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ARTICLE INFO ABSTRACT

Keywords: The phytochemical investigation of the leaves and the roots of Suregada procera afforded the new ent-abietane

Suregadaiprocera diterpenoid sureproceriolide A (1) along with the known secondary metabolites 8,14p:11,12a-diepoxy-13(15)-

E‘;?horblla_zeae abietane-16,12-olid (2), jolkinolide A (3), jolkinolide E (4), ent-pimara-8(14),15-dien-19-oic acid (5), sitosterol

inl;]:l:e:i; (6), oleana-9(11):12-dien-3p-ol (7), and oleic acid (8). Their structures were elucidated by NMR spectroscopic
L and mass spectrometric analyses, and the structure of jolkinolide A (3) was confirmed by single-crystal X-ray

Anti-inflammatory

Antitumoral diffraction analysis. Sureproceriolide A (1) showed modest activity against the Gram-positive bacterium Staph-

ylococcus lugdunensis (MIC = 31.44 uM), and sitosterol (6) against the Gram-negative bacterium Porphyromonas
gingivalis (ICso = 45.37 pM). Jolkinolide A (3) and E (4) as well as sitosterol (6) inhibited the release of NOS
(IMR-90 cells), TNF-o (HaCaT cells) and NF-kB (HaCaT cells), with ICso values of 0.43, 3.21, and 10.32 pM,
respectively. Compound 6 showed antitumoral activity against SK-MEL-28 (ICso = 20.66 pM) and CCD-13Lu
(ICsp = 24.70 pM) cell lines, with no cytotoxic effect against the prostate cells PrEC (CCso > 300 pM).

1. Introduction

The genus Suregada (synonym Gelonium) belongs to the family
Euphorbiaceae, which consists of ca. 40 species distributed widely in the
tropics and subtropics, including Southeast Asia, Australia and Africa
[1]. Suregada lithoxyla (Pax and K. Hoffim) Croizat, S. procera (Prain)
Croizat and S. zangibariensis Baill are found in East Africa [2], out of
which the latter two are common in Kenya. S. procera is scattered across
the Eastern Democratic Republic of Congo, South Sudan, Ethiopia,
Zimbabwe, Mozambique and South Africa. A number of Suregada species
have been used in traditional medicine for the management of ancylo-
stomiasis, chest pain, gonorrhea [2], snake bites, stomachache, hernia,
pneumonia [3], skin infections, abdominal upsets, asthma [4], malaria

* Corresponding authors.

[5], purgative and hepatic disorders [6]. In addition, S. procera is used in
traditional medicine in the management of hemorrhoids and gonorrhea
[71, and its extracts show antiplasmodial [8,9] and anti-leishmanial
[9,10] activities. Previous phytochemical investigation on the genus
Suregada revealed the presence of diterpenoids [11], triterpenoids [12],
flavonoids [13] and alkaloids [14]. Some of these secondary metabolites
exhibit anticancer [3], antimalarial [15,16], antileishmanial and
a-glucosidase inhibitory activities [14,17]. Mangiolide, isolated from
S. zangzibariensis, displays antiplasmodial and antimicrobial activities
[18].

Motivated by the scarce phytochemical information available on
S. procera, a sparingly branched and evergreen shrub or tree that has a
heavy and spreading crown and that reaches up to 24 m and that thrives
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well in mixed evergreen, riverine and swampy forest at an altitude range
of 300-2150 m above sea level, we investigated the secondary metab-
olites of its leaves and roots, and evaluated their antibacterial, anti-
inflammatory, antitumoral, and antiviral activities.

2. Results and discussion

The CHyCly:MeOH (1:1) extract of S. procera (Prain) Croizat, also
known Gelonium procerum Prain [19], was subjected to repeated silica
gel chromatography and yielded one new (1) and seven known (2-8)
compounds.

Compound 1 (Fig. 1) was obtained as white and amorphous solid. Its
HRESIMS (Fig. S9, Supporting Information) exhibited a protonated
molecular ion [M + H] ™ at m/z 349.1992 (calcd 349.2015) consistent
with the molecular formula CyyHygOs, indicating seven degrees of
unsaturation. The IR spectrum suggested the presence of hydroxy (3472
cm ™)) and carbonyl (1705 cm_l, and 1741 cm ™)) groups. Its 13¢ NMR
spectrum (Table 1, Figs. S1-S7, Supporting Information) suggested a
lactone [carbonyl (8¢ 173.0), vinylic methyl (8y 2.00, &¢ 9.7), a-C (8¢
132.5) and B-carbon (8¢ 153.3)] of an abietane lactone skeleton, which
is a common feature of plants belonging to the family Euphorbiaceae
[2,20,21]. In addition, the '3C NMR data showed the presence of an
additional carbonyl (8¢ 197.5), an oxygenated quaternary carbon atom
(8¢ 76.6), and an oxymethine (8 4.52, 8¢ 66.1) functionality. The 3¢
NMR chemical shift values of ring C carbon atoms are similar to those
reported for 3,4,18p-cyclopropa-8p-hydroxy-14-oxo-ent-abiet-13,15-en-
16,12-olide [23], suggesting that one of the two hydroxy groups of
compound 1 is placed at C-8 (§¢ 76.6), while the carbonyl (8¢ 197.5) is
located at C-14. The HMBC correlations (Table 1) of CHy-7 (84 2.79 and
1.67) to C-9 (8¢ 57.0), and one of the C-11 protons (8y 2.12) to C-8 (8¢
76.6) supported the placement of a hydroxy group at C-8 (§¢ 76.6). The
placement of the C-14 carbonyl group at §¢ 197.5 was supported by the
HMBCs of CHy-7 (8 2.79 and 1.67), to C-9 (5¢ 57.0) and C-14 (5¢
197.5). The second hydroxy group was placed at C-6 (8¢ 66.1), based on
the HMBCs of CHy-7 (8y 2.79) and of H-5 (8y 1.01) to C-6 (8¢ 66.1). A
comparison of its NMR data to those of known abietenolides in literature
[20,21] suggested 1 to be a trioxygenated abietanolide, which possesses
a carbonyl and two hydroxy functionalities in a 6/6/6/5 (rings A-D) ent-
abietane diterpenoid architecture, similar to that of the mangiolide,
which was reported from S. zanzibariensis [3,18]. The CSEACRH [22]
predicted 13C NMR chemical shifts (Table 1) for the proposed structure
were in good agreement with most of the experimentally obtained
values, confirming the above assignment. This data is consistent with
6,8-dihydroxy-14-keto-ent-abieta-13(15)-ene-16,12-olide.

The relative configuration of 1 was established based on NOESY
correlations (Figs. 2 and S6, Supporting Information), vicinal coupling
constants and biogenetic considerations. The fusion pattern of the A/B
rings in ent-abietane diterpenoids is usually trans [6], with H-5 being
B-oriented and CH3-20 being a-oriented [24]. The small coupling con-
stant 3J5,6 < 1 Hz between H-5,4 (8y 1.01) and H-6 (84 4.52) indicated
that H-6 is not axially oriented, but it is rather equatorial (p-oriented),
similar to H-6 of mangiolide [3]; accordingly, OH-6 is a-oriented. This
proposal was supported by the strong NOE correlation of H-6 (5 4.52)

Fitoterapia 179 (2024) 106217

Table 1
13C (150 MHz) and 'H (600 MHz) NMR data for Sureproceriolide A (1) in CDCl3.

Position 1

8¢, type Sceale)” Sp,mult (J in Hz) HMBC, H - C

1la 43.3, CH, 39.6 1.43m -

1b 1.17 m -

2a 18.7, CH, 18.6 1.66 m -

2b 1.53m -

3a 43.7, CHy 43.7 1.91m -

3b 1.08 m -

4 33.1,C 33.6 - -

5 56.6, CH 60.7 1.01m C-6, 10, 20

6 66.1, CH 67.2 452 -

7a 41.5, CH, 44.0 2.78 d (14.1) C5,6,8,9, 14
7b 1.67 d (14.1) c-6, 8, 14

8 76.6, C 74.2 - -

9 57.0, CH 50.3 1.98 m C-1, 8,10, 12, 14, 20
10 38.6", C 38.3 - -
1la 26.8, CH, 27.4 2.67dd (13.8,7.2)  C-8,9,12,13
11b 2.12m c9, 10, 12
12 80.1, CH 77.4 5.47 t (9.5, 9.5) -

13 153.3°, C 150.2 - -

14 197.5", C 198.2 - -

15 1325, C 131.1 - -

16 173.0°, C 172.8 - -

17 9.7, CHs 9.4 2.00s C-13,15, 16
18 34.3, CHs 28.7 1.01s C-3,5,19

19 23.8, CHs 28.7 1.20s C-3,5,18

20 22.2, CHs 17.2 1.18s C1,5,9,10

@ Calculated using CSEARCH [22].
b Signals observed in the HMBC spectrum.

with H-5 (8 1.01), H-7p (8 1.67) and CHs-18 (5 1.01, p-oriented)
suggesting that these groups are all on the same face, and hence f-ori-
ented. The unusual axial orientation of OH-6 is likely due to stabilization
provided by an intermolecular hydrogen bond to the C-14 carbonyl
oxygen (Fig. 2). The small 3J5,6 < 1 Hz coupling constant between H-5ax
and H-6 eq may be attributed to the antiperiplanar arrangement of H-
5ax and the axially oriented OH-6 depleting the electron density [25].
Similarly, NOE between CH3-20 (8y 1.17) and H-12 (84 5.47) showed
that these protons are a-oriented and on the same face of the molecule.
The strong NOE between H-5ax (&g 1.01) and H-9 (8y 1.98) indicated
that H-9 is also axial. This reveals the B/C ring to be cis-fused, with OH-8
being p-oriented, similar to that of 3,4,18p-cyclopropa-8p-hydroxy-14-
oxo-ent-abiet-13,15-en-16,12-olide [23] and related abietane lactone
diterpenoids [3]. The 13C NMR chemical shift values (Table 1) for the
ring C carbon atoms are in close agreement with the chemical shifts of
related abietane lactone diterpenoids with cis-fused B/C ring junction
[23]. This new compound, sureproceriolide A (1), was therefore tenta-
tively determined as 6a,8f-dihydroxy-14-keto-ent-abieta-13(15)-ene-
16,12-olide.

The absolute configuration of 1 as shown in Fig. 1 was confirmed by
DFT-based conformational analysis, and by comparing the predicted
Boltzmann weighted ECD spectra with the experimental CD data (Fig. 3,
and Figs. S13-14, Supporting Information).

The NMR data of compound 2 (Tables S1-2, Supporting Information)

HOOC

Fig. 1. The diterpenes isolated from the leaves and roots of Suregada procera.
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Fig. 3. The experimental ECD spectrum (methanol) of compound 1 (black)
superimposed with that predicted (red). The similarity index describing the
agreement between calculated and experimental data obtained using SpecDis
[26,27] is 0.8779. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

is similar to those reported and computationally predicted for the dia-
stereomeric  8,14f:11,12a-diepoxy-13(15)-abietane-16,12-olide  (2)
[18,28] and 8,14p:11,12p-diepoxy-13(15)-abietane-16,12-olide
[3,29,30]. The NOE (Fig. 2) correlation of H-14 (8y 3.68) with the
a-oriented Me-20 (8y 0.82) revealed that H-14 is a-oriented, which in-
dicates that the epoxide at C-8/C-14 is B-oriented. The NOE between H-
11 (84 4.04) and H-9 (8y 2.29, which is p-oriented) revealed that H-11 is
also p-oriented, and the epoxide at C-11/C-12 is hence a-oriented. This
confirms relative configuration of 2 to be 8,14p:11,12a-diepoxy-13(15)-
abietane-16,12-olide (Figs. 1-2). The diastereomer of this compound,
8,14f4:11,12p-diepoxy-13(15)-abietane-16,12-olide, has been reported
as jolkinolide B by Mangisa et al. from Suregada zanzibariensis [3,18].

Compound 3 was identified as jolkinolide A [31-33], based on NMR
and MS analyses and by comparison of its spectroscopic data to those
reported. Single-crystal X-ray diffraction analysis at 180 K using Mo Ka
radiation (Fig. 4) established its structure unambiguously, confirming
the relative configuration (5R,8S,9S,10R,14R)-8,14-epoxy-4,4,10,15-
tetramethyl-1,2,3,5,6,7,9,11,14-decahydrophenanthro-[3,2-b]furan-16-
one with final R} and wR? values of 5.73 % and 12.78 %, respectively.
This solid state-structure of ent-abietane 3 is similar to that previously
reported from room temperature data [34]. The configuration shown in
Fig. 4 is as the other abietanolides of this plant, including the new
compound 1, being ent-abietanolides with trans-A/B and cis-B/C ring
junctions. The additional isolated known compounds were identified as
jolkinolide E (4) [33,35], ent-pimara-8(14),15-dien-19-oic acid (5) [36],
sitosterol (6) [37], oleana-9(11):12-dien-3p-ol (7) [38], and oleic acid
(8) [39] (Fig. 1, Tables S2-S8, Supporting Information).

The biological activities of compounds 2 [18] and 2a (Section S2,

Fig. 4. Solid-state structure of jolkinolide A (3, CCDC 2361054). ORTEP-like
plot with thermal ellipsoids shown at 50 % probability level.

Supporting Information) [40-42] have been previously documented.
For instance, compound 2 has significant antimalarial (ICso = 1.24 pg/
mL), anticancer (ICsg = 3-14 pg/mL) and feeding deterrent activities
against T. castaneum [3,18,30,43].

Compounds 1, and 3-6 did not show cytotoxicity (CCsp) when
evaluated against the HEKa, IMR-90, and HPrEC cell lines using Acti-
nomycin D (ACTD, CCsp = 0.01 £+ 0.001 pM) as positive standard [44]
(Table 2). The cell viability for compounds 3, 4, 5, and 6 have previously
been investigated. Compound 3 preserves 100 % cell viability in the
RAW264 cell line (mouse macrophages) at a concentration of 10 pM
[45]1, 4 does not affect the viability of RAW264.7 cells up to a concen-
tration of 50 pM [46], 5 shows a viability level of 60 % in the T1074 cell
line (human ovarian epithelial cells) at 10 pM [47] and 6 a viability of
67.05 % in the NIH/3 T3 cell line (mouse embryonic fibroblasts) at a
concentration of 2411 pM [48].

Comparing our results with previous data, we observed that abieta-
nolides 1, 3, 4 and ent-pimara-8(14),15-dien-19-oic acid (5) have lower
cytotoxicity as compared to the standard ACTD. This may indicate a
potential specificity towards certain cell types, such as macrophages and
ovarian cells. The significantly lower CCs values observed on skin cells
in this study, as compared to a previous study [48], may possibly be
attributed to differences in experimental conditions or the characteris-
tics of the cell lines used.

We explored the anti-inflammatory properties of the isolated com-
pounds, focusing on their ability to modulate the production of proin-
flammatory cytokines [49]. The inhibition of TNF-a, NF-kB, and NO
production were used as evaluation parameters, and compared to the
positive controls C87 (ICso = 0.06 + 0.01 pM for TNF-a), Celastrol (ICso
= 7.76 + 0.06 pM for NF-kB), and LNMMA (ICsp = 6.75 + 0.28 pM for
NO). All studied compounds showed inhibitory activity on TNF-a, NF-
kB, and NO production, suggesting anti-inflammatory potential. The
compounds tested here had a stronger effect on NO production than the
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Table 2
Cytotoxicity and anti-inflammatory (TNF-a, NF-kB, and NO) activity at 72 h of the compounds isolated from Suregada procera.
Samples HEKa IMR-90 HPrEC
CCsp TNF-a NF-xB NO CCso TNF-a NF-xB NO CCso TNF-a NF-xB NO
(M) ICs0 (UM) ICs0 (UM) ICs0 (uM) (M) ICs0 (M) ICs0 (M) ICs50 (M) (uM) ICs0 (M) ICs0 (UM) ICso (uM)
1 81.10 3.31 13.68 NA 81.40 4.97 17.34 NA 100.00 5.16 22.80 NA
3 77.20 3.55 13.58 0.46 80.20 5.15 17.56 0.43 81.70 6.74 22.68 0.54
4 76.80 3.21 13.14 2.72 79.80 4.29 17.84 2.98 82.90 6.21 22.80 3.50
5 82.90 4.36 10.58 2.19 83.20 5.34 14.93 2.95 83.90 6.83 18.00 3.62
6 80.50 11.33 10.32 NA 86.20 15.13 13.82 NA >300 19.44 17.40 NA

HEKa: skin cells; IMR-90: lung cells; HPrEC: prostate cells; NA: The compounds were not active on the pharmacological targets. The experiments were performed in

triplicate.

positive control LNMMA. Abietanolides 1, 3, and 4 exhibited similar
inhibition of TNF-a and LPS-induced NF-kB in all evaluated cells. These
compounds reduced TNF-a production (with ICsg 3.21-6.74 pM) more
efficiently as compared to NF-kB (ICsg 13.14-22.80 pM) (Table 2). In
contrast, 5 and 6 showed a higher capacity for NF-kB inhibition
compared to the other studied compounds, with IC5y 10.58-18.00 pM
and 11.33-19.44 pM, respectively. Compound 3 was the most active in
NO inhibition (ICs¢ 0.43-0.54 pM), possibly due to its C8-C14 epoxide
group [45]. In contrast, compounds 1 and 6 showed no activity on NO
under our experimental conditions.

Our findings diverge from a previous study [45] reporting no anti-
inflammatory activity (TNF-a and NO) for 3 in the RAW264 cells at
10 pM concentration, and from another [46] reporting anti-
inflammatory activity (NO inhibition) for 4 in RAW264 cells at 20 pM
concentration. Moreover, Suh et al. [50] reported 5 to negatively
regulate the transcription or translation of MMP-9 by decreasing TNF-a
stimulation in human aortic smooth muscle cells at 20 uM concentra-
tion, Sun et al. [51] reported 6 to have anti-inflammatory activity (TNF-
a and NO inhibition) at 16 pM concentration in BV2 microglial cells that
were derived from C57/BL6 mice. In our hands, we had no effect on NO
was observed despite similar TNF-o inhibition values. These discrep-
ancies may be due to variations in experimental conditions and the cell
lines used. Nevertheless, further studies are needed to understand the
mechanisms of action and the efficacy in preclinical and clinical models
for these promising compounds.

To determine the in vitro antitumor activity, we conducted a double
staining technique employing rhodamine 123 to detect changes in the
mitochondrial membrane, and propidium iodide to identify necrotic
cells using the positive control dimethylnastrone (ICso = 0.21 + 0.06
pM). The compounds exhibited in vitro antitumor activity, but none
surpassed that of the positive control.

Compounds 1 and 3-6 had significant activity against SK-MEL-28
skin and CCD-13Lu lung cancer cells (Table 3), with ICsy 20.66-33.30
pM and 24.70-36.90 pM, respectively. Only compound 1 (ICso = 35.14
pM) showed activity on VCaP prostate cancer cells similar to the positive
control.

Previous studies indicated that compound 3 had antitumor activity
on A549 human lung cancer cells at 63.66 pM concentration [52]. In our
hands, 3 exhibited antitumor activity against the lung tumour cell line at
half the reported concentration (33.70 pM). Compound 4 was reported

Table 3

Antitumor activity of the compounds isolated from Suregada procera.
Samples ICs0 (pM)

SK-MEL-28 CCD-13Lu VCaP

1 23.50 27.90 35.14
3 26.30 33.70 >150
4 33.30 34.98 >200
5 28.37 36.90 >100
6 20.66 24.70 100.00

SK-MEL-28: skin tumour cells; CCD-13Lu: lung tumour cells; VCaP: prostate
tumour cells. The experiments were performed in triplicate.

to show cytotoxicity on A549 human lung cancer, MCF-7 human breast
cancer, Mewo human melanoma, SH-SY5Y human neuroblastoma, Lovo
human colon adenocarcinoma, and HepG2 human liver cancer) cell lines
at concentrations >100 pM [53]. In our hands, 4 showed cytotoxic at
34.98 pM on lung tumour cells. Compound 5 was reported to be cyto-
toxic on PA-1 human ovarian cells at 20 pM concentration [47], and 6 to
be cytotoxic on human hepatic cell lines Huh7 and HepG2 at 11.20 pM
[54,55], comparable to the cytotoxicity observed by us on other cell
lines (Table 3). The disparity in the ICs( values may be due to different
exposure times, and to the nature of the assay, namely we performed
assayed apoptotic capacity specifically, while previously viability assays
(MTT, CCsp) were reported.

We evaluated the antibacterial potential of 1, 3-6 against nine Gram-
positive and three Gram-negative bacteria (Table 4), comparing the
results to the positive control ofloxacin (MIC = 27.71 + 2.05 pM). All
studied compounds exhibited activity against the Gram-positive bacteria
K. rhizophila, S. lugdunensis, and S. mutans, with MIC values 31.44-71.16
pM. Compound 1 had the highest activity (MIC = 31.44 uM) against the
S. lugdunensis strain. All compounds exhibited activity against the Gram-
negative P. gingivalis and P. intermedia, with 6 (MIC = 45.37 pM)
showing the strongest activity against P. gingivalis.

Our results differ from previous reports in some aspects. For
example, 3 was reported to be inactive against the Gram negative
Moraxella catarrhalis > 300 pM [56], whereas in our hands the MIC
values for Gram-negative bacteria ranged 66.76-72.40 pM, except the
N. gonorrhoeae bacterial strain (Table 4), Compound 5 was reported to
have antibacterial activity against the Gram-positive Loque americana
(MIC 20.68 pM) [57], whereas we obtained MIC values >100 pM in
some Gram-positive bacteria. Finally, 6 was reported to exhibit anti-
bacterial activity against the Gram-positive S. aureus > 300 pM [58],
whereas in our studies it showed activity at 100 pM against some Gram-

Table 4
Antibacterial (MIC, pM) activity of the compounds isolated from Suregada
procera.

Bacterial strains Samples (MIC in pM after 48 h)

1 3 4 5 6

Gram-positive bacteria

A. viscosus ATCC 15987 >300 >250 >150 >100 100.00
B. subtilis ATCC 6051 >300 >250 >150 75.01 100.00
K. rhizophila ATCC 9341 43.09 42.37 42.83 49.68 53.45
L. monocytogenes ATCC 15313 >300 >250 >150 >100 100.00
M. sciuri ATCC 29062 64.61 >250 >150 >100 100.00
M. luteus ATCC 4698 59.03 >250 64.21 71.63 57.75
N. nova ATCC BAA-2227 >300 >250 >150 73.72 100.00
S. lugdunensis ATCC 43809 31.44 53.43 57.32 45.70 71.16
S. mutans ATCC 25175 69.34 62.66 67.67 61.37 57.01
Gram-negative bacteria

N. gonorrhoeae ATCC 19424 77.17 >250 >150 >100 100.00
P. gingivalis ATCC 33277 66.92 66.76 70.06 58.98 45.37
P. intermedia ATCC 25611 70.66 72.40 77.10 58.58 60.98

The experiments were performed in triplicate.
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positive bacteria. These differences are likely due to the different bac-
terial strains used in the studies.

Compounds 1 and 3-6 showed no anti-human rhinovirus type 2
(HRV-2) activity in the cytopathic effect reduction assay in HeLa cells
(Supplementary Information, Table S12), no anti-respiratory syncytial
virus (RSV) activity in the plaque reduction assay in HEp-2 cells (Sup-
plementary Information, Table S13), and no anti-herpes simplex virus
type 2 (HSV-2) activity in the plaque reduction assay in GMK AH1 cells
(Supplementary Information, Table S14).

In conclusion, the phytochemical analysis of S. procera afforded the
new ent-abietane diterpenoid sureproceriolide A (1) and seven known
secondary metabolites (2-8). The isolated compounds showed weak
antibacterial and antitumoral yet no antiviral activities, and some
inhibited the production of NOS and the expression of TNF-a and NF-kB.

3. Materials and methods
3.1. General experimental procedures

Infrared (IR) measurements were recorded on a PerkinElmer spec-
trum FT-IR spectrometer using liquid samples. UV spectra were obtained
using MeOH as the solvent on a Shimadzu UV-1650 PC UV/ vis spec-
trophotometer. Optical rotations were determined using a 341 LC OROT
polarimeter at 589 nm and 24.0 °C, whereas ECD spectra were acquired
on a JASCO J-810, Rev.1.00, spectropolarimeter. NMR spectra were
acquired on an Agilent MR-400-DD2 400 MHz equipped with a 5 mm
One NMR probe and on a Bruker Avance NEO 500 MHz equipped with
TXO cryogenic probe or Bruker Avance 600 MHz equipped with TCI
cryogenic probe spectrometers. The spectra were processed using Mestre
Nova (v14.0.0) software referencing the carbon and proton chemical
shifts to the residual deuterated solvent signals (CDCls: 6y 7.26, ¢
77.16; CD30D: 8y 3.31, 5¢ 49.00; CD4Cly: 5y 5.32, 8¢ 53.84; DMSO-ds: 5y
2.50, 5¢ 39.50) as internal standards. Assignments were based on 1D H
and '3C) and 2D (HSQC, HMBC, COSY, NOESY and TOCSY) NMR
spectra. The mass spectra were acquired on a waters micro-mass ZQ
Multimode Ionization ESCI mode, connected to an Agilent 1100 series
gradient pump system and a C18 Atlantis T3 column (3.0 x 50 mm, 5
pM), and using Milli-Q H,O-MeOH (5:95 to 95:5, with 1 % HCO,H and a
flow rate of 0.75 mL/min over 7 min). HRESIMS spectra were obtained
with a Q-TOF-LC/MS spectrometer using a 2.1 x 30 mm, 1.7 pM RPC;g
and Hy0-CH3CN gradient (5:95 to 95:5 in 0.2 % formic acid, v/v).
Column chromatography was conducted on silica gel 60 (230-400
mesh) and on Sephadex LH-20 (GE Healthcare). Thin layer chroma-
tography (TLC) analyses were performed on pre-coated silica gel 60 Fas4
aluminum plates (Merck, Darmstadt, Germany) using UV detection at
254 and 366 nm, followed by spraying with anisaldehyde reagent
(prepared by mixing 3.5 mL of 4-anisaldehyde with 2.5 mL of concen-
trated sulfuric acid, 4 mL of glacial acetic acid, and 90 mL of methanol)
and heated (80-100 °C). Preparative thin layer chromatography (PTLC)
was conducted on squared glass plates of 20 x 20 cm, pre-coated with
silica gel 60Fg54 having 0.25 to 1 mm thickness.

3.2. Plant material

The leaves and roots of Suregada procera were collected from the
Ngong forest, Nairobi County, Kenya, in June 2019. The plant was
authenticated by Mr. Patrick Charo Mutiso, a plant taxonomist of the
Department of Biology, Faculty of Science and Technology, University of
Nairobi, where a voucher specimen (JMOUON/2019/001) was
deposited.

3.3. Extraction and isolation
The pulverized leaves (1.8 kg) of Suregada procera were extracted at

room temperature with a 1:1 mixture of CHoCly/ MeOH (4 x 4L, 24 h x
3), affording 210 g (12 %) of crude extract. A portion (80 g) of the
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extract was chromatographed over silica gel column (500 g) using pet.
ether/EtOAc followed by EtOAc/MeOH mixtures, which yielded 8 sub-
fractions (A-H). Sub-fraction A was separated by column chromatog-
raphy over silica gel (30 g) and eluted with pet. ether/EtOAc (9.4:0.6, v/
v) to yield 6 (7.0 mg) and 7 (3.0 mg). Following a previous procedure,
sub-fraction B (pet. ether/EtOAc 9.2:0.8, v/v) afforded 5 (1.8 mg) and 3
(4.9 mg). Sub-fraction E (pet. ether/EtOAc 4:1, v/v) was purified on
Sephadex LH-20 (CH3Cl/MeOH 1:1) and further subjected to prepara-
tive TLC (n-hexane/EtOAc 6.5:3.5, v/v) yielding 1 (1.4 mg).

The dried and finely chopped roots (4.0 kg) were extracted as
described above to afford 395 g (10 %) crude extract. Part of this extract
(150 g) was subjected to gravity column chromatography over silica gel
(1500 g) using n-hexane/CH,Cl, gradient followed by CH5Cl,/MeOH to
afford 10 sub-fractions (A-J). Sub-fraction H (n-hexane/CHCl; 1:4 v/v)
was purified by column chromatography over Sephadex LH-20 (CHxCly/
MeOH 1:1, v/v) and afforded 8 (6.2 mg). Sub-fraction I (n-hexane/
CH4Cl; 1:9, v/v) yielded 2 (3.0 mg) and 4 (2.0 mg).

Sureproceriolide A (1). White amorphous solid, [a] 24 p+42(c3.3 x
10~* CHCly), IR (neat, vmay): 3472, 2929, 1741, 1705, 1468, 1062 cm™};
'H and '3C NMR data (Tablel); HRESIMS m/z 349.1992 [M + H] ©
(Supporting information, Fig. S9) (calc. For CooH290s, 349.2015).

3.4. Biological assays

3.4.1. Cell culture reagents and drugs

HEKa (Human epidermal keratinocytes, PCS-200-011), SK-MEL-28
(Human melanocytes malignant melanoma, HTB-72), IMR-90 (Human
lung fibroblast, CCL-186), CCD-13Lu (Human lung fibroblast carcinoma,
CCL-200), HPrEC (Human prostate epithelial cell, PCS-440-010), and
VCaP (Human prostate epithelial carcinoma, CRL-2876) were used in
this study. All cell lines were obtained from the American Type Culture
Collection (ATCC, USA).

The cells were cultivated in a Dulbecco’s modified eagle medium
(DMEM Sigma-Aldrich, CAS Number D5030) supplemented with 2 mM
L-glutamine (> 99 % Sigma-Aldrich, CAS Number 56-85-9), 10 % fetal
bovine serum (FBS Sigma-Aldrich, CAS Number TMS-016), 100 units/
mL of penicillin and 100 pg/mL of streptomycin (Sigma-Aldrich, CAS
Number P4333) in culture flasks. They were maintained in an incubator
under normoxic conditions (20-21 % O,) with humidified atmosphere
(5 % COo, at 37 °C). In the case of tumour cells, hypoxic conditions (1 %
0,), were employed to mimic the in vivo tumour microenvironment.

The samples dilutions (100, 50, 25, 12.5, 6.25, 3.13, 1.56, 0.78, 0.39,
and 0.20 pM) were prepared in a culture medium with 0.5 % dimethyl
sulfoxide (DMSO >99.9 % Sigma-Aldrich, CAS Number 67-68-5) from
stock solutions at a concentration of 1 mM by dissolving them in DMSO.
To determine the cytotoxicity of the vehicle (DMSO-negative control),
culture medium with 0.5 % DMSO was added to the cells at the corre-
sponding proportions of the sample solutions.

3.4.2. Cytotoxicity assay

Cell viability was measured using a colorimetric assay in 96-well
plates with 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4 disulfophenyl)-
2H-tetrazolium monosodium salt (WST-1 Sigma-Aldrich, CAS Number
5015944001) reagent [59]. Each plate included blanks (untreated cells),
the Actinomycin D positive control (ACTD >95 % Sigma-Aldrich, CAS
Number 50-76-0), and sample dilutions at different concentrations with
three replicates each.

For the HEKa, IMR-90 and HPrEC cells, dilution series of the tested
samples in medium were prepared in 96-well plates. Cells (3 x 10° cells/
mL in DMEM with 8 % FSB) were added to the plates and incubated for
72 h. After 72 h, 10 pL of WST-1 (diluted 1:4 with phosphate buffer) was
added, and cells were further incubated for another 4 h. Cell viability
was measured at 450 nm in a spectrophotometric enzyme-linked
immunosorbent assay (ELISA) microplate reader (Anthos 2020,
Version 2.0.5, Biochrom Ltd., UK).
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3.4.3. Anti-inflammatory assay

3.4.3.1. TNF-a inhibition assay. The cells (5 x 10* cells/well) were
seeded on a 96-well culture plate and incubated for 12 h. Subsequently,
the cells were pre-treated with various concentrations of the samples for
2 h before stimulation with 0.1 pg/mL of lipopolysaccharide (LPS Sigma-
Aldrich, CAS Number L8274) with or without samples for 72 h. Super-
natants were collected, and the protein expression levels of TNF-o were
measured using an ELISA kit, following the manufacturer’s instructions
(Diaclone Company, Besancon, France) [60]. Absorbance was read at
450 nm on a spectrophotometric ELISA plate reader (Anthos 2020,
Version 2.0.5, Biochrom Ltd., UK). The percentage of TNF-« inhibition
was calculated from the ratio between the observed TNF-a amount
secreted by treated cells (1M) and the baseline secretion of TNF-a (pg/
mL). C87 (Sigma-Aldrich, CAS Number 332420-90-3) was used as
positive control.

3.4.3.2. NF-«B inhibition assay. All cells were stably transfected with
the KBF-Luc plasmid, which contains three copies of the NF-xB binding
site (from the major histocompatibility complex promoter) fused to a
minimal simian virus 40 promoter driving the luciferase gene. Cells (3 x
10° for cells/well) were seeded the day before the assay in a 96-well
plate. Subsequently, the cells were treated with samples at the same
concentrations used in the viability assays for 15 min, followed by
stimulation with 0.1 pg/mL of lipopolysaccharide (LPS Sigma-Aldrich,
CAS Number 1L8274) [59]. Celastrol (> 98 % Sigma-Aldrich, CAS
Number 34157-83-0) was used as a positive control. After 72 h, the cells
were washed twice with PBS and lysed in 50 pL lysis buffer containing
25 mM Tris-phosphate (pH 7.8), 8 mM MgCl,, 1 mM DL-dithiothreitol
(DTT Sigma-Aldrich, CAS Number 3483-12-3), 1 % Triton ™ X-100
(Sigma-Aldrich, CAS Number 9036-19-5), and 7 % glycerol (> 99.5 %
Sigma-Aldrich, CAS Number 56-81-5) for 15 min at room temperature
(25 °C) on a horizontal shaker. Luciferase activity was measured using a
microplate reader (Anthos 2020, Version 2.0.5, Biochrom Ltd., UK)
following the instructions of the luciferase assay kit (Promega, Madison,
WI, USA). The relative luminescence units (RLU) were calculated, and
the results were expressed as the percentage of inhibition of NF-xB ac-
tivity induced by TNF-a (100 % activation). The experiments for each
concentration of the test elements were performed in triplicate wells.

3.4.3.3. NO inhibition assay. The cells (200 L, 3 x 103 cells/well) were
incubated with different concentrations (for details, please see the
viability assay) of the samples for 2 h and then stimulated with 100 pg/
mL LPS for 72 h to assess nitric oxide (NO) production. Griess reagent
(Nitrite assay kit, Sigma-Aldrich, CAS Number G4410) was added to 50
pL of cultured supernatant and mixed for 10 min at room temperature
(25 °C). Absorbance was measured at 540 nm. A sodium nitrite standard
(> 97.0 % Sigma-Aldrich, CAS Number 7632-00-0) curve was used to
calculate nitrite concentration. NS-Methyl-L-arginine acetate salt
(LNMMA >98 % Sigma-Aldrich, CAS Number 53308-83-1) was used as
a positive control.

3.4.4. Antitumor assay

Apoptosis was determined using the rhodamine method with double
staining (rhodamine 123 to detect changes in the mitochondrial mem-
brane and propidium iodide to detect necrotic cells). Cells (20 x 10%)
were seeded in 55 mm plates with 2 mL of complete DMEM and treated
with the samples at a concentration obtained by the viability assay WST-
1 (CCsp). After 72 h of treatment, cells were incubated with 5 pL of
rhodamine 123 (Rh123 Sigma-Aldrich, CAS Number 62669-70-9) (1
pg/pL) for 30 min. All cells in each well were harvested and centrifuged
at 500 g for 10 min. The cell pellet was washed three times with 1 mL of
PBS 1x + 1 % bovine serum albumin (BSA Sigma-Aldrich, CAS Number
9048-46-8) solution and resuspended in 500 pL of PBS 1x + 1 % BSA
solution containing 0.5 pL of propidium iodide (PI Sigma-Aldrich, CAS
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Number 25535-16-4) (5 pg/pL). The entire procedure was performed at
4 °C [61]. The samples were analyzed by flow cytometry using the BD-
FACSCalibur™ cytometer (Becton Dickinson BioScience, San Jose, CA,
USA). The Expo32 software was used to analyse the data. The percent-
age of Rh123-negative and PI-negative cells corresponded to the
apoptotic population. Dimethylenastron (C;6H13N202S Sigma-Aldrich,
CAS Number 863774-58-7) was used as a positive control.

3.4.5. Antibacterial assay

3.4.5.1. Bacteria. The bacterial strains used include Gram-positive
bacteria: Actinomyces viscosus (A. viscosus, ATCC 15987), Bacillus sub-
tilis (B. subtilis, ATCC 6051), Kocuria rhizophila (K. rhizophila, ATCC
9341), Listeria monocytogenes (L. monocytogenes, ATCC 15313), Mam-
maliicoccus sciuri (M. sciuri, ATCC 29062), Micrococcus luteus (M. luteus,
ATCC 4698), Nocardia nova (N. nova, ATCC BAA-2227), Staphylococcus
lugdunensis (S. lugdunensis, ATCC 43809), and Streptococcus mutans
(S. mutans, ATCC 25175); and Gram-negative bacteria: Neisseria gonor-
rhoeae (N. gonorrhoeae, ATCC 19424), Porphyromonas gingivalis
(P. gingivalis, ATCC 33277), and Prevotella intermedia (P. intermedia,
ATCC 25611).

3.4.5.2. Broth microdilution method. The minimum inhibitory concen-
tration (MIC) of the samples against the bacteria was determined using
the microdilution method in 96-well plates (Cellstar®, Greinerbio-one,
Germany). Mueller-Hinton broth (MHB Sigma-Aldrich, CAS Number
90922) medium (180 pL) of the bacterial culture was used to fill the first
experimental well. The remaining wells were filled with 100 pL of me-
dium each. Subsequently, 20 pL of samples dilutions at different con-
centrations were added to the first well. A double-fold serial dilution was
then carried out across the plate. An overnight batch culture of the
bacteria (10 pL) was used to inoculate each well to achieve an inoculum
size of ca. 1 x 10° colony-forming unit (CFU)/mL. The plates were
incubated for 72 h at 37 °C [62]. DMSO was used as a negative control at
the same concentration as the samples, while ofloxacin (> 99.9 %
Sigma-Aldrich, CAS Number 82419-36-1) was used as positive control
to assess the accuracy of the MIC method. Each MIC determination was
carried out in triplicate.

3.4.6. Antiviral assay

The antiviral activity of the samples was evaluated against respira-
tory syncytial virus (RSV) in HEp-2 cells and against herpes simplex
virus type 2 (HSV-2) in GMK AHI cells by the viral plaque number
reduction assay. The assay was conducted as described previously for
RSV [52,63] and HSV-2 [53,64]. Briefly, a day prior to the experiments,
the cells were seeded in a 24 well cluster plates to attain ~70-90 %
confluence. Then the cells were rinsed with 300 pL of maintenance
medium followed by addition of 400 pL of fresh medium and 50 pL of 5-
fold serial dilutions of the test compounds in the medium. Following
incubation for 15 min at 37 °C in a humidified atmosphere of 5 % CO4
(CO3 incubator) 50 pL of medium comprising 100 plaque forming units
(PFU) of the virus was added and incubated for 1.5 h (HSV-2) or 2.5 h
(RSV) in the CO; incubator. The virus-test sample mixture was aspirated
and 750 pL of 0.75 % methylcellulose solution comprising the same
concentration of the test compound was added and incubated for three
days in the CO3 incubator. The cells were then stained with 1 % solution
of crystal violet to visualize the viral plaques. Anti-human rhinovirus
type 2 (HRV-2) activity of test compounds was performed by the virus
cytopathic effect reduction assay as described previously [65].

3.4.7. Statistical analysis

Data were analyzed using Prism v9.0.0 (Software LLC from 1994 to
2020). The data were normalised and plotted, computing the % activity
versus the log of the compound concentration. The values of 50 %
cytotoxic concentration (CCsp) and 50 % inhibitory concentration (ICsg)
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were calculated using the sigmoidal dose-response function. Addition-
ally, a one-way ANOVA statistical analysis was performed to determine
if the differences between the obtained values were statistically signif-
icant (p < 0.05; p < 0.001, Tukey’s multiple comparisons test).

3.5. Optical spectroscopy

3.5.1. Optical spectroscopy

UV absorbance and ECD spectra were collected simultaneously on a
0.02 mg/mL sample in MeOH using a path length of 10 mm on a JASCO
J-810 spectrophotometer. The solvent spectra were recorded under
identical conditions to remove solvent bands in the UV spectra, and to
baseline correct the ECD spectra.

3.5.2. Calculations

A low energy conformation library of postulated compound 1 was
created using PC Model with the incorporated MMFF94 force field. All
conformers within a cut-off of 5 kcal/mol from the lowest energy
conformer were retained and subjected to DFT optimization and spectral
calculations at the B3LYP/6-31++G(d,p) level of theory. Subsequently,
for all conformations exhibiting an enthalpy-based Boltzmann weight
higher than 0.1 %, UV and ECD spectra were obtained at the cam-
B3LYP/6-311++G(d,p) level. The UV-vis and ECD spectra for the in-
dividual conformations were created by applying a Lorentzian broad-
ening with full half width at half maximum of 10 cm ™.

All DFT level calculations were performed using the Gaussian 16
software package with tight convergence criteria and ultrafine integra-
tion grids. For all calculations, solvent effects were implicitly taken into
account using the IEFPCM model as implemented in the Gaussian suite.

3.6. X-ray diffraction analysis

Single crystals were obtained by slow solvent evaporation and were
mounted on a fiber loop and fixated using Fomblin oil. SC-XRD mea-
surements were performed using graphite-monochromatized Mo Ka
radiation using a Bruker D8 APEX-II equipped with a CCD camera. Data
reduction was performed with SAINT. Absorption corrections for the
area detector were performed using SADABS. The structure was solved
by direct methods and refined by full-matrix least-squares techniques
against F2 using all data (SHELXT, SHELXS). All non-hydrogen atoms
were refined with anisotropic displacement parameters if not stated
otherwise. Hydrogen atoms constrained in geometric positions to their
parent atoms using OLEX2. The structure of compound 3 (CCDC
2361054) has been deposited with the Cambridge Crystallographic Data
Centre. Further details of the X-ray data acquisition are given in the
Supplementary Information.
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