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ABSTRACT

Telfairia occidentalis Hook (Cucurbitaceae family) is a pumpkin widely used for dietary purposes
and in traditional healthcare by Ibibios of Nigeria, as remedy for various diseases such as malaria,
diabetes, pains among others. Telfairia occidentalis stem extract and fractions activities were
assessed in mice for effect on parasitaemia, hematological parameters, oxidative stress, lipid
profile, liver function parameters and liver histopathology in Plasmodium berghei-infected mice
employing curative test method. The stem extract (200- 600 mg/kg, p.0.) demonstrated significant
(p<0.05) dose-related antiplasmodial activity against P. berghei infection and n-hexane fraction was
the most potent fraction. The extract/fractions administration showed no effect on any blood
parameters except elevation of WBC counts and neutrophil percentages in groups administered
with 400 and 600 mg/kg of the extract. The extract/fractions administration had no significant
(p<0.05) effect on indices of lipid profile, oxidative stress and liver function of the infected mice
relative to control, although there were observable changes. Histology of liver sections revealed
moderate decreases in the number of pathological signs observed in the treated infected mice
especially in mice groups administered with extract (200,400 and 600 mg/kg) and hexane fraction
respectively relative to control infected mice. These findings demonstrate that the stem
extract/fractions of Telfairia occidentalis can exert moderate antioxidative stress and liver protective
activities due to the low doses used and activities of its phytochemical constituents which could be

beneficial in malaria therapy. Further study with higher doses of the extract is recommended.

Keywords: Malaria; Telfairia occidentalis; Plasmodium berghei; oxidative stress; liver protective.

1. INTRODUCTION

Malaria has continued to ravage human
population especially the developing countries
despite the various control and treatment
modalities available (WHO, 2022; WHO, 2023).
A significant number of countries (84) still bear
serious burden of malaria regardless of the
prominent fights against the disease (WHO,
2022; Center for Disease Control and
Prevention, 2023). The recent reports
documented that menace from malaria are
increasing over the vyears; from 227 million
cases, 568, 000 deaths in 2019 (WHO, 2020), to
249 million cases, 608,000 deaths in 2022
(WHO, 2023), accounting for significant number
of deaths over the years. Worst still, human
population in sub-Saharan Africa bear the
greater burden of malaria than the rest of the
world as a child, mostly under 5 years, dies of
malaria every minute (WHO, 2022; WHO, 2023;
UNICEF, 2024). Pregnant women in sub-
Saharan Africa are equally highly affected
(WHO, 2023). Oxidative stress associated with
malaria infection contributes to development of
systemic complications which leads to organ
dysfunctions (Ojezele et al, 2017). Plants,
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therefore, provide an alternative store for
antimalarial compounds noted for being
beneficial in providing many therapeutic effects
and are safe.

Telfairia occidentalis Hook is a fluted pumpkin of
the Cucurbitaceae family widely consumed as
food in Nigeria (Okokon et al., 2009). It is a
popular vegetable all over Nigeria, especially in
the Niger-Delta region and the Eastern part of
the country; varieties of meals are prepared from
the leaves, stem and seeds of the plant
(Usunomena and Okpiabhele, 2023). The
various parts of the plant (seeds, leaves and
stem) are used as remedies for various ailments
and diseases. Antimalarial potentials of the seed,
leaves and roots of the plant have been
documented (Okokon et al., 2007; Okokon et al.,
2009). Enin et al. (2023) had reported on
antioxidant activity and in vivo inhibitory effect on
alpha amylase and alpha glucosidase of the
stem extract. Some polyunsaturated fatty acids
have been identified in the various fractions as
well as alkaloid, terpenes, saponin, flavonoid and
tannin in the crude extract (Enin et al., 2023).
This study investigated the activities of stem
extract and fractions of T. occidentalis on
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oxidative stress, liver function and liver histology
in Plasmodium berghei infected mice.

2. MATERIALS AND METHODS
2.1 Plant Materials

Fresh stems of Telfairia occidentalis were
collected from farms in Uyo metroplis in Uyo
LGA, Akwa Ibom State, Nigeria. Identification
and authentication of the leaves as Telfairia
occidentalis were carried out by a taxonomist in
the Department of Botany and Ecological
studies, University of Uyo, Uyo, Nigeria and a
voucher specimen was preserved at the
herbarium of the Department of Pharmacognosy
and Natural Medicine, Faculty of Pharmacy,
University of Uyo.

2.2 Extraction

Freshly collected stems of Telfairia occidentalis
were washed, chopped to small pieces and
shade-dried for 14 days. The dried stems were
further powdered and the powder (2 kg) was
soaked in ethanol (50%) at room temperature for
3 days. Thereafter, filtered and concentrated to
dryness in vacuo 40 °C using a rotary
evaporator (BuchiLab Switzerland). The crude
extract (50.0 g) was partitioned in n-hexane,
dichloromethane, ethyl acetate and methanol
after dissolving in water to give the
corresponding fractions of these solvents. The
weighed extract and fractions were preserved in
a refrigerator at -4 °C, and used for the proposed
experiments.

2.3 Experimental Animals

Animals (Swiss albino mice of both sexes) used
for these experiments were gotten from Animal
house of University of Uyo. The mice were
accommodated in standard plastic cages and fed
on standard pelleted diet and water ad libitum.
The care and use of animals was conducted in
accordance with the National Institute of Health
Guide for the Care and Use of laboratory
Animals (NIH Publication, 1996). University of
Uyo’s Animal Ethics Committee approved the
study.

2.4 Drug Administration
All the drugs; extract, fractions and chloroquine

used in these experiments were given orally
using a stainless metallic feeding cannula.
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2.5 Determination of Median Lethal Dose
(LDso)

Lorke (1983) method was used to estimate the
median lethal dose (LDso) of the extract orally
using different extract doses (100 -1000 mg/kg)
administered to groups of three mice each.
Toxicity manifestation in mice were observed.
These included writhing, decreased motor
activity, decreased body/limb tone, decreased
respiration and death. Any death observed within
24 hours was recorded. The LDso was calculated
as geometrical means of the maximum dose
producing 0% (a) and the minimum dose
producing 100% mortality (b).

LDso = Vab.

2.6 Micro-organism (parasite)

The strain of parasite used in this study was
chloroquine-sensitive Plasmodium berghei strain
gotten from National Institute of Medical
Research (NIMER), Yaba Lagos, Nigeria and
maintained by subpassage in mice.

2.7 Parasite Inoculation

A portion (0.2 mL) of infected blood containing
about 1 x 107P. berghei parasitized erythrocytes
gotten from an infected mouse with 20-30%
parasitaemia was inoculated into all the mice
used in this experiment. The inoculum was made
up of blood containing 5 x 107 P. berghei infected
erythrocytes per milliliter prepared as earlier
reported in previous works (Okokon et al., 2019;
Atanu et al., 2021; Okokon et al.,, 2022a).
Monitoring of parasitemia using standard
methods of preparation of thin blood smears on
glass slides, fixed and stained using Giemsa
stain was carried out, and counting of
parasitemia was done under the microscope.
Parasitaemia was calculated according to the
formula of Enyiekere et al (2024a) as given
below:

Parasitemia (%)

Total number of parasitizsed RECs

Total numberof RECs x 100
2.8 Assessment of Antimalarial
Activities of Stem Extract and

Fractions of Telfairia occidentalis on
Established Infection

This investigation was done by employing
curative test method previously reported by
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Okokon et al. (2017) and Okokon et al. (2019), to
assess the antimalarial activity of the extract,
fractions and chloroquine in  confirmed
plasmodiasis. The experiment was carried out by
intraperitoneal injection of P. berghei parasites
on the first day (Do) into ninety (90) mice, which
were shared into nine groups of ten mice each
after 3 days (D2). The extract was orally given to
mice in groups 1, 2 and 3 at doses of 200, 400,
and 600 mg/kg respectively, while mice in
groups 4 -7 were orally treated respectively with
n-hexane, ethyl acetate, dichloromethane, and
methanol fractions at a dose of 400 mg/kg.
Chloroquine (5 mg/kg) was orally administered to
mice in group 8 (positive control) and mice in
negative control group 9 was given 10 mL/kg
distiled water. The various daily treatments
lasted for 5 days. Prepared tail blood thin
smears, stained with Giemsa stain for the 5 days
of treatments were used to monitor the
parasitemia level. Five mice from each
experimental group were sacrificed after being
anaesthesized with light diethyl ether vapour on
day 8. Collection of blood samples was done
through cardiac puncture into EDTA bottles and
plain centrifuge tubes. Blood samples collected
into the EDTA Dbottles were used in
hematological analyses, while biochemical
analyses like liver function test and lipid profile
were determined in sera samples separated from
blood samples collected into plain tubes after
they were centrifuged at 2500 rpm for 15 mins,
which were stored at -20°C. Livers were
harvested from mice in their respective groups
and weighed before being divided into two parts.
The parts used for histological study were fixed
in 10% formaldehyde and the other parts used in
assay of oxidative stress markers were stored in
ice cold normal saline. The average suppression
of parasitemia was calculated using the formula
earlier reported by Enyiekere et al. (2024a). The
survival time of each mouse used in the
experimental groups was monitored over a
period of 29 days (Do-D2s) and the mean survival
time (MST) of each group calculated.

and
on
P.

2.9 Effect of the Stem Extract
Fractions of T. occidentalis
Haematological Parameters of
berghei Infected Mice

The hematological parameters analysed at the
University of Uyo Teaching Hospital using
automated hematological system (Sysmex
Hematology — Coagulation system, Model MO-
1000 |, Trans Asia, Japan) included Red blood
cell count (RBC), hemoglobin, (Hb), packed cell
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volume (PCV), platelet concentration (PLC) and
total and differential white blood cell count
(WBC). These parameters were used to
investigate the effect of the extract/fractions in
the infected mice.

2.10 Effect of the Stem Extract and
Fractions of T. occidentalis on Liver
Function Parameters of P. berghei
Infected Mice

The parameters used to assess the effect of the
extract/fractions on liver functions of the infected
mice included; total protein, albumin, aspartate
aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase
(ALP), conjugated and total bilirubin. These were
estimated spectrophotometrically in the stored
sera samples using Randox analytical Kkits
according to standard methods as instructed by
the manufacturer (Tietz, 1990).

2.11 Effect of the Stem Extract and
Fractions of T. occidentalis on
Liver Oxidative Stress Markers of
P. berghei Infected Mice

The homogenates of stored liver samples were
prepared after washing with ice cold 0.9% NaCl
in a ratio of 1 g of wet tissue to 9 ml of 1.25%
KCI using motor driven Teflon-pestle.
Supernatants separated after centrifugation of
the homogenates at 7000 rpm for 10 min at 4°C
were used for the assays of glutathione
peroxidase (GPx) (Lawrence and Burk,1976),
superoxide dismutase (SOD) (Marklund and
Marklund, 1974), catalase (CAT) (Sinha,1972),
reduced glutathione (GSH) (Ellman,1959) and
malondialdehyde (MDA) (Esterbauer and
Cheeseman,1990).

2.12 Effect of the Stem Extract and
Fractions of T. occidentalis on
Lipid Profile of P. berghei Infected
Mice

Standard colorimetric methods were used to
determine the various lipid profile indices of the
mice such as cholesterol, triglyceride and high-
density lipoprotein (HDL) levels. Fortress
Diagnostic Kits® were used for these assays
according to the instructions of the manufacturer
spectrophotometrically. Friedwald et al. (1972)
formula was employed in the estimation of Low
and very low-density lipoprotein (LDL and
VLDL).
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2.13 Effect of the Stem Extract and
Fractions of T. occidentalis on
Liver Histology of P. berghei
Infected Mice

The formalin-fixed harvested liver parts from
mice were processed and stained with
haematotoxylin and eosin (H&E) according to
standard protocols (Drury and Wallington, 1980)
at Department of Chemical Pathology, University
of Uyo Teaching Hospital, Uyo. Alterations in
morphology were assessed and recorded in
each liver sample from the sacrificed mice.
Photomicrographs were taken using microscope.

2.14 Statistical Analysis

One way analysis of variance (ANOVA) followed
by Tukey’s multiple comparison post-test were
employed in the analysis using Graph pad prism
software Inc. La Jolla, CA, USA. Data are
expressed as mean + SEM and significant
values were considered at p<0.05 relative to
control.

3. RESULTS

3.1 Determination of Median Lethal Dose
(LDso)

Administration of stem extract of T. occidentalis
(100 - 5000 mg/kg) orally had no lethal effect to
the animals groups administered. Moreover, no
physical toxic signs of the extract was observed.
The LDso of stem extract of T. occidentalis was
therefore estimated to be =5000 mg/kg.

3.2 Antiplasmodial Activities of Telfairia
occidentalis Stem Extract and
Fractions on Established Infection

Administration of extract/fraction to P. berghei
infected mice resulted in a significant (p<0.001),
progressive and dose-dependent parasitaemia
reductions in all the extract/fraction-treated
groups relative to control. Statistically significant
(p<0.001) parasitaemia reductions relative to the
control was recorded on day 7 with the highest
effect of 69.74% and m.s.t value of 16.10+£1.76 d
recorded in the group treated with 600 mg/kg of
the stem extract. The n-hexane fraction was the
most potent fraction having chemosuppressive
activity of 69.68 % and m.s.t value of 15.60+2.06
d) on day 7, which was lower relative to that of
chloroquine, 92.77 %. Prominent protective
activities of the stem extract and fractions were
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observed in the treated infected mice as
recorded in the mean survival time of the
animals, which was significant (p<0.05-0.001)
only in groups treated with the highest dose (600
mg/kg) and n-hexane fraction relative to the
control. The n-hexane fraction provided a much
longer mean survival time, 15.60 * 2.06 d
followed by that of dichloromethane fraction-
treated mice, 11.40 £ 0.50 d. These survival
times were shorter relative to that of chloroquine
(29.83 £ 0.16 d; Table 1).

3.3 Effect of Stem Extract and Fractions
of Telfairia occidentalis on
Haematological Indices Plasmodium
berghei-Infected Mice

Treatment of P. berghei-infected mice with
T.occidentalis stem extract and fractions did not
caused any significant (p>0.05) effect on RBC,
Hb concentration, PCV percentages,
lymphocytes, monocytes, basophils and platelets
counts relative to the control. White blood cell
count was significantly (p<0.05) elevated in
groups treated with middle and high doses (400
and 600 mg/kg), hexane and methanol fractions
as well as chloroquine, while neutrophils
percentages were significantly (p<0.05-0.001)
elevated in groups treated with low and middle
doses (200 and 400 mg/kg) and methanol
fraction (Table 2).

3.4 Effect of Stem Extract and Fractions
of Telfairia occidentalis on Liver
Function Parameters of Plasmodium
berghei-infected Mice

Treatment of P. berghei infected mice with
T.occidentalis (200 - 600 mg/kg) stem extract
and fractions had no significant (p>0.05)
alteration of liver function indices studied ( total
protein, albumin, total and conjugated
bilirubin,AST, ALT, ALP,) when compared to
those of the control untreated P. berghei -
infected mice (Table 3).

3.5 Effect of Telfairia occidentalis stem
Extract and Fraction on Liver
Oxidative Stress Markers of of Mice
Infected with Plasmodium berghei

The oxidative stress indices (GSH, SOD, GPX,
CAT and MDA) of mice infected with
Plasmodium berghei did not change significantly
(p>0.05) when administered with stem extract
and fractions of T.occidentalis (200 - 600 mg/kg)
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Table 1. Curative activity and mean survival time of mice treated with stem extract and fractions of Telfairia occidentalis during established
Plasmodium berghei infection

Treatment Dose (mg/kg) Parasitaemia MST
Day3 Day 4 Day 5 Day 6 Day 7
Control - 12.33+0.92 14.56+0.48 22.66+1.36 24.04+0.91 33.78+1.16 7.20+0.13
Extract 200 12.24+0.35 13.14+0.19 19.10+0.16 21.22+0.32 23.06+0.15° 10.60£1.20
400 13.35+0.49 14.55+1.12 16.31+0.68 18.39+0.28 20.20+0.55° 11.20+0.80°¢
600 13.26+0.81 12.20+0.17 13.88+0.18°¢ 12.11+0.33 10.22+1.54¢ 16.10£1.76°
n-hexane 400 15.38+1.22 13.29+1.04 12.76+1.68 10.33+0.44 10.24+0.24°¢ 15.60+2.06°
Dichloromethane 400 13.21+0.51 13.22+0.56 15.33+0.96 18.0+0.55 22.24+1.29° 11.40+0.50°¢
Ethyl acetate 400 13.25+1.44 15.15+1.53 18.66+0.20 25.28+1.14 31.28+1.02 7.40+0.24
Methanol 400 14.71+0.62 15.90+1.16 18.13+0.63 21.34+0.26 24.54+1.38° 8.60+1.60
Chloroquine 5 14.62+0.43 11.44+0.23 7.66+0.18° 5.12+0.22° 2.44+0.28° 29.83+0.16°

Values are expressed as mean + SEM. Significant relative to control. °p<0.001. n = 6

Table 2. Effect of Telfairia occidentalis stem extract/fractions on haematological parameters of P. berghei-infected mice

Treatment WBC LYM NEUT MONO (%) ESINO (%) BASO (%) RBC HGB PCV PLT
(x10%L) (%) (%) (x10%/L) (g/dL) (%) (x10%L)

Control 7.72+1.36 39.36+8.61 32.26+1.22 2.46+0.83 1.26+£0.76 1.30+£1.06 6.83+0.37 11.30+0.83 36.40+2.93 133.0+11.71

Extract (200 6.40+0.46 54.60+2.12 43.73+£1.81° 1.00£0.45 0.66+0.17 0.00+0.00 4.45+1.51 6.0+2.65 22.56+9.36 141.6+2.60

ma/kg)

Extract(400mg/kg) 7.37+0.98 47.63+2.75 48.23+1.23° 1.76+0.80 1.86+0.34 0.50+0.45 5.96+0.64 11.23+1.18 36.66+1.93 199.30+68.68

Extract (600 12.34+4.122 59.46+8.43 39.23+1.53 1.43+0.62 1.33+£0.39 0.03+0.03 4.62+1.12 7.06+1.75 24.86+4.80 129.0+42.72

ma/kg)

Hexane fraction 18.55+1.14®  59.90+3.61 37.83+3.34 5.70+2.32 1.16+0.96 0.03+0.03 4.23+1.00 8.13+3.13 25.83+8.53 96.66+23.69

Dichloromethane 6.49+1.15 60.86+2.98 37.43+3.16 0.76+0.21 0.83+0.28 0.10+0.05 4.77+0.79 8.76+2.02 30.03+5.88 131.0+58.85

fraction

Ethyl acetate 8.29+1.23 67.60+5.33 22.86+4.35 3.26+0.96 3.56+2.69 0.26+0.26 5.71+1.08 11.56+0.89 40.16+3.32 137.3+13.34

fraction

Methanol Fraction 12.19+2.00? 12.63+2.86 82.16+0.73° 1.73+0.21 1.73+1.03 0.20+0.15 4.62+0.05 11.96+0.66 41.46+0.84 196.0+26.40

Chloroquine 18.46+4.30? 64.93+3.51 32.26+9.22 2.46+0.83 1.26+£0.76 0.00+0.00 4.34+0.63 5.70+3.48 25.66+6.00 121.0+13.20

All values are presented as mean+S.E.M. for six rats in each group.compared with control group 2p<0.05, ® p<0.01, ¢ p<0.001
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Table 3. Effect of stem extract and fractions of Telfairia occidentalis on liver function parameters of mice infected with Plasmodium berghei

Treatment Dose Liver Function Parameters
(mg/kg) AST (IU/L) ALT(IU/L) ALP(IU/L) Total Protein (g/L)  Albumin (g/L) Total Bilirubin ~ Conjugated bilirubin
(umol/mL) (umol/mL)
Control - 46.0+£0.57 44.66 +2.60 56.0+1.73 78.66+2.02 47.33 £1.20 8.76+0.5 6.20+0.17
Extract 200 51.33+1.18 48.66+0.10 54.66+4.33  71.33+1.76 44.66 £2.02 10.16+0.63 7.50+0.40
400 48.0+0.57 45.0+1.15 63.66+0.88  72.66+1.45 43.0+2.08 9.63+0.08 6.43+0.17
600 46.33+1.76 43.38+0.88 61.33+2.02  67.0+5.50 41.0+1.52 9.13+0.23 6.60+0.40
n-hexane 400 47.66+3.18 55.0+4.61 57.0+1.15 72.331+3.84 43.33+2.72 9.46+0.50 6.80+0.51
Dichloromethane 400 47.0+£1.15 51.66+2.60 65.66+1.76  70.66+2.33 43.0 +2.08 9.16+0.08 6.50+0.17
Ethyl acetate 400 45.0£1.15 46.0+£0.57 57.33+2.02 60.0+£2.30 35.33+£1.452 9.23+0.14 6.53+0.14
Methanol 400 42.0+0.57 42.0+£1.73 60.00+1.15  75.66+1.85 46.33+1.20 8.30+0.11 5.63+0.17
Chloroquine 5 44.38+0.88 44.0+0.57 59.0+1.15 75.66+1.85 48.0+0.57 8.80+0.20 6.06+0.14

Values are expressed as mean = SEM. Significant relative to control. 2p<0.05; Pp<0.01; °p<0.001. n = 6

Table 4. Effect of stem extract and fractions of Telfairia occidentalis on liver antioxidant enzymes of mice infected with Plasmodium berghei

Treatment Dose Antioxidant Parameters

(mg/kg) GSH(pg/mL) SOD(ug/mL) CAT(ug/mL) GPX (um/mL) MDA (umol/mL) Liver weight (g)
Control - 1.89+0.29 0.43 +0.02 3.65 +0.27 0.056 +0.008 0.35+0.02 2.91+0.12
Extract 200 2.02+0.34 0.36+0.07 5.61+0.66 0.059+0.009 0.42+0.07 2.46+0.11

400 1.83+0.35 0.36+0.03 1.83+0.48 0.054+0.01 0.43+0.03 2.33+0.10

600 2.20+0.54 0.36+0.05 3.89+0.64 0.065+0.01 0.44+0.05 2.28+0.13
n-hexane 400 1.55+0.07 0.33+0.07 3.58+0.19 0.056+0.01 0.46+0.07 2.41+0.14
Dichloromethane 400 2.35+0.57 0.37+0.01 4.44+0.98 0.068+0.01 0.44+0.01 2.20+0.15
Ethyl acetate 400 2.26+0.19 0.40+ 0.01 2.55+0.23 0.067 +0.005 0.39+0.01 2.40+0.16
Methanol 400 2.46+0.39 0.36+ 0.03 3.50+ 0.20 0.075 +0.01 0.60+0.13 2.31+0.14
Chloroquine 5 1.70 £0.07 0.32 +0.05 2.88 £0.81° 0.049+0.001 0.35+0.02 2.21+0.16

Values are expressed as mean + SEM. Significant relative to control. °p<0.001. n =6
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Table 5. Effect of stem extract and fractions of Telfairia occidentalis on lipid profile of mice infected with Plasmodium berghei

Treatment Dose mg/kg Total Cholesterol (mMol/L) Triglyceride (mMol/L) HDL-C (mMol/L) LDL-C (mMol/L) VLDL (mMol/L)
Control 10 mL/kg 4.46+0.33 1.58+ 0.20 1.68+0.17 3.50+ 0.26 0.71+ 0.09
Crude extract 200 3.63+0.31 1.34+0.10 1.39+ 0.08 2.84+0.32 0.61+ 0.05

400 4.40+ 0.17 1.55+ 0.09 1.88+0.08 3.42+£0.12 0.70+ 0.03

600 4.13+0.36 1.18+ 0.05 1.21+0.08 3.45+0.36 0.53+0.02
n-hexane 400 3.20+ 0.47 1.32+0.21 1.36+0.16 2.43+ 0.43 0.54+ 0.09
Dichloromethane 400 4.43+0.37 1.64+0.10 1.75+ 0.08 3.43+£0.34 0.74+ 0.04
Ethyl acetate 400 3.83+0.17 1.54+0.11 1.58+ 0.08 2.95+0.22 0.70+ 0.05
Methanol 400 4,13+ 0.61 1.43+0.05 1.49+0.21 3.28+ 0.54 0.65+ 0.07
Chloroquine 5 4.36+ 0.53 1.69+ 0.11 1.70+ 0.16 3.50+ 0.26 0.71+ 0.09

Data are expressed as MEAN + SEM. (n=6)
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Fig. 1. Histologic Liver sections of Plasmodium berghei-infected mice untreated with normal
saline (CONT), stem extract of T. occidentalis, 200 mg/kg (LD), 400 mg/kg (MD), 600 mg/kg
(HD), n-hexane fraction(N-HEX), DCM fraction (DCM), ethyl acetate fraction (ETAC), methanol
fraction MET) and chloroquine, 5 mg/kg (CHQ) at magnification X400. Keys: degenerated
hepatic cells (yellow arrow) increased degenerating and vacoulated hepatocytes (red arrow),
widespread micro-vesicular steatosis (black arrow), fibrosis of connective tissues (fb),
shrinked ductal cells (green arrow) and organic deposits (Od) inter-hepatic fibrosis (fb)

relative to control. Although there were
observable increases and/or decreases in the
enzymes and molecules levels in the respective
treatments, these changes were not significantly
different (p>0.05) relative to control. (Table 4).

3.6 Effect of Telfairia occidentalis Stem
Extract and Fraction on Lipid Profile
of Mice Infected with Plasmodium
berghei

Oral administration of Plasmodium berghei-
infected mice with T.occidentalis stem extract
and fractions (200-600 mg/kg) had no significant
(p>0.05) effect on lipid profile parameters (total
cholestrol, triglycerides, HDL, LDL, and VLDL)
when compared to control. Although there were
slight changes in the levels of these indices in
the respective treatments, these changes were
statistically insignificant (p>0.05) relative to that
of the control (Table 5).

3.7 Effect of Stem Extract and fractions
of Telfairia occidentalis on the
Histology of Liver of Mice Infected
with Plasmodium berghei

Histological examination of H&E stained livers’
sections of mice administered various doses of
T. occidentalis stem extract and fractions (200-
600 mg/kg) at magnification (x100) revealed that
untreated infected mice in group 1(control) given
distiled water (10 mL/kg) had liver tissue
demonstrating a severely altered hepato-
architecture with areas of degenerated hepatic
cells, inter-hepatic fibrosis, increased
degenerating and vacoulated hepatocytes,
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widespread micro-vesicular  steatosis, and
shrinked ductal cells within the hepatic portal
area. Extract low dose (200 mg/kg) treated
infected mice in group 2 had liver tissue showing
moderately altered hepato-architecture with
increased  degenerating and  vacoulated
hepatocytes, widespread micro-vesicular
steatosis and organic deposits within the blood
vessel and hepatic lobules. Group 3 infected
mice treated with the extract dose (400 mg/kg)
had liver tissue demonstrating a moderately
altered hepato-architecture  with increased
degenerating and vacoulated hepatocytes and
widespread  micro-vesicular  steatosis and
organic deposits within the hepatic lobules. Mice
in group 4 infected with P. berghei and treated
with high dose extract (600 mg/kg) had liver
tissue demonstrating a moderately altered
hepato-architecture with increased degenerating
and vacoulated hepatocytes, widespread micro-
vesicular steatosis and organic deposits within
the hepatic lobules. Liver tissues of infected mice
in group 5 treated with n-hexane fraction showed
moderately altered hepato-architecture with
areas of degenerated hepatic cells and organic
deposits within the hepatic lobules.
Dichloromethane fraction treated infected mice in
group 6 had liver tissue showing a severely

altered hepato-architecture with areas of
degenerated hepatic cells increased
degenerating, vacoulated hepatocytes,

widespread micro-vesicular steatosis, fibrosis of
connective tissues and organic deposits within
the hepatic lobules. Ethyl acetate fraction treated
infected mice in group 7 had liver tissue
demonstrating a severely altered hepato-
architecture with areas of degenerated hepatic
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cells increased degenerating and vacoulated
hepatocytes, widespread micro-vesicular
steatosis, and organic deposits within the hepatic
lobules. Methanol fraction treated mice had liver
tissue demonstrating a severely altered hepato-
architecture with areas of degenerated hepatic
cells increased degenerating and vacoulated
hepatocytes, widespread micro-vesicular
steatosis, and organic deposits within the hepatic
lobules. Chloroquine treated mice had liver
tissue demonstrating a severely altered hepato-
architecture with areas of degenerated hepatic
cells increased degenerating and vacoulated
hepatocytes, widespread micro-vesicular
steatosis and organic deposits within the hepatic
lobules. (Fig. 1).

4. DISCUSSION

The stem of T. occidentalis are used locally as
vegetable and to treat diverse diseases including
malaria, diabetes, fever, arthritis and pain among
others. This work was designed to investigate its
effect on parasitaemia, hematological
parameters, oxidative stress, lipid profile, liver
functions and liver histology in mice infected with
Plasmodium berghei employing curative test
method to confirm its antimalarial activity and lay
credence to its use locally as malaria remedy. T.
occidentalis stem extract and fractions were
evaluated for schizonticidal potentials against P.
berghei infection in mice using standard in vivo
method. The results revealed that the stem
extract and fractions significantly decimated the
parasitaemia in the established P. berghei
infection model evaluated, in a dose-dependent
manner with n-hexane fraction followed by
dichloromethane fraction demonstrating
significant in vivo activity corroborating the
antimalarial activity of the stem extract.
Prolongation of the MST of the mice by the
extract and fractions was also observed, though
with minimal degree of protection to the treated
mice as most of the treated animals eventually
died from infection. This activity suggests
possible involvement of plasmodicidal or
plasmodistatic actions of the phytoconstituents of
the extract and fractions. Thus, corroborating
previously reported antiplasmodial activities of
the leaf, seed and root extracts of T. occidentalis
(Okokon et al., 2007; Okokon et al., 2009; Ebong
et al., 2020) in which these parts were shown to
have exerted significant antimalarial activities.
These findings confirm the local use of the stem
extract decoctions to treat malaria.

The curative effects of the extract/fractions on
the progression of Plasmodium berghei
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parasitaemia as observed in the present study,
suggest that the extract and fractions have effect
on the erythrocytic stages of the parasite (Waako
et al., 2005). The inability of the extract/fractions
to provide complete protection to the infected
animals in most cases could have resulted from
low doses (200 -600 mg/kg) used, short half life/
duration of action of the extract/fractions due to
rapid biotransformation processes and
subsequent elimination (Waako et al., 2005).
Thus, resulting in further development and
multiplication of the parasites as well as short
MST of the extract/fractions- treated mice as
observed.

Enin et al. (2024) had reported the presence of
some pharmacologically active compounds in
the extract and fractions understudy including
tannins, flavonoids, alkaloids, terpenes and
polyunsaturated fatty acids (PUFAs) among
others. This revelation suggests the implication
of these compounds in the observed
pharmacological properties recorded in this
study. A number of secondary metabolites (Kirby
et al., 1989; Philipson and Wright 1991;
Christensen and Kharazmi 2001) and
polyunsaturated fatty acids in the active hexane
fraction as reported by Enin et al. (2024) to be
present in the extract/fractions, have been
implicated in antiplasmodial activities of plants.
Antiplasmodial activities of these PUFAs are
enhanced according to their unsaturation degree
(Suksamrarn et al., 2005; Attioua et al., 2007;
Melariri et al.,, 2011, 2012; Enyiekere et al.,
2024a). Flavonoids demonstrate pronounced
antiplasmodial activities against both chloroquine
sensitive and resistant strains of human malaria
parasite, P. falciparum (Attioua et al.,, 2011;
Ganesh et al., 2012; Ezenyi et al., 2014). Also,
the free radical scavenging activities of these
PUFAs mentioned above (Kohno et al., 1995;
Ponnamma and Manjunath, 2012; Khan and
Siddique, 2019) could contribute to the observed
antiplasmodial activities. Moreso, antioxidant
properties of flavonoids have been correlated
with their antiplasmodial potentials (Cimanga et
al., 2009; Ganesh et al., 2012), as elevated free
radical levels are observed to be the cardinal
factor in the pathogenesis of severe malaria
complications. Significant free radical
scavenging activities of the stem extract and
fractions reported by Enin et al., (2024) may
account for the observed antiplasmodial activity
in the current study and can be attributable to the
presence of flavonoids and PUFAs. Similar study
on Justicia insularis, a vegetable, had reported
that poly unsaturated fatty acids bind to
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Plasmodium falciparum Serine Hydroxymethyl
Transferase (PFSHMT) and Plasmodium
falciparum Erythrocyte Membrane Protein 1
(PFEMP-1) Proteins to cause inhibition of DNA
synthesis, and apoptosis, whereas
monoterpenes from the plant inhibited PfEMP-1,
reversed the attachment of parasitized red blood
cells to micro-vascular endothelium as their
mechanism of action for parasitemia clearance
(Enyiekere et al, 2024a). The stem
extract/fractions may likely act through any of
these pathways. These observations suggest
that stem extract and fractions of T. occidentalis
have the potentials to mitigate malarial infection
and further support the claim of its
antiplasmodial potentials.

Large quantities of free radicals are produced
during plasmodial infections which primarily
result in oxidative stress leading to pathogenesis
and development of complications (Guha et al.,
2006; Fabbri et al., 2013; Ojezele et al., 2017;
Sarr et al., 2017), probably due to inflammatory
responses by the body immune system (Becker
et al., 2004; Percario et al., 2012). This results in
reduced body antioxidants levels (enzymatic and
non enzymatic) (Asagba et al., 2010) resulting in
elevated lipid peroxidation and malondialdehyde
levels as obvious in severe malaria cases
(Asagba et al., 2010; Adil et al., 2013). These
indices have been used as indicators of malaria
severity. The activities of the enzymes and MDA
levels in the extract/fractions treated groups, in
the present study,were found to be insignificantly
different from that of the untreated control mice.
This demonstrates that the plant extract and
fractions were unable to reduce parasitaemia
significantly to curb the prevalent high amount of
free radicals generated by the activities of the
body immune system against the parasites
perhaps due to the low doses used in this study.

However, moderate pathological signs were
observed in liver histologies of groups treated
with extract (400 and 600 mg/kg) and hexane
fraction, whereas other treatment groups had
severe pathologies compared to that of the
control. This shows that the stem extract and
fractions at the doses (200 - 600 mg/kg) used in
this study could minimally protect the liver and
improve the endogenous antioxidant enzymes
and molecules to curb the generated oxidative
stress. This could have been due to low doses
administered in this study. However, studies on
effect of leaf extracts of J. insularis and S.
officinarum on oxidative stress status and liver
function indices of P. berghei infected mice had
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shown improvement of these parameters and
liver protective potentials (Edem et al.,, 2022;
Enyiekere et al., 2024b).

Injuries on the liver by the parasites and
oxidative stress condition lead to leakages of
cellular enzymes such as transaminases and
compromise the secretory functions of the liver
causing hyperbilirubinemia (Onyesom and
Onyemakonor, 2011). This could have been the
case in this study which the extract/fractions
were unable to ameliorate effectively.

Besides, plasmodial infection alters lipoproteins
levels thereby aggravating oxidative stress and
progression of malaria complications (Nathawut
et al., 2004; Krishna et al., 2009). The alteration
in lipid metabolism is due to the body immune
response (Memon et al, 2000). However,
administration of T.occidentalis extract and
fractions did not cause any significant (p>0.05)
effect on serum concentration of total cholesterol
(TC), triglyceride (TG), LDL,VLDL and HDL in
the parasitized treated mice. The results suggest
that the plant may not possess significant

hypolipidemic potential at the doses
administered in this study
Haematological alterations resulting in the

decrease of blood parameters are often
observed in infected mice as common signs of
anaemia (Surve et al.,, 2017). During malaria
infection, Plasmodium invades the host cells and
destroys RBC through its activities (Buffet et al.,
2010; Saganuwan et al., 2011). Administration of
stem extract and fractions to P. berghei-infected
mice did not alter significantly the blood
parameters of the treated mice relative to
untreated control, except significant elevation of
WBC count of the treated mice. This implies that
the stem extract has no erythropoietic effect
perhaps due to the low doses administered. The
significant increase in WBC observed in infected
untreated mice was earlier reported in malaria
infection (Guyton, 2007) and attributed to the
body’s immunogenic response to the parasite
and its metabolic products (Malaguarnera et al.,
2002). This suggests the immunostimulatory
activities of some constituents of the stem
extract and fractions (Bero and Quertin-Leclercg,
2009), thereby offering certain degree of
protection to the infected mice.

5. CONCLUSION

The findings of this investigation demonstrate
that the stem extract and fractions of T.
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occidentalis possess considerable antimalarial
potential with minimal antioxidative stress and
liver protective potentials which is attributable to
the roles of its phytochemical constituents.
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