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Introduction: Resistant malaria is a fatal disease. Globimetula braunii (African Mistletoe) 
is traditionally used for malarial treatment but this fact has not been scientifically reported.
Methods: Plasmodium berghei (NK65)-infected male Swiss mice (20±2 g) were treated orally 
and once daily with 100, 200, and 400 mg/kg BW of methanol extract and its respective hexane, 
dichloromethane and ethyl acetate fractions for 9 days. P-alaxin was used as control drug P. berghei 
(ANKA)-infected mice were then treated with the most potent fraction for 5 days. Parasitemia and 
parasite clearance were determined by microscopy, while hematological parameters, heme, hemo-
zoin, and mouse erythrocyte membrane stabilisation were assayed. The phytochemicals in the most 
potent fraction were identified using gas chromatography-mass spectrometry.
Results: Hexane fraction (HF)-treated mice (400 mg/kg BW) had the least mean parasite 
load (0.00 ± 0.00; 0.14 ± 0.05%) and highest clearance (100 ± 0.00; 75.50 ± 4.95%) 
compared with infected control (9.81 ± 0.09; 6.84 ± 0.09%) in susceptible and resistant 
models, respectively. Hexane fraction modulated hematological indices, minimised erythro-
cyte membrane damage in heat-induced (2.18 ± 0.94%) and hypotonic solution-induced 
(7.93 ± 0.93%) compared to artequin (5.05 ± 2.18; 6.38 ± 0.33%) and P-alaxin (67.45 ± 5.15; 
56.78 ± 1.10%) in both models of membrane stabilisation, respectively. Hexane fraction 
(P<0.01) increased heme and decreased hemozoin contents. Friedelan-3-one was identified 
as the most abundant triterpene.
Conclusion: The results indicated that G. braunii has anti-plasmodial properties and minimally 
dis-stabilised erythrocyte membrane. The major findings in this study are that n-hexane fraction 
of G. braunii possess excellent and moderate antiplasmodial activity against susceptible and 
resistant P. berghei, respectively. This was reflected via decreased parasite load, improved 
hematological parameters, increased heme and decreased hemozoin contents. Friedelan-3-one, 
a major constituent of the n-hexane fraction, may be responsible for this activity.
Keywords: Globimetula braunii, erythrocytes, heme, hemozoin, Plasmodium berghei, 
resistant malaria

Introduction
Malaria is a major infectious disease that has plagued many countries across the globe, 
claiming many lives. According to a World Malaria Report in 2019, over 90% of 
reported cases stem from Africa, with a significant percentage of these infections being 
fatal, especially among pregnant women and children.1 In 2019, there were 229 million 
estimated cases of malaria worldwide with about 409,000 fatalities while children 
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whose ages are below 5 years accounted for 67% (274,000) 
casualties. The highest percentage of malaria cases and fatal-
ity (99.7%) is found in Africa.1 For example, in 2019 alone, 
the financial burden of malarial treatment and prevention 
rose to about US$ 3 billion.1 Due to this, several treatment 
regimens and preventive measures have been employed to 
combat Plasmodium infection and disease. Resistance to the 
available drugs and complications are the primary concern of 
physicians when treating malaria. Infection occurs after the 
injection of the parasite into the host in exchange for a blood 
meal by the female anopheles mosquito. Following the pre- 
erythrocytic stage in the liver, malaria parasites invade the 
red blood cells, after which the clinical symptoms such as 
fever and pain begin to manifest.2 Infection of red blood cells 
by the parasites causes a decrease in oxygen transport 
through anemia, ultimately leading to inadequate oxygen 
delivery to tissues, and tissue hypoxia.3

Once infected, malarial parasites proliferate and degrade 
the red blood cell components for their use, releasing hemo-
zoin as a by-product of heme breakdown.4 This results in 
decreased oxygen transport and consumption causing more 
severe damage to tissues. Oxidative stress generated by invad-
ing parasites coupled with increased parasite load places stress 
on the red cell membrane, which becomes unstable and even-
tually undergo hemolysis.5 Interestingly, antimalarial drugs 
have varying mechanisms of action. One such example is 
chloroquine that interferes with hemozoin formation and this 
has been described as its mechanism of action.6 More potent 
and less toxic antimalarial drugs are currently in need due to 
drug resistance, and the high levels of cytotoxicity of current 
antimalarial drugs. Natural products with promising antiplas-
modial properties that are less toxic to erythrocytes have been 
reported.7

Resistance to common orthodox drugs by malarial para-
sites has made the search for other drugs with wide therapeu-
tic window quite inevitable. Therefore, there is an increase in 
research on medicinal plants with promising folkloric evi-
dence of high antimalarial efficacy. Furthermore, large num-
bers of medicinal plants are frequently screened to identify, 
evaluate the pharmacological and medicinal properties of 
promising medicinal plants with good folkloric efficacy 
against some diseases especially malaria because of the resis-
tant strains of the causative organisms. The folkloric antima-
larial efficacy of medicinal herbs such as Trema orientalis, 
Alstonia boonei, and Khaya grandifoliola has been substan-
tiated with scientific reports.8–10 In addition to this, African 
mistletoe is hemi-parasitic plants found on many tree crops of 
economic importance. They belong to the Loranthaceae 

family, and the medicinal importance of some genera have 
been identified. For example, Dendrophthoe pentandra is 
used in folkloric medicine to treat inflammation,11 and 
induces cell death in colon cancer11Englerina gabonensis 
and Sterculia tragacantha have antibacterial, antifungal and 
antioxidant properties,12 Tapinanthus sessilifolus and 
Agelanthus dodoneifloius have been reported to have anti-
malarial properties,13,14 while Phragmanthera incana has 
inhibitory effects against lipid peroxidation15,16Globimetula 
braunii, is a specie out of about five hundred species of this 
plant. Like other mistletoes, it is widely spread by seed 
dispersal via birds that feed on mistletoe fruits through fecal 
droppings or regurgitation Because of their diverse health 
benefits, mistletoes are generally believed to be “cure all” 
medicinal plants simply because of the phytochemicals pre-
sent in the plants and their health benefits. G. braunii is 
African mistletoe commonly found on cocoa and other per-
ennial plants. Its oxytoxic,17 laxative18 antioxidative,19 and 
high hydroxyl radical scavenging activities have been 
reported.20 It is locally used in South Western Nigeria as an 
antimicrobial and antimalarial effusion. This claim has not 
been scientifically substantiated. Although some phytochem-
ical and pharmacological studies have been carried out on G. 
braunii,21 to the best of our knowledge, there is paucity of 
information on the antiplasmodial activity of the plant.

In our continued interest in searching for new antimalarial 
medicinal plants and their bioactive constituents, we investi-
gated the antiplasmodial activity of G. braunii. Various solvent 
extract and fractions of the leaves of this plant, using an 
established infection model, were explored. Due to malaria 
being noted for its resistance to conventional medicine, poor 
prognosis, and severe fatalities, the focus of the study was 
centered on both susceptible and resistant strains of malarial 
Plasmodium using animal models. In this regard, we substan-
tiated the indigenous antimalarial claim of this plant using both 
chloroquine-sensitive (NK 65) and resistant (ANKA) models 
of P. berghei. We also identified the possible phytochemicals 
responsible for antimalarial activity in the plant’s most potent 
solvent fraction.

Materials and Methods
Collection of Plant Material, Extraction, 
and Partitioning in Vacuum Liquid 
Chromatography
The twigs with leaves of G. braunii were severed from the 
cocoa plant at Igbo Oloyin area in Ibadan and authenticated 
by Mr. Omotayo F.O. at the University Herbarium, Ekiti 
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State University, Ado-Ekiti, Nigeria, and a voucher specimen 
(UHAE 2020064) deposited. The twigs were air-dried for 
two weeks at room temperature in the laboratory, and there-
after, the leaves were severed and pulverized using a mortar 
and pestle. The powdered sample was extracted using metha-
nol at room temperature for 72 h. The methanol filtrate was 
concentrated using a rotary evaporator at 40°C to a dark 
green mass. The leaf methanol extract (ME) (50 g) of G. 
braunii was adsorbed on Thin Layer Chromatography (TLC) 
silica gel and air-dried. A column was packed with silica gel 
using n-hexane; the adsorbed sample was loaded and washed 
successively with four different solvents using vacuum liquid 
chromatography: n-hexane (HF), dichloromethane (DF), 
ethyl acetate (EF), and methanol (MF), respectively, to obtain 
their respective fractions (HF, DF, EF, and MF) and concen-
trated to dryness.

Phytochemical Screening
Determination of Total Phenolic Content
The total phenolic,22 tannins,23 alkaloids,24 flavonoids,25 

saponins24 and terpenes26 contents of extract and fractions 
of G. braunii were quantitatively determined using the 
previously described methods.

Ethical Statement
All the experimental procedures involving laboratory ani-
mals were performed in compliance with the Principle of 
Laboratory Animal Care as specified in the Principle of 
Laboratory Animal Care (NIH publication No. 85–23) 
guidelines.27 The University of Ibadan Animal Care and 
Use Research Ethics Committee (UI-ACUREC) approved 
the study and approval number UI-ACUREC/17/0089 was 
assigned to the study.

Experimental Animals, Grouping, and 
Infection
The Ryley and Peter’s model of established infection was 
used in this study.28 Eight weeks old, all male Swiss mice 
(20 ± 2 g) were obtained from the Institute of Advanced 
Medical Research and Training, College of Medicine, 
University of Ibadan, Nigeria. The animals were kept in 
well-ventilated plastic cages and acclimatised for one week 
before the experiment. They were then intraperitoneally 
infected with the chloroquine-sensitive P. berghei-infected 
erythrocytes from a donor mouse (107 inoculums). 
Parasitemia was established after 72 hours, and the animals 
were sorted for grouping.28

Eighty-five infected mice (20±2 g) were randomly 
assigned to groups (n=5) and were treated orally and 
once daily as follows: the infected control was treated 
with the vehicle only (5% (v/v) dimethyl sulfoxide 
(DMSO)), the drug control group was treated with 10 
mg/kg BW P-alaxin (Bliss GVS Pharma Limited, India), 
the test groups were treated with 50, 100 and 400 mg/kg 
BW each of ME, HF, DF, EF and MF of G. braunii. 
Treatment lasted for nine days. The most potent fraction 
was used for the chloroquine-resistant (ANKA strain) 
study. In this case, twenty-five male Swiss mice were 
infected with P. berghei ANKA strain, grouped (n=5) 
and were treated after the confirmation of parasitemia, 
orally and once daily for consecutive five days as follows: 
the infected control was treated with vehicle only (5% (v/ 
v) dimethyl sulfoxide (DMSO)), the drug control mice 
were treated with 10 mg/kg BW artequin (a product of 
Oculus Pharmacare Limited, Nigeria), three doses; 50, 100 
and 200 mg/kg BW of the most potent fraction were 
administered separately. Slides were collected daily for 
the assessment of percentage parasitemia and parasite 
clearance.

Termination of the Animals and 
Collection of Blood Samples
On the last day of each experiment, the animals were 
fasted overnight and terminated via cervical dislocation. 
The animals were quickly opened and the heart was 
located. Blood was obtained from the heart with the aid 
of 1 mL syringes and hypodermic needles. The needle, 
preloaded with 0.4 M preparation of EDTA to prevent 
blood clot, was inserted into the heart. Blood samples 
were collected from the heart via aspiration into EDTA 
bottles, swirled gently to ensure thorough mixing and kept.

Percentage Parasitemia and Percentage 
Clearance
Thin films of blood on slides were made from blood 
collected from the tail region of the animals, air-dried, 
and fixed in absolute methanol. These were air-dried 
again and stained with Giemsa stain, rinsed with buffered 
water, dried, and viewed under a microscope using the 
immersion oil objective (X100). Infected and uninfected 
erythrocytes were counted; percentage parasitemia and 
parasite clearance were calculated as follows:
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Percentage Parasitemia ¼ Number of cells
counted

Total
number of red

blood cell scounted X 100 

Percentage Clearance ¼ IE Controlð Þ

� IE
Test
IE

Controlð ÞX100 

Where IE= Infected Erythrocytes.

Determination of Hematology Parameters
Hemoglobin Concentration
This was determined as previously described29 using the 
cyamet hemoglobin method. A blood sample (0.02 mL) was 
added to 4 mL of Drabkin’s diluent. The solution was per-
mitted to remain for 10 min, and the resultant solution was 
read at 540 nm with the diluent as reference. The concentra-
tion of hemoglobin expressed in g/100 mL was calculated as 
shown below.

Hemoglobin
concentration
g=100mlð Þ

¼

Absorbance of testsolution� Hb
concentration of standard solution
� dilution factor
Absorbance of standard solution 

Dilution factor =201, Hemoglobin concentration of 
standard =0.0572g/mL.

Packed Cell Volume
Packed Cell Volume (PCV) was determined by the con-
ventional method described by Schalm et al.29 This 
involves filing a capillary tube with blood; one end of 
the tube was sealed using plasticine. The tube centrifuge 
in the micro-hematocrit was centrifuged in a hematocrit 
centrifuge at 2000 rpm for 5 min. The PCV percentage 
was read directly from a graphic hematocrit reader.

Red Blood Cell Count
By means of rubber tubing attached to the end of the red 
cell pipette, blood was drawn to the 0.5 mark on the 
pipette. At a nearly horizontal level, the pipette was used 
to draw Haymen’s solution was drawn to the 101 mark. In 
order to ensure thorough mixing and dilution of the fluid in 
the bulb, the rubber tubing was removed, and the pipette 
rotated for 1 min. Diluted blood was then introduced care-
fully into the counting chamber with a clean coverslip in 
place. Meanwhile, the red cell counting was done using a 
microscope (X40 objective). Counting was carried out in 5 
sets of small squares containing 80 small squares.

Total White Cell Count
The procedure followed was similar to that used for deter-
mining the red blood cell count of dilution. The dilution 
ratio was 1:20, and each of the 4 white cell counting areas 
was bounded by a single line. The multiplication factor 
was 50 when all the 4 counting areas were used.

Heme Content
Heme content was estimated from an equal volume of blood 
withdrawn from experimental animals. Briefly, 10 µL blood 
was mixed with 250 µL of 10% sodium dodecylsulfate 
(SDS) (w/v) and 250 µL of 1 M sodium hydroxide 
(NaOH), vortexed for 10 min. The tubes were incubated for 
2 h at room temperature, and the total heme content was read 
at 404 nm. Supposing the molar absorption coefficient of 
heme to be 9.08104/M/cm, the concentration was articulated 
as micromole of heme/mL of blood.30

Hemozoin Content
Briefly, 10 µL blood was completely lysed by 0.08% saponin 
and centrifuged at 18,000 rpm in ultra-centrifuge. The super-
natant was removed, and the pellet was washed (three times) 
with 250 µL of 25% SDS buffered with 25 mM Tris-HCl 
buffer (pH 7.4). The pellet was incubated at 37°C overnight 
in the buffer as mentioned above. After incubation, the tubes 
were centrifuged again at 18,000 rpm, and the pellet was 
hydrolysed to its monomers using 1M sodium hydroxide 
(NaOH). Absorbance was read at 404 nm. Hemozoin content 
was estimated and expressed as micromole heme/mL of 
blood.31

Red Cell Membrane Stabilising Activity
Two models were used for this study; hypotonic solution 
and heat-induced membrane dis-stabilisation.

Heat-Induced Membrane Dis-Stabilisation
Modified established procedure by Okoli et al32 was used to 
assess the erythrocyte membrane-stabilising effects of the 
extract and fractions of G. braunii. The assay mixture con-
sisted of 0.5 mL hyposaline (0.42% (w/v) sodium chloride 
(NaCl)), 1.0mL of 0.15M sodium phosphate buffer (pH 7.4), 
the varying volume of iso-saline (0.85% (w/v) NaCl) and 
0.5mL mice erythrocyte suspension. The drug control was 
pipette as above without 2% erythrocyte suspension, while 
the blood control contained all the reagents except the drug or 
the extract. The reaction mixture was mixed properly and 
incubated at 56°C for 30 min. The tubes were cooled under 
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running water and then centrifuged at 3000 rpm for 5 min. 
The supernatant was collected, and the absorbance was read 
at 560 nm. The buffered sodium chloride solution served as 
blank. Artequin (Oculus Pharmacare Limited, Nigeria) and 
P-Alaxin (Bliss GVS Pharma Limited, Mumbai, India) were 
used as antimalarial drug controls.

The percentage membrane stability activities were esti-
mated from the expression:

100 �
drug test value � drug control valueð Þ

Control value
� 100 

Hypotonic Solution-Induced Membrane 
Dis-Stabilisation
The membrane-stabilising effect of the extract and fractions of 
G. braunii using the hypotonic solution-induced mice erythro-
cyte hemolysis method was determined by using the modified 
method of Umapathy et al.33 To prepare the erythrocyte sus-
pension, whole blood was obtained from mice via cardiac 
puncture using a syringe containing 0.4 M ethylenediamine 
tetraacetic acid (EDTA) at pH 7.4. The blood was centrifuged, 
and blood cells were washed three times with a solution of 154 
mM NaCl in 10 mM sodium phosphate buffer (pH 7.4), 
centrifuged for 10 min at 5200 rpm. The test sample consisted 
of stock erythrocyte suspension (0.50 mL) mixed with 5 mL of 
hypotonic solution (50 mM NaCl) in 10 mM sodium phos-
phate-buffered saline (pH 7.4) containing either the extract/ 
fraction of G. braunii (2.0 mg/mL) or acetylsalicylic acid (0.1 
mg/mL). The control sample consisted of 0.5 mL of RBC 
mixed with hypotonic buffered saline alone. The mixture was 
incubated for 10 min at room temperature, centrifuged for 10 
min at 5200 rpm, and the supernatant’s absorbance was mea-
sured at 540 nm.

Gas Chromatography-Mass Spectrometry 
(GC-MS) Analysis of the Most Potent 
Fraction
Gas chromatography-mass spectrometry (GC-MS) analysis of 
the most potent fraction was carried out using an Agilent 
7890n gas chromatography coupled with mass detector triple 
Quad 7000A with an ion source temperature of 250°C and an 
Agilent ChemStation data system. The GC column was 
equipped with an HP-5MS column (30 m × 0.25 mm × 0.25  
μm), an injector heated at 200°C, and a Flame Ionisation 
Detector (FID) at 230°C. The initial temperature of the oven 
was set at 40°C for 5 min, increased to 5°C/min to 180°C for 6 
min, and then 10°C/min to 280°C for 12 min. Helium was 

used as a carrier gas at a 1 mL/min flow rate with a split ratio of 
1:20. The GC-MS QP 2010 Plus was used to analyse the most 
potent fraction with ion source and interface temperature at 
250°C; solvent cut time 2.5 min with relative detector gain 
mode and threshold 3000; scan MS ACQ mode; detector FTD; 
the mass range of m/z 40,400. Essential components were 
detected based on their retention indices and by comparison 
of their mass spectral fragmentation patterns by computer 
matching with in-built libraries.

Statistical Analysis
Data were expressed as the mean ± SD of five determinations. 
Ungrouped data were analysed using a one-way while 
grouped data were analysed using two-way analysis of var-
iance (ANOVA) followed by Tukey’s post hoc (one-way) and 
Dunnett’s multiple comparison test (two-way) using Graph 
Pad prism (6.0). The level of significance was set at P<0.05.

Results
Phytochemical Screening
Table 1 shows the quantitative phytochemical screening of 
extract and fraction of G. braunii. The total alkaloid content 
of HF at 50 mg/mL was significantly lower (P<0.05) than that 
of other solvent fractions whereas, DF and EF were signifi-
cantly (P<0.01) higher in alkaloid content at the same con-
centration when compared with other solvent fractions. There 
was no significant difference in the alkaloid content of the 
extract and fractions of the plant at 100 and 200 mg/mL of the 
samples. At 50 mg/mL, phenolic content of ME, DF, EF and 
MF were significantly (P<0.05) higher than the HF while HF 
is significantly (P<0.05) lower in phenolic content when com-
pared with other fractions. There was no significant difference 
in the phenolic content of the extract and fractions of G. 
braunii at 100 mg/mL. At 200 mg/mL, ME, EF and MF 
contained significantly (P<0.05) higher content of phenolics 
whereas the content of phenolic compounds were significantly 
(P<0.05) lower in HF. The tannin content of HF and EF at 50 
mg/mL was significantly (P<0.05) higher than other solvent 
fractions while MF contained the least content of tannin 
(P<0.05). Similar results were obtained at 100 and 200 mg/ 
mL concentration of the samples. The total flavonoid content 
was significantly (P<0.05) higher in ME and MF while HF 
contained the least (P<0.05) content of flavonoid at 50 mg/ 
mL. Similar result was obtained at 100 mg/mL while there was 
significant (P<0.05) increase in flavonoid content in DF, EF 
and MF at 200 mg/mL. The saponin contents of ME, HF and 
DF were significantly (P<0.05) at 50 mg/mL. Similar results 
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were obtained at 100 and 200 mg/mL. The terpene content of 
EF was significantly (P<0.05) higher while further increase 
(P<0.01) were observed in ME, HF and DF at 50 mg/mL. 
Similar result was obtained at 100 and 200 mg/mL (Table 1).

Percentage Parasitemia and Parasite 
Clearance of NK65-Infected Mice Treated 
with Extract and Fractions of G. braunii
Measurement of the degree of parasitemia (%) and parasite 
clearance show that, indeed, G. braunii has antimalarial 
activity against chloroquine-susceptible (NK 65) strain of P. 
berghei. Interestingly, purification further enhances this 

activity. In brief, there was a decrease in percentage parasite-
mia and an increase in parasite clearance when infected mice 
were treated with ME. Hexane fraction (HF) had the least 
percentage parasitemia and the highest parasite clearance 
compared with other fractions. Although DF EF and MF 
also decreased parasite levels in the invaded erythrocytes, it 
was observed that their effects were not as high as in mice 
treated with HF. On day 9, the percentage parasitemia and 
parasite clearance of HF were not significantly (P<0.05) 
different from those of the animals treated with control 
drug. Although ME, DF, EF and MF also caused increase in 
parasite clearance, the effects were not significant. The order 

Table 1 Quantitative Phytochemical Determination of Extract and Fractions of G. braunii

Phytochemical Contents Solvent Concentration (mg/mL)

50 100 200

ME 4.4±0.1 5.4±0.1 5.6±0.0

HF 3.5±0.2* 4.6±0.1 5.7±0.1
Alkaloid DF 5.8±0.1* 5.7±0.0 5.7±0.0

EF 5.1±0.0* 5.5±0.0 5.7±0.0
MF 4.8±0.1 5.6±0.0 5.8±0.1

ME 3.0±0.0* 5.5±0.2 8.9±1.3*
HF 1.8±0.0* 2.1±0.1 2.2±0.5*

Phenolic content DF 4.1±0.0* 3.3±0.7 4.1±0.2
EF 3.9±0.2* 5.5±0.1 8.4±0.0*
MF 3.2±0.0* 4.5±0.0 6.6±0.3*

ME 342.5±17.7 380±35.4 430.25±26.5
HF 555±0.0* 530±35.4* 570.5±17.7*

Tanin content DF 492.5±53 467.5±17.7 515.5±17.7
EF 505±0.0* 530±35.4* 580.25±17.7*

MF 155±70.7* 217.5±53.0* 267.5±44.2*

ME 5.1±1.4* 8.5±0.4* 6.6±1.2

HF 1.4±0.2* 2.8±0.1* 2.1±0.2*

Total flavonoids DF 2.5±0.6 4.1±0.7 8.2±2.3*
EF 4.7±0.4 3.0±0.2 8.0±0.9*

MF 5.8±0.3* 7.2±0.7* 7.7±0.3*

ME 67.4±8.6* 57.6±1.5* 64.6±0.8*

HF 61.6±3.2* 57.6±1.7* 65.4±0.5*
Total saponin DF 53.5±1.1* 60.2±2.3* 56.9±7.0*

EF 34.6±1.1 46.5±14.7 40.1±12.6

MF 36.2±20.3 49.3±11.0 29.4±12.4

ME 7±1.4** 8.5±2.1** 10±2.8**

HF 9±1.4** 14.5±0.7** 15±1.4**
Total terpenes DF 7±1.4** 8.5±2.1** 11±1.4**

EF 6±1.4* 7±1.4* 9.5±2.1*

MF 1.5±0.7 2.5±0.7 3±1.41

Note: *P<0.05, **P<0.01.
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of percentage parasite clearance is control 
drug>HF>MC>DCM> MF>EF, while percentage parasitemia 
is of the reverse order (Figure 1A–E). Similarly, there was a 
corresponding increase in parasite clearance, the highest 
observed in HF and the least observed in EF (Figure 1F–J).

Hexane Fraction of G. braunii Modulates 
Blood Counts and Increases Heme 
Content
In Tables 2 and 3, the Packed Cell Volume (PCV) of mice 
infected with NK 65 strain of P. berghei increased albeit 
insignificantly and maximally at 200 mg/kg BW dose of 
n-hexane fraction while the least PCV value was obtained in 
mice infected with the parasites but that were not treated. 
Similar trend was obtained in the resistant model. The hemo-
globin content of infected mice in the susceptible model treated 
with 200 mg/kg BW was significantly higher among other 
treated groups and was even higher than in mice treated with 
the standard drug. In the resistant model, all the doses of 
n-hexane fraction of G. braunii were significantly effective in 
increasing the hemoglobin content compared with the infected 

control. The red blood cell and platelet counts in the susceptible 
model at 200 mg/kg BW significantly (P<0.05) increased 
compared with the infected control where the least values 
were obtained. On the other hand, all the doses used for the 
treatment of infected mice in the resistant model significantly 
(P<0.05) increased RBC count than the infected control while 
there was no significant increase in the treated groups in plate-
let count when compared with the infected control. Total white 
blood cell count and lymphocyte differential significantly 
(P<0.05) increased in the 200 mg/kg BW treatment group in 
the susceptible model. However, the least values of these 
parameters were obtained in the infected control. Obviously, 
in the resistant model, total white blood cell and lymphocyte 
counts were significantly (P<0.05) higher than what was 
obtained in infected control mice. Neutrophil, monocyte and 
eosinophil counts did not vary linearly with the doses in the 
susceptible model and were not significantly higher when 
compared with the infected control. In the resistant model 
however, neutrophil count in the treated groups was signifi-
cantly lower than what was observed in the infected control 
while there was no significant difference in monocyte and 

A B C
D

E F G H

I J

Figure 1 Percentage parasitemia (A–E) and percentage parasite clearance (F–J) of animals infected with a chloroquine-susceptible strain of P. berghei and treated with 
100,200 and 400 mg/kg of extract and fractions of G. braunii. 
Abbreviations: NC, Negative (Infected) Control; PC, positive control treated with P-alaxin; MC, Methanol crude; HF, Hexane; DF, Dichloromethane; EF, Ethylacetate; MF, 
Methanol fractions.
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eosinophil counts between the infected control and the treated 
groups (Table 2). In Table 3, the heme contents of the infected 
control were the least in both models (8.7±0.3 and 14.8±0.6 
µmole heme/mL of blood in susceptible and resistant models, 
respectively). At 200 and 400 mg/kg BW, the highest values 
for heme contents were obtained in mice infected with suscep-
tible and resistant strains of P. berghei (11.5±0.0 and 17.6±0.4 
µmole heme/mL of blood, respectively) although these values 
were not significantly higher than the infected control values.

Hexane Fraction of G. braunii Decreases 
Percentage Parasitemia and Hemozoin 
Content in Mice Infected with Resistant P. 
berghei
When the most potent fraction of G. braunii was tested on 
ANKA strain of P. berghei, there was a significant dose- 
dependent decrease in parasitemia and a corresponding 
increase in parasite clearance, respectively (Figure 2A and 
B). On day five of the experiment, the percentage parasite-
mia decreased to 0.14 at the highest dose (400 mg/kg BW) 
compared to infected control that stood at 6.89 (Figure 2A). 
In contrast, the percentage parasite clearance of HF at 400 
mg/kg BW on day 5 was 75.50 (Figure 2B).

Hemozoin contents of mice infected with susceptible 
and resistant strains of P. berghei but treated with graded 
doses of HF of G.braunii are presented in Figure 2C and D. 
In both cases, the hemozoin content of the infected control 
increased significantly (P<0.0001 and P<0.01 in the sus-
ceptible and resistant models, respectively) compared with 
the drug control. Although the standard drug used in the 
susceptible model significantly (P<0.05) decreased hemo-
zoin content when compared with the 100 mg/kg BW of 
hexane fraction, there was no significant difference between 
the effect of the standard drug, 200 and 400 mg/kg BW of 
hexane fraction (Figure 2C). In the resistant model, 400 mg/ 
kg BW of HF caused a significant (P<0.01) decrease in 
hemozoin content when compared with the drug control 
and the infected control. Also, the 400 mg/kg BW dose 
significantly (P<0.05) decreased hemozoin content when 
compared with either 100 or 200 mg/kg BW (Figure 2D).

Hexane Fraction of G. braunii Contains 
Friedelan-3-one, and It Stabilises Red Cell 
Membrane in Mice
The GC-MS fingerprint presented in Figure 3A shows that 
the Friedelan-3-one and its derivatives are the main Ta
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constituents present in the HF of G. braunii. There are 80 
peaks in all. The peaks, retention time, and relative abun-
dance of the first five most abundant compounds are 

presented in Table 4. The peak of the most abundant com-
pound is 76, and its retention time is 32.267, the relative 
abundance is 27.68%, and the intensity is 8,500,000. The 

Table 3 Heme Contents of Mice Infected with Susceptible (NK 65) and Resistant (ANKA) Strains of P. berghei, Treated with n-Hexane 
Fraction of G. braunii

Treatment HEME NK 65 (µmole/mL of Blood) HEME ANKA (µmole/mL of Blood)

NORMAL 8.0±0.4 16.9±0.2

ARTEQUIN 10.3±0.6 16.8±0.1

NEGATIVE 8.7±0.3 14.8±0.6
100 mg/kg 9.8±1.0 16.6±0.3

200mg/kg 11.5±0.0 16.9±0.6

400mg/kg 6.9±0.5 17.6±0.4
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Figure 2 Effects of n-hexane fraction of G. braunii on percentage parasitemia (a), parasite clearance (b) of mice infected with resistant P. berghei (ANKA), and hemozoin 
contents of mice infected with susceptible (NK 65) (c) and resistant (ANKA) (d) strains of P. berghei. *P<0.05, **P<0.01; ****P<0.0001.
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compound with the highest relative abundance is friedelan-3- 
one. Although friedelan-3-one has been purified and identi-
fied in some medicinal plants, its presence and identification 
in G. braunii are reported here for the first time. The effect of 
G. braunii on the maintenance of erythrocyte membrane 
integrity was determined using heat-induced and hypotonic 
solution-induced models. Results showed that HF of G. 
braunii stabilises the erythrocyte membrane (Figure 3B and 
C). Results further showed that, indeed, some antimalarial 
drugs could destabilise the erythrocyte membrane. In both 
heat-induced and hypotonic solution models, the artequin 
and P-alaxin caused erythrocyte membrane destabilisation. 
However, P-alaxin destabilises the erythrocyte membrane 
more than artequin.

Discussion
Scientific evidence have shown that natural products are 
excellent sources of therapeutic and prophylactic interven-
tions for managing, treating, and preventing diseases. This 
study shows that G. braunii is rich in important phyto-
chemicals, which may be responsible for its medicinal 
properties. The methanol extract is rich in nearly all the 
phytochemicals identified with the quantity varying in the 
solvent fractions. This is due to the solubility of the 
phytochemicals in the solvents used. In this way, the 
quantity per unit volume of the phytochemicals increase 
in the solvent fraction in which they are more soluble. 
Although all the phytochemicals are present in the solvent 
fractions, the phenolic content of HF was the least. HF 

BA C

Figure 3 The GC-MS analysis of n-hexane fraction showing the presence of friedelan-3-one (A) and the effects of n-hexane fraction of G. braunii on erythrocyte membrane 
stability using heat-induced (B) and hypotonic solution-induced (C) erythrocyte membrane distabilisation.

Table 4 The Most Abundant Phytochemical Constituents of n-Hexane Fraction of G. braunii

S/ 
N

Peak 
No

Compound Name Abundance 
(Percentage)

Structure R. 
Time

I. 
Time

F. 
Time

1 76 Friedelan-3-one Formula=C30H50O 27.68 32.267 32.175 32.425

2 68 Octamethyl, olean-12-en-3-one 
Formula=C30H48O

7.41 30.571 30.465 30.805

3 75 Epoxynaphthalene Formula= C23H36O2 5.32 32.137 32.075 32.175

4 65 Alpha-Amyrin Urs-12-en-3-ol 

Formula=C30H50O

3.59 30.043 29.905 30.175
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also has the least content of alkaloids and flavonoids. It is 
interesting to note, however, that HF is rich in terpenes. It 
is well established that the antimalarial properties of phe-
nolic derivatives including flavonoids as well as 
xanthones, stilbenes, coumarins, lignans, tannins, and qui-
nones; and terpenoid compounds sesquiterpenes, diter-
penes, triterpenes, steroids, and alkaloids have been 
reported.34

A good curative antimalarial drug or drug candidate is 
expected to have an excellent potency to clear malaria 
parasites from its host. Interestingly, it could be reasoned 
that, indeed, HF of G. braunii has substantial antiplasmo-
dial property against the chloroquine-sensitive strain of P. 
berghei. Besides, it also has moderate antimalarial effect 
against the chloroquine-resistant strain. This is because it 
has the least percentage parasitemia and the highest para-
site clearance. Antimicrobial and antioxidant properties of 
different solvent extract and fractions of G. braunii have 
been reported.35,36 Apart from the antimicrobial properties 
of medicinal plants, their antioxidant potential is a signifi-
cant feature that can be screened for antiplasmodial 
potential.37,38 This antioxidant potential may be an indica-
tor of the therapeutic mechanism of antimalarial herbs.38 It 
is interesting also to note that, unlike some antimalarial 
herbs that are only effective against a susceptible strain of 
Plasmodium species, hexane fraction of G. braunii has 
moderate antiplasmodial activity against chloroquine- 
resistant (ANKA) strain of P. berghei. This feature may 
be the reason why this plant is often locally used for 
malarial therapy.

In addition to several symptoms, the Plasmodium 
infection has a deleterious effect on blood cells. This 
includes anemia,39 leucopenia,40 and thrombocytopenia.41 

Malaria affects erythrocytes via hemolysis of infected and 
uninfected erythrocytes and bone marrow 
dyserythropoiesis.39 The obligatory destruction of erythro-
cytes at schizont rupture is the major cause of hemolytic 
anemia in malaria.42 In this study, HF of G. braunii 
improves PCV, red blood cell counts, and oxygen transport 
molecule, hemoglobin, in both models in a dose-dependent 
manner. Leucopenia and thrombocytopenia are commonly 
reported in Plasmodium infections and constitute the 
major fatal effects of malarial pathogenesis. The data in 
this study reported an increase in white blood cell and 
platelet counts, and these are the first lines of defense 
against malaria. Leucopenia, in some cases, maybe the 
least prevalent cytopenia in Plasmodium infection; its 
chronic incidence may denote the density and severity of 

infection.43 Although platelets regulate blood homeostasis, 
it is an essential component of the body’s defense system 
against invading pathogenic organisms.44 In malarial dis-
ease, platelet binds to Plasmodium-infected erythrocytes 
and kills the parasite within the cell.45

There are different reports on neutropenia, lymphope-
nia, and monocytosis in malarial disease. Some studies 
have observed neutropenia,46 lymphopenia,47 and mono-
cytosis in acute malaria.48 It was reported in these studies 
that different stages of malaria infection, ranging from 
acute to severe, may determine the levels of white blood 
cells and their differentials in Plasmodium infection. In 
this study, the neutropenia and lymphopenia were 
observed in the infected controls while these blood para-
meters increased dose-dependently in the susceptible and 
resistant models of P. berghei infection. There was no 
significant difference between monocyte counts in the 
infected and treated controls.

Decreased hemoglobin content, increased oxidative 
stress, and hemozoin content are parts of the significant 
outcomes of hemolytic anemia in malaria.49 Degradation 
of RBC caused a decline in heme content in untreated 
malaria. However, in this study, heme content improved, 
as parasite load decreased. Hemozoin is a mechanism by 
the parasite to evade the oxidative effect of high heme iron 
content, and this by-product of heme degradation 
increased in untreated malarial disease.50 Inhibition of 
the polymerisation of heme to hemozoin has been the 
proposed target of some antimalarial drugs.6 In this 
study, HF of G. braunii decreased hemozoin and increased 
heme contents of blood cells in both models of malarial 
study. This implies that it decreased hemozoin content 
probably as a result of a decrease in the parasite load 
that could have polymerised heme to hemozoin. 
Furthermore, its effect on heme may be as a result of 
increasing heme biosynthesis and the prevention of its 
breakdown.

The maintenance of erythrocyte membrane stability in 
the course of malarial treatment is a subject for debate in 
the malaria research study. Certain drugs such as artesu-
nate, mefloquine, and quinine are believed to exert their 
antimalarial effects by destabilising the erythrocyte mem-
brane, thus causing eryptosis.51 Unfortunately, the obser-
vation that red cell death inducers as antimalarial 
treatments do not specifically target infected erythrocytes 
but would instead cause membrane destabilisation of unin-
fected red cells. This puts uninfected red cells at high risk 
of hemolytic anemia.52 However, in this study, we 
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observed significant maintenance of red cell stabilisation 
by n-hexane fraction of G. braunii, preventing red cell 
membrane lysis. This effect, as observed in this study, 
shows that the antimalarial mechanism of action of com-
pounds in the n-hexane fraction of G. braunii may differ 
from those of the orthodox drugs that elicit their antiplas-
modial effects via eryptosis. The unselective hemolytic 
effects of orthodox antimalarial drugs on un-infected ery-
throcytes may constitute adverse effects of such drugs.

The GC-MS analysis of hexane fraction of G. braunii 
gave friedelan-3-one and its derivatives as its principal 
constituent. Precisely, friedenlan-3-one constitutes 
27.68% which is the highest percentage of all phytochem-
icals present. Furthermore, other significant constituents 
are either friedelan-3-one derivatives or their structural 
variants. This is the first time that this triterpene would 
be identified in G. braunii. It is interesting to note that a 
previous study has identified friedelan-3-one in 
Harungana madagascariensis LAM. (Hypericaceae), 
tested against chloroquine-resistant (W2) strain of P. falci-
parum and showed high antiplasmodial activity53 at 
7.70µM. Furthermore, friedelan-3-one purified from 
Pterocarpus santalinoides L’Herit ex Dc showed antimi-
crobial (bactericidal and fungicidal) effects against patho-
genic organisms.54 This may be one of the reasons why 
this plant is used extensively as an antimicrobial agent. It 
shows the medicinal properties of phytochemicals present 
in plants as drug leads and promising drug candidates in 
treating diseases, particularly malaria.55,56 Finally, it is 
interesting to note here that the n-hexane fraction of G. 
braunii was the most potent fraction and it contains the 
active principle, friedelan-3-one, a terpene. Artemisinin, 
the current antimalarial compound purified from 
Artemisia annua was purified using toluene/ethanol and 
n-hexane/ethyl acetate solvents.57,58 Like sesquiterpene 
artemisinin, this compound or another from this n-hexane 
fraction may offer hope for the purification of another 
antimalarial drug in the nearest future.

In conclusion, we have shown that a specie of African 
mistletoe, G. braunii, has antiplasmodial properties against 
chloroquine-sensitive (NK 565) and resistant (ANKA) 
strains of P. berghei in mice. The reduction in the parasite 
load may be attributed to the active constituent. Also, it 
may be likely that the conglomeration of phytochemicals 
present in the plant acted synergistically for a high reduc-
tion in parasite burden as observed in this the study. 
Furthermore, the effect of the plant extract and fractions 
on the improvement of the hematological indices would 

ensure a balance in this vital body tissue, especially in 
infectious disease as malaria where blood homeostasis is 
critical to survival and recovery from the disease. This 
way, the chronic effect of infection such as thrombocyto-
penia and anemia would be prevented. Furthermore, its 
antimicrobial activity would prevent secondary infection 
in malarial treatment. Notably, the primary active consti-
tuents present in the most potent fraction, friedelan-3-one, 
did not show toxicity to erythrocytes. The concentrations 
tested were greater than 20 mM, about three-fold more 
significant than 7.7 µM, the concentration with antimalar-
ial activity.37 This shows that membranes of erythrocytes 
would be stable, hemolysis of uninfected erythrocytes is 
prevented and thus, the extract and fractions of G. braunii 
is user-friendly. Further, it shows that hemolysis of the 
erythrocytes is prevented when G. braunii is employed for 
malarial treatment, further confirming our report on ery-
throcyte membrane stabilisation. The positive effect of the 
plant extract on chloroquine-resistant (ANKA) strain of P. 
berghei shows that one of the serious fatal infection by 
Plasmodium parasite can be effectively cured and thus 
reducing the fatalities and the adverse socio-economic 
effects of malaria.
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