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A B S T R A C T   

Lobelia giberroa Hemsl. is an endogenous Ethiopian medicinal plant with a long history of use in the treatment of 
malaria, bacterial and fungal diseases, and cancer. Here, we present the in vivo bioassay-guided fractionation of 
the 80% methanol extract of L. giberroa roots, which led to the isolation of lobetyolin. L. giberroa roots were 
extracted with 80% methanol, and the dried 80% methanol extract was fractionated with hexane, ethyl acetate, 
methanol, and water. Acute oral toxicity study was conducted according to the Organisation for Economic Co- 
operation and Development Guideline 425 by using female Swiss albino mice. Antimalarial activity was 
assessed in Plasmodium berghei-infected Swiss albino mice. Through in vivo bioassay-guided fractionation pro-
cesses lobetyolin, a C14-polyacetylene glucoside, was isolated from the methanol fraction by silica gel column 
chromatography as the main active ingredient from the plant. The chemical structure of lobetyolin was eluci-
dated by interpretation of spectroscopic data (1HNMR, 13CNMR, IR. MS) including two dimensional NMR. The 
plant extract was considered safe for administration up to 2000 mg/kg. In the four-day suppressive test, the 80% 
methanol extract (400 mg/kg), methanol fraction (400 mg/kg), and lobetyolin (100 mg/kg) exhibited antima-
larial activity, with chemosuppression values of 73.05, 64.37, and 68.21%, respectively. Compared to the 
negative control, which had a mean survival time of 7 days, the lobetyolin (100 mg/kg) and methanol fraction 
(400 mg/kg) treated groups had mean survival times of 18 and 19 days, respectively. The current study supports 
the traditional use of the plant for the treatment of malaria. The structural differences between lobetyolin and 
existing antimalarials, as well as its previously unknown antimalarial activity, make it of interest as an early lead 
compound for further chemical optimization.   

1. Introduction 

Globally, there were an estimated 241 million malaria cases and 627 
thousand deaths in 2020 (WHO, 2021). Ninety-six percent of these 
deaths occur in Africa, particularly in sub-Saharan Africa. In Ethiopia, 
the disease counts for 7% of outpatient visits to health clinics and is the 
third largest cause of morbidity (Girum et al., 2019). Frequently, preg-
nant women and children under five years old are the ones severely 
attacked by the disease (Snow et al., 2017). 

In addition to shortage of preventive tools and chemotherapeutic 
drugs in malaria endemic regions, the major cause of this alarming 
morbidity and mortality is the emergence of multi-drug resistant strains 
of malaria parasites (Uwimana et al., 2020). To address the challenges of 
drug resistance, there is a need for the development of safe and effica-
cious antimalarial drugs. One of the most important tactics in this regard 
is to explore new chemical entities derived from natural resources 

(Mennai et al., 2021; Tostes et al., 2021). 
Lobelia (Campanulaceae, Lobelioideae subfamily) is a flowering 

plant genus of 415 species (Folquitto et al., 2019). The genus drew the 
attention of phytochemists mainly due to the discovery of bioactive 
piperidine alkaloids such as lobinaline and lobeline in the early 1950s 
(Zheng et al., 2021). Subsequent phytochemical researches of Lobelia led 
to the discovery of several novel bioactive secondary metabolites 
including flavonoids, terpenoids, polyacetylenes, and coumarins. Lobelia 
species have long been used to cure a variety of ailments, and several 
species possess genuine antimicrobial, anti-inflammatory, cytotoxic, 
and anticonvulsant activities (Folquitto et al., 2019). 

L. giberroa is indigenous to Ethiopia, and is known by a variety of 
names including Jibera (Amharic), Maranga (Oromifan), Shambato 
(Kefa) (Abate, 1989). In Ethiopia, the roots of L. giberroa are used to treat 
malaria and eye disorders (Chekole, 2017). However, there are no re-
ports regarding the biological activity or phytochemistry the plant. The 
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aim of this study was, therefore, to determine the antimalarial activity of 
the roots of L. giberroa against Plasmodium berghei infection in mice and 
to identify the main active molecule/s. 

2. Methods 

2.1. Chemicals and instruments 

Hexanes, chloroform, ethyl acetate (all from Sigma-Aldrich Co., MO, 
USA), methanol (Carlo Erba, France) and distilled water (AAU labora-
tory) were the solvents used for extraction, fractionation and isolation. 
Chromatographic separation was performed by analytical TLC on Silica 
gel 60 F254 (0.2 mm thick), column chromatography on Silica gel 60 
(70–240 mesh) (Merck KGaA, Darmstadt, Germany) and preparative 
TLC on silica gel HF 254 (500 g; LOBACHEMIE, India), (20 cm × 20 cm) 
with thickness of 0.50 mm. The following chemicals and drugs were 
used during in vivo antimalarial activity test: Trisodium citrate (BDH 
Chemicals Ltd, England), Geimsa (ESJAY Chemicals, Maharashtra, 
India), Chloroquine phosphate (EPHARM, Ethiopia) and Tween 80 
(UNI-CHEM chemical reagents, India). 

1H and 13C NMR spectrum were recorded on Bruker Avance DMx400 
FT-NMR spectrometer using TMS as internal standard, at the Depart-
ment of Chemistry, Collage of Natural Sciences, Addis Ababa University, 
Ethiopia. Mass spectrometry was performed using an Agilent 1100 series 
system (Agilent system, USA), and ionization of sample was carried out 
using ESI-API (capillary voltage, 4000 V; fragmentor, 160 V; drying gas 
temperature, 350 ◦C; gas flow (N2), 10 l/min; nebulizer pressure, 50 
psig). The purity of the isolated compound (1 mg/ml in methanol) was 
determined by LC/MS system with diode array detector (DAD) using the 
following instrumentation and analytical conditions: an Agilent 1100 
series LC/MS equipped with a Phenomenex Kinetex reversed phase 
column (50 mm × 4.6 mm, 2.6 μm, C18, 100 Å); method: 10% (v/v) of 
acetonitrile (0.1% formic acid) in 90% (v/v) of H2O (0.1% formic acid), 
ramped to 100% acetonitrile (0.1% formic acid) over 5.5 min, and held 
at 100% acetonitrile (0.1% formic acid) for 1 min with a flow rate of 1.3 
ml/min; UV detector, 254 nm. The purity of the compound was ≥95% in 
this analysis (Fig. S1). IR spectrum was recorded on a 26 Perkin-Elmer 
65 IR spectrometer. 

2.2. Plant material 

The roots of L. giberroa Hemsl. were collected from Suba Menagesha 
Forest, located 45 km west of Addis Ababa in the Oromia region of 
Ethiopia. The plant was authenticated by Mr. Melaku Wondafrash, a 
senior botanist at the National Herbarium, College of Natural and 
Computational Sciences, AAU, where a voucher specimen was deposited 
(GT001). 

2.3. Experimental animals and rodent parasites 

Healthy, 5–6 weeks old Swiss albino mice of either sex weighing 
24–28 g were used during the experiment. The mice were obtained from 
the Ethiopian Health and Nutritional Research Institute (EHNRI), Addis 
Ababa, Ethiopia. Mice were acclimatized for one week before the 
experiment. They were housed in an air-conditioned room, kept at room 
temperature, exposed to a 12 h light/dark cycle, allowed free access to 
standard pellets and water ad libitum. 

Chloroquine sensitive Plasmodium berghei ANKA strain infected 
donor mice were obtained from Mekelle University, College of Health 
Sciences, Department of Pharmacology. The parasite was maintained by 
serial passage of blood from donor mice on a weekly basis. All proced-
ures followed were in accordance with the Guidelines for the Care and 
Use of Laboratory Animals (NIH Guidelines for Care and Use of Labo-
ratory Animals, 1996) and were approved by the Institutional Review 
Board of the School of Pharmacy (SoP), Addis Ababa University (AAU). 

2.4. Extraction, fractionation and isolation 

The powdered plant material (1000 g) was macerated with 80% 
methanol for 72 h with intermittent shaking (Fig. 1). The extract was 
filtered, and the mark was re-macerated two times with fresh solvent. 
The methanol was removed by using a rotary evaporator (BUCHI 
Rotavapor™ R-300, Switzerland), and the remaining water in the 
extract was removed by a lyophilizer (Alpha 1-2LD plus Martin Christ 
Co. Ltd., Osterode, Germany). The dried 80% methanol extract was then 
transferred into a vial and kept in a desiccator until use. 

The dried 80% methanol extract was then successively extracted 
with solvents of differing polarities (hexane, ethyl acetate, methanol, 
and water) using a Soxhlet apparatus. The organic solvents were 
removed by a rotary evaporator, and the aqueous fraction was dried in a 
lyophilizer. The percent yields of dried hexane, ethyl acetate, methanol, 
and aqueous fractions were calculated and the fractions were stored in a 
desiccator until use. 

Among the four fractions, the methanol fraction (with the highest 
antimalarial activity) was further fractionated by using silica gel packed 
(particle size of 0.2–0.5 mm) column chromatography. Gradient elution 
with 100% chloroform, followed by chloroform: methanol (9:1) and 
chloroform: methanol (8:2) afforded three column sub-fractions (LGF1- 
3). The purity of the most active sub-fraction (LGF-2) was confirmed by 
HPLC (Fig. S1) and analytical silicagel TLC. 

2.5. Acute oral toxicity test 

Acute oral toxicity test of the 80% methanol extract, solvent fractions 
and sub-fractions were conducted following the organization for eco-
nomic co-operation and development (OECD) guideline 425 (OECD, 
2008). Forty healthy (8 groups of five mice each), female albino mice of 
6–8 weeks were used to test the acute oral toxicity of the 80% methanol 
extract, the 4 solvent fractions and the 3 sub-fractions. All mice were 
fasted for 4 h before and 2 h after administration of the test substances. 
First, a mouse from each group was given 2000 mg/kg of the test sub-
stance by using oral gavage. Since neither death nor gross changes such 
as loss of appetite, hair erection, lacrimation, tremors, convulsions, 
salivation, diarrhea, mortality, and other signs of toxicity were observed 
within 24 h, additional four mice were administered 2000 mg/kg of the 
test substance. Each animal was monitored for general symptoms of 
toxicity and/or mortality for 4 h at 30 min intervals and subsequently for 
14 days at 24 h intervals. 

2.6. In vivo antimalarial activity test 

2.6.1. Inoculation 
A blood smear was prepared on microscope slides from blood films 

taken from the donor mouse tail. The smear was fixed with absolute 
methanol and stained with Giemsa to determine parasitemia level under 
a microscope (Primo Star, Carl Zeiss, Germany). When the donor para-
sitemia is approximately 30%, mice were sacrificed by cervical dislo-
cation and blood was collected by cardiac puncture in a Petri dish with 
an anticoagulant, 0.5% trisodium citrate. The blood collected was then 
diluted with physiological saline (0.9%) in such a way that 1 ml blood 
contained 5 x 107 infected erythrocytes. Each mouse intraperitoneally 
received 0.2 ml of diluted blood which contains 1 x 107 P. berghei 
infected erythrocytes. 

2.6.2. Four-day suppressive test 
Peter’s four-day suppressive test was employed for the antimalarial 

evaluation of test substances. For the evaluation of the 80% methanol 
extract, twenty five inoculated mice were randomly divided into five 
groups each having five mice. Group I and II served as negative and 
positive controls, and 0.2 ml distilled water and 25 mg/kg/day chloro-
quine were administered to each group, respectively. The remaining 
groups (III, IV and V) were treated with the 80% methanol extract at 
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100, 200 and 400 mg/kg/day, respectively. 
Similarly, for each fraction, twenty-five inoculated mice were 

randomly selected and divided into five groups, each having five mice. 
The mice in each group were randomly assigned into three treatment 
groups and two controls. For the hexane, ethyl acetate, and methanol 
fractions, their first group received 0.2 ml of the vehicle Tween 80 (2%) 
and for the aqueous fraction, its first group received 0.2 ml of distilled 
water. All the second groups were administered with 25 mg/kg/day 
standard chloroquine. The rest three treatment groups were given their 
respective fractions at a dose of 100, 200 and 400 mg/kg/day. Likewise, 
to evaluate the column sub-fractions, a similar procedure was followed, 
except, for the treatment groups receiving their respective sub-fractions 
at a dose of 25, 50, and 100 mg/kg/day. 

All the test substances were administered orally using oral gavage. 
Treatment was started 2 h post-infection on day 0 and continued daily 
for 3 days (i.e., from day 0 to day 3). On the fifth day (or day 4), Giemsa- 
stained thin blood film was prepared from the tail of each mouse to 
count the number of parasites under the microscope with an oil im-
mersion objective of 100 x magnification power. The parasitemia was 
determined by counting a minimum of five fields per slide (Peters, 1965; 
Hilou et al., 2006). Percent parasitemia and percent parasitemia inhi-
bition was calculated using the formula:

2.6.3. Body weight and survival time measurement 
Body weight and mean survival time parameters were used to 

evaluate the in vivo antimalarial activity of the test substances. The body 
weight of each mouse was determined on day 0 before infection and day 
4 using a sensitive digital weighing balance. Survival time was recorded 
from day 1 to day 28 post inoculation. Then, the mean body weight and 
mean survival time were calculated for each group (Mesfin et al., 2012).

2.6.4. Packed cell volume and rectal temperature measurement 
Packed cell volume (PCV) and rectal temperature parameters were 

also used to assess the in vivo antimalarial activity of the test substances. 
To measure PCV, blood was collected from the tail of each mouse in 
heparinized micro hematocrit capillary tube to 3/4th its height and 
sealed at their dry end with a sealing clay. The capillary tubes were 
centrifuged at 12,000 rpm for 5 min in a microhematocrit centrifuge. 
Rectal temperature was measured using a digital rectal thermometer. 
The mean rectal temperature and PCV were then calculated (Fentahun 
et al., 2017). 

PCV was determined using the following formula by.

2.6.5. Curative activity test (Rane’s test) 
The curative potential of the isolated compound (LGF-2) was eval-

uated following the method described by Ryley and Peters (1970). In the 

Fig. 1. Bioassay-guided isolation of LGF-2 from the 80% methanol extract of the roots of Lobelia giberroa.  
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test, twenty five inoculated mice were randomly assigned into five 
groups each having five mice on the 4th day (72 h post-inoculation). 
Group I and II served as negative and positive controls each adminis-
tered with 0.2 ml of distilled water and of 25 mg/kg/day standard pure 
chloroquine, respectively. The remaining treatment groups were given 
25, 50, and 100 mg/kg/day doses of the compound (LGF-2). Treatments 
were continued for the next 3 days (i.e., 96, 120, 144 h 
post-inoculation). Geimsa stained thin blood film was prepared using 
blood from the tail of each mouse daily for 5 days to monitor parasitemia 
levels. Body weight, PCV and rectal temperature of the mice were also 
recorded on the 4th (before treatment) and 8th days (24 h after the last 
treatment). The mice were followed for 28 days post-inoculation. Sur-
vival time was recorded from day 1 to day 28 post-inoculation and the 
mean survival time was calculated for each group (Nardos and 
Makonnen, 2017). 

2.6.6. Prophylactic activity test (Peter’s repository test) 
The prophylactic potential of the compound (LGF-2) was evaluated 

as described by Peters (1965). Accordingly, twenty five mice were 
randomly distributed into 5 groups each having five mice. Group I and II 
served as negative and positive controls each administered with 0.2 ml 
of distilled water and 25 mg/kg/day of standard pure chloroquine, 
respectively on the 1st day. The rest of the groups were similarly treated 
on the 1st day with the compound (LGF-2) at a dose of 25, 50, and 100 
mg/kg/day. Treatments continued for the next three days. On the 5th 
day, all the mice were inoculated with 0.2 ml blood containing 1 × 107 

P. berghei infected erythrocytes. On the 8th day, blood smears were 
prepared from each mouse and the parasite level was determined. Body 
weight, PCV, and temperature were recorded on the 5th day before 
inoculation. The mice were followed for 28 days post-inoculation. Sur-
vival time was recorded, and the mean survival time was calculated for 
each group. 

2.7. Data analysis 

The data were entered into Statistical Package for Social Sciences 
(SPSS) version 25. The results were summarized as mean ± standard 
error of the mean (SEM). One-way analysis of variance (ANOVA) fol-
lowed by Tukey’s post hoc test was used to compare differences in mean 
among the groups. A P value of less than 0.05 was considered statisti-
cally significant. 

3. Results and discussion 

3.1. Acute oral toxicity 

Long-term use of a medicinal plant without any evidence of risk may 
imply that the medicinal plant is harmless. However, the absence of any 
documented side-effects does not guarantee that herbal treatments are 
safe. Thus, to provide criteria for defining a safe dose for human use, a 
detailed toxicological evaluation must be undertaken using appropriate 
experimental animals. 

Despite its widespread use in traditional medicine, there are no re-
ports of oral toxicity investigations on L. giberroa. Thus, the acute oral 
toxicity of the 80% methanol extract and solvent fractions of the roots of 
L. giberroa, as well as lobetyolin (LGF-2) isolated from the methanol 
fraction of L. giberroa roots, was evaluated. In the current study, there 
were no treatment-related deaths or toxic symptoms, indicating that the 
extract, solvent fractions, and lobetyolin have an LD50 of larger than 
2000 mg/kg in mice. 

3.2. Antimalarial activity of the 80% methanol extract 

In the four-day suppressive test, the 80% methanol extract of the 
roots of L. giberroa showed significant (p < 0.001) parasite suppression 
in a dose-dependent manner with a chemosuppression value of 41.72, 

58.95, and 73.05% at doses of 100, 200, and 400 mg/kg, respectively 
(Fig. 2a). Additionally, the extract at all the doses tested significantly 
prolonged the mean survival time of treated mice (Fig. 2b). 

Anemia, body weight loss and body temperature reduction are the 
general features of malaria infected mice (Lamikanra et al., 2007). P. 
berghei causes reduction in rectal temperature of mice due to reduction 
in metabolic rates that occur because of increased parasitemia. There-
fore, antimalarial agents are expected to prevent anemia, thwart body 
weight loss and stabilize body temperature in infected mice due to the 
rise in parasitemia level. The 80% methanol extract of L. giberroa 
significantly prevented weight loss and rectal temperature and PCV 
reduction associated with an increase in parasitemia level (Table 1). 
Nevertheless, the 80% methanol extract exhibited lower activity (p <
0.001) compared to the standard drug chloroquine in terms of all test 
parameters. 

Because the 80% methanol extract showed greater than 50% sup-
pression at 200 mg/kg, it is considered as a potential schizontocidal 
agent in early erythrocytic infection (Deharo et al., 2001). More 
importantly, the 19 days mean survival time of mice treated with 400 
mg/kg of the 80% methanol extract is a strong indicator of the ability of 
the extract to reduce the overall pathogenic effect of the parasite. 
Nevertheless, the extract did not cure the infection, as the mean survival 
time of treated mice was less than 27 days (Slack et al., 2012). This 
might be attributed to the recrudescence of the parasites after signifi-
cantly extended suppression. To the best of our knowledge, this is the 
first report describing the antimalarial activity of the genus Lobelia, and 
thus the plant. 

3.3. Antimalarial activity of the solvent fractions 

Among the solvent fractions, the methanol fraction showed the 
highest antimalarial activity in the four-day suppressive test with a 
chemosuppression of 64.37% at a dose of 400 mg/kg, followed by the 
aqueous (47.92%), ethyl acetate (44.80%), and hexane (37.21%) frac-
tions (Fig. 2c). Also, the survival time of the methanol fraction treated 
mice was longer than the mice treated with the other fractions (Fig. 2d). 
Compared to the 80% methanol extract, the methanol fraction had lesser 
chemo-suppressive effect. All the solvent fractions significantly (P <
0.001) suppressed infection-induced reduction of body weight, rectal 
temperature, and PCV. The positive control, chloroquine, showed a 
curative chemosuppression and a marked stabilization of body weight, 
rectal temperature, and PCV (Table 2; Table S1). 

The methanol fraction is considered to have good antimalarial ac-
tivity, because it suppresses malaria parasites by more than 50% at 200 
mg/kg (Deharo et al., 2001). The prolonged survival days and preven-
tion of body weight loss and rectal temperature drop suggest the frac-
tion’s action on the overall pathology of the disease and its strong 
parasite clearance. Glycosides and other polar components that are 
supposedly found in the methanol fraction could be responsible for the 
more pronounced effect (Park et al., 2008). 

3.4. Antimalarial activity of the column sub-fractions 

Column fractionations of the most active solvent (methanol) fraction 
led to the collection of three column sub-fractions: LGF-1, LGF-2, and 
LGF-3, and LGF-2 was found to be a pure compound (Fig. S1). All the 
column sub-fractions displayed a significant dose-dependent antima-
larial activity in the four-day suppressive test (Fig. 2e). Moreover, the 
pure compound (LGF-2) showed the highest parasite chemosuppression, 
68.21% at 100 mg/kg. It also resulted in a longer mean survival time in 
mice, 18 days at 100 mg/kg (Fig. 2f). All the sub-fractions produced a 
significant effect on the reduction of body weight loss, PCV and rectal 
temperature drop. However, chloroquine treated groups had a more 
pronounced effect than the sub-fractions treated groups (Table 3; 
Table S2). 

The compound (LGF-2) showed greater than 50% parasitemia 
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suppression at 50 mg/kg. Thus, it can be considered as a promising 
antimalarial agent (Soares et al., 2015). Besides, the 18 days mean 
survival time of 100 mg/kg LGF-2 treated mice indicates that the com-
pound has the ability to alter the overall pathology of malaria in the 
mice. On the other hand, even at 100 mg/kg, LGF-2 was unable to 
completely clear parasites; hence, the parasites eventually returned. The 
effect of LGF-2 on body weight and temperature suggest that it might 
have mild antifebrile effect (Ang et al., 2000; Alebachew et al., 2021). 

3.5. Structural elucidation 

Bioassay-guided fractionation of the 80% methanol extract of the 
roots of L. giberroa resulted in the isolation of an active compound (LGF- 

2), Rf = 0.56 (Chloroform/Methanol; 4:1). The compound (LGF-2) was 
isolated as a yellow solid. The 13C NMR spectrum of LGF-2 (Fig. S2) 
revealed a total of twenty carbons. The signals at δ 28.94, δ 32.55, δ 
60.58 and δ 61.55 indicated the presence of four CH2 groups as 
confirmed by the negative signal on DEPT-135 (Fig. S3). From the 12 
positive signals found on DEPT-135 spectrum, only 11 were observed in 
DEPT-90 spectrum (Fig. S4). This showed that the presence of 11 CH 
groups at δ 65.08, δ 70.61, 77.37, δ 77.44, δ 73.75δ, δ 80.02, δ 100.54, δ 
109.66, δ 125.53, δ 136.62 and δ 145.48; the signal at δ 19.12 was 
confirmed the presence of one CH3 group. The downfield CH2 signals at 
δ 60.58 and δ 61.55 indicate that they are oxygenated methylene groups. 
The signals at δ 69.57, δ 72.46, δ 77.55 and δ 83.31, which were 
observed neither in the DEPT-135 nor in the DEPT-90, were therefore 

Fig. 2. Antimalarial activity of the 80% methanol extract and fractions of the roots of Lobelia giberroa against mice infected with Plasmodium berghei in the 4-day 
suppressive test. % clearance on day 4 post-infection is calculated and survival curves of each mouse are plotted as percent survival/group for the evaluation of 
suppression of early stage infection. (A) % clearance of the 80% methanol extract. (B) Survival plots of each mouse administered with the 80% methanol extract (100, 
200 and 400 mg/kg), chloroquine (CQ), and distilled water. (C) % clearance of the solvent fractions. (D) Survival plots of each mouse administered with the methanol 
fraction (100, 200 and 400 mg/kg), chloroquine (CQ), and distilled water (E) % clearance of the column sub-fractions. (F) Survival plots of each mouse administered 
with LGF-2 (25, 50 and 100 mg/kg), chloroquine (CQ), and distilled water. Values are presented as mean ± SEM; n = 5. 
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four quaternary carbons. The downfield 13C NMR signals at δ 109.64, δ 
145.47 and δ 125.51, δ 136.61 supported the presence of two double 
bonds. In addition, the signal at δ 100.54 was typical of anomeric carbon 
and indicated the presence of sugar moiety in the structure. Further-
more, the peaks at δ 61.53, δ 69.55, δ 73.73, δ 77.43 and δ 77.53 
signified the five sugar carbons. Table 4 summarizes the 13C NMR data of 
the compound (LGF-2). 

In the 1H NMR spectrum (Fig. S5), the proton signal at δ 4.15 (d, J =
7.7 Hz, 1H) further indicated the presence of an anomeric proton, 
thereby the presence of a sugar unit. The signals at δ 1.50, δ 2.07 and δ 
3.41 each were integrated to two protons that were attributed to be CH2 

protons. The downfield shifted CH2 signal (δ 3.41) was an oxygenated 
methylene and the proton signal at δ 1.80 (3H, dd, J = 1.9, 6.9 Hz, H-1) 
strengthened the presence of a methyl group which was found in prox-
imity to olefinic carbons. The proton signals at δ 4.45 (1H, d, J = 5.4 Hz, 
H-8) and δ 4.04 (1H, t, J = 7.1 Hz, H-9) were integrated to one proton 
showed the presence of two CH protons. The two pairs of trans coupled 
peaks δ 5.37 (1H, dd, J = 7.4, 15.5 Hz, H-10), δ 5.82 (1H, dt, J = 6.8, 
14.5 Hz, H-11) and δ 6.39 (1H, dq, J = 6.8, 16.1 Hz, H-2), δ 5.71 (1H, dd, 
J = 2.1, 15.9 Hz, H-3) protons supported the presence of two double 
bond carbons. These double bonds were assigned as E due to the large 
vicinal coupling constant (J = 15.5 Hz and 14.5 Hz) between alkene 

Table 1 
Packed cell volume, rectal temperature and body weight of Plasmodium berghei infected mice before and after administration of the 80% methanol extract of the roots of 
Lobelia giberroa in the four-day suppressive test.  

Group Dose (mg/ 
kg) 

Weight Temperature Packed cell volume 

D0 D4 % Change D0 D4 % Change D0 D4 % Change 

DW  26.92 ±
0.29 

21.18 ±
0.30 

− 21.3 ± 1.16 36.9 ±
0.09 

33.72 ±
0.28 

− 8.61 ± 0.9 56.3 ±
0.62 

47.18 ±
0.69 

− 16.18 ± 1.11 

CQ 25 26.7 ±
0.45 

26.86 ±
0.42 

0.61 ± 0.16a3 36.96 ±
0.13 

36.58 ±
0.23 

− 1.03 ± 0.37a3 55.42 ±
0.92 

54.00 ±
1.09 

− 2.58 ± 0.59a3 

LGCE 100 26.76 ±
0.59 

22.42 ±
0.77 

− 16.24 ±
1.86b3d1e3 

36.82 ±
0.19 

34.78 ±
0.17 

− 5.5 ±
0.58a2b3d2e3 

54.64 ±
0.88 

48.00 ±
0.63 

− 12.12 ±
0.86a1b3e2 

200 25.14 ±
0.76 

22.72 ±
0.66 

− 9.47 ±
2.44a3b2e1 

36.84 ±
0.05 

36.04 ±
0.12 

− 2.17 ± 0.36a3 54.48 ±
0.82 

48.16 ±
1.03 

− 11.63 ±
0.61a2b3e2 

400 26.26 ±
0.56 

24.57 ±
0.52 

− 6.44 ± 0.64a3 36.94 ±
0.09 

36.64 ±
0.09 

− 0.81 ± 0.12a3 54.66 ±
0.96 

50.08 ±
1.09 

− 7.08 ± 0.71a3 

Data are expressed as mean ± SEM; n = 5; compared to a, negative control; b, CQ25 mg/kg; c, 100 mg/kg; d, 200 mg/kg; e, 400 mg/kg; 1, p < 0.05; 2, p < 0.01; 3, p <
0.001; DW, distilled water; CQ, chloroquine; D0, pre-treatment value on day 0; D4, post-treatment value on day 4; LGCE, 80% methanol extract of the roots of Lobelia 
giberroa. 

Table 2 
Body weight, rectal temperature and packed cell volume of Plasmodium berghei infected mice before and after administration of the methanol fraction of the roots of 
Lobelia giberroa in the four-day suppressive test.  

Group Dose (mg/ 
kg) 

Weight Temperature Packed cell volume 

D0 D4 %Change D0 D4 %Change D0 D4 %Change 

TW80  26.52 ±
0.39 

21.82 ±
0.42 

− 17.72 ± 1.09 37.08 ±
0.73 

33.42 ±
0.92 

− 9.87 ± 0.23 56.18 ±
0.82 

49.92 ±
0.70 

− 11.13 ± 0.49 

CQ 25 26.92 ±
0.64 

27.30 ±
0.69 

1.41 ± 0.42a3 37.14 ±
0.07 

36.90 ±
0.07 

− 0.64 ± 0.06a3 55.40 ±
0.93 

55.08 ±
0.92 

− 0.58 ± 0.13a3 

MF 100 26.68 ±
0.65 

22.80 ±
0.58 

− 14.54 ±
0.38b3e3d1 

36.80 ±
0.08 

34.31 ±
0.16 

− 7.52 ±
0.78a3b3d2e3 

55.50 ±
1.07 

51.36 ±
1.40 

− 7.52 ±
0.78a3b3e3  

200 26.40 ±
0.78 

23.60 ±
0.80 

− 10.63 ±
0.89a3b3e3 

37.04 ±
0.08 

35.36 ±
0.19 

− 5.59 ±
0.15a3b3e3 

55.35 ± 0.79 52.26 ±
0.83 

− 5.59 ±
0.15a3b3e1  

400 27.28 ±
0.71 

25.94 ±
0.98 

− 4.91 ± 0.99a3b3 36.88 ±
0.12 

36.26 ±
0.28 

− 3.16 ± 0.54a3 54.48 ±
1.15 

52.76 ±
1.14 

− 3.16 ± 0.54a3b1 

Data are expressed as mean ± SEM; n = 5; a, compared to negative control; b, to CQ25 mg/kg; c, to 100 mg/kg; d, to 200 mg/kg; e, to 400 mg/kg; 1, p < 0.05; 2, p <
0.01; 3, p < 0.001; TW80, 2% Tween80; CQ, chloroquine; MF, methanol fraction; D0, pre-treatment value on day 0; D4, post-treatment value on day 4. 

Table 3 
Body weight, rectal temperature and packed cell volume of Plasmodium berghei infected mice before and after administration of the compound (LGF-2) in the four-day 
suppressive test.  

Group Dose mg/ 
kg 

Weight Temperature Packed cell volume 

D0 D4 %Change D0 D4 %Change D0 D4 %Change 

TW80  25.86 ±
0.49 

21.50 ±
0.44 

− 16.86 ± 0.71 36.70 ±
0.19 

32.84 ±
0.17 

− 10.51 ± 0.40 54.76 ±
0.41 

46.88 ±
0.50 

− 14.38 ± 0.96 

CQ 25 25.60 ±
0.52 

26.36 ±
0.59 

2.95 ± 0.50a3 36.72 ±
0.09 

36.54 ±
0.09 

− 0.49 ± 0.13a3 54.04 ±
0.79 

53.70 ±
0.82 

− 0.6321 ± 0.12a3 

LGF-2 25 26.14 ±
0.99 

23.12 ±
0.97 

− 11.61 ±
0.39a3b3d3e3 

37.02 ±
0.14 

34.00 ±
0.14 

− 8.16 ±
0.15a3b3e3 

54.20 ±
0.98 

48.32 ±
0.84 

− 10.84 ±
0.19a2b3d1e3 

50 24.88 ±
0.79 

23.10 ±
0.65 

− 7.11 ± 0.59a3b3e3 36.72 ±
0.10 

34.20 ±
0.20 

− 6.86 ±
0.41a3b3e3 

54.98 ±
0.83 

50.57 ±
0.79 

− 8.02 ± 0.32a3b3e3 

100 26.90 ±
0.35 

26.14 ±
0.39 

− 2.83 ± 0.61a3b3 36.98 ±
0.11 

35.64 ±
0.07 

− 3.62 ±
0.33a3b3 

54.10 ±
0.60 

51.84 ±
0.79 

− 4.19 ± 0.59a3b3 

Data are expressed as mean ± SEM; n = 5; a, compared to negative control; b, to CQ25 mg/kg; c, to 25 mg/kg; d, to 50 mg/kg; e, to 100 mg/kg; 1, p < 0.05; 2, p < 0.01; 
3, p < 0.001; TW80, 2% Tween80; CQ, chloroquine; D0, pre-treatment value on day 0; D4, post-treatment value on day 4. 
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protons at C-10 and C-11, and between alkene protons at C-2 and C-3 (J 
= 16.1 Hz and 15.9 Hz) (Ishimaru et al., 1991; Dumlu et al., 2008). 
Table 4 summarizes the 1H NMR data of the compound (LGF-2). 

The HMBC spectrum of LGF-2 (Fig. S6) showed the connection of 
CH3 protons at C-1 to the olefinic carbons at C-2 and C-3. The olefinic 
proton at C-11 correlated with two CH2 carbons at C-12, C-13, and CH 
carbon at C- 9. The C-12 of LGF-2 showed a long-range correlation with 
the proton located at olefinic carbon at C-10. The two protons on the 
oxygenated CH2 group at C-14 displayed correlations with carbons at C- 
12 and C-13. This long-range correlation has also been displayed by the 
CH proton at C- 8 and C- 9. The large coupling constant (J = 7.7 Hz) of H- 
l’ revealed the β-configuration of these anomeric centers (Ishimaru et al., 
1991). Furthermore, the 1H–1H COSY spectrum of LGF-2 (Fig. S7) 
exhibited correlation cross-peaks between CH3 (C-l) protons and CH 
(C-2) proton, CH (C-2) proton and CH (C-3) proton, CH (C-8) proton CH 
(C-9) and CH (C-l0) proton, CH (C-l0) proton and CH (C-11) proton, CH 
(C-11) proton and CH2 (C-12) protons, CH2 (C-12) protons and CH2 
(C-13) protons, and CH2 (C-13) protons and CH2OH (C-14) protons. 

The mass spectrum of LGF-2 (Fig. S8) gave a pseudomolecular ion 
peak at m/z 414.1 [M + NH4

+] + (Calc. m/z 414.46998[M + NH4
+] +). 

The base peak at 217 indicated the presence of sugar moiety, pyrano-
sides. The signal at 199 represented [(M/2) +H+] fragment peaks. In 
addition, the fragment peaks at m/z 361 and 379 were [M-2OH] and [M 
– OH], respectively indicating LGF-2 is an alcohol. The molecular ion 
peak of alcohols is small and sometimes undetectable due to incomplete 

conversion and unexpected reactions (Traeger and Morton, 2004; Sayed 
et al., 2010). As a result, the molecular ion peak of the LGF-2 was absent. 
The molecular weight of LGF-2 was deduced to be 396, and its molecular 
formula was determined to be C20H28O8. 

The IR spectrum of LGF-2 (Fig. S9) signaled the presence of O–H, 
C–O, C–H stretch of CH3, C–H stretch of CH2, and CC functional groups 
stretch. The broad bands at 3379 cm− 1 and 1070 cm− 1 showed the 
hydroxyl and C–O stretches respectively. The bands at 2922 cm− 1 and 
2854− cm gave evidence for the existence of sp3 hybridized C–H stretch 
and the weak band at 2229 cm− 1 indicated acetylenic carbon stretch. 
The band at 1619 showed the presence of alkene. Therefore, the IR 
suggested that LGF-2 contains triple bond, alcohol, alkenes and C–O. 

Based on the above results and in comparison with the reported 1H 
NMR and 13C NMR data (Ishimaru et al., 1991, 2003; Dumlu et al., 
2008), LGF-2 was identified as lobetyolin (1) (Fig. 3a). Lobetyolin was 
isolated from the roots of L. giberroa for the first time. 

3.6. Curative and prophylactic antimalarial activity of lobetyolin 

3.6.1. Curative activity 
Lobetyolin displayed a dose-dependent suppressive effect against 

established P. berghei infection in mice in Rane’s curative model 
(Fig. 3b). The compound significantly prolonged the mean survival days 
of the treated groups. However, compared to the standard drug, it was 
less effective (Fig. 3c). At all doses, lobetyolin suppressed body weight 
loss, and rectal temperature, and PCV reduction (Table S3). 

3.6.2. Prophylactic activity 
Lobetyolin produced significant (p < 0.001) prophylactic para-

sitemia suppression against P. berghei infection in mice (Fig. 3d). The 
compound extended survival time of treated mice (Fig. 3e), and signif-
icantly attenuated body weight loss and rectal temperature and PCV 
reduction (Table S4). 

The ED50 of lobetyolin was estimated to be 36.8 mg/kg from the 
dose-response plot of the four-day suppression test (Fig. 3f). This entails 
that the compound has a more potent effect in the early erythrocytic 
stage of parasite infection than the 80% methanol extract and fractions. 
However, the ED50 of lobetyolin was lower when compared with the 
antimalarial drugs chloroquine, artemisinin derivatives, and some other 
compounds, which had ED50 in the range of 0.4–18 mg/kg, (Brossi et al., 
1988; Ancelin et al., 2003; Chu et al., 2019). This could be attributed to 
lobetyolin’s partial water solubility, which results in limited bioavail-
ability (Dong et al., 2021). This is further supported by the recrudes-
cence noted in the four-day suppression test after 73% suppression. 
Thus, structural optimization of lobetyolin for example by esterification 
of the OH groups with amine containing polar substituents such as lysine 
to enhance its water solubility (bioavailability) is recommended. 

Preclinical studies revealed that lobetyolin, a C14-polyacetylene 
glucoside, possess anticancer (He et al., 2019; Bailly, 2021; Chen et al., 
2021), antioxidant (Dumlu et al., 2008), and antigout properties (Yoon 
and Cho, 2021). In spite of the availability of more than five hundred 
polyacetylenes natural products, only eight were tested for their anti-
malarial activity (Negri, 2015; Folquitto et al., 2019). Moreover, lobe-
tyolin, in the present study, (R)-1, 2-dihydroxy-trideca-3,5,7,9, 
11-pentayne (DTP) isolated from Bidens pilosa (Tobinaga et al., 2009), 
and acetylenic thiophenes from Echinops hoehnelii (Bitew et al., 2017) 
are the only ones evaluated in vivo. DTP is a fairly unstable C13-poly-
acetylene (aglycon) having potent in vivo antimalarial activity with a 
chemosuppression value of 63.1% at 0.8 mg/kg dose after an IV 
administration (Tobinaga et al., 2009). Interestingly, the instability and 
potent antimalarial property of DTP offers three crucial insights 
regarding lobetyolin. First, the glucose moiety of lobetyolin is important 
for its stability. Notably, lobetyolin was found unstable upon hydrolysis. 
Second, as mentioned above and indicated by Dong et al. (2021), the 
poor bioavailability of lobetyolin after an oral route undermines its 
curative potency or complete parasite clearance. Third, the in vivo 

Table 4 
1H and13C NMR data of compound (LGF-2) measured in DMSO-d6.  

Present data Reference data (Ishimaru et al., 1991) 

Position δC (ppm) δH 

(ppm) 
δC 

(ppm) 
δH (ppm) 

1 19.12 1.80 (3H, dd, 
J = 1.9, 6.9 
Hz) 

19.20 1.73 (3H, dd, J = 2.3, 6.8, Hz) 

2 145.48 6.39 (1H, dq, 
J = 6.8, 16.1, 
Hz) 

144.70 6.29 (1H, dq, J = 6.8, 16.2,Hz) 

3 109.66 5.71 (1H, dd, 
J = 2.1, 15.9, 
Hz) 

110.40 5.55 (1H, dd, J = 2.3, 16.2, Hz) 

4 83.31 – 82.40 – 
5 77.55 – 78.20 – 
6 72.46 – 72.90 – 
7 69.57 – 70.80 – 
8 65.08 4.45 (1H, d, J 

= 5.4, Hz) 
65.60 4.40 (1H, d, J = 6.8, Hz) 

9 80.02 4.04 (1H, t, J 
= 7.1, Hz) 

81.80 4.20 (1H, t, J = 6.8, Hz) 

10 125.53 5.37 (1H, dd, 
J = 7.4, 15.5, 
Hz) 

126.40 5.4 (1H, dd, J = 6.8, 16.2, Hz) 

11 136.62 5.82 (1H, dt, 
J = 6.8, 14.5, 
Hz) 

136.70 5.86 (1H, dt, J = 6.8, 16.2, Hz) 

12 28.94 2.07 (2H, q, J 
= 7.2, Hz) 

28.90 2.09 (2H, br, dd, J = 6.8, 13.5 
Hz) 

13 32.55 1.50 (2H, q, J 
= 6.6, Hz) 

33.00 1.56 (2H, q, J = 6.8, Hz) 

14 61.55 3.41 (2H, t, J 
= 6.9, Hz) 

61.90 3.49 (2H, t, J = 6.8, Hz) 

1′ 100.54 4.15 (1H, d, J 
= 7.7, Hz) 

100.80 4.32 (lH, d, J = 7.5, Hz) 

2′ 73.75 3.0 (1H m) 74.70 3.24 (1H, m) 
3′ 77.44 3.0 (1H, m) 77.90 3.24 (1H, m) 
4′ 70.61 3.10 (1H, t, J 

= 8.3 Hz) 
71.50 3.34 (1H, t, J = 8.3, Hz) 

5′ 77.37 3.0 (1H, m) 77.80 3.24 (1H, m) 
6′ 60.58 3.65 (1H, d, J 

= 11.7, Hz) 
62.00 3.77 (1H, dd, J = 6.8, 12.1, Hz) 

s = singlet, d = doublet, dd = doublet of doublets, m = multiplet, br = broad, q =
quartet, t = triplet. 
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potency of DTP (after IV route) and lobetyolin (after oral route) again 
cements the presence of a specific target for the compounds in the 
parasite. However, because of the absence of prior investigation on the 
mechanism of action of polyacetylenes and/or related compounds, it is 
difficult to suggest plausible target/s for lobetyolin. Thus, target 
deconvolution is highly desirable. To the best of our knowledge, this is 
the first report on the antimalarial activity of lobetyolin. 

4. Conclusion 

The results of this phenotypic bioassay-guided isolation of lobetyolin 
support the traditional claim of the roots of L. giberroa. Lobetyolin, the 
principal active compound of the plant, has the potential to serve as an 
early lead compound for the development of new antimalarial drugs. 
Exploration of structure-activity relationships through semi-synthetic 
modifications and combination studies with other antimalarial drugs 
are suggested as potential strategies to improve the antimalarial activity 
of lobetyolin. 
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