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Abstract

Human African Trypanosomiasis (HAT) and malaria are serious infectious diseases endemic in
tropical regions, caused by protozoan parasites, and necessitating an urgent development of new
antiprotozoal drugs. As part of our ongoing search for new antiprotozoal steroidal alkaloids from
plants, we investigated the methanolic stem bark extract of Holarrhena pubescens (Apocynaceae). H.
pubescens is a tropical tree that some Kenyan coastal communities have long used to treat various
ailments, including fever and stomach pain. The crude extract, alkaloid fraction, and 16 subfractions
acquired through centrifugal partition chromatography (CPC) displayed promising in vitro
antiprotozoal activity against Trypanosoma brucei rhodesiense (Tbr) and Plasmodium falciparum (Pf).
Partial least squares (PLS) regression modelling of UHPLC/+ESI QqTOF-MS data and antiprotozoal
activity data of the crude extract and its fractions was performed to predict compounds that may be
responsible for the observed antiplasmodial activity. Chromatographic separation of the alkaloid
fraction afforded one new steroidal alkaloid (5), along with 18 known compounds (1, 2, 4, 6-20), and
one artifact (3) that was presumably formed during the acid-base extraction process. The structural
characterization of the isolated compounds was accomplished using UHPLC/+ESI-QqTOF-MS/MS
and NMR spectroscopy. The isolated compounds were tested for their in vitro antiprotozoal
properties against the two aforementioned pathogens, as well as for their cytotoxicity against
mammalian cells (L6 cell line). Compounds 2 and 16 (ICso = 0.2 umol/L) demonstrated the highest
antitrypanosomal activity, with compound 2 showing the highest selectivity (SI = 127). The new
compound 5 exhibited the strongest antiplasmodial activity and selectivity against Pf (ICs = 0.7
pmol/L, SI =43). Our findings provide further promising antiprotozoal leads for HAT and Malaria.

Keywords: Holarrhena pubescens Wall. ex G. Don; Apocynaceae; steroidal alkaloids; Trypanosoma
brucei rhodesiense; Plasmodium falciparum; natural products; centrifugal partition chromatography
(CPC); partial least squares (PLS) regression

1. Introduction

Human African trypanosomiasis (HAT), also known as sleeping sickness, and Malaria are
protozoan diseases that cause devastating socio-economic effects and remain major public health
concerns. While concerted global control initiatives by the World Health Organization (WHO) and
other stakeholders have substantially reduced the number of new HAT cases down to less than 1,000
per year on average, challenges such as underdiagnosis and sporadic outbreaks still persist [1,2].
Consequently, the search for new antitrypanosomal drugs with novel mechanisms of action remains
essential. In 2024, there were an estimated 282 million Malaria cases and 610,000 deaths worldwide
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[3]. Although artemisinin-based combination therapies (ACTs) remain the cornerstone of Malaria
treatment, the emergence of resistance against artemisinin and other existing antimalarials [4]
highlights the urgent need for new drugs. Incidentally, ongoing efforts to discover new antiprotozoal
agents have found natural products to be promising inhibitors against causative parasites of these
two diseases (Trypanosoma brucei rhodesiense (Tbr) and Plasmodium falciparum (Pf), respectively) [5,6]
and various amino-nortriterpenoids and aminosteroids isolated in our group have shown strong
activity against both pathogens [7-11].

Holarrhena pubescens Wall. ex G. Don (Syn. Holarrhena antidysenterica var. pubescens (Wall. ex G.
Don), is a deciduous tree of the Apocynaceae family that is native to Tropical Africa, East and West
Asia [12]. It is widely used in traditional medicine to treat various ailments such as stomach pain,
lactation, liver disorders and jaundice, haemorrhoids but also conditions related to infectious diseases
such as fever and diarrhoea, potentially caused by influenza and amoebic dysentery [13-15]. Previous
phytochemical investigations have found this species to be rich in steroidal alkaloids of the conanine
and aminopregnane type, the principal one being conessine [16,17]. Furthermore, these chemical
constituents have been reported to possess antibacterial, antidiabetic, anthelmintic and antimalarial
properties [18-22]. As part of our continuous investigation to identify antiprotozoal natural
compounds from the classes of amino-norcycloartanes and aminosteroids [7-11], our research group
previously isolated various steroidal alkaloids from the leaves and stem bark of the West African
Holarrhena africana A. DC. (a synonym of H. floribunda (G. Don) T. Durand & Schinz), which were
found to display strong antitrypanosomal activity [8]. A study by other authors has also
demonstrated some antiplasmodial activity of the aminosteroids of this species [23].

The aim of the present work was, therefore, to identify and characterize more steroidal alkaloids
from the stem bark of H. pubescens and explore their in vitro antiprotozoal activity against Tbr and Pf,
as well as selectivity to these parasites by comparison with their cytotoxic activity against mammalian
cells. Although this species has been the subject of some previous phytochemical studies, no accession
of Kenyan (or other East African) origin has been phytochemically examined. It was therefore of
interest, also from a geobotanical perspective, to investigate the specialized metabolites present in
this plant.

2. Results and Discussion

2.1. Antiprotozoal Activity of the Crude Extracts and Acid-Base Fractions

In order to identify the most suitable plant part and extraction solvent, 5 g of air-dried leaves,
twigs and stem bark were each subjected to small-scale extraction using dichloromethane (CH:Clz)
and methanol (CHsOH). The resulting preliminary crude extracts were tested in vitro for their activity
against Tbr (bloodstream trypomastigotes) and Pf (intraerythrocytic forms) as well as for their
cytotoxicity towards L6 rat skeletal myoblasts (Cytotox. L6), to assess the selectivity (selectivity index
SI=ICs0(L6)/ICs0(parasite)). Additionally, the extracts were also assessed for activity against the
protozoan parasites Trypanosoma cruzi (intracellular amastigotes) and Leishmania donovani (axenic
amastigotes), but none of them showed significant activity (data not shown). The methanol stem bark
extract showed the strongest activity and selectivity indices (SI) against Tbr (ICs0=1.6 + 0.2 ug/mL, SI
= 43) and Pf (ICs0 = 6.7 + 0.8 ug/mL, SI = 10), respectively (Table 1). Based on these preliminary
biological results, the CH3OH extract of the stem bark was selected for large-scale extraction
fractionation, and isolation of active compounds (see Scheme 1). Using Soxhlet apparatus,
approximately 800 g of the powdered plant material was exhaustively extracted with CHsOH to
afford a crude extract, which was subsequently subjected to acid-base extraction, yielding the
alkaloid fraction and a lipophilic residue. For consistency, the total crude extract, the alkaloid fraction,
and the lipophilic fraction were tested for antiprotozoal and cytotoxic activities. The results (Table 1),
showed that the alkaloid fraction displayed a significant increase of antiprotozoal activity against Tbr
and Pf compared to both the crude extract and the lipophilic residue. Interestingly, in contrast to our
group’s earlier investigation of the stem bark of H. africana, which only showed notable in vitro
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activity against Tbr [8], the alkaloid fraction in the current study exhibited strong activity against Tbr
and Pf. Based on these findings, the alkaloid fraction was selected for further fractionation and
isolation of pure compounds.

Table 1. In vitro antiprotozoal and cytotoxic activities of the crude extracts and acid-base extraction fractions of
the stem bark of Holarrhena pubescens. Data are expressed as ICso in pg/mL and represent the means of two

independent determinations + the absolute deviations from the mean.

Test sample Tbr Pf Cytotox. L6 SI(Tbr) SI(Pf)
Small-scale extracts
Twigs (CHsOH) 16 +0.5 17+0.4 63+7.9 3.9 3.7
Twigs (CH2ClL) 34+79 21+1.0 62+8.6 1.8 3.0
Leaves (CH3OH) 39+0.2 14+45 57+77 15 4.1
Leaves (CH2Cl) 30+8.8 8.1+0.1 55+7.5 1.8 6.8
Stem bark (CHsOH) 1.6+0.2 6.7+0.8 692 43 10
Stem bark (CH:Cl2) 45+1.1 27+£2.6 >100° - -
Large-scale CH3OH stem bark extract and its acid-base fractions

Total crude extract 09+0.2 4.0+0.1 61+4.8 68 15
Alkaloid fraction 0.2+0.0 0.7+0.2 15+4.1 75 21
Lipophilic fraction 2.1+0.0 41+0.6 51+9.2 24 12

Positive controls 0.004 +0.000 0.002+0.000 0.007 +0.003 - -

aValue based on a single determination, as 50% inhibition was not reached in the second replicate at the maximal

concentration tested (>100 pg/mL); ®50% inhibition was not reached in either replicate at the maximal
concentration tested (>100 ug/mL). Positive controls: melarsoprol (Tbr), chloroquine (Pf), podophyllotoxin
(cytotoxic L6); Selectivity indices (SI) were calculated as: SI =ICso (Cytotox. L6)/ ICso (parasite).

2.2. Fractionation, LC/MS Profiling and PLS Modeling to Predict Constituents with High Activity

Using centrifugal partition chromatography (CPC), the alkaloid fraction was fractionated using
a biphasic solvent system comprised of iso-hexane/ethyl acetate (8:2; v/v, upper phase) and
CHsOH/H:0 (7:3; v/v, lower phase) to afford 16 subfractions (Scheme 1). The obtained subfractions
were analyzed using TLC and UHPLC/+ESI-QqTOF-MS/MS (hereafter abbreviated LC/MS) and
subsequently evaluated for their in vitro antiprotozoal activity and cytotoxicity (Table 2). A majority
of the CPC subfractions demonstrated strong antiprotozoal activity (ICs <1 pg/mL), with subfraction
01 exhibiting the highest potency against Tbr (ICs = 0.1 + 0.0 pg/mL, SI = 250), while subfraction 11
showed the highest activity against Pf (ICs0= 0.1 + 0.0 ug/mL, SI = 150). Furthermore, 69% of the CPC
subfractions displayed high selectivity indices (SI >10), indicating selective inhibitory effects of
Holarrhena steroid alkaloids.

Crude CH;OH extract (81.1 g) from Soxhlet extraction
of Holarrhena africana stem bark

- Redissolved in distilled water (acidified with 1 M HCl)
and extracted with CH,Cl,

- Organic CH,Cl, phases - Aqueous phases alkalized to = pH 10 with NaOH (2 M) and

extracted with CH,Cl,

Lipophilic fraction Hydrophilic residue
(8.7g)

- CPC fractionation of 7.5 g with C;H,,/ C;H.O, (8:2; v/v)

and CH;OH/H,O (7:3; v/v)

[Frot | [Fro2 | [Fr03| [Feoa| [ Fros| |Fros | Fro7| [Fros | [Fr09 | [Fe10| [Fen1 |[Fr12 |[Fe13 | [Fr1a| [Fe15| [Fris ]
- Prep-HPLC with - Prep-HPLC with - Prep-HPLC with - Prep-HPLC with | Prep-HPLC with
FLO/ACN (+0.1% TFA) FLO/ACN (+0.1% TFA) FLOJACN (+0.1% TFA) HAO/ACN (+0.1% TFA) [H:O/ACN (+0.1% TFA)
Cpd 2 Cpds.1, 4, 7&9 Cpds.5,6,8& 12 [cpa.1s | [ Cpds.3,10,11,13 1541720

Scheme 1. Isolation scheme for steroidal alkaloids from the stem bark of Holarrhena pubescens.
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Table 2. Antiprotozoal activity of centrifugal partition chromatography (CPC) subfractions and positive
controls. Data are expressed as ICso values in pig/mL and represent the means of two independent determinations

+ the absolute deviations from the mean.

Test sample Tbr Pf Cytotox.L6  SITbr SIPf
Fr.01 0.1+0.0 1.0+0.1 25+6.2 250 25
Fr. 02 0.2+0.0 1.1+£0.1 39+11 195 35
Fr. 03 0.2+0.0 1.0+0.1 42+72 210 42
Fr. 04 20+0.2 94+22 842 42 9
Fr. 05 05+0.1 21+05 50 +3.8 100 24
Fr. 06 05+0.2 0.8+0.1 46 4.6 92 58
Fr. 07 0.8+0.2 0.8+0.2 43+6.9 54 54
Fr. 08 0.8+0.1 0.3+0.0 18 +0.6 23 60
Fr. 09 0.7+0.0 0.6+0.2 17+0.4 24 28
Fr. 10 0.6+0.2 02+0.1 15+1.7 25 75
Fr.11 0.8+0.0 0.1+0.0 15+2.6 19 150
Fr.12 24+0.2 1.0+0.1 46 +2.7 19 46
Fr.13 21+0.1 29+0.3 16+1.7 8 6
Fr. 14 03+0.1 0.8+0.2 9.5+4.0 32 12
Fr.15 0.5+0.1 0.9+0.1 9.2+0.4 18 10
Fr. 16 3.0£0.7 1.8+0.7 22+5.0 7 12

Positive controls 0.004 + 0.001 0.002 +0.000 0.010 +0.001 - -

aDeviation not calculable, as the result of one replicate exceeded the maximal concentration tested (>100 ug/mL);

positive controls: melarsoprol (Tbr), chloroquine (Pf), podophyllotoxin (Cytotox. L6); selectivity indices (SI) =
ICso (Cytotox. L6)/ ICso (parasite).

Given the notable variations in antiplasmodial activity of the CPC subfractions, a preliminary
partial least squares (PLS) regression model was constructed in order to predict the constituents
responsible for the observed activity. This approach has previously been used by our research group
to successfully predict chemical constituents with promising antiprotozoal activity [24]. The total
crude extract and the fractions were analyzed by LC/MS (Supplementary Materials, Figures 51-518)
and the data were processed using DataAnalysis 4.1 and ProfileAnalysis 2.1 softwares (Bruker
Daltonik GmbH, Bremen, Germany). The resulting bucket table of variables, indicating MS signal
intensity within defined retention time and m/z value intervals, was composed of 735 [m/z: tg]
variables x 18 analyses. The LC-MS data were used as independent variables (X-matrix), while the
bioactivity data served as dependent variables (Y-matrix). This dataset was then used to generate a
PLS model for antiplasmodial activity in ProfileAnalysis. The resulting scores and loadings plots are
shown in Figures 1 and 2, respectively. In the scores plot, the samples are distributed according to
their values on the first and second PLS components (PC2 versus PC1), which represents the
combinations of independent variables (X) with the second-highest versus the highest influence,
respectively, on the dependent (Y) variable, the biological activity). The corresponding loadings plot
of PC2 vs PC1 demonstrates how each X-variable (MS signal defined by its retention time and m/z
value) contributes to the variable combinations in PCl1 and PC2, and thus illustrates their
contributions to the placement of samples in the scores plot. For instance, variables associated with
samples located on the far right of the scores plot also appear on the far right side of the loadings plot
(i.e. they have high loadings on PC1 and therefore are most influential for high activity). Variables in
this region can thus be expected to represent compounds with strong antiplasmodial activity.
Consequently, the initial isolation efforts focused on compounds corresponding to signals/loadings
located on the right side of the loadings plot. Such compounds were tentatively identified by
retrieving their full mass spectra and comparing the data with literature information. In the present
case, this approach led to the preliminary identification of seven compounds (Figure 2), followed by
their targeted isolation (Section 2.3). Consistent with the PLS model prediction, the compounds
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predicted by the model and subsequently isolated indeed displayed strong activity against Pf upon
biological evaluation (Table 4). The only exception was compound 12, which exhibited only moderate
activity. The other compounds described in this study (Section 2.3, Figure 3) were isolated using an
untargeted isolation approach.

PC24
N Alkaloid fraction
1 Fr.01-03 Fr A5 8 FrA1
0.25 ] Fr.06 & 14
- Fr 16 vl
0.00 4 Fr.10
] @ FrO5 o7 @ @
0.254 cr:detg @ @F o9 Fr.08
£ extrac r. :
. Fr.12
0.50 Fri3
] @ Fr.04
075 T T | T T T T | T T T T | T T T T | T T T T | T T
-1.00 -0.50 0.00 0.50 1.00PC1

Figure 1. Scores plot (PC2 vs. PC1) of the PLS model illustrating the antiplasmodial activity of the samples
against Pf, ranging from the least active (Fr. 04) to the most active (Fr. 11).

Holadienine 3B-aminoconan-5-ene
PC?2 ]
E 315.297mz 5.72min
] @O O CpHyN, 326.260m/z
1 & O CxH;NO
0.2 1 459 min
] o O 5329.328um/z
] Q) CHyN,
0.1+
] o0
0.0 O ale o '
] @] 1
1 O O 4.79 min Hy
-0.14 & 331.325m/x 1
] > 1
CyHyN, []
— T T | T i
-02 -0.1 0 PC1 I
! 4.78 min 6.09 min 6.144 min 1
357.341m/z 345.305m/z 350.327m/x - - ]
CyHyoN, CpHy N, Cp3HsN,O 3B-aminoconanine

Conessine

Dihydroisoconessine N;-formyl-dihydroisoconessine

Figure 2. Loadings plot (PC2 vs. PC1) of the PLS model predicting antiplasmodial compounds from Holarrhena
pubescens. The variables on the right side (high loadings on PC1) are predicted by this model to be most
influential for antiplasmodial activity, i.e. to possess high potency against Pf. The new compound 5 is highlighted
by a red frame.

2.3. Isolation of Steroidal Alkaloids from Holarrhena pubescens Stem Bark

Through repeated chromatographic separation and purification using preparative HPLC, a total
of 20 pure aminosteroid alkaloids were isolated from different CPC subfractions (Scheme 1 above,
2.2). The structures of the isolated compounds (Figure 1) were established through LC/MS analysis
together with NMR spectroscopic measurements. In total, ten oxygen-free Holarrhena alkaloids (also
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known as “Kurchi alkaloids”[25]) (14 and 6-11), along with ten oxygen-containing alkaloids (also
termed as “free alkamines” [25]), comprising two pentacyclic (5 and 12) and eight tetracyclic
compounds (13-20) were isolated and identified. Compound 3 was found to be an artifact generated
by reaction of 2 with dichloromethane during the isolation process. Compound 5 represents a new
Holarrhena alkaloid and the first Ns-formyl-conarrhimine from this genus. Although database
searches confirmed that the structures of compounds 3 and 13 have been previously postulated in
SciFinder and PubChem, respectively, no primary literature reports on their isolation or synthesis
could be found. In addition, only compounds 1, 2, 4, 7 and 11 have previously been reported from H.
pubescens, while compounds 6 and 10 are reported here for the first time from the genus Holarrhena.
Compounds 8, 9, 14 and 17-20 have only been previously described as synthetic products and are
therefore reported in this study for the first time as genuine natural constituents. The known
compounds were identified as dihydroisoconessine (1) [26,27], conessine (2) [8,28], Ns-
chloromethylconessine (3) [29], isoconessimine (4) [8,28], 3[B-aminoconan-5-ene (6) [30], 3a-
aminoconan-5-ene (7) [27], 3f-aminoconanine (8) [31], 3a-aminoconanine (9) [31], wrightiamine A
(10) [32], irehline (11) [18], holadienine (12) [8], 3[-amino-5a-pregnan-20a-ol (13) [33], 3a-amino-5-
pregnen-20a-ol (14) [34], funtumidine (15) [35], 33-dihydroholaphyllamine (16) [8], holafebrine (17)
[36], 20a-aminopregnan-3(3-ol (18) [36,37], 20a-amino-5a-pregnane-3(3,18-diol (19) [38] and 20a-
amino-5-pregnene-3(3,18-diol (20) [39,40] by their high resolution mass spectrometry, NMR
spectroscopic data, and comparison with previously published data. Furthermore, because no or only
limited spectroscopic data are available in the literature for compounds 3, 6-9, 13-15 and 17-20, their
complete NMR assignments are reported here for the first time (Section 3.5).

: R = p NHCHj; 50.H

iR =B N(CHg)y; 4%

R =B NHCHj; A>S

R = B NHy; A%

R = o NHy; A%

R = B NHy; 5aH HaN

R =a NHy; 5aH 13: Ry = p NHz; Ry = OH; 5aH
14: Ry = 0. NHy; Ry = OH; A%
15: Ry = a. NHy; Ry, = OH; 5aH
17: Ry = B OH; Ry = NHy; A%
18: Ry = B OH; Ry = NHy; 5aH

@eNoEDd2

Figure 3. Structures of alkaloids isolated from the stem bark of Holarrhena pubescens, including the new

compound 5.

Compound 5 was acquired as a yellow gum. Its molecular formula was determined as
C2sH3sN20, by the high-resolution +ESI LC/MS, which showed a quasimolecular ion peak at m/z
359.3129 [M + HJ* (calcd. for C2sHsN:20+ 359.3057), indicating six degrees of unsaturation in the
molecule (Supplementary Materials, Figures S19-521). Five of these degrees of unsaturation were
accounted for by a pentacyclic structure of a conanine-type skeleton, and one was due to a formamide
functionality at the C-3 position. The NMR spectroscopic data of 5 (Table 3; Supplementary Materials,
Figures S22 and S32) displayed typical structural characteristics associated with a conanine-type
Holarrhena alkaloid [41,42]. The BC-NMR and HSQC data of 5 showed 23 carbon resonances
comprising three methyl groups (6c = 12.0, 12.5, 40.4), ten methylenes (6c = 23.0, 23.3, 27.2, 29,3, 294,
33.0,35.9,37.9, 38.5, 62.6), seven sp® methines (dc=38.9, 46.5, 49.0, 53.5, 54.7, 55.5, 67.5), two quaternary
carbons (dc = 36.6, 53.2) and a formamide carbonyl carbon (dc = 162.8). The complete assignments of
all the 3C NMR signals were accomplished using HMBC correlations. The 'H-NMR spectrum of 5
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showed signals attributable to two tertiary methyl groups at du= 0.82 (H-19) and du= 2.88 (N-CHs),
and a secondary methyl group at du=1.39 (d, ] = 6.63 Hz, H-21). In addition to these groups, the 'H-
NMR spectrum showed signals due to two nitrogen-bearing sp? methines at du=3.58 (H-20) and d1=
3.74 (H-3), respectively. A proton singlet at du="7.95, correlated with the carbonyl carbon signal at dc
=162.8 in the 'H/BC-HSQC spectrum, showing the presence of a formamide group, C-1". The HMBC
correlation observed between the proton singlet (H-1') and the methine carbon at dc =49.0 placed the
formamide moiety at C-3. Comparison of the NMR spectral data between compound 5 and the
known dihydroisoconessine 1 revealed a close structural similarity, except for the replacement of the
methyl amino group in 1 with the formamido moiety. The NOESY cross peaks of H-3 with H-1a and
H-5 indicated that H-3 occupied the a-position while the formamide functionality was [3-oriented.
Based on these mentioned spectroscopic observations and in full agreement of all other signal
assignments, the structure of this new alkaloid was identified as the Ns-formyl derivative of 4, and
was thus named N;-formyl-dihydroisoconessine.

Table 3. NMR data of Ns-formyl-dihydroisoconessine (5) in CDsOD ('H 600 MHz, 1*C 150 MHz). All assignments
were confirmed by "H/®C-HSQC, COSY, HMBC and NOESY correlations.

Pos. 1H-NMR d (ppm) Mult. J [Hz] BC-NMR (ppm)
1.78, m
1 111, m 38.5
1.76, m
2 139, m 294
3 3.74, m 49.0
1.52, m
4 .
1.27, m 359
5 1.25, m 46.5
1.32, m
6 126, m 29.3
1.81, m
7 1.09, m 33.0
8 1.26, m 38.9
9 0.82, m 54.7
10 - 36.6
1.80, m
11 1.06, m 23.0
2.04, m
7.
12 1.49, m 379
13 - 53.2
14 1.38, m 55.5
1.84, m
15 117, m 27.2
16 1.69, m, (2H) 23.3
17 2.35,dt, (9.77,4.71) 53.5
3.59, m
1 ¢ 2.
8 290, m 62.6
19 0.82, s, (3H) 12.5
20 3.58, m 67.5
21 1.38, d (3H, 6.63) 12.0
22 2.88, s (3H) 40.4
1’ 7.95, s 162.8
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2.3 Antiprotozoal Activity of the Steroidal Alkaloids Isolated from Holarrhena pubescens

The in vitro antiprotozoal activity against Trypanosoma brucei rhodesiense (Tbr), and Plasmodium
falciparum (Pf), along with cytotoxicity against L6 rat skeletal myoblasts was determined as described
in section 2.1 for all the isolated compounds (Table 4). Since the alkaloids, depending on their number
of basic amino groups, were isolated as either mono- or bis-trifluoroacetate salts, the molar ICso values
were calculated using the molecular masses of the corresponding salts as reported in our recent
publication [11]. Compounds 2, 4 and 16 demonstrated remarkable activity (ICs < 1.0 umol/L) as well
as high selectivity indices (SI =23-127) against Tbr. Interestingly, these activities were within the same
range as those reported by Nnadi et al. of our group in the study of Holarrhena africana for the same
compounds [8]. Compounds 1, 5, 6, 8, 10, 11, 13, 15, 17 and 18 showed moderate activities (ICs0=1.3-
5.7 umol/L), while the rest of the other compounds showed low antitrypanosomal activity (Table 4).

Table 4. Antiprotozoal activity and cytotoxicity of compounds isolated from Holarrhena pubescens stem bark.
Data are ICso values in umol/L and represent the means of two separate determinations + the absolute deviations

from the mean. Compounds were tested as the mono?- or bis b-trifluoroacetates.

Compound Tbr [pumol/L]  Pf[umol/L] Cytotox [umol/L] SITbr SI Pf

1b 40+1.2 2.0+0.0 25.7+4.6 6 13
20 02+0.0 20+0.2 253+6.7 127 13
3b 173+£1.2 11.8+1.6 >100 - -

4° 05+0.1 20x0.1 35.0+11 70 18
5a 51+0.7 0.7+0.1 298+74 6 43
6° 1.3+0.6 1.7+0.0 29.8+7.5 23 18
70 13.2+£59 1.5+0.1 29.6+14 2 20
8P 42+17 1.4+0.1 19.6 +4.5 5 14
9a 442 +6.0 1.0+0.2 23.1+3.1 1 23
10° 1.5+05 1.8+0.2 15.6+25 10 9

11° 29+1.1 33+1.0 319+73 11 10
12 16.4+1.6 48+0.1 56.5+7.8 3 12
132 2.0+0.1 12.7+£0.2 179+0.1 9 1

14> 114+54 13.6+2.8 23.6+£0.5 2 2

152 1.8+0.1 71+03 19.3+0.7 11 3
16 2 0.2+0.1 49+0.8 45+14 23 1
17 2 53+£0.1 11.3+£3.2 126 £4.9 2 1
18 2 57+04 72+0.2 12.7+44 2 2
192 181+1.5 11.0+2.6 476 £1.6 3 4
202 185+1.2 16.0+£1.8 522 +3.2 3 3

Positive controls  0.010 +0.003  0.003 + 0.001 0.010 + 0.000 -

aMono-trifluroracetate; bbis-trifluoroacetate; positive controls: melarsoprol (Tbr), chloroquine (Pf),

podophyllotoxin (Cytotox.L6); selectivity indices (SI) = ICso (Cytotox. L6)/ ICso (parasite).

The new compound 5 displayed the most promising antiplasmodial activity (ICso = 0.7 pmol/L),
and the highest selectivity index (SI = 43) against Pf. Except compounds 3, 13-15 and 17-20, which
exhibited weak activity (ICso > 7 umol/L), all other compounds (2, 4, 6-12 and 16) showed moderate
activities with ICso values ranging from 1.0 to 4.9 pmol/L.

In continuation to the basic structure—activity relationship (SAR) of Holarrhena africana alkaloids
previously described by Nnadi et al. of our research group [8], a preliminary SAR of the 20
compounds isolated in the present study was derived through comparison of their in vitro
antiprotozoal activities. In agreement with the findings of Nnadi and coauthors, an amino group at
C-3 was shown to be the key structural requirement for potent antiprotozoal activity against Tbr (ICso
< 1.0 pmol/L). Compounds bearing an oxygen function (ketone or hydroxyl group) at this position
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(12 and 17-20, respectively), generally showed low activity against both target parasites (Table 4). In
line with the same previous study, compounds containing a monomethylated C-3 amino group
showed slightly higher antitrypanosomal activity than their unsubstituted counterparts (1 and 4
marginally more active than 8 and 6, respectively) in the present work. Interestingly, the opposite
trend was observed against Pf, where compounds 6 and 8 were slightly more active than 4 and 1,
respectively. Surprisingly, and in contrast to the findings from the H. africana study, the dimethylated
conessine (2) displayed higher activity against Tbr (ICso = 0.2 umol/L) than the monomethylated
isoconessimine (4) (ICs = 0.5 umol/L), while their activity against Pf remained identical (ICs = 2.0
pmol/L). Furthermore, substitution of the dimethylamino group with a chlorinated methylene led to
a significant decrease in activity against both parasites (2 was substantially more active than 3). This
is in contrast with a recent study from our group on similar aminosteroids from Pachysandra terminalis
(Buxcaceae), = where  an  Ni-choloromethylamino-derivative  (Ns-chloromethyl-desacyl-
epipachysamine) displayed a very high level of activity against Pf (ICso = 0.39 umol/L) [10]. However,
this compound does not feature the additional pyrrolidine ring closed between N2 and C-18 typical
for the Holarrhena alkaloids, so that a direct comparison may be difficult. It is worth noting, however,
that in the present study, the Ns-formamide appears to be exceptionally active against Pf. Testing and
comparison of further Ns-chloromethyl- and Ns-formamide derivatives from both series against this
parasite may hence be interesting.

The presence of a A5¢was shown to greatly enhance antitrypanosomal activity among the Kurchi
alkaloids (4, 6, and 7 more active than 1, 8, and 9, respectively). However, this substitution was less
consequential for antiplasmodial activity, in which the pregnene derivatives showed either equal (1
vs 4), or slightly reduced activity compared to their pregnane congeners (6 <8 and 7 <9). Notably, an
additional double bond (A'$N) resulted in decreased activity against both Tbr and Pf (11 less active
than 6), whereas 10, which possesses only the A8 N, is more active than 11 against both parasites. In
regards to the tetracyclic free alkamines, the A5¢-pregnene derivatives were either less active (14 <15)
or equipotent (17 vs 18 and 19 vs 20, respectively) against Tbr. With respect to Pf, the A>6-pregnenes
consistently exhibited lower activity than their corresponding 5,6-saturated pregnane counterparts
within this series. The stereochemistry at C-3 was found to have a pronounced effect on
antitrypanosomal activity, but a lesser effect on antiplasmodial activity, among the oxygen-free
alkaloids. Particularly, the 3p-configured derivatives showed a notably higher activity against Tbr
than their the 3a-configured derivatives (6 vs 7 and 8 vs 9, respectively), whereas these C-3 epimers
showed comparable potency against Pf. In contrast, the impact of stereochemistry at this position on
Tbr activity was minimal among the oxygen-containing alkaloids (13 vs 15), consistent with the
observations of Nnadi et al. [8]. However, the 33-configured 13 was approximately 2-fold less active
than the 3a-configured 15 against Pf. Moreover, substitution at the C-20 position with a ketone greatly
enhanced activity against both parasites compared to a hydroxyl group (13 vs 16), again in agreement
with Nnadi et al. [19]. Another notable observation was that the introduction of a hydroxyl group at
C-18 led to reduced antiprotozoal activity against both Tbr and Pf (17 vs 20 and 18 vs 19, respectively).

In terms of selectivity, Nnadi et al. observed that presence of an amino group incorporated
within a pyrrolidine or pyrroline ring, in addition to the C-3 amino group, enhances selectivity
against Tbr over cytotoxicity against L6 cells, albeit with a minor reduction in activity. Although this
finding was also observed in the current study for Tbr (Table 4), it was not consistent in all cases (e.g.,
compound 8 is less selective than 16). On the other hand, this substitution pattern was shown to
enhance activity as well as selectivity against Pf with compounds 1, 2, 4-11 showing stronger activity
and higher selectivity than 13-20.
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3. Materials and Methods

3.1 Plant Material

The leaves, twigs and stem bark of H. pubescens were collected from the Gongoni forest, Kenya
(04°24'35.3" S 039°28'34.2" E) in May 2022. The plant material was identified by Mr. Patrick Mutiso, a
taxonomist at the Faculty of Science and Technology, University of Nairobi. The voucher specimens
were deposited at both the University of Nairobi Herbarium (UoN_JM 2022_001) and at the Institute
of Pharmaceutical Biology and Phytochemistry, University of Miinster (IPBP 917 - TS_JM_2022_002).
The plant material was air-dried under shade at room temperature to constant weight and then
ground into fine powder using a mill.

3.2 Preparation of Small-Scale Extracts

Small scale extraction of the leaves, twigs and stem bark was performed using 3 x 100 mL of
each, dichloromethane (CH2Cl2) and methanol (CHsOH). To 5 g of each plant material, 100 mL of
each solvent was added separately and agitated continuously on a magnetic stirrer for 30 minutes.
The extraction was carried out using three successive portions of fresh solvents, and the combined
extracts for each solvent were thoroughly evaporated using a rotary evaporator at 40 °C.

3.3 Extraction of Holarrhena pubescens Stem Bark for Detailed Study

Using Soxhlet apparatus, the powdered plant material (814 g) was exhaustively extracted in two
equal parts, with 1.5 L methanol (CH3;OH) for each part for 36 h. The extracts were combined and
evaporated in vacuo at 40 °C to obtain 81.1 g of crude extract, translating to 10 % yield. An acid-base
extraction was subsequently performed in order to separate the alkaloids from the crude extract. For
each batch of extraction, 5 g of the extract was redissolved in 250 mL of distilled water acidified with
40 mL of 1 M HCI, and filtered through a Biichner funnel. Using a separatory funnel, this was
extracted three times with 130 mL of dichloromethane (CH2Cl2) to obtain a total of 2.6 g of the
lipophilic fraction (0.3 % yield). The aqueous phases were alkalized to = pH 10 with sodium
hydroxide solution (aqg., 2 M) and exhaustively extracted with 130 mL of CH:Cl, yielding, after
evaporation, 8.7 g of the alkaloid fraction (1.1 % yield), which was stored in a refrigerator at 4 °C until
further work.

3.4 Isolation of Alkaloids from Holarrhena pubescens Stem Bark Extract

Using a CPC-250 (Gilson, Limburg, Germany) chromatography system, a portion of 7.5 g of the
alkaloid fraction was separated using the centrifugal partition chromatography (CPC) method that
was previously used for B. sempervirens in our research group [43], with minor changes. This was
done using a biphasic solvent system consisting of iso-hexane/ethyl acetate (8/2; v/v) as the upper
phase and CHsOH/H20 (7/3; v/v) as the lower phase. Prior to the experiment, the biphasic system
was equilibrated in a separatory funnel overnight and sonicated. The alkaloid fraction (8 portions of
0.5 -1 g) was dissolved in 6 mL of the upper phase and 2 mL lower phase. In ascending mode (1200
rpm, 2 mL/min), 4 mL eluates were collected into test tubes. After termination of the elution mode,
the lower phase was also separated and collected into test tubes by stopping the rotation and
simultaneously increasing the flow rate to 5 mL/min. The obtained eluates were monitored on pre-
coated silica gel 60 Fzs4 thin layer chromatography (TLC) plates, (Merck KGaA, Darmstadt, Germany)
using a mobile phase of ethyl acetate:CH:OH:NH«OH (9:1:1.5) (v/v/v) and spraying with
Dragendorff’s reagent (bismuth subnitrate (0.85 g):H20 (40 mL): CHsCOOH (10 mL):potassium
iodide solution (40%; 20 mL)). The CPC eluates were combined into 16 subfractions (1-16) based on
the TLC and LC/MS profiles. The upper phase yielded 12 subfractions while the lower phase afforded
4 subfractions (see Scheme 1).

CPC subfractions 01 (0.12 g), 05 + 06 (2.04 g), 07-12 (0.38 g), 13+14 (0.27 g), and 16 (1.14 g) were
separated by prep-HPLC on a RP-18 phase (VP 250/21 Nucleodur C-18 HTec with a VP 10/16
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Nucleodur C-18 HTec pre-column, Macherey-Nagel, Diiren, Germany) using binary gradients of H.O
(#0.1% TFA; A) and ACN (+0.1% TFA; B). The following gradient conditions were used in all
separations: 5%—20% of B (0.1-15 min), 20%-30% of B (15-30 min), 30%—43% of B (30—45 min), 43%-—
50% of B (45-50 min), 50%-100% of B (50-55 min), and 100% of B (55-60 min) at a flow rate of 10
mL/min and a column temperature of 40 °C. The separation of CPC subfraction 01 yielded compound
2 (27.4 mg, tr 14.1 min. prep-HPLC of CPC subfractions 05 and 06 resulted in isolation of compounds
1(13.7 mg, tr 30.8 min), 4 (106.2 mg, tr 28.7 min), 7 (16.5 mg, tr 19.7 min), and 9 (20.4 mg, tr 22.0 min).
Compounds 5 (2.8 mg, tr 38.2 min), 6 (15.0 mg, tr 21.2), 8 (26.2 mg, tr 23.5), and 12 (11.3 mg, tr 33.1)
were distributed in CPC subfractions 07-12 in varying concentrations. Compound 16 (2.9 mg, tr 47.8)
was obtained from CPC subfractions 13 and 14, while compounds 3 (3.8 mg, tr 26.6), 10 (4.9 mg, tr
23.0), 11 (3.4 mg, tr 22.4), 13 (3.0 mg, tr 42.8), 14 (7.7 mg, tr 44.0), 15 (3.5 mg, tr 47.1), 17 (9.5 mg, tr
37.9), 18 (3.7 mg, tr 40.0), 19 (4.8 mg, tr 35.5) and 20 (4.1 mg, tr 32.5) were isolated from CPC
subfraction 16.

3.5 Liquid Chromratographic/Mass Spectrometric Analysis

The crude extract, alkaloid fraction, CPC subfractions and the isolated compounds were
analysed using the previously described UHPLC/+ESI-QqTOF-MS/MS (LC/MS) method and
parameters [11]. For multivariate data analysis, each of the samples was analyzed in duplicate; first
in chronological order and subsequently in a randomized sequence.

3.6 Multivariate Data Analysis/PLS Modelling

To process the LC/MS data, a previously established method developed by our research group
[24] was applied with minor modifications. The raw data were converted into molecular features
using Bruker Data Analysis 4.1 software (Bruker Daltonik GmbH, Bremen, Germany) via the
molecular features function. The parameters were set as follows: signal/noise threshold: 15,
correlation coefficient threshold: 0.7, minimum compound length: 10 spectra, smoothing width: 1,
additional smoothing: enabled, chemistry: positive adducts M+ H, M+ NHs, M+ Na, M + K, M-H20 +
H,M-CO:+H, 2M+H,2M+Na, 2M + NHs, 2M + K, 2M + CHsCN + H, 2M + CHsCN + Na, spectrum
type: line spectra only, background subtraction: disabled and fragment spectra were not added.

The resulting molecular features were subsequently imported into Bruker ProfileAnalysis 2.1
software (Bruker Daltonik GmbH, Bremen, Germany). A descriptor table (“bucket table”) was
generated, in which each bucket represented the signal intensity at a specific m/z value and retention
time (min). Further data processing was performed using the find molecular features function as
follows: retention time range: 1-15 min, mass range: 100-1500 m/z, advanced bucketing: retention
time window of 0.1 min; m/z window of 100 mDa, split buckets with multiple compounds: enabled,
bucket filter: value count of bucket > 10%, allow empty group attributes: disabled, bucket value
transformation: none and display bucket values in table: enabled. The resulting bucket table (735
buckets x 18 analyses) was used as the X-matrix (independent variables. The antiplasmodial activity
data of the total crude extract and the fractions were logarithmically transformed to pICso values
(pICse= —log ICs (ug/mL) and subsequently converted to positive values as follows; pICso x 100
—(-97.08), where —-97.08 corresponds to the least active sample (Fr. 04)). These values constituted the
Y-matrix (dependent variables). A PLS model was calculated using Pareto scaling and validated by
the leave-one-out cross-validation.

3.7 NMR Spectroscopic Analysis

H and *C (1D-NMR) and 'H/'H-COSY, 'H/'H-NOESY, 'H/®*C-HSQC, and 'H/®C-HMBC (2D-
NMR) spectra were recorded on an Agilent DD2 600 MHz spectrometer (Agilent, Santa Clara, CA,
USA) at 26 °C in deuterated chloroform (CDCls) or methanol (CDsOD). The recorded spectra were
analysed with MestReNova version 15.0.0-34764 software and were referenced to the CDsOD solvent
signals ("H: 3.310 ppm; and 13C: 49.000 ppm).
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3.8 Spectral Data of the Known Compounds

Dihydroisoconessine (1): colorless gum; 'H NMR (600 MHz, CDsOD; d (ppm), intensity, mult., J
(Hz)): 3.61 (1H, d, 13.0, H-18), 3.58 (1H, m, H-20), 3.02 (1H, tt, 12.5, 4.6, H-3), 2.90 (1H, d, 13.0, H-18),
2.88 (3H, s, H-22), 2.67 (3H, s, H-23), 2.34 (1H, dt, 10.9, 4.6, H-17), 2.04 (1H, dt, 12.6, 3.3, H-12), 1.95
(1H, m, H-2), 1.88 (1H, m, H-1), 1.83 (1H, m, H-15), 1.82 (1H, m, H-7), 1.80 (1H, m, H-11), 1.71 (1H, m,
H-4), 1.70 (2H, m, H-16), 1.52 (1H, m, H-2), 1.48 (1Hm, H-12), 1.38 (2H, m, H-6), 1.38 (1H, m, H-14),
1.38 (3H, d, 6.7, H-21), 1.38 (1H, m, H-4), 1.28 (1H, m, H-8), 1.25 (1H, m, H-5), 1.19 (1H, m, H-15), 1.12
(1H, m, H-1), 1.07 (1H, m, H-7), 1.08 (1H, m, H-11), 0.83 (1H, m, H-9), 0.83 (3H, s, H-19);

13C NMR (150 MHz, CDsOD; 6 (ppm)): 67.5 (CH, C-20), 62.5 (CHz, C-18), 59.3 (CH, C-3), 55.4
(CH, C-14), 54.3 (CH, C-9), 53.5 (CH, C-17), 53.2 (qC, C-13), 45.7 (CH, C-5), 40.4 (CHs, C-22), 38.7 (CH,
C-8), 37.9 (CH, C-12), 37.6 (CHz, C-1), 36.7 (qC, C-10), 32.9 (CH, C-7), 32.0 (CHz, C-4), 30.5 (CHs, C-
23), 29.2 (CHz, C-6), 27.1 (CHz, C-15), 25.7 (CHz, C-2), 23.3 (CHz, C-16), 23.0 (CH, C-11), 12.3 (CHs, C-
19), 12.0 (CHs, C-21).

+ESI-QqTOF-MS (m/z): 345.3291 [M + HJ* (calcd. for C2sHaiN2*: 345.3265), 173.1711 [M + 2H]*
(calcd. for C2sH42N22+: 173.1669).

Conessine (2): white solid; 'TH NMR (600 MHz, CDCls; d (ppm), intensity,mult., ] (Hz)): 5.45 (1H,
m, H-6), 3.85 (1H, dd, 12.8, 6.4 H-18), 3.37 (1H, m, H-20), 3.03 (1H, td, 12.5, 3.6, H-3), 2.83 (3H, d, 4.4,
H-22), 2.81 (3H, d, 4.6, H-23/24), 2.79 (3H, d, 4.6, H-23/24), 2.61 (1H, d, 12.8, 6.8, H-18), 2.45 (1H, m, H-
4y, 2.37 (1H, m, H-4), 2.26 (1H, dd, 11.2, 4.7, H-17), 2.12 (1H, m, H-7), 2.01 (1H, m, H-2), 1.98 (1H, m,
H-1), 1.94 (1H, m, H-16), 1.94 (1H, m, H-12), 1.77 (1H, m, H-11), 1.77 (1H, m, H-15), 1.73 (1H, m, H-2),
1.72 (1H, m, H-16), 1.61 (1H, m, H-7), 1.52 (1H, td, 12.8, 3.6, H-12), 1.46 (3H, d, 6.6, H-21), 1.41 (1H, m,
H-15), 1.30 (1H, m, H-8), 1.29 (1H, m, H-14), 1.16 (1H, m, H-1), 1.13 (1H, m, H-11), 1.04 (1H, m, H-9),
0.93 (3H, s, H-19);

3C NMR (150 MHz, CDCl3; d (ppm)): 137.1 (qC, C-5), 124.1 (CH, C-6), 66.5 (CH, C-20), 65.7 (CH,
C-3), 61.1 (CHz, C-18), 54.7 (CH, C-14), 52.7 (CH, C-17), 51.8 (qC, C-13), 49.1 (CH, C-9), 40.7 (CHs, C-
22), 40.4 (CHs, C-23/24), 39.0 (CHs, C-23/24), 37.2 (CHy, C-1), 37.1 (CH:, C-12), 36.6 (qC, C-10), 33.5
(CH, C-8), 32.1 (CH2, C-4), 31.5 (CHz, C-7), 25.9 (CH., C-15), 23.1 (CH>, C-2), 22.5 (CH>, C-16), 22.0
(CHz, C-11), 19.2 (CH3, C-19), 12.0 (CHs, C-21).

+ESI-QqTOE-MS (m/z): 357.3310 [M + HJ* (caled. for C«HuN2*: 357.3265), 179.1718 [M + 2H]*
(calcd. for C2sH42N22+: 179.1669).

Ns-Chloromethylconessine (3): white gum; 'H NMR (600 MHz, CDsOD; d (ppm), intensity, mult.,
J (Hz)): 5.59 (1H, m, H-6), 5.33 (2H, m, H-1"), 3.64 (1H, d, 12.9, H-18), 3.59 (1H, m, H-20), 3.54 (1H, tt,
12.3, 3.5, H-3), 3.19 (3H, s, H-23/24), 3.19 (3H, s, H-23/24), 2.96 (1H, d, 12.9, H-18), 2.89 (3H, s, H-22),
2.65 (1H, ddt, 15.1, 12.7, 2.6, H-4), 2.56 (1H, dt, 12.7, 3.5, H-4), 2.38 (1H, dtd, 18.0, 5.1, 2.5, H-17), 2.18
(1H, m, H-7), 2.13 (1H, m, H-1), 2.11 (1H, m, H-2), 2.09 (1H, m, H-12), 1.89 (1H, m, H-2), 1.85 (1H, m,
H-15), 1.84 (1H, m, H-11), 1.81 (1H, m, H-16), 1.73 (1H, m, H-7), 1.73 (1H, m, H-16), 1.55 (1H, td, 12.9,
3.6, H-12), 1.42 (1H, m, H-8), 1.40 (3H, d, 6.6, H-21), 1.39 (1H, m, H-14), 1.29 (1H, m, H-1), 1.25 (1H,
m, H-11), 1.22 (1H, m, H-15), 1.12 (1H, m, H-9), 1.05 (3H, s, H-19);

13C NMR (150 MHz, CDsOD; d (ppm)): 139.2 (qC, C-5), 125.4 (CH, C-6), 73.8 (CH, C-3), 69.3 (CHz,
C-1'), 67.5 (CH, C-20), 62.2 (CH2, C-18), 55.6 (CH, C-14), 53.4 (CH, C-17), 52.8 (qC, C-13), 50.4 (CH, C-
9), 47.8 (CHs, C-23/24), 47.4 (CHs, C-23/24), 40.3 (CHs, C-22), 38.7 (CHz, C-1), 37.6 (CHz, C-12), 37.4
(qC, C-10), 34.5 (CH, C-8), 32.8 (CH:, C-4), 32.7 (CH2, C-7), 27.2 (CHz, C-15), 23.3 (CH>, C-16), 23.1
(CHz, C-11), 22.9 (CH2, C-2), 19.5 (CH3, C-19), 12.0 (CHs, C-21).

+ESI-QqTOE-MS (m/z): 405.3071 [M]* (calcd. for C2sHa2CIN2*: 405.3032), 203.1600 [M + H]?* (caled.
for C2sHasCIN22+: 203.1552).

Isoconessimine (4): colorless gum; "H NMR (600 MHz, CDsOD; d (ppm), intensity,mult., ] (Hz)):
5.53 (1H, m, H-6), 3.63 (1H, d, 12.9, H-18), 3.60 (1H, m, H-20), 2.95 (1H, d, 12.9, H-18), 2.92 (1H, m, H-
3), 2.88 (3H, s, H-22), 2.70 (3H, s, H-24), 2.47 (1H, m, H-4), 2.37 (1H, m, H-4), 2.37 (1H, m, H-17), 2.15
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(1H, m, H-7), 2.08 (1H, dt, 12.8, 3.4, H-12), 2.04 (1H, m, H-1), 2.01 (1H, m, H-2), 1.85 (1H, m, H-15),
1.83 (1H, m, H-11), 1.73 (2H, m, H-16), 1.71 (1H, m, H-7), 1.63 (1H, m, H-2), 1.54 (1H, td, 13.0, 3.5, H-
12), 1.41 (1H, m, H-8), 1.40 (1H, m, H-14), 1.39 (3H, d, 6.7, H-21), 1.24 (1H, m, H-11), 1.21 (1H, m, H-
15), 1.20 (1H, m, H-1), 1.12 (1H, m, H-9), 1.03 (3H, s, H-19);

13C NMR (150 MHz, CDsOD; 6 (ppm)): 139.4 (qC, C-5), 124.2 (CH, C-6), 67.4 (CH, C-20), 62.2
(CHz, C-18), 60.0 (CH, C-3), 55.7 (CH, C-14), 53.4 (CH, C-17), 52.8 (qC, C-13), 50.5 (CH, C-9), 40.3 (CHs,
C-22), 38.1 (CHz, C-1), 37.8 (qC, C-10), 37.6 (CH, C-12), 35.9 (CH>, C-4), 34.6 (CH, C-8), 32.6 (CH>, C-
7), 30.6 (CHs, C-23), 27.2 (CHz, C-15), 25.9 (CH>, C-2), 23.3 (CH>, C-16), 23.1 (CH>, C-11), 19.5 (CHs, C-
19), 12.0 (CHs, C-21).

+ESI-QqTOF-MS (m/z): 343.3152 [M + H]J* (calcd. for C2sHsoNz*: 343.3108), 172.1634 [M + 2H]*
(caled. for CasHaoN22+: 172.1590).

3p-aminoconamine (6): colorless gum; 'H NMR (600 MHz, CDsOD; d (ppm), intensity, mult., |
(Hz)): 5.49 (1H, m, H-6), 3.64 (1H, d, 13.0, H-18), 3.59 (1H, m, H-20), 2.98 (1H, m, H-3), 2.95 (1H, d,
13.0, H-18), 2.89 (3H, s, H-22),2.37 (2H, m, H-4), 2.37 (1H, m H-17), 2.14 (1H, m, H-7), 2.08 (1H, dt,
12.6, 3.4, H-12), 2.01 (1H, dt13.4, 3.5, H-1), 1.91 (1H, m, H-2), 1.84 (1H, m, H-15), 1.81 (1H, m, H-11),
1.74 (2H, m, H-16), 1.70 (1H, m, H-7), 1.67 (1H, m, H-2), 1.54 (1H, td, 12.8, 3.6, H-12), 1.40 (1H, m, H-
8), 1.39 (1H, m, H-14), 1.39 (3H, d, 6.6, H-21), 1.24 (1H, m, H-11), 1.22 (1H, m, H-15), 1.21 (1H, m, H-
1), 1.11 (1H, m, H-9), 1.03 (3H, s, H-19);

13C NMR (150 MHz, CDsOD; 6 (ppm)): 139.8 (qC, C-5), 123.9 (CH, C-6), 67.4 (CH, C-20), 62.2
(CH:, C-18), 55.7 (CH, C-14), 53.4 (CH, C-17), 52.8 (qC, C-13), 52.4 (CH, C-3), 50.5 (CH, C-9), 40.3 (CHs,
C-22), 38.7 (CHz, C-1), 37.7 (qC, C-10), 37.6 (CHa, C-12), 37.6 (CH>, C-4), 34.6 (CH, C-8), 32.6 (CH>, C-
7),27.7 (CH, C-2), 27.2 (CHz, C-15), 23.3 (CH>, C-16), 23.0 (CHz, C-11), 19.6 (CH3, C-19), 12.0 (CHs, C-
21).

+ESI-QqTOF-MS (m/z): 329.3035 [M + H]J* (calcd. for C22HszNz*: 329.2952), 165.1565 [M + 2H]*
(caled. for C22HssN22+: 165.1512).

3a-aminoconamine (7): white solid; 'H NMR (600 MHz, CD3OD; d (ppm), intensity, mult., ] (Hz)):
5.53 (1H, m, H-6), 3.62 (1H, d, 13.0, H-18), 3.58 (1H, m, H-20), 3.52 (1H, br s, H-3), 2.95 (1H, d, 13.0, H-
18), 2.89 (3H, s, H-22),2.78 (1H, m H-4), 2.37 (1H, dt, 10.9, 4.5, H-17), 2.15 (1H, m, H-4), 2.15 (1H,
m, H-7), 2.09 (1H, m, H-12), 2.04 (1H, dt 14.9, 4.2, H-2), 1.85 (1H, m, H-15), 1.82 (1H, m, H-1), 1.82 (2H,
m, H-11), 1.80 (1H, m, H-16), 1.77 (1H, m, H-2), 1.76 (1H, m, H-7), 1.73 (1H, m, H-16), 1.53 (1H, td,
12.8, 3.9 H-12), 1.39 (1H, m, H-14), 1.39 (3H, d, 6.6, H-21), 1.38 (1H, m, H-8), 1.35 (1H, d, 14.3, 4.1, H-
1), 1.24 (1H, m, H-9), 1.24 (1H, m, H-11), 1.21 (1H, m, H-15), 1.04 (3H, s, H-19);

13C NMR (150 MHz, CDsOD; d (ppm)): 136.9 (qC, C-5), 126.2 (CH, C-6), 67.4 (CH, C-20), 62.2
(CHz, C-18), 55.7 (CH, C-14), 53.4 (CH, C-17), 52.8 (qC, C-13), 49.3 (CH, C-3), 50.1 (CH, C-9), 40.3
(CHs, C-22), 38.2 (qC, C-10), 37.6 (CHz, C-12), 36.0 (CHz, C-4), 34.5 (CH, C-8), 33.3 (CHz, C-1), 32.7
(CH, C-7), 27.3 (CH>, C-15), 25.5 (CH>, C-2), 23.3 (CH>, C-16), 22.8 (CH2, C-11), 19.2 (CH3, C-19), 12.0
(CHs, C-21).

+ESI-QqTOF-MS (m/z): 329.2976 [M + H]J* (calcd. for C2Hs7Nz*: 329.2952), 165.1539 [M + 2H]*
(calcd. for C22HssN22+: 165.1512).

3p-aminoconanine (8): colorless gum; 'H NMR (600 MHz, CDsOD; d (ppm), intensity,mult., J
(Hz)): 3.61 (1H, d, 13.0, H-18), 3.58 (1H, m, H-20), 3.10 (1H, m, H-3), 2.89 (1H, m, H-18), 2.88 (3H,
s, H-22), 2.34 (1H, dt, 10.7, 4.6, H-17), 2.04 (1H, dt, 12.5, 3.4, H-12), 1.85 (1H, m, H-1), 1.85 (1H, m, H-
2), 1.82 (1H, m, H-15), 1.81 (1H, m, H-7), 1.78 (1H, m, H-11), 1.72 (2H, m, H-16), 1.62 (1H, m, H-4),
1.55 (1H, m, H-2), 1.48 (1H, m, H-12), 1.42 (1H, d, 12.2, H-4), 1.38 (3H, d, 6.6, H-21), 1.37 (1H, m, H-
14), 1.36 (2H, m, H-6), 1.26 (1H, m, H-5), 1.26 (1H, m, H-8), 1.20 (1H, m, H-15), 1.12 (1H, m, H-1),
1.08 (1H, m, H-7), 1.08 (1H, m, H-11), 0.83 (1H, m, H-9), 0.83 (3H, s, H-19);

13C NMR (150 MHz, CDsOD; & (ppm)): 67.4 (CH, C-20), 62.8 (CHz, C-18), 55.5 (CH, C-14), 54.3
(CH, C-9), 53.7 (CH, C-17), 53.2 (qC, C-13), 51.6 (CH, C-3), 45.8 (CH, C-5), 40.4 (CHs, C-22), 38.8 (CH,
C-8), 37.9 (CH, C-12), 37.7 (CHz, C-1), 36.5 (qC, C-10), 33.9 (CHz, C-4), 32.9 (CHz, C-7), 29.2 (CH, C-
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6), 27.5 (CH, C-2), 27.1 (CH>, C-15), 23.3 (CH>, C-16), 23.0 (CH>, C-11), 12.4 (CHs, C-19), 12.0 (CHs, C-
21).

+ESI-QqTOE-MS (m/z): 331.3193 [M + HJ* (calcd. for C2HsoN2*: 331.3108), 166.1657 [M + 2H]*
(calcd. for C22H40N22+: 166.1590).

3a-aminoconanine (9): white solid; 'H NMR (600 MHz, CDsOD; d (ppm), intensity, mult., ] (Hz)):
3.61 (1H, d, 13.1, H-18), 3.58 (1H, m, H-20), 3.52 (1H, br s, H-3), 2.91 (1H, d, 13.0, H-18), 2.88 (3H, s, H-
22),2.35 (1H, dt, 10.8, 4.5, H-17), 2.06 (1H, dt, 12.6, 3.3, H-12), 1.94 (1H, tt, 15.4, 4.5, H-2), 1.83 (1H,
m, H-15), 1.83 (1H, m, H-7), 1.80 (1H, m, H-11), 1.77 (1H, m, H-4), 1.75 (2H, m, H-16), 1.71 (1H, m, H-
2), 1.65 (1H, ddd, 13.9, 4.6, 2.7, H-1), 1.48 (1H, m, H-12), 1.47 (1H, d, 12.2, H-4), 1.41 (1H, m, H-5),
1.39 (1H, m, H-14), 1.39 (3H, d, 6.6, H-21), 1.31 (2H, m, H-6), 1.28 (1H, m, H-8), 1.26 (1H, m, H-1),
1.18 (1H, m, H-15), 1.11 (1H, m, H-7), 1.05 (1H, m, H-11), 0.92 (1H, ddd, 12.4, 10.3,3.7, H-9), 0.84 (3H,
s, H-19);

13C NMR (150 MHz, CDsOD; & (ppm)): 67.5 (CH, C-20), 62.5 (CHz, C-18), 55.5 (CH, C-14), 54.2
(CH, C-9), 53.5 (CH, C-17), 53.2 (qC, C-13), 48.7 (CH, C-3), 40.4 (CHs, C-22), 40.1 (CH, C-5), 38.7 (CH,
C-8), 37.9 (CHy, C-12), 37.1 (qC, C-10), 32.8 (CH>, C-7), 32.6 (CHz, C-1), 32.0 (CHz, C-4), 28.9 (CH>, C-
6), 27.1 (CHz, C-15), 25.3 (CHz, C-2), 23.3 (CH, C-16), 22.7 (CH2, C-11), 12.0 (CHs, C-21), 11.5 (CHs, C-
19).

+ESI-QqTOF-MS (m/z): 331.3182 [M + H]J* (calcd. for C22HsoNz*: 331.3108), 166.1656 [M + 2H]*
(caled. for C22H40N22+: 166.1590).

Wrightiamine A (10): colorless gum; 'H NMR (600 MHz, CDsOD; o (ppm), intensity,mult., ]
(Hz)): 9.04 (1H, d, 2.6, H-18), 4.69 (1H, m, H-20), 3.12 (1H, m, H-3), 2.56 (1H, ddd, 11.0, 6.3, 2.9, H-
17),2.19 (1H, ddd, 13.2, 4.1, 2.7, H-12), 1.95 (1H, m, H-15), 1.89 (1H, m, H-11), 1.88 (1H, m, H-2), 1.88
(1H, m, H-16), 1.87 (1H, m, H-1), 1.87 (1H, m, H-7), 1.83 (1H, m, H-8), 1.83 (1H, m, H-12), 1.67 (1H,
m, H-15), 1.66 (1H, m, H-4), 1.62 (1H, m, H-14), 1.58 (1H, m, H-2), 1.49 (3H, d, 7.0, H-21), 1.45 (1H, d,
12.2, H-4), 1.41 (2H, m, H-6), 1.41 (1H, m, H-11), 1.33 (1H, m, H-5), 1.17 (1H, m, H-1), 1.14 (1H, m,
H-7), 1.07 (1H, m, H-9), 0.96 (3H, s, H-19), 0.81 (1H, m, H-16);

13C NMR (150 MHz, CDsOD; d (ppm)): 187.0 (CH, C-18), 68.2 (qC, C-13), 66.2 (CH, C-20), 56.4
(CH, C-14), 54.9 (CH, C-9), 51.6 (CH, C-3), 48.2 (CH, C-17), 45.8 (CH, C-5), 38.5 (CH, C-8), 37.7 (CHo,
C-1), 36.7 (qC, C-10), 33.9 (CH, C-4), 33.4 (CH2, C-12), 33.1 (CH>, C-7), 30.4 (CHz, C-16), 29.1 (CH>, C-
6), 27.5 (CHz, C-2), 24.4 (CHz, C-15), 23.9 (CHz, C-11), 14.3 (CHs, C-21), 12.5 (CHs, C-19).

+ESI-QqTOF-MS (m/z): 315.2837 [M + HJ* (calcd. for C21HssNz*: 315.2795), 158.1465 [M + 2H]*
(caled. for C21HssN22+: 158.1434).

Irehline (11): colorless gum; 'H NMR (600 MHz, CDsOD; d (ppm), intensity,mult., ] (Hz)): 9.03
(1H, d, 2.6, H-18), 5.52 (1H, m, H-6), 4.72 (1H, m, H-20), 3.01 (1H, m, H-3), 2.59 (1H, ddd, 11.0, 6.4, 2.9,
H-17), 2.40 (2H, m, H-4), 2.26 (1H, m, H-12), 2.22 (1H, m, H-7), 2.04 (1H, dt, 13.7, 3.7, H-1), 1.97 (1H,
m, H-15), 1.93 (1H, m, H-2), 1.93 (1H, m, H-8), 1.92 (1H, m, H-11), 1.89 (1H, m, H-16), 1.89 (1H, m, H-
12), 1.77 (1H, m, H-7), 1.70 (1H, m, H-2), 1.70 (1H, m, H-15), 1.65 (1H, m, H-14), 1.58 (1H, m, H-11),
1.50 (3H, d, 7.1, H-21), 1.37 (1H, m, H-9), 1.27 (1H, m, H-1), 1.15 (3H, s, H-19), 0.86 (1H, m, H-16);

3C NMR (150 MHz, CDsOD; 6 (ppm)): 189.9 (CH, C-18), 139.8 (qC, C-5), 123.6 (CH, C-6), 67.9
(qC, C-13), 66.6 (CH, C-20), 56.7 (CH, C-14), 52.3 (CH, C-3), 51.2 (CH, C-9), 48.1 (CH, C-17), 38.1 (CH,
C-1), 37.7 (CHy, C-4), 37.7 (qC, C-10), 34.6 (CH, C-8), 33.4 (CHz, C-12), 32.8 (CHz, C-7), 30.4 (CH:, C-
16), 27.7 (CHz, C-2), 24.4 (CH>, C-15), 24.0 (CH>, C-11), 19.7 (CHs, C-19), 14.4 (CHs, C-21).

+ESI-QqTOE-MS (m/z): 313.2714 [M + H]* (caled. for CaHasN2: 313.2639), 157.1407 [M + 2H]*
(caled. for C21HzaN22+: 157.1356).

Holadienine (12): colorless gum; 'H NMR (600 MHz, CDsOD; & (ppm), intensity,mult., ] (Hz)):
7.29 (1H, d, 10.1, H-1), 6.23 (1H, dd, 10.1, 2.0, H-2), 6.09 (1H, t, 1.7, H-4), 3.72 (1H, d, 13.0, H-18), 3.62
(1H, dq, 6.6, 4.7, H-20), 3.01 (1H, d, 13.0, H-18), 2.92 (3H, s, H-22), 2.60 (1H, tdd, 13.5, 5.2, 1.6, H-6),
2.43 (1H, ddd, 13.3, 4.4, 2.6, H-6), 2.36 (1H, dt, 10.8, 4.7, H-17), 2.11 (1H, dt, 12.5, 3.4, H-12), 2.09 (1H,
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m, H-7), 2.02 (1H, m, H-11), 1.86 (1H, m, H-15), 1.76 (2H, m, H-16), 1.59 (1H, qd, 11.0, 3.8, H-8), 1.51
(1H, m, H-12), 1.48 (1H, m, H-11), 1.40 (3H, d, 6.6, H-21), 1.38 (1H, m, H-14), 1.30 (1H, m, H-15), 1.25
(H, s, H-19), 1.16 (1H, m, H-7), 1.14 (1H, m, H-9);

15C NMR (150 MHz, CDsOD; d (ppm)): 188.7 (qC, C-3), 172.7 (qC, C-5), 158.9 (CH, C-1), 127.8
(CH, C-2), 124.3 (CH, C-4), 67.5 (CH, C-20), 62.4 (CH, C-18), 54.5 (CH, C-14), 53.4 (CH, C-17), 53.3
(qC, C-13),52.9 (CH, C-9), 45.1 (qC, C-10), 40.4 (CHs, C-22), 38.7 (CH, C-8), 37.5 (CHz, C-12), 34.8 (CHz,
C-7), 33.6 (CHz, C-6), 27.3, (CHz, C-15), 24.7 (CHz, C-11), 23.2 (CHa, C-16), 19.0 (CHs, C-19), 12.0 (CHs,
c-21).

+ESI-QqTOF-MS (m/z): 326.2514 [M + HJ* (calcd. for C2HzNO": 326.2479).

3p-Amino-5a-pregnan-20a-ol (13): yellow solid; 'H NMR (600 MHz, CDsOD; d (ppm),
intensity, mult., J (Hz)): 3.59 (1H, dq, 8.8, 6.2, H-20), 3.08 (1H, tt, 12.0, 4.4, H-3), 1.92 (1H, m, H-16), 1.90
(1H, m, H-12), 1.84 (1H, m, H-2), 1.83 (1H, m, H-1), 1.72 (1H, m, H-7), 1.64 (1H, m, H-15), 1.60 (1H, m,
H-4), 1.56 (1H, m, H-16), 1.55 (1H, m, H-2), 1.55 (1H, m, H-11), 1.42 (1H, m, H-8), 1.41 (1H, m, H-4),
1.34 (2H, m, H-6), 1.34 (1H, m, H-11), 1.31 (1H, m, H-17), 1.23 (1H, m, H-5), 1.19 (3H, d, 6.3, H-21),
1.14 (1H, m, H-12), 1.13 (1H, m, H-15), 1.08 (1H, m, H-1), 1.05 (1H, m, H-14), 0.97 (1H, m, H-7), 0.87
(3H, s, H-19), 0.73 (1H, ddd, 12.4, 10.4, 3.9, H-9), 0.68 (3H, s, H-18);

13C NMR (150 MHz, CDsOD; d (ppm)): 71.0 (CH, C-20), 59.8 (CH, C-17), 57.7 (CH, C-14), 55.4
(CH, C-9), 51.8 (CH, C-3), 46.1 (CH, C-5), 42.8 (qC, C-13), 40.4 (CH:, C-12), 37.7 (CH, C-1), 36.5 (CH,
C-8), 36.5 (qC, C-10), 34.0 (CHz, C-4), 33.0 (CHz, C-7), 29.6 (CHz, C-6), 27.6 (CHz, C-2), 27.4 (CH., C-
16), 25.1 (CHz, C-15), 23.9 (CHs, C-21), 22.0 (CHz, C-11), 12.9 (CHs, C-18), 12.5 (CHs, C-19).

+ESI-QqTOE-MS (m/z): 320.3037 [M + HJ* (caled. for CaiH3sNO*: 320.2948).

3a-Amino-5-pregnen-20a-ol (14): yellow solid; 'H NMR (600 MHz, CDsOD; d (ppm),
intensity, mult., ] (Hz)): 5.52 (H, m, H-6), 3.61 (1H, dq, 8.9, 6.2, H-20), 3.52 (1H, br s, H-3), 2.78 (1H, m,
H-4), 2.14 (1H, dt, 154, 2.6, H-4), 2.04 (1H, m, H-2), 2.04 (1H, m, H-7), 1.95 (1H, m, H-12), 1.94 (1H,
m, H-16), 1.81 (1H, m, H-1), 1.76 (1H, m, H-2), 1.68 (1H, m, H-15), 1.66 (1H, m, H-7), 1.60 (1H, m, H-
16), 1.54 (2H, m, H-11), 1.51 (1H, m, H-8), 1.33 (1H, m, H-1), 1.33 (1H, m, H-17), 1.21 (3H, d, 6.2, H-
21), 1.19 (1H, m, H-12), 1.18 (1H, m, H-15), 1.17 (1H, m, H-9), 1.09 (1H, m, H-14), 1.08 (3H, s, H-19),
0.72 (3H, s, H-18);

13C NMR (150 MHz, CD:OD; d (ppm)): 136.9 (qC, C-5), 126.8 (CH, C-6), 71.0 (CH, C-20), 59.7 (CH,
C-17), 58.0 (CH, C-14), 51.0 (CH, C-9), 49.5 (CH, C-3), 42.6 (qC, C-13), 40.1 (CH2, C-12), 38.3 (qC, C-
10), 36.1 (CHz, C-4), 33.4 (CH2, C-1), 33.0 (CH2, C-7), 32.7 (CH, C-8), 27.4 (CH>, C-16), 25.5 (CH2, C-2),
25.2 (CHy, C-15), 24.0 (CHs, C-21), 21.6 (CHy, C-11), 19.2 (CHs, C-19), 12.7 (CHs, C-18).

+ESI-QqTOE-MS (m/z): 318.2839 [M + HJ* (caled. for C2iH3zsNO*: 318.2792).

Funtumidine (15): yellow solid; "H NMR (600 MHz, CDsOD; d (ppm), intensity, mult., ] (Hz)):
3.59 (1H, dq, 8.9, 6.2, H-20), 3.51 (1H, br s, H-3), 1.94 (1H, m, H-2), 1.92 (1H, m, H-16), 1.92 (1H, m, H-
12), 1.77 (1H, m, H-4), 1.75 (1H, m, H-7), 1.70 (1H, m, H-2), 1.65 (1H, m, H-1), 1.65 (1H, m, H-15), 1.57
(1H, m, H-16), 1.56 (1H, m, H-11), 1.45 (1H, m, H-4), 1.44 (1H, m, H-8), 1.37 (1H, m, H-5), 1.33 (1H, m,
H-11), 1.31 (1H, m, H-17), 1.28 (2H, m, H-6), 1.21 (1H, m, H-1), 1.21 (1H, m, H-15), 1.19 (3H, d, 6.2, H-
21),1.15 (1H, m, H-12), 1.07 (1H, m, H-14), 1.00 (1H, m, H-7), 0.87 (3H, s, H-19), 0.83 (1H, m, H-9), 0.68
(3H, s, H-18);

13C NMR (150 MHz, CDsOD; d (ppm)): 71.0 (CH, C-20), 59.8 (CH, C-17), 57.8 (CH, C-14), 55.3
(CH, C-9), 48.8 (CH, C-3), 42.8 (qC, C-13), 40.4 (CH, C-5), 40.4 (CHz, C-12), 37.1 (qC, C-10), 36.4 (CH,
C-8), 33.0 (CH., C-7), 32.7 (CH>, C-1), 32.1 (CH», C-4), 29.3 (CH, C-6), 27.4 (CHz, C-16), 25.3 (CH>, C-
2), 25.0 (CH», C-15), 23.9 (CHs, C-21), 21.6 (CH», C-11), 12.9 (CHs, C-18), 11.6 (CHs, C-19).

+ESI-QqTOE-MS (m/z): 320.2998 [M + H]* (caled. for CaH3sNO*: 320.2948).

3p-Dihydroholaphyllamine (16): colorless gum; 'H NMR (600 MHz, CDs:OD; d (ppm),
intensity, mult., J (Hz)): 3.09 (1H, tt, 12.1, 4.3, H-3), 2.63 (1H, t, 8.9, H-17), 2.12 (1H, m, H-16), 2.11
(3H, s, H-21), 2.04 (1H, m, H-12), 1.86 (1H, m, H-1), 1.86 (1H, m, H-2), 1.73 (1H, m, H-7), 1.69 (1H, m,
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H-15), 1.66 (1H, m, H-16), 1.65 (1H, m, H-11), 1.54 (1H, m, H-4), 1.55 (1H, m, H-2), 1.45 (1H, m, H-12),
1.43 (1H, m, H-8), 1.40 (1H, d, 12.2, H-4), 1.37 (1H, m, H-11), 1.35 (2H, m, H-6), 1.25 (1H, m, H-5),
1.22 (1H, m, H-14), 1.22 (1H, m, H-15), 1.11 (1H, m, H-1), 1.00 (1H, m, H-7), 0.87 (3H, s, H-19), 0.80
(1H, ddd, 12.3, 10.5, 4.1, H-9) 0.61 (3H, s, H-18);

13C NMR (150 MHz, CD:0D;  (ppm)): 212.3 (qC, C-20), 64.7 (CH, C-17), 57.8 (CH, C-14), 55.3
(CH, C-9), 51.7 (CH, C-3), 46.1 (CH, C-5), 45.3 (qC, C-13), 40.0 (CHa, C-12), 37.7 (CHz, C-1), 36.8 (CH,
C-8), 36.5 (qC, C-10), 34.0 (CHz, C-4), 33.0 (CHz, C-7), 31.6 (CHs, C-21), 29.5 (CHz, C-6), 27.6 (CHz, C-
2), 25.4 (CHa, C-15), 23.8 (CHz, C-16), 22.2 (CHz, C-11), 13.8 (CHs, C-18), 12.4 (CHs, C-19).

+ESI-QqTOF-MS (m/z): 318.2812 [M + HJ (calcd. for C2iHasNO*: 318.2792).

Holafebrine (17): yellow solid; 'TH NMR (600 MHz, CDsOD; d (ppm), intensity,mult., ] (Hz)): 5.35
(1H, dt, 5.5, 1.9, H-6), 3.39 (1H, tt, 11.1, 4.7, H-3), 3.21 (1H, dq, 9.4, 6.3, H-20), 2.24 (1H, m, H-4), 2.21
(1H, m, H-4), 2.01 (1H, m, H-7), 1.99 (1H, m, H-12), 1.92 (1H, m, H-16), 1.88 (1H, m, H-1), 1.80 (1H,
m, H-2), 1.76 (1H, m, H-15), 1.61 (1H, m, H-11), 1.59 (1H, m, H-7), 1.53 (1H, m, H-11), 1.52 (1H, m, H-
8), 1.51 (1H, m, H-14), 1.50 (1H, m, H-2), 1.50 (1H, m, H-16), 1.36 (3H, d, 6.5, H-21), 1.28 (1H, m, H-
12), 1.27 (1H, m, H-15), 1.15 (1H, m, H-17), 1.08 (1H, m, H-1), 1.03 (3H, s, H-19), 0.99 (1H, ddd, 12.4,
10.6, 4.8, H-9), 0.77 (3H, s, H-18);

13C NMR (150 MHz, CDsOD; 6 (ppm)): 142.3 (qC, C-5), 122.1 (CH, C-6), 72.4 (CH, C-3), 57.7 (CH,
C-17), 55.8 (CH, C-14), 52.6 (CH, C-20), 51.5 (CH, C-9), 43.5 (qC, C-13), 43.0 (CH2, C-4), 40.2 (CHz, C-
12), 38.5 (CH>, C-1), 37.6 (qC, C-10), 33.0 (CH, C-8), 32.8 (CHz, C-7), 32.3 (CH2, C-2), 27.5 (CHz, C-16),
25.2 (CHz, C-15), 22.0 (CH2, C-11), 19.8 (CHs, C-19), 19.5 (CHs, C-21), 12.2 (CHs, C-18).

+ESI-QqTOE-MS (m/z): 318.2828 [M + HJ* (calcd. for C2iH3zsNO*: 318.2792).

20a-Aminopregnan-33-ol (18): yellow solid; 'H NMR (600 MHz, CDs:OD; & (ppm),
intensity, mult., ] (Hz)): 3.51 (1H, tt, 11.2, 4.7, H-3), 3.20 (1H, m, H-20), 1.94 (1H, m, H-12), 1.90 (1H,
m, H-16), 1.76 (1H, m, H-2), 1.74 (1H, m, H-15), 1.72 (1H, m, H-1), 1.70 (1H, m, H-7), 1.59 (1H, m, H-
11), 1.53 (1H, m, H-4), 1.49 (1H, m, H-17), 1.48 (1H, m, H-16), 1.43 (1H, m, H-8), 1.40 (1H, m, H-2),
1.35 (1H, m, H-11), 1.34 (3H, d, 6.6, H-21), 1.30 (2H, m, H-6), 1.28 (1H, m, H-4), 1.25 (1H, m, H-15),
1.24 (1H, m, H-12), 1.13 (1H, m, H-14), 1.12 (1H, m, H-5), 0.99 (1H, m, H-1), 0.95 (1H, m, H-7), 0.84
(3H, s, H-19), 0.74 (3H, s, H-18), 0.69 (1H, ddd, 12.5, 10.5, 4.1, H-9);

13C NMR (150 MHz, CDsOD; 6 (ppm)): 71.8 (CH, C-3), 57.6 (CH, C-14), 55.9 (CH, C-17), 55.6 (CH,
C-9), 52.6 (CH, C-20), 46.2 (CH, C-5), 43.8 (qC, C-13), 40.5 (CH>, C-12), 39.9 (CH2, C-4), 38.2 (CH., C-
1), 36.6 (CH, C-8), 36.6 (qC, C-10), 33.2 (CHz, C-7), 32.1 (CH2, C-2), 29.8 (CH2, C-6), 27.5 (CH2, C-16),
25.1 (CHy, C-15), 22.1 (CH, C-11), 19.4 (CHs, C-21), 12.7 (CHs, C-19), 12.4 (CHs, C-18).

+ESI-QqTOE-MS (m/z): 320.2999 [M + HJ* (caled. for C2iH3ssNO*: 320.2948).

20a-Amino-5a-pregnane-3(3,18-diol (19): yellow gum; 'H NMR (600 MHz, CDsOD; d (ppm),
intensity, mult., ] (Hz)): 3.75 (1H, d, 11.3, H-18), 3.54 (1H, m, H-20), 3.52 (1H, m, H-3), 3.39 (1H, d, 11.3,
H-18), 2.35 (1H, dt, 12.6, 3.6, H-12), 1.90 (1H, m, H-16), 1.76 (1H, m, H-2), 1.76 (1H, m, H-15), 1.74 (1H,
m, H-1), 1.70 (1H, m, H-7), 1.65 (1H, m, H-16), 1.62 (1H, m, H-11), 1.61 (1H, m, H-17), 1.53 (1H, m, H-
4),1.41 (1H, m, H-2), 1.41 (1H, m, H-8), 1.40 (1H, m, H-11), 1.38 (3H, d, 6.6, H-21), 1.31 (2H, m, H-6),
1.28 (1H, m, H-4), 1.21 (1H, m, H-14), 1.21 (1H, m, H-15), 1.14 (1H, m, H-5), 1.01 (1H, m, H-1), 0.95
(1H, m, H-12), 0.92 (1H, m, H-7), 0.86 (3H, s, H-19), 0.74 (1H, m, 4.1, H-9);

3C NMR (150 MHz, CDsOD; d (ppm)): 71.8 (CH, C-3), 58.7 (CH:, C-18), 56.6 (CH, C-14), 56.2
(CH, C-17), 55.9 (CH, C-9), 50.0 (CH, C-20), 47.8 (qC, C-13), 46.2 (CH, C-5), 38.8 (CH2, C-4), 38.2 (CHo,
C-1), 36.8 (CH, C-8), 36.7 (qC, C-10), 33.8 (CH2, C-12), 33.4 (CH>, C-7), 32.1 (CH>, C-2), 29.8 (CH., C-6),
24.6 (CHz, C-15), 24.0 (CH., C-16), 21.6 (CH, C-11), 20.0 (CHs, C-21), 12.7 (CHs, C-19).

+ESI-QqTOF-MS (m/z): 336.2952 [M + H]J* (calcd. for C21HssNOz*: 336.2898).

20a-Amino-5-pregnene-3f3,18-diol (20): yellow gum; 'H NMR (600 MHz, CDsOD; o (ppm),
intensity, mult., ] (Hz)): 5.35 (1H, m, H-6), 3.78 (1H, d, 11.6, H-18), 3.56 (1H, p, 6.4, H-20), 3.41 (1H,
d, 11.6, H-18), 3.40 (1H, m, H-3), 2.39 (1H, dt, 12.5, 3.6, H-12), 2.24 (2H, m, H-4), 2.00 (1H, m, H-7), 1.92
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(1H, m, H-16), 1.89 (1H, m, H-1), 1.80 (1H, m, H-2), 1.78 (1H, m, H-15), 1.67 (1H, m, H-16), 1.62 (1H,
m, H-17), 1.61 (1H, m, H-11), 1.58 (1H, m, H-11), 1.56 (1H, m, H-7), 1.50 (1H, m, H-2), 1.49 (1H, m, H-
8), 1.39 3H, d, 6.6, H-21), 1.24 (1H, m, H-15), 1.23 (1H, m, H-14), 1.11 (1H, m, H-1), 1.06 (3H, s, H-19),
1.04 (1H, m, H-9), 1.01(1H, dd, 13.0, 4.6, H-12);

13C NMR (150 MHz, CDsOD; d (ppm)): 142.4 (CH, C-6), 122.0 (qC, C-5), 72.4 (CH, C-3), 58.5 (CH,
C-18), 56.8 (CH, C-14), 56.1 (CH, C-17), 51.8 (CH, C-9), 50.0 (CH, C-20), 47.7 (qC, C-13), 43.0 (CHz, C-
4), 38,5 (CHa, C-1), 37.8 (qC, C-10), 33.6 (CHz, C-12), 33.3 (CH, C-8), 33.1 (CHz, C-7), 32.3 (CHz, C-2),
24.6 (CHz, C-15), 24.0 (CHz, C-16), 21.4 (CHa, C-11), 20.1 (CHs, C-21), 19.8 (CHs, C-19).

+ESI-QqTOF-MS (m/z): 334.2819 [M + HJ* (calcd. for CarHseNOz: 334.2741).

3.9 In Vitro Bioassays

The in vitro activities against Trypanosoma brucei rhodesiense (bloodstream trypomastigotes, STIB
900 strain), Plasmodium falciparum (intraerythrocytic form, NF54 strain) and cytotoxicity evaluation
using rat skeletal myoblasts (L6 cell line) were determined at the Swiss Tropical and Public Health
Institute (Swiss TPH, Allschwil, Switzerland) in line with the established standard protocols, using
the same experimental conditions and cell lines as previously reported [10].

4. Conclusions

Phytochemical investigation of the methanolic stem bark extract of Holarrhena pubescens afforded
a total of 20 steroidal alkaloids, including one previously undescribed compound (5). Notably, this
new compound represents the first Ns-formyl-conarrhimine from this genus. Although the majority
of the compounds isolated in this study are known, only compounds 1, 2, 4, 7, and 11 have been
reported from H. pubescens originating from West Africa and Asia. Furthermore, compounds 17-20,
which are reported here for the first time as genuine natural compounds represent the only pregnane-
type alkaloids from this genus bearing a free hydroxyl group at C-3. It may therefore be interesting
to search for such compounds in H. pubescens or other species in order to assess whether this
structural feature can be considered a potential chemotaxonomic marker for the East African H.
pubescens. Among the 20 compounds, seven (1, 2, 5, 6, 8, 12, 15) were isolated using an activity-
oriented approach, based on PLS modelling of UHPLC/+ESI QqTOF-MS and antiprotozoal activity
data. The alkaloid fraction, most CPC subfractions as well as the isolated compounds, demonstrated
conspicuous activity against Plasmodium falciparum and Trypanosoma brucei rhodesiense. Compounds 2
and 16 showed the highest activity against Tbr, while the new compound 5 displayed the strongest
activity and selectivity against Pf. Our findings provide further promising antiprotozoal leads for
HAT and Malaria. A comprehensive analysis of quantitative structure-activity relationships (QSAR)
of the compounds isolated in the present study together with those previously reported from H.
africana [8], B. obtusifolia [11], B. sempervirens [7,9] and P. terminalis [10] by our research group, is
currently underway.

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org, LC/MS
chromatograms of the total crude extract, alkaloid fraction and CPC subfractions 1-16 (Figures S1-518), spectral
data (LC/MS, 'H NMR, *C NMR, 2D NMR (HSQC, COSY, HMBC, NOESY)) of Ns-formyl-dihydroisoconessine
(5) (Figures S19-532).
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