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one of the most widely used herbs in traditional malaria 
therapy by the Marakwet and Kisii communities in Kenya 
(Muregi et al., 2003; Kipkore et al., 2014). H. forsskaolii 
(Vahl) R.Br. is an perennial herb that can grow up to 
1m tall. The stem and leaves of the plant are almost 
glabrous, and it produces pale pink or white flowers 
(Iain, 2015). Earlier studies demonstrated that the plant 
exhibits in vitro anti-plasmodial activity (Muregi et al., 
2003). Due to the development of resistance by malaria 
parasites to the currently available anti-malarial drugs, 
the associated toxicity, and the widespread reports of 
vector resistance to insecticides, there is a pressing need 
for new and more effective yet less toxic alternatives 
(Kunasol et al., 2017; Deletre et al., 2019; Nsanzabana, 
2019; Richards et al., 2020). The plant kingdom is an 
obvious source of anti-malarial drugs and/or templates 
due to the previously documented successes (Mojab, 
2012; Atanasov et al., 2015; Harvey et al., 2015).
We conducted chemo-pharmacological investigations 

1. Introduction

Medicinal plants have been vital to human health in 
various parts of the world and are of great importance 
in numerous scientific fields. A literature survey 
demonstrates that a large number of medicinal natural 
products, such as alkaloids, flavonoids, and coumarins, 
among others, have been characterized in herbal 
medicines (Nahar et al., 2021; Mohammadhosseini et 
al., 2022).
Local indigenous communities in Kenya have been 
utilizing plant-based herbal formulations to treat 
malaria, a life-threatening disease predominantly found 
in tropical countries. However, they have been doing so 
without any knowledge regarding the safety, efficacy, 
and bioactive components of these formulations 
(Okaiyeto and Oguntibeju, 2021). Previous ethno-
pharmacological surveys revealed that H. forsskaolii 
(Vahl) R.Br. (Acanthaceae), a local medicinal plant, is 

Ethnopharmacological surveys previously revealed that Hypoestes forsskaolii (Vahl) R.Br. 
(Acanthaceae), a local medicinal plant, is one of the most widely used herbs in traditional 
malaria therapy by the Marakwet and Kisii communities in Kenya. This study aimed to 
validate the indigenous medicinal knowledge claims regarding the efficacy and safety of H. 
forsskaolii (Vahl) R.Br. as a traditional anti-malarial drug. It involved the sequential solvent 
extraction of plant material, bioassay-guided separation and isolation of components, and 
identification of anti-plasmodial principles of H. forsskaolii (Vahl) R.Br. and determination 
of their cytotoxicity and selectivity. From the roots of H. forsskaolii (Vahl) R.Br., 3,4a,7,7,10a-
pentamethyl-1,3-vinyl-dodecahydro-benzo[f]chromene (1) and 3,4a,7,7,10a-pentamethyl-3-
vinyl-dodecahydrobenzo[f]chromen-8-ol (2) with moderate and mild anti-plasmodial activity 
at IC50 7.81 µM and 15.0 µM, respectively, were isolated plus the inactive kaur-16-en-19-oic 
acid (IC50 65.40 µM) against Plasmodium falciparum D6 (CQ-sensitive) strain.
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dichloromethane (DCM), 3 × 250 mL of ethyl acetate 
(EtOAc), and 3 × 250 mL of methanol (MeOH) for 48 
h each. The three extracts from the same solvent were 
combined, concentrated in vacuo at a rotary evaporator 
bath temperature of 30-50 °C. They were then weighed, 
appropriately labeled, and stored in a refrigerator at 
4 °C until they were needed for chromatography. The 
plant material yielded 5.8 g of n-hexane (1.8%), 5.0 g of 
DCM (1.6%), 4.0 g of EtOAc (4.0%), and 11.2 g of MeOH 
(3.5%) extract by weight.

2.3. Isolation and purification

The DCM extract of H. forsskaolii (Vahl) R.Br. roots was 
subjected to column chromatography on silica gel, 
followed by gel filtration chromatography on sephadex 
LH-20, and PTLC to afford three pure compounds. 
Briefly, 12.0 g of the DCM extract was subjected to 
vacuum chromatography on silica gel (60-200 mesh, 
120 g) using a mixture of n-C6H14, DCM and EtOAc 
with with a gradual increase in polarity from 100:0:0 to 
0:100:0 and finally to 0:0:100. The 54 x 15 mL fractions 
were subjected to analytical TLC and combined into 
10 mega-fractions (F1-F10) based on the Rf values of 
the components. Five of the mega-fractions (F1, F3, F5, 
F6, and F10), which were available in sufficient amounts 
(325 mg) with a yield of 0.102%, were subjected to 
further purification using PTLC, resulting in six portions 
(CN 01-06). F1 gave CN 01 (24 mg) after elution with 
DCM-EtOAc (30:70; v/v). F6 yielded CN 02 (19 mg) after 
elution with DCM-EtOAc (50:50; v/v). F10 yielded CN 03 
(21 mg) after elution with n-hexane-DCM-EtOAc (1:2:1; 
v/v/v), and CN 04 (26 mg) after elution with DCM-EtOAc 
(60:40; v/v). F3 yielded CN 05 (14 mg) after elution 
with DCM-EtOAc (80:20; v/v), and CN 06 (10 mg) after 
elution with DCM-EtOAc (9:1; v/v). These compounds 
were then subjected to TLC analysis. The relatively pure 
fraction, CN 04 (26 mg), was further fractionated by gel 
filtration chromatography on sephadex LH-20 (260 g), 
eluting with a mixture of DCM-MeOH (1:1), to give 36 

x 10 mL sub-fractions (f1-f36). These sub-fractions were 
combined based on their Rf values in analytical TLC 
profiles and purified further by PTLC using 2% EtOAc 
in DCM as the mobile phase. This process yielded 
compounds 1 (1.2 mg), 2 (5 mg), and 3 (3.5 mg).

2.4. Spectroscopic data of isolated compounds

Compounds 1 was isolated as white crystalline solid: 
m.p. 119-121 °C (lit. 120 °C); IR (νmax) 3080, 2971, 2869 
1636, 1553, 1541, 1508, 1458, 1416, 1387, 1375, 1364, 
1125, 1096, 1076, 1062 1011, 961, 943 925, and 841 cm-

1; EIMS m/z 290 [M]+, 1H NMR (Table 1); 13C NMR (Table 
1).
Compound 2 was isolated as white crystalline solid; 
m.p. of 123-124 °C (lit. 124-126 °C) (Konishi et al., 1996); 
IR (νmax); 3424, 3083, 1648, 1558, 1541, 1508, 1456, 1410, 
1387, 985, 960, 943, 910, 839, and 733 cm-1; EIMS m/z 
306 [M]+, 1H NMR (Table 2); 13C NMR (Table 2).
Compound 3 was also isolated as white crystalline solid: 
m.p.170-172 °C (lit.178-180 °C); IR (νmax); 2500-3500, 
3300, 3100, 2924, 2853, 1734 (CO2), 1619, 1581, 1339, 
1140, 835, 763, 740, and 721 cm-1; 1H NMR (Table 3); 13C

to verify the validity of the traditional medicinal 
knowledge claims regarding the effectiveness of H. 
forsskaolii (Vahl) R.Br. through extraction, bioassay-
guided isolation, and identification of anti-plasmodial 
compounds. Therefore, we hereby present the isolation 
of three compounds and their corresponding anti-
plasmodial activity.

2. Experimental

2.1. Instruments, reagents and chemicals

Analytical grade or double distilled solvents (such as 
n-hexane, DCM, ethyl acetate, and methanol) were used 
for extraction, chromatography, and recrystallization. 
Column chromatography was performed using 200 
g of silica gel (60-200 mesh), while gel filtration 
chromatography utilized sephadex LH-20. Analytical 
thin-layer chromatography (TLC) was performed 
using aluminum plates pre-coated with silica gel G/
UV254. While performing preparative thin-layer 
chromatography (PTLC), glass plates (20 x 20 cm) coated 
with silica gel were used. The compounds isolated by 
PTLC were subjected to recrystallization. Melting points 
(mp) were determined using the Gallenkamp apparatus 
and are uncorrected. Infrared (IR) spectra were recorded 
on a Hyper Infra Red spectrometer using potassium 
bromide pellets or chloroform as solvents. The 
maximum absorption frequencies (νmax) are reported 
in wave numbers (cm-1). 1H NMR spectral data were 
recorded in deuterated chloroform (CDCl3) at 292.9 
K using Bruker DRX-500 or Bruker DRX-400 Nuclear 
Magnetic Resonance spectrometers with gradient 
units. The resonance frequency was 500 or 400 MHz, 
respectively, and the results are reported in parts per 
million (ppm) or (δ). Tetramethylsilane (TMS) was used 
as the internal standard to calibrate the chemical shifts. 
13C NMR spectral data were recorded in (CD3OD) at 
292.9 K on Bruker DRX-500 or Bruker DRX-400 Nuclear 
Magnetic Resonance spectrometers with gradient 
units at a resonance frequency of 125 or 100 MHz, 
respectively. The data is reported in ppm (δ). EIMS data 
was obtained from the VG-12-250 Mass Spectrometer, 
and the m/z values are reported as atomic mass units 
(a.m.u.) with corresponding percentage intensities in 
parentheses. The in vitro anti-plasmodial tests were 
carried out using tritium radiolabeled hypoxanthine, 
[3H[-hypoxanthine]] from PerkinElmer (Lot. 1804926).

2.2. Plant material and extraction

The plant material was collected from Wire Hill, off 
Kisumu-Oyugis Road, near Ober Market in Rachuonyo 
District, Homa Bay County, Kenya, in August 2004. 
The plant specimen was authenticated by Mr. Simon 
Mathenge of the Botany Department Herbarium at 
the University of Nairobi, where the voucher specimen 
was deposited under Ref. No. SWF/01/2005. The plant 
material was air-dried in the shade for 7 days, pulverized 
using a laboratory mill, and then soaked in cold solvents 
of increasing polarity with occasional swirling. Briefly, 
0.32 kg of the plant chaff was sequentially soaked 
in 3 × 250 mL of n-hexane (n-C6H14), 3 × 250 mL of 
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Position Compound 1
No. δC δH, m, J in Hz HMBC (H to C) 1H-1H COSY

1 39.4
0.82-0.88 (m) 5, 8, 10 2
1.55-1.65 (m)

2 18.7
1.39-1.51 (m); 4, 10 1, 3
1.55-1.65 (m)

3 42.2
1.14-1.21 (m) 1, 5, 18,19 2
1.34-1.37 (m)

4 33.4

5 56.5 0.92 (dd, 12.2, 
2.4) 7, 18, 19

6 19.9
1.23-1.29 (m) 4, 8, 10 7
1.55-1.65 (m)

7 43.2
1.39-1.51 (m) 5, 9 6
1.75 (dt, 12.0, 
2.2)

8 76
9 58.5 1.17-1.21 (m) 1, 5, 7, 12
10 36.9
11 15.9 1.39-1.51 (m) 8, 10,13 12

12 34.9
1.39-1.51 (m) 14, 13 11
2.18-2.20 (m)

13 73.3

14 147.7 6.00 (dd, 18.0, 
11.0) 16, 12 15

15 109.4

4.95 (dd, 18.0, 
1.2) 13, 14 14

4.89 (dd, 11.0, 
1.2)

16 32.8 1.12 (s) 14, 13, 12
17 24 1.21 (s) 8, 9, 7
18 21.3 0.77 (s) 5, 3
19 33.3 0.84 (s) 5, 3
20 15.9 0.71 (s) 1, 5, 9

Table 1
NMR (500 MHz, CDCl3) data of compound 1.

NMR (Table 3).

2.5. Structural elucidation of isolated compounds

The chemical structures of the three diterpenes were 
established based on IR; 1H and 13C NMR, spectroscopic 
data; 2D-NMR correlation experiments including COSY, 
HMQC, HMBC; and mass spectroscopy (MS) data. 1H 
and 13C NMR data were assigned based on literature 
chemical shifts for hydrogen and carbon atoms. The 
assignments were further confirmed using correlation 

spectroscopy (COSY), homonuclear multiple quantum 
correlation (HMQC), and heteronuclear multiple bond 
correlation (HMBC) experimental data.

2.6. In vitro anti-plasmodial assay

The in vitro anti-plasmodial tests were conducted 
to determine the ability of the isolated compound/
samples to inhibit the uptake of tritium radiolabeled 
hypoxanthine, [3H[-hypoxanthine]] by P. falciparum D6 
strain. The tests were performed in RPMI 1640 medium
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Position No.
Compound 2

δC δH, m, J in Hz ¶HMBC (H to C) 1H-1H COSY

1 37.7
1.00-1.03 (m) 3, 5, 9 2
1.61-1.67 (m)

2 27.4
1.55-1.58 (m) 4, 10 1, 3
1.61-1.67 (m)

3 78.9 3.21 (dd, ,11.5, 
4.5) 1, 5, 18, 19 2

4 38.9

5 55.3 0.91 (dd, ,11.7, 
2.3) 7, 18, 19

6 19.6
1.33-1.37 (m) 4, 8, 10 7
1.61-1.67 (m)

7 43.1
1.33-1.37 (m 5, 9 6

1.77 (dd, 11.7, 3.0)
8 75.8
9 58.3 1.15 (dd, 10.1, 3.8) 1, 5, 7, 12
10 36.7
11 16.1 1.41-1.48 (m) 8, 10, 13 12

12 34.9
1.41-1.48 (m) 13, 14 11

2.20 (ddd, 
7.0,7.0,3.0)

13 73.4

14 147.5 5.99 (dd, 18.0, 
11.0) 12, 16 15

15 109.6
4.96 (dd, 18.0, 1.2) 13, 14 14
4.90 (dd, 11.0, 1.2)

16 32.8 1.12 (s) 12, 13, 14
17 23.9 1.21 (s) 7, 8, 9
18 28.1 0.96 (s) 3, 5
19 15.3 0.74 (s) 3, 5
20 16 0.72 (s) 1, 5, 9

Table 2
NMR (500 MHz, CDCl3) spectral data of compound 2.

supplemented with human serum, using O + RBC as 
the host cells, at various concentrations, as previously 
described (Desjardins et al., 1979). Briefly, parasite 
cultivation was conducted aseptically in a laminar flow 
hood at the Malaria Research Laboratory in the Centre 
for Biotechnology Research and Development (CBRD) 
at KEMRI, Nairobi. P. falciparum D6 strain was obtained 
from the cultures preserved in the Malaria Parasite Bank 
at CBRD in KEMRI, Nairobi.
Samples of the compounds isolated from H. forsskaolii 
(Vahl) R.Br. The solutions were prepared by dissolving 
0.45 mg of the sample in a final volume of 20 mL, 
resulting in a stock solution concentration of 22.50 µg/
mL. Since the final volume in each well was 225 µL, this 
stock solution was intended to provide a concentration 

of 250 µg/mL for the first row.
Human serum was prepared from aseptically collected 
blood from donors. The blood was collected into 
anticoagulant-free blood bags and allowed to clot at 
room temperature for 90 minutes. After clotting, the 
blood bags were stored at 4 °C overnight. The following 
day, initially 2 mL of the serum were carefully dispensed 
into sterile 50 mL centrifuge tubes. The tubes were then 
centrifuged at 3000 rpm for 10 minutes at 4 °C. After 
centrifugation, the serum was transferred (aliquoted) 
aseptically into sterile 10 mL snap-top tubes. The 
aliquoted serum was then inactivated in a water bath 
at 56 °C for 50 minutes. The tubes were placed in an 
upright position at -20 °C overnight and then stored at 
-70 °C until they were used in the in vitro antiplasmodial
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Position No.
Compound 3

δC δH, m, J in Hz
1 40.8 1.05-1.09 (m); 2.05-2.08 (m)
2 19.2 1.40-1.51 (m)
3 37.9 1.98 (m); 1.84 (dd, 1.8, 5.0)
4 43.9
5 57.1 0.98 (dd, 2.2, 9.2)
6 21.9 2.05-2.08 (m); 1.46-1.48 (m)
7 41.3 1.46-1.48 (m)
8 44.3
9 55.2 1.13 (dd, 2.5, 5.7)
10 39.8
11 18.5 1.51-1.62 (m); 1.05-1.09 (m)
12 33.2 1.40-1.51 (m); 1.51-1.62 (m)
13 43.8 2.63 (br s)
14 39.7 0.80-0.82 (m);1.88 (d, 7.0)
15 49 2.15 (q, 8.8); 2.02 (d, 8.8)
16 155.8
17 102.9 4.73 (br, s); 4.79 (br, s)
18 29 1.24 (s)
19 184.4
20 15.7 0.95 (s)

Table 3
NMR (400 MHz, CDCl3) data of compound 3.

assays (Trager and Jensen, 1976).
Two-fold dilutions were performed by transferring 25 µL 
of the drug using a multi-channel micropipette into the 
96-well microtitre plates, starting from row A and going 
down to row G. The last 25 µL from the G wells were 
discarded. The procedure was replicated twice. Row 
H wells were used as controls and did not receive any 
drugs. Consequently, row A wells had an experimental 
drug concentration of 250 µg/mL, while B wells had a 
concentration of 125 µg/mL, which was halved down to 
G with the lowest concentration of 3.90625 µg/mL. The 
plates were covered and stored at 4 °C. After examining 
the parasites under a microscope, the parasitemia (P) of 
the test culture to be added to the wells of pre-dosed 
plates was adjusted to 0.4%, and the hematocrit (hct) 
level was adjusted to 1.5% using 50% red blood cells 
(RBC). The mixture (200 µL) was then added to each 
well, except for H7 to H12.
The plates were incubated before harvesting. Briefly, 
after replacing the lids of microtitre plates and gently 
agitating them, the plates were placed into a gas-tight 
box. The box contained a damp tissue to maintain a 
humid atmosphere in the chamber. The gas box lid 
was put in place, and the airtight box was flushed with 
a mixture of 92% N2, 5% CO2, and 3% O2. The plates 
were then incubated at 37 °C. After 48 hours, [G-3H] 
hypoxanthine (1 µCi/well) was added in 25 µL aliquots 

to each well, and the plates were incubated for an 
additional 18 h.
The cells were harvested on glass fiber filters (Skatron®, 
Norway) for each row (A-H) using a multiple semi-
automatic cell harvester (Skartron®, Norway). The 
filters were then dried at 37 °C overnight, distributed 
into scintillation vials, and 1 mL of scintillation fluid 
was added to each vial before being loaded into a 
liquid scintillation β-counter (1211 Mini Beta, England) 
(Desjardins et al., 1979). The disintegration of 3H per 
minute or count per minute (CPM), which represents 
the incorporation of [G-3H] hypoxanthine into nucleic 
acids in the parasite, was calculated for each sample. 
The activity of the samples was calculated based on the 
CPM values at different concentrations and expressed 
as the inhibitory concentration fifty (IC50), which is the 
concentration that inhibits 50% of parasite intake of 
[3H-hypoxanthine]. Chloroquine and artemisinin were 
used as standard drugs or positive controls, with anti-
plasmodial activity of 0.00116 ± 0.00000 µg/mL and 
0.00834 ± 0.00014 µg/mL, respectively. The solvent 
(DMSO) in the culture medium was used as the neutral 
control.

2.7. In vitro cytotoxicity assay

The in vitro cytotoxicity assay was conducted using
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Vero 199 kidney epithelial monkey cells, following the 
colorimetric assay method described by Mosmann 
(1983). The cells were maintained in minimum essential 
medium (MEM, GIBCO, Grand Island, New York) 
containing 10% fetal bovine serum (FBS). Briefly, each 
sample was dissolved in DMSO at 37 °C to create a 
stock solution with a concentration of 1 mg/mL. A 96-
well microtiter plate with 8 rows (A-H) and 12 columns 
was seeded with 100 µL of a 2 × 105 cell suspension. 
The plate was then incubated at 37 °C in 5% CO2 for 
12 h to allow the cells to attach. After this incubation 
period, various drugs were added to specific columns. 
Serial dilution of the drug was carried out starting from 
row B to H, with the highest drug concentration of 
100 µg/mL. Row A was used as the control, with wells 
3, 6, 9, and 12 serving as blanks, while the remaining 
eight wells served as negative controls (cells without 
drugs). The cells were incubated for 48 h at 37 °C in a 
5% CO2. After that, 10 µL of the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) dye was 
added, and the experiment was allowed to continue for 
another 4 h. The medium was then removed from the 
wells, and 100 µL of DMSO was added. The plates were 
read on a scanning multi-well spectrometer (Multi-Scan 
Ex lassystems, U.K.) at 562 and 620 nm. Podophyllotoxin 
(PPT) and its semi-synthetic derivative, etoposide, were 
used as positive controls (Newman et al., 2000). The 
cell viability (%) was determined at each concentration 
using the following formula.

%Cell viability (CC50) = ×
ODS562 - OD620 100
ODC562 - OD620

   (Eqn. 1)

Where OD represents optical density, and the letters 
S and C respectively denote the sample and control. 
The cell viability (%) data was plotted against the 
concentration of the drug sample using Excel graphic 
software. The sample concentration that results in 50% 
cytotoxicity (CC50) was estimated using linear regression 
analysis.

3. Results and Discussion

In this paper, we report the isolation of ent-13-epi-
manoyl oxide (1), ent-3β-hydroxy-13-epi-manoyl oxide 
(2) and kaur-16-en-19-oic acid (3). The structures of 
the compounds are indicated in Fig. 1. In addition, we 
report the antimalarial and cytotoxic activities of the 
compounds as shown in Table 4.

3.1. Identification of the isolated compounds

The IR peaks at 1648 (C=C, str) and 3080 (=C-H st) 
cm-1 observed in the spectrum of compound 1 (Fig. 1) 
suggested the presence of an olefinic group. The signals 
at δ 6.00 (1H, dd, J=18.0, 11.0 Hz), 4.95 (1H, d, J=18.0 
Hz) and 4.89 (1H, J =11.0 Hz) in 1H NMR, 13C-NMR δ 
147.7 (=CH-) and 109.4 (=CH2) and HMQC spectrum, 
respectively, corroborated the presence of terminal vinyl 
group. Four distinct singlet peaks were also observed in 
the 1H NMR between δ 0.71 and 1.21, three of which 
represented 3 protons each while the fourth peak 
represented 6 protons thus suggesting the presence of 
5 methyl groups attached to quarternary centres in a 

diterpenoid skeleton. The COSY cross peak showed a 
correlation between H-15 and H-14. Other important 
1H-1H COSY interactions for compound 1 are shown 
in Fig. 2. The 13C NMR and HMQC data of compound 
1 revealed 20 carbon signals, consisting of 5 methyl, 
8 methylene, and 3 methine groups plus 4 quaternary 
centers, indicating the presence of a diterpenoid 
scaffold. Two quaternary carbons resonating at δ 76.0 
and 73.3 in the HMQC spectrum suggested the presence 
of an oxygen bridge connected to 2 quaternary carbons 
thus suggesting an ether linkage. The HMBC data for 
compound 1 showed that δ 6.00 (H-14) exhibited a 3J 
H,C correlation with δ 32.8 (C-16) and δ 34.9 (C-12). The 
protons with signals at δ 4.95 and δ 4.89 indicated a 3J 
H,C correlation with δ 73.3 (C-113) and 2JH,C correlation 
with δ 147.7 (C-14). The position of C-13 was further 
confirmed by two bond HMBC correlation between δ 
1.12 (H-16) and δ 73.3 (C-13). A 3J H,C correlation was 
also observed between H-16 and δ 147.7 (C-14) and 
δ 34.9 (C-12). The epoxide position at C-8 and C-13 
was confirmed by both long and short range HMBC 
correlations between H-12, H-15 and H-16 to C-13 
and H-6, H-7, H-9 and H-17 to C-8. The important 
diagnostic HMBC correlations for compound 1 are 
shown in Fig. 2. Furthermore, the absence of a hydroxyl 
peak in the IR spectrum coupled with the presence 
of the two signals at δ 76.03 and 73.3 indicated the 
presence of a cyclic ether skeleton in compound 1. 
The cyclic ether linkage in 1 was established through 
further comparison of the 13C NMR data of sclareol 
in the chemical literature (Abraham, 1994) to that of 
compound 1. EIMS gave the highest peak at m/z 290 
[M]+, corresponding to the molecular formula C20H34O. 
The NMR data were consistent with the literature data 
(Granados-Garcia et al., 1985; Angelopoulou et al., 
2001)  and the results obtained by mass spectrometry 
confirmed the proposed structure of compound 1 to be 
ent-13-epi-manoyl oxide.
Subsequently, a simple comparison of the physical, 
spectroscopic and physical data of compound 1 to 
that of 13-epi-manoyl oxide established that the two 
data sets are identical (Algarra et al., 1983; Fraga et 
al., 1999). The compound was therefore confirmed as 
13-epi-manoyl oxide or 3,4a,7,7,10a-pentamethyl-1,3-
vinyldodecahydrobenzo[f]chromene.
The 1H and 13C NMR data for the compound 2 (Fig. 1) 
was largely similar to that of 1 save for a few distinctive 
differences. As in 1, the IR absorption bands at 3083 (=C-
H, and 1648 (C=C), cm-1 in the spectrum of compound 
2 suggested the presence of an olefinic alcohol. The 
distinct presence of an alcohol group was suggested by 
the band at 3424 (O-H, str) cm-1, in the IR spectrum. 1H 
NMR indicated the presence of terminal vinyl group at 
δ 5.99 (1H, ddd, J = 1.2, 11.0, 18.0 Hz), 4.96 (1H, dd, J = 1.2, 
18.0 Hz) and 4.90 (1H, dd, J = 1.2, 11.0). The five distinct 
singlet peaks between δ 0.72 and 1.21 in the 1H NMR 
spectrum, each representing 3 protons, suggested the 
presence of 5 methyl groups in 2 attached to quaternary 
centres as in 1 and confirmed as secondary from the 1H 
NMR peaks at δ 3.21 (dd, 1H). There was a significant 
1H-1H COSY correlation between δ 3.21 (H-3) and δ 1.57 
(H-2) in compound 2 as compared to 1. This confirmed 
the presence of hydroxyl 
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Fig. 1. Chemical structures of compounds 1, 2 and 3.

Compound IC50 (µM) CC50 (µg/mL) Selectivity index (CC50/IC50)

1 15 ≥100 ≥23.04
2 7.81 ≥100 ≥41.8
3 65.4 ≥100 ≥5.06
CQ 3.63 × 10-6 77.05 66422.41
PPT 67.35
Art 2.95 × 10-5

Table 4
In vitro anti-plasmodial activity (IC50), cytotoxicity (CC50) and selectivity (CC50/IC50) of 
isolated compounds.

CQ: Chloroquine, PPT: Podophyllotoxin, Art: Artemisinin

group on C-3 of compound 2. The 13C NMR and HMQC 
spectra of compound 2 revealed 20 signals, consisting 
of 5 methyl, 7 methylene, and 4 methine groups 
plus 4 quaternary centers, suggesting a diterpenoid 
skeleton. 13C NMR signals at δ 147.5 (=CH-) and 109.6 
(=CH2) was assigned to olefinic carbons at C-14 and 
C-15, respectively (Table 2). Two quaternary carbons 
resonating at δ 75.8 and 73.4 in the 13C NMR and HMQC 
spectra were attributed to an oxygen bridge connecting 
to two quaternary centers as in 1, while the doublet at δ 
78.9 which was attributed to the methine group attached 
to the hydroxyl group (CHOH). Consequently, a close 
comparison of the 13C NMR of 1 (Table 1) and 2 (Table 2) 
revealed an additional oxygenated carbon at δ 78.9 in 
2 and a reduction in the number of methylene groups 

by one, with the signal at δ 42.2 (C-3) in 1 being shifted 
to δ 78.9 in 2, suggesting oxidation of C-3 to a hydroxyl 
group. The HMBC 3JH,C correlations between H-1, H-5, 
H-18 and H-19 to C-3 (δ 78.9) further confirmed the 
presence of oxygenated carbon at C-3 in compound 
2 which is missing in compound 1. Other important 
HMBC correlations for compound 2 are indicated in 
Fig. 2. EIMS gave the highest peak at m/z 306 [M]+, 
corresponding to the molecular formula C20H34O2 and 
confirmed through reported data (Anjaneyulu and 
Rao, 2000). COSY, HMQC, HMBC and MS data analysis 
suggested compound 2 to be ent-3β-hydroxy-13-
epi-manoyl oxide. Subsequently, comparison of the 
physical and spectroscopic data of compound 2 to that 
of 3β-hydroxy-13-epi-manoyl oxide (ribenol) in the 

Fig. 2. 1H -1H COSY and 3J HMBC interactions for compounds 1 and 2.
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chemical literature confirmed that the two data sets 
were the identical (Table 2) (Mahato and Kundu, 1994; 
Konishi et al., 1996). As in 1, the cyclic ether linkage was 
established through comparison with the 13C NMR data 
of 3β-hydroxyscalerol (Kouzi and McChesney, 1990) in 
the chemical literature and the structure of compound 
2 confirmed to be 3β-hydroxy-13-epi-manoyl oxide.
Compound (3) gave a luminous green color for 
organic acids with p-anisaldehyde under UV light. 
The characteristic IR absorption bands at 2500-3500 
(br, CO2H), 3300, 3100 (w, =C-H str), 1734 (C=O str), 
and 1619 (C=C str) cm-1 suggested the presence of an 
olefinic acid. The olefin group was confirmed as terminal 
by two distinct signals in 1H-NMR at δ 4.73 (1H) and 
4.79 (1H), 13C NMR at δ 155.8 (C=) and 103.0 (=CH2) 
13C NMR spectrum, respectively (Table 3) (Mahato and 
Kundu, 1994). The presence of a carboxyl group in the 
compound was confirmed by the peak at δ 184.4 (-CO2-) 
in the 13C NMR spectrum. The two distinct peaks at δ 1.24 
(s) and 0.95 (s) in the 1H NMR spectrum, representing 
3 protons each, were characteristic of methyl groups 
in the compound. The 13C NMR spectrum revealed 20 
peaks due to 2 methyl, 10 methylene, and 3 methine 
groups plus 5 quaternary centers. The reduction in 
the number of methyl groups; and the increase in the 
number of methylene groups suggested the presence 
of a rearranged diterpenoid skeleton through oxidation 
and oxidative cyclization processes. EIMS gave the 
highest peak at m/z 302 [M]+, corresponding to the 
molecular formula C20H30O2 and confirmed through 
literature data (De Souza et al., 2010). Subsequently, 
the physical and spectroscopic data of compound 3 
were compared to those of kaur-16-en-19-oic acid in 
the chemical literature and the structure confirmed the 
two data sets to be same identical. The compound was 
therefore confirmed to be ent-kaur-16-en-19-oic acid 
(Fig. 1) (Cross et al., 1963; Fraga et al., 1989; Fraga et 
al., 1999).

3.1.2. Anti-plasmodial activity, cytotoxicity and 
selectivity index of isolated compounds

The two manoyl oxides: ent-13-epi-manoyl oxide (1), 
and ent-3β-hydroxy-13-epi-manoyl oxide (2); and 
kaur-16-en-19-oic acid were thus evaluated for anti-
plasmodial activity in vitro. The anti-plasmodial activity 
for the compounds isolated from H. forsskaolii (Vahl) 
R.Br. are recorded in Table 4 against D6 (CQ-sensitive).
The three compounds exhibited anti-plasmodial 
activity against the CQ-sensitive P. falciparum D6 
strain at different levels, as can be discerned from the 
corresponding IC50 values: Ent-13-epi-manoyl oxide (1), 
ent-3β-hydroxy-13-epi-manoyl oxide (2), and kaur-16-
en-19-oic acid (3) with IC50 values of 15.0 µM, 7.81 µM, 
and 65.40 µM.
The cytotoxicity data for the compounds isolated from 
H. forsskaolii (Vahl) R.Br. are reported in Table 4. The 
compounds showed no toxicity, as the cytotoxicity 
concentration fifty (CC50) for all the compounds was 
≥ 100 µg/mL. The selectivity indices for the isolated 
compounds were determined as a ratio of cytotoxicity 
to anti-plasmodial activity. The corresponding values 
are recorded in Table 4.

While ent-13-epi-manoyl oxide (1) is known as the 
final metabolite of a biosynthetic pathway for many 
diterpenes in the Gibberella fujikuroi fungus (Cross 
et al., 1963), ent-3β-hydroxy-13-epi-manoyl oxide 
(2) is a natural product found in the Sideritis varoi 
(Labiatae) plant (Konishi et al., 1996). It has been widely 
used as a substrate in both chemical and microbial 
transformations to produce more functionalized manoyl 
oxide derivatives with various biological activities 
(Granados-Garcia et al., 1985; Fraga et al., 1989; Fraga 
et al., 1999; García-Granados et al., 2004). Furthermore, 
both compounds have been found in the resin (labdan) 
of Cistus creticus plants and reported to exhibit antican 
cer activity (Falara et al., 2010). Kaur-16-en-19-oic acid 
is a common metabolite found in many plants and has 
previously been isolated from H. forsskaolii (Vahl) R.Br. 
root bark (Cross et al., 1963).
The manoyl oxides exhibited mild to moderate anti-
plasmodial activity. Among them, ent-3β-hydroxy-
13-epi-manoyl oxide (2) showed moderate activity 
with an IC50 of 7.81 µM against the CQ-sensitive P. 
falciparum D6 strain. Additionally, ent-13-epi-manoyl 
oxide (1) exhibited mild activity at 15.0 µM, which was 
significantly better than kaur-16-en-19-oic acid at 
65.40 µM. It is worth noting that kaur-16-en-19-oic acid 
has been reported elsewhere as being inactive against 
the CQ-sensitive P. falciparum D10 strain (IC50 106.5 
µM) (Mthembu et al., 2010). Apparently, the addition 
of a hydroxyl group in ent-13-epi-manoyl oxide (1) to 
form ent-3β-hydroxy-13-epi-manoyl oxide (2) increases 
anti-plasmodial activity and drug selectivity by 100%. 
The compounds hypoestenonol, verticillarone, and 
hypoestenone, which were previously isolated from this 
plant, demonstrated anti-plasmodial activities against 
the P. falciparum K-1 strain. Their IC50 values were 18.9 
µM, 25.1 µM, and 16.7 µM, respectively (Al Musayeib 
et al., 2014). Ent-kaur-16-en-19-oic acid was previously 
isolated from Schefflera umbellifera (Sond.) Baill 
(Araliaceae) showed anti-plasmodial activity against 
the CQ-susceptible P. falciparum D10 strain with an IC50 
value of 106.5 µM (Nogueira and Lopes, 2011).
From the above observations, it appears that the 
chromene skeleton plays a crucial role in the observed 
anti-plasmodial activity of the isolated diterpenes, 
while the hydroxyl group enhances their potency and/
or selectivity. The mild to moderate anti-plasmodial 
activity, low toxicity, and high selectivity suggest that 
the chromene skeleton is a promising candidate for 
further studies on structure-activity relationships. 
These studies aim to enhance all the aforementioned 
critical parameters in order to identify more potent and 
effective candidates for anti-malarial drugs. 

4. Concluding remarks

Two manoyl oxides, namely ent-13-epi-manoyl oxide 
(1), and ent-3β-hydroxy-13-epi-manoyl oxide (2), are 
being reported for the first time from H. forsskaolii 
(Vahl) R.Br. root bark, while kaur-16-en-19-oic acid 
(3) has been reported previously. These compounds 
are being reported for the first time from H. forsskaolii 
(Vahl) R.Br. The three compounds exhibited mild to 
moderate anti-plasmodial activity against the CQ-
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sensitive P. falciparum D6 strain, with IC50 values of 15.0, 
7.81, and 65.40 µM, respectively. The compounds are 
relatively safe since their cytotoxicity concentration fifty 
(CC50) values were ≥ 100 µg/mL.
The results partly suggest that the traditional 
medicinal knowledge and use of the plant by the 
Marakwet and Kisii communities are confirmed by H. 
forsskaolii (Vahl) R.Br. This substance contains anti-
plasmodial compounds with a molecular structure that 
differs from the currently available commercial anti-
malarial medications. Consequently, they reaffirm the 
importance of providing complementary anti-malarial 
treatment that is widely available to resource-limited 
rural pastoral and/or farming communities. They also 
emphasize the need for more structures to support 
future studies on structure-activity relationships and 
drug development programs.
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