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Abstract

Alchornea laxiflora [Benth.] Pax and K.Hoffm(Euphorbiaceae) is used in Ibibio ethnomedicine for the treatment of
various diseases such as malaria. The stembark extract and fractions of Alchornea laxiflora (141 - 424 mg/kg) were
investigated for antimalarial activity against Plasmodium berghei infection in mice using standard experimental models;
suppressive, prophylactic and curative tests. Acute toxicity study of the extract and phytochemical analysis were carried
out. The stembark extract (141 - 424 mg/kg, p.o.) with LDso of 1414.21mg/kg exerted significant (p<0.05-0.001)
antimalarial activity against P. berghei infection in suppressive, prophylactive and curative tests with methanol and
dichloromethane fractions having the highest activity. Phytochemical screening revealed the presence of active
compounds. These results suggest that the stembark extract/fractions of Alchornea laxiflora possess antimalarial
activities which justify its use in ethnomedicine to treat malaria.
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1. Introduction

Malaria has continued to threaten lives of millions of people globally with Africa bearing the major burden of the disease.
World malaria report of 2023 showed that Nigeria is the most affected African country with 25.9% of the global malaria
cases in 2023 and 30.9% of all global malaria deaths especially in children occurring in Nigeria alone [1]. Poverty and
poor economy have been advanced to be responsible for the high burden of malaria in Africa coupled with the high cost
of active artemisinin combination therapies (ACTs) and inaccessibility to health facilities. Health challenges due to
malaria is further complicated with the emergence of partial resistance to artemisinin in some parts of Africa [1],
indicating serious threat to lives in Africa and Nigeria in particular. Hence, the search for active, safe and cost friendly
remedy to malaria which can be found in natural products such as medicinal plants.

Alchornea laxiflora [Benth.] Pax and K.Hoffm (Euphorbiaceae) is a perennial small tree that grows in most parts of Africa
including Nigeria, Congo, Ethiopia, and throughout East Africa to Zimbabwe [2]. A. laxiflora is called “Opoto” and
“Nwariwa,” respectively, among the Yoruba and Ibibio tribes of Nigeria. Stem bark and branches have also been used in
traditional medicine for various purposes, notably for malaria, anemia, emmenagogue, ringworm, venereal disease,
typhoid fever, antioxidant, infertility in females, infectious diseases, tumor, inflammation, teething problems, and
toothache in South Africa, Ghana, and Nigeria [3].
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Biological activities reported of the stembark include antioxidant [4,5], anti-HIV, antibacterial and cytotoxic activities
[6], larvicidal effect [7], anticholinesterase activity [8], antibacterial activity against multi-drug resistant (MDR)
bacteria, including strains of E. coli (ATCC 8739, AG102, AG100 Atet), Enterobacter aerogenes (E. aerogenes) (ATCC
13048, CM64, EA27), K. pneumoniae (ATCC 11296, KP55), Providencia stuartii (P. stuartii) (ATCC29916, PS299645),
Enterobacter cloacae (E. cloacae) (BM47, BM67), and P. aeruginosa [9] and analgesic activity [10]. The stem bark of
Alchornea laxiflora contains various phytochemicals, including fatty acid derivatives, ellagic acid and its derivatives, and
triterpenoids. The phytochemical investigation of methanolic extract from the stem bark of A. laxiflora resulted in the
isolation of some compounds, including ellagic acid, 3-O-methylellagic acid, and 3-0O-methylellagic acid-3-0-a-
rhamnopyranoside [11]. A novel ellagic acid derivative, namely, 3,4,3'-tri-O-methylellagic acid, was isolated from the
methanolic extract obtained from the A. laxiflora stem bark [9]. Sandjo et al. [11] and Tapondjou et al. [12] isolated and
established the structure of a known steroidal glycoside, B-sitosterol-3-0-B-D-glucopyranoside from the methanol
extract of stem bark, ellagic acid; 3-O-methyl-ellagic acid , 3-0-3-D-glucopyranosyl-f3-sitosterol , 3-0O-acetyloleanolic
acid and 3-0O-acetyl-ursolic acid. Several pentacyclic triterpenoids, such as 3-acetyloleanolic acid, 3-acetoxyursolic acid,
adipedatol, and betulin, have been found in the stem bark. Squalene and 2,2,4-trimethyl-3-(3,8,12,16-tetramethyl
heptadeca-3,7,11,15-tetraenyl) -cyclohexanol have also been identified as triterpenoids in the stembark extract [11].
This study investigated the antimalarial activity of the ethanol stembark extract of A. laxiflora.

2. Materials and Methods

2.1. Plants collection

The plant material Alchornea laxiflora (stembark) were collected in bushes in Uyo area, Akwa Ibom State, Nigeria in
April 2024. The plant was identified and authenticated by a taxonomist in Department of Botany and Ecological Studies,
University of Uyo, Uyo, Nigeria.

2.2. Extraction

The stembarks were washed and shade dried for two weeks. The dried stembarks were cut into smaller pieces and
pulverized to powder. The stembark powder was divided into two parts. One part was macerated in ethanol for 72
hours, while the remaining part was successively and gradiently macerated for 72 hours in each of, n-hexane,
dichloromethane, ethyl acetate and methanol respectively, which is along their polarity to give the corresponding
gradient fraction for each solvent. The liquid filtrate of the extract and fractions were concentrated and evaporated to
dryness in vacuo 40°C using a rotary evaporator. The various yields were calculated and the extract and fractions were
stored in a refrigerator at -49C, until used for the proposed experiments.

2.3. Phytochemical Screening

Phytochemical screening of the crude extract was carried out employing standard procedures and tests [13], to reveal
the presence of chemical constituents such as alkaloids, flavonoids, tannins, terpenes, saponins, anthraquinones,
reducing sugars, and cardiac glycosides and others.

2.4. Microorganism (parasite)

Chloroquine-sensitive strain of Plasmodium berghei ANKA strain was obtained from the National Institute of Medical
Research (NIMR), Yaba Lagos, Nigeria and maintained by subpassage of blood from infected to healthy mouse once
every 7-8 days.

2.5. Parasite inoculation

Each mouse used in the experiment was inoculated intraperitoneally with 0.2 mL of infected blood containing about 1
x 107P. berghei parasitized erythrocytes collected from an infected mice with 20-30% parasitaemia. The inoculum
consisted of 5 x 107 P. berghei infected erythrocytes per milliliter prepared by determining both the percentage
parasitemia and the erythrocytes count of the donor mouse and diluting the blood with isotonic saline in proportions
indicated by both determinations [14,15]. Parasitemia was monitored by standard methods; thin blood smears were
made on glass slides, fixed using methanol, and stained using Giemsa stain. The parasitemia was counted using a
microscope and was calculated as a percentage of infected red blood cells (RBCs) relative to the total number of cells in
a microscopic field at x100 magnification according to the formula of Okokon and Nwafor [14] as given below:

) ) Total number of parasitised RBCs
Parasitemia (%) = Total number of RBCs * 100

55



GSC Biological and Pharmaceutical Sciences, 2025, 33(02), 054-064

2.6. Experimental animals

Swiss albino mice (18-25 g), male and female, used in the study were obtained from the University of Uyo’s Animal
house. They were kept in standard plastic cages in a well ventilated room and left to acclimatized for a period of 10 days
before the experiments. The mice were fed on standard pelleted diet and water ad libitum. The care and use of animals
were conducted in accordance with the National Institute of Health Guide for the Care and Use of laboratory Animals
(NIH Publication, 1996). Approval for the study was obtained from the University of Uyo’s Animal Ethics Committee.

2.7. Drug administration

The extract, fractions, chloroquine and pyrimethamine that were used in the study were administered orally with the
aid of a stainless metallic feeding cannula.

2.8. Determination of median lethal dose (LDso)

The determination of median lethal dose (LDso) of the extract was carried out in mice using oral (p.o) route by
modified method of Lorke [16]. The animals in groups of three mice each were administered different doses of the
extract (100- 5000 mg/kg). They were observed for manifestation of physical signs of toxicity such as writhing,
decreased motor activity, decreased body/ limb tone, and decreased mobility and death. The mortality in each
group within 24 h was recorded. The LDso value was calculated as geometrical mean of the maximum dose
producing 0% (a) and the minimum dose producing 100% mortality (b). LDso =V ab

2.9. Evaluation of the in vivo antimalarial activities of stembark extract and fractions of Alchornea laxiflora:

2.9.1. Evaluation of Suppressive Activity (4-day Test) of stembark extract and fractions of Alchornea laxiflora.

The schizontocidal activity of the crude extract and fractions was evaluated against early P. berghei berghei infection in
mice. This was conducted according to the methods previously described by Okokon et al. [17] and Okokon et al. [18].
Fifty four mice were randomly divided into nine groups of six mice each. On the first day (Do), the Fifty four mice were
infected with the parasite and randomly divided into various groups. These were administered the crude extract,
fractions and chloroquine. Groups 1 -3 received 141, 282 and 424 mg/kg/day of the stembark extract, respectively.
Groups 4, 5, 6 and 7 were given 282 mg/kg of n-hexane, dichloromethane, ethyl acetate, and methanol, respectively.
Groups 8 and 9 were respectively administered 5 mg/kg/day of pyrimethamine (positive control) and 10mL/kg of
distilled water (negative control).The mice in the various groups were treated with standard drug, extract and fractions
for four consecutive days (Do - D3) between 8am and 9am. On the fifth day (Da4), thin blood films were made from the
tail blood of the experimental animals. The films were stained with Giemsa stain to reveal parasitized erythocytes out
of 500 in a random field of the microscope. The average percentage suppression of parasitaemia was calculated in
comparison with the controls(14). The mean survival time of the animals was determined over a period of 30 days.

2.9.2. Evaluation of Prophylactic or Repository Activities of of stembark extract and fractions of Alchornea laxiflora.

The repository activity of the extract and pyrimethamine was assessed using the method described by Okokon et al,
[19]. The mice were randomly divided into nine groups of six mice each. Groups 1 - 3 received 141, 282 and 424
mg/kg/day of the stembark extract, respectively. Groups 4, 5, 6 and 7 were given 282 mg/kg of n-hexane,
dichloromethane, ethyl acetate and methanol, respectively. Groups 8 and 9 were respectively administered 5
mg/kg/day of pyrimethamine (positive control) and 10 mL/kg of distilled water (negative control). Administration of
the extract, fractions and drug was done for three consecutive days (Do — Dz). On the fourth day (Ds3) the mice were
inoculated with P. berghei. The parasitaemia level was assessed by blood smears seventy-two hours later and average
percentage suppression of parasitaemia was calculated in comparison with the control (14). The mean survival time of
the animals was determined over a period of 30 days.

2.9.3. Evaluation of Curative Activities of Extract (Rane’s test) of stembark extract and fractions of Alchornea laxiflora.

This test was used to evaluate the schizontocidal activity of the extract, fractions and chloroquine in established
plasmodial infection. This was conducted according to the methods described by Okokon et al., [19]. P. berghei berghei
was injected intraperitoneally into fifty-four (54) mice on the first day (Do). Seventy two hours later (Ds), the mice were
divided into nine groups of six mice per group. Groups 1-3 were given different doses of extract, 141, 282 and 424
mg/kg, respectively, groups 4-7 were given 282 mg/kg of n-hexane, dichloromethane, ethyl acetate and methanol
fractions respectively, group 8 was given 5 mg/kg/day chloroquine (positive control) and group 9 was given 10 mL/kg
distilled water (negative control). The crude extract, fractions and chloroquine were administered once daily for 5 days.
Giemsa stained thin smears were prepared from tail blood samples collected on each day of treatment to monitor the
parasitemia level. The average percentage suppression of parasitaemia was calculated in comparison with the control.

56



GSC Biological and Pharmaceutical Sciences, 2025, 33(02), 054-064

The mean survival time (MST) of the mice in each group was determined over a period of 29 days (Do-D2s). Rectal
temperatures of the mice were taken on days 0, 3, 5, and 7.

2.10. Statistical analysis

Data collected were analyzed using one way analysis of variance (ANOVA) followed by Tukey’s multiple comparison
post-test (Graph pad prism software Inc. La Jolla, CA, USA). Values were expressed as mean = SEM and significance
relative to control were considered at p<0.001 and p<0.05.

3. Results

3.1. Yields of extract and fractions

The percentage yields of the extract and fractions were; crude-20.01%, n-hexane- 0.22%, dichloromethane -0.82%,
ethyl acetate -0.32%, methanol -2.1%.

3.2. Phytochemical screeening

The results of the phytochemical screening of the stembark extract of A. laxiflora revealed that the extract contains
alkaloids, phenol, terpenes, saponins, flavonoids and reducing sugars.

3.3. Determination of Median Lethal Dose (LDso)

The median lethal dose determined by administration of different doses of the ethanol stem bark extract of Alchornea
laxiflora to Swiss albino mice in groups of three mice each was 1414.21mg/kg. The minimum dose that produce 100%
mortality was 2000 mg/kg, while the maximum dose that produced 0% mortality was 1000 mg/kg. The LDso was
calculated to be 1414.21mg/kg.Physical signs of toxicity observed included restlessness, paw licking, gasping, decreased
motor activity and death.

3.4. Suppressive activities of ethanol stembark extract and fractions of A. laxiflora

The stembark extract and fractions exerted dose-dependent reductions in parasitaemia of the treated mice in various
treatment groups. The reduction was only statistically significant(p<0.01) at the higher doses of the extract (282 and
424 mg/kg), DCM and methanol fractions treated groups when compared to the control. Methanol fraction exerted the
highest suppressive effect (33.33%) and m.s.t value of 18.96 d followed by DCM fraction with chemosuppression of
32.22% and m.s.t of 19.02 d which was not comparable to that of the standard, Chloroquine, 5 mg/kg (77.94 %)(Table
1).

3.5. Prophylactic/repository activities of ethanol stembark extract and fractions of A. laxiflora

The stembark extract exerted dose-dependent reductions of parasitaemia in the extract-treated groups. These
reductions were statistically significant relative to the control(p<0.01-0.001) at the highest dose of the stembark
extract (424 mg/kg). The methanol fraction showed the most prominent prophylactic activity (36.13%) and m.s.t value
of 16.00 d which was significant (p<0.05) when compared to control butwas not comparable to that exhibited by the
standard drug, pyrimethamine, 1.2 mg/kg (Table 2).

3.6. Antiplasmodial effect of ethanol stembark extract and fractions of A. laxiflora on established infection

There were dose-dependent reductions of parasitaemia in the extract/fraction-treated groups progressively relative
to control. These reductions were statistically significant relative to the control(p<0.001) especially in the groups treated
with the extract’s high dose (424 mg/kg), DCM, ethyl acetate and methanol fractions. The methanol fraction had the
highest activity with chemosuppressive effect of 65.14 % on day 7, this was lower compared with that of the standard,
chloroquine,92.24% (Figure 1). The stembark extract and fractions demonstrated significant (p<0.05-0.001)protective
potentials on the mice as was seen in the mean survival time of the animals. The groups treated with methanol fraction
had a longer mean survival time, 17.46 * 1.72 d followed by those of dichloromethane fraction treated mice, 16.54 *
0.33 d. These were less than that of the standard drug, chloroquine (29.17 + 0.13 d)(Table 3).
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3.7. Effect of stembark Extract/Fractions on Rectal Temperatures of infected mice

Administration of the stembark extract and fractions of A. laxiflora as well as chloroquine to Plasmodium berghei-
infected mice in curative test did not cause any significant difference (p>0.05) in the rectal temperatures of the treated
mice when compared with that of control in the this model (Table 4).

Table 1 Suppressive activities of stembark extract and fractions of A. laxiflora during early Plasmodium berghei
infection in mice

Treatment Dose Parasitaemia Chemosuppression MST
(mg/kg) | (%) (%)
Control - 24.33 £0.15 - 12.45 +0.83
Extract 141 21.25+1.14 12.65 14.23+0.55
282 18.10+0.552 25.60 15.13+0.26
424 16.44+0.622 32.42 18.28+0.56¢
n-hexane 282 20.81 +0.34 14.46 13.46+0.72b
Dichloromethane 282 16.33+0.612 32.88 19.02+0.66"
Ethyl acetate 282 20.67+0.45 15.04 14.74+0.38¢
Methanol 282 16.22 + 0.58¢ 33.33 18.96+0.76b
Chloroquine 5 2.10 +£1.38¢ 91.36 30.00 +0.00¢

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

Table 2 Prophylactic activities of stembark extract and fractions of A. laxiflora

Treatment Dose (mg/kg) | Parasitaemia(%) | Chemosuppression (%) | MST(days)
Control - 21.42+0.34 - 11.63 +0.24
Extract 141 19.49+0.35 9.01 11.03+0.44
282 17.23+1.32 19.56 12.20+0.53
424 14.96+1.122 30.15 14.38+0.822
n-hexane 282 16.33+0.34 23.76 13.50 +0.68
Dichloromethane | 282 14.02+0.77v 34.54 15.84 +1.872
Ethyl acetate 282 17.36+£0.46 18.95 12.78 £0.54
Methanol 282 13.68+1.76¢ 36.13 16.00 £1.452
Pyrimethamine 1.2 2.21 +0.86¢ 89.68 24.89 +0.48¢

Values are expressed as mean * SEM. Significant relative to control. 2p<0.05; bp<0.01; ¢p<0.001. n = 6.
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Table 3 Mean survival time of mice treated with stembark extract and fractions of A. laxiflora during established
Plasmodium berghei infection in mice

Treatment Dose (mg/kg) | Mean Survival Time (Days)
Control - 11.30 +0.18
Extract 141 12.50+0.44
282 13.88+0.282
424 16.63+1.35¢
n-hexane 282 14.55+1.262
Dichloromethane | 282 16.54+0.33¢
Ethyl acetate 282 15.33+1.34b
Methanol 282 17.46£1.72¢
Chloroquine 5 29.17+0.13¢

Values are expressed as mean * SEM. Significant relative to control. 2p<0.05; Pp<0.01; ¢p<0.001. n = 6.
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Figure 1 Effect of stembark extract and fractions of A. laxiflora on established Plasmodium berghei infection in mice
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Table 4 Effect of stembark extract and fractions of A. laxiflora on rectal temperatures of mice infected with Plasmodium
berghei during established infection

Treatment Dose (mg/k) Rectal Temperature (°C)
DO D3 D5 D7
Control - 35.86+0.46 | 36.22 +0.02 | 36.22 £0.02 | 36.75 +0.04
Extract 141 36.47+0.07 | 36.52+0.03 | 36.53+0.02 | 36.42+0.05
282 36.41+0.07 | 36.43+0.02 | 36.33+0.02 | 36.30+0.04
423 36.50+0.04 | 36.32+0.02 | 36.32+0.02 | 36.23+0.02
n-hexane 282 36.47+0.04 | 36.40 +£0.02 | 36.30 £0.02 | 36.50 +0.04
Dichloromethane | 282 36.52+0.04 | 36.30+0.06 | 36.40+ 0.04 | 36.33 +0.06
Ethyl acetate 282 36.52+0.02 | 36.45+0.04 | 36.33+ 0.06 | 36.30 +0.06
Methanol 282 36.00+0.20 | 36.30+0.10 | 36.30+ 0.10 | 36.31 +0.04
Chloroquine 5 36.18 +0.27 | 36.37 £0.07 | 36.37 +0.07 | 36.22+0.08

Values are expressed as mean + SEM.

4. Discussion

The stembark of Alchornea laxiflora is used in traditional medicine as remedy for diabetes, fever, inflammatory diseases
and pain among others. This investigation was designed to confirm and authenticate the antimalarial potential of the
stembark extract and fractions of A. laxiflora in order to provide scientific basis for its usage in traditional medicine. The
stembark extract and fractions of A. laxiflora were investigated for antimalarial activity against rodent malaria parasite,
P. berghei infection in mice using standard in vivo models. It was found that the extract and fractions significantly
reduced the parasitaemia in suppressive, prophylactic and curative models in a dose-dependent fashion with methanol
fraction exhibiting the strongest in vivo suppressive, prophylactic and curative potentials followed by dichloromethane
fraction, thus confirming the antimalarial potential of this extract. The extract and fractions also prolonged the MST of
the mice, but was unable provide complete protection as most of the treated animals eventually died from infection
suggesting that the extract and fractions lacks the potentials to protect the mice completely. This activity could have
resulted from the inability of the stembark extract and fractions to kill the parasites or effectively suppress their growth
and development consequent of weak plasmodicidal or plasmodistatic activity of the extract and fractions. This results
corroborate previous reports on antimalarial activities of the leaf and root extracts of A. laxiflora [20, 21]. These results
validate the use of the stembark extract decoctions as malarial remedy.

The moderate suppressive activities of the extract/fractions on the development of Plasmodium berghei parasitaemia
as observed during in vivo study, suggests the inability of the extract and fractions to effectively suppress or eliminate
the erythrocytic stages of the parasite [22]. The inability of the extract/fractions to exert complete protection to the
infected animals in most cases could have resulted from low doses (141 - 424 mg/kg) used, short half life/ duration of
action of the extract/fractions due to rapid biotransformation processes and subsequent elimination [22]. Thus,
resulting in further development and multiplication of the parasites as well as short MST of the treated mice as observed
in this study.

The phytochemical screening of the stembark extract revealed the present of some pharmacologically active compounds
such as tannins, flavonoids, alkaloids, terpenes, phenols among others. Reported phytoconstituents of the stembark
which include fatty acid derivatives, ellagic acid and its derivatives and triterpenoids such as ellagic acid, 3-0O-
methylellagicacid, and 3-O-methylellagic acid-3-O-a-rhamnopyranoside [11], 3,4,3-tri-O-methylellagic acid [9], B-
sitosterol-3-0-B-D-glucopyranoside, 3-0-3-D-glucopyranosyl-B-sitosterol, 3-0-acetyloleanolicacid and 3-O-acetyl-
ursolic acid, 3-acetyloleanolic acid, 3-acetoxyursolic acid, adipedatol, betulin, squalene and 2,2,4-trimethyl-3-
(3,8,12,16-tetramethylheptadeca-3,7,11,15-tetraenyl)-cyclohexanol [11,12], are likely to be responsible for the
observed activities of the extract and fractions. However, secondary metabolites of plants such as alkaloids, flavonoids
and triterpenoids have been documented previously to exhibit antiplasmodial properties [23,24]. Polyunsaturated fatty
acids found in this stembark extract have been implicated in antiplasmodial activity which has been correlated with
increased degree of unsaturation [25,26,27,28.29,30]. Flavonoids present in the stembark have been reported to exert
significant antiplasmodial activity against various strains of P. falciparum [31,32,33], while squalene, an active
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antioxidant compounds [34,35,36] present in the extract may also be responsible for the observed antiplasmodial
activities. Flavonoids are reported to exert antiplasmodial activity through free radical scavenging mechanism[32,37],
chelation of nucleic acid base pairing of the parasite [38], modulation of host immunity to tackle disease and inhibition
of plasmodial enoyl-ACP reductase (FAB I enzyme) - a key regulator of type II fatty synthases (FAS-II) in P. falciparum
[39,40] as well as binding to parasite’s serinethreonine kinase with high affinity thereby affecting its development [41].
The stembark extract/fractions may be acting through one of these mechanisms. These compounds present in this
stembark extract and fractions may in part have contributed to the plasmodicidal activity of this extract/fraction. The
findings of this study suggest that stembark extract and fractions of A. laxiflora possess antimalarial activity which is
due to the activities of its phytochemical constituents. This confirms and authenticates its use as malarial remedy in
folkloric medicine.

Fever is one of the cardinal symptoms of malaria especially in humans. However, P. berghei infection in mice is reported
to be associated with hypothermia rather than pyrexia [42]. Results of rectal temperatures of the infected mice in this
study (curative test), showed that there was no significant difference between the mean temperature values of both the
treated and untreated infected mice before and after treatment, suggesting that the mice were hypothermic. This
hypothermia in mice may have resulted from the serious physiological effects of the malaria parasite on the host, leading
to body heat loss and ultimately death of mice [43]. Moreso, carbohydrate, lipid, and protein metabolisms of the host
are affected negatively by malaria parasite [44,45]. Decreases in metabolic rates of the P. berghei-infected mice have
been correlated with decreased body temperatures of mice [46]. The extract/fractions however, were unable to
attenuate these processes and hence the resultant hypothermia.

5. Conclusion

The results of this study show that the stembark extract and fractions of Alchornea laxiflora possess antimalarial
potentials which maybe attributed to the activities of its phytochemical constituents.
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