Acquisition Date  11/12/2019 9:13:26 AM

Method Tune_low_1_POS_2019.m Operator Administrator
Sample Name EL-1 Instrument micrOTOF 72
EL-1
Acquisition Parameter Set Corrector Fill 50V
Source Type ESI lon Polarity Positive Set Pulsar Pull 337V
Scan Range n'a Capillary Exit 1500 V Set Pulsar Push 337V
Scan Begin 50 m/z Hexapole RF 1500V Set Reflector 1300V
Scan End 3000 m/z Skimmer 1 450V Set Flight Tube 9000 V
Hexapole 1 243V Set Detector TOF 2295V
Intens. +MS, 0.7-0.7min #{39-40)
x104 449.3757
1.5]
1.0
] 427.3928
0519 4132680
465.3545
. 405'.948‘{: e b . L il TR e Y ] bay o hosy 4 i — 468‘124:06 i ; L
400 410 420 430 440 450 480 470 480 490 miz
# miz 1 | % SN Res.
1 401.1250 395 23 3.6 4786
2 405.9483 443 26 46 25242
3 410.3854 318 19 33 7094
4 413.2680 3221 19.1 33.5 4788
5 414.2696 799 4.7 83 4350
6 415.6565 422 25 4.4 23762
7 421.2443 318 1.9 3.3 3642
8 4253613 449 27 4.7 4542
9 426.3521 528 31 55 21620
10 427.3928 5857 348 615 4973
11 4283989 2034 121 214 4718
12 434721 677 4.0 7.1 33854
13 441.3040 638 3.8 6.8 3960
14 444.4214 613 36 6.5 5726
15  447.3517 329 20 35 4381
16 448.1120 327 1.9 3.5 30983
17 4493757 16824 100.0 178.9 4915
18 4503776 5712 340 60.B 4886
19 451.3809 964 57 103 3828
20 453.0642 452 27 4.8 17765 1
21  456.2318 951 57 10.2 27841
22 456.9782 538 3.2 5.8 33078 f .
23 4509102 370 22 4.0 32464 Chemical Formula: C3,Hg00
24  463.3489 469 28 5.0 4639 p
25 4653545 1161 69 125 4265 Exact Mass: 426 3862
26 467.3793 709 4.2 7.6 3547 *
27 4739528 676 40 7.3 30333 HRMS m/z [M+Na] 449 3757
28 479.3758 310 1.8 3.4 4332
29 488.2406 556 33 6.0 19943 caled. for C5oHs,ONa 4493760
30 5024428 1247 74 13.7 22397
Bruker Daltonics DataAnalysis 3.3 printed:  1/10/2020 12:35:32 PM Page 1 of 1

Figure S7. HRESIMS spectrum of [1]
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Figure S8. HRESIMS spectrum of [2]
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Analysis Info

Mass Spectrum List Report

Analysis Name  OSSSUJJ12112019002.d

lon Polarity
Capillary Exit
Hexapole RF
Skimmer 1

Hexapole 1

Acquisition Date  11/12/2019 9:16:21 AM
Operator Administrator
Instrument micrOTOF 72

Set Corrector Fill 50V

Positive Set Pulsar Pull 337V
180.0V Set Pulsar Push 337V
150.0 V Set Reflector 1300 V
450V Set Flight Tube 9000 V
243V Set Detector TOF 2285V

Method Tune_low_1_POS_2019.m
Sample Name EL-2
EL-2
Acquisition Parameter
Source Type ESI
Scan Range n'a
Scan Begin 50 m/z
Scan End 3000 miz
Intens.]
15004
10007

432536445495

439.334§1 3283

+M3, 0.6min #(36)

446 4342

4493700 453 9013

4590017
| 455.2686 4533552

430 435 440 445 450 455 460 miz
# miz | 1% SIN Res.
1 4313152 124 8.2 13 6563
2 4325354 178 118 19 23030
3 4332503 108 72 12 4903
4 4343637 101 67 05 5513
5 4345495 438 290 47 28043
6 4365423 174 115 19 35069
7 4373111 181 107 17 3289
8 4382535 98 65 1.1 26400
9 4393346 229 152 25 5652
10 4413283 390 258 42 33165
11 4423512 218 145 24 5978
12 4433407 191 127 21 3187
13 4444053 190 126 21 4021
14 4464342 1507 1000 164 5103
15 4474270 574 381 62 4108
16 4483323 118 7.9 13 24830 OH
17 449.3700 1137 754 124 5551
18 4503782 343 228 37 5655 2
19 4513859 1014 67.3 110 4582
20 452.3890 264 175 29 3834
21 4532013 1055 700 115 24459 : .
5> 4050086 a3 175 29 3530 Chemical Formula: C5,Hz>0
23 456.3153 130 86 1.4 5638 .
24 4572503 196 130 2.1 2143 Exact Mass: 428 4018
25 4579343 285 189 3.1 33666 , +
26 4583546 151 100 17 7205 HRMS m/z [M+NH,] 446 4342
27 4592838 147 98 16 3506
28 4509917 348 231 38 24166 caled. for C3pHs;O+NH, 446.4356
29 460.2056 285 189 3.1 20133
30 4633552 223 148 24 3804

Bruker Daltonics DataAnalysis 3.3

science, engineering
and health studies

printed:

1/10/2020 12:37:32 PM Page 1 of 1

18



Pengnam, S., et al.

Mass Spectrum List Report

Analysis Info

Analysis Name  0S555UJJ12112019003.d Acquisition Date  11/12/2019 9:19:15 AM
Method Tune_low_1_POS_2019.m Operator Administrator
Sample Name  EL-3 Instrument micrOTOF 72
EL-3
Acquisition Parameter N Set Comrector Fill 50V
Source Type ESI lon Polarity Posilive Set Pulsar Pull 337V
Scan Range nfa Capillary Exit 1800V Sel Pulsar Push 337V
Scan Begin 50 miz Hexapole RF 1500V Set Reflector 1300V
Scan End 3000 miz Skimmer 1 450V Sel Flight Tube 9000 V
Hexapole 1 243V Sel Detector TOF 22095V )
Intens, 353.2670 ) 145, 0.6-0.9min #]53-54)
®10
1.5 3512003
1.0
413.2867 5072727
0.5
449,3768 |
- 5624369 |
[ TS DT | I=Lh.u|ILII bt/ U )
300 350 400 420 500 S50 miz

# miz I 1% SN Res.
1 66.4317 1469 87 1586 0674
2 89.2627 1628 96 173 10933
3
4

1154213 1637 97 174 15328
129.7921 1914 1.3 204 14203
L 1208172 1514 89 161 4740
6 145.0177 1817 107 194 13027
7 161.0616 1510 89 160 8293
8 2067514 1500 89 156 21514
8  296.8561 1728 102 180 17830
10 2068192 1732 102 181 18850
11 3011419 1846 115 203 4652
12 3532870 16944 1000 1807 4835
13 3842701 3353 188 354 4490
14 3812003 14571 B6O 1579 4512
15 3823029 3611 213 388 5080
16 409.3814 1883 111 203 4997
17 4132667 5422 379 706 4842
18 4142714 1755 104 189 4590
19 4493768 3057 180 340 4749 3
20 5024227 1948 115 222 26584
21 5072727 5832 344 678 4582

22 50B2744 2060 122 236 4917 Chemical Formula: C3Hz,0O

23 14429650 1680 99 248 40901

24 14430562 2103 124 312 47073 Exact Mass: 426 3862

25 14431018 1519 0.0 224 18195 .

26 1864.2361 2067 122 30.2 53840 HRMS m/z [M+Na]® 449 3768
27 23391449 1732 102 286 69426

2 23092619 1901 112 314 72267

20 28681742 1525 50 6a scny caled. for CapHsgONa 449.3760

30 28684008 1776 105 295 49447
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Figure S9. HRESIMS spectrum of [3]
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