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Abstract: The high burden of malaria in most parts of the world led to the recommended use of Artemisinin-based combination
therapy (ACT) by WHO, with varying degree of success. The effect of combining Artemether Lumefantrine with Hippocratea
africana and Eremomastax speciosa leaves extract on the serum protein of Plasmodium berghei of infected adult albino Wistar
Mice was evaluated. Fifty (50) albino mice with weight between 19-25 g were randomly selected into ten (10) groups of five (5)
animals each. Group | animals were administered distilled water (normal control) and group Il animals were parasitized with
Plasmodium berghei and administered 1 ml of distilled water (parasitized control). Group 111, 1V, V, VI, VII, VIII, IX and X
were the test groups and were administered 3 mg/kg body weight of Artemether-Lumefantrine (Coartem-ACT) for 3 days; 300
mg/kg body weight of Eremomastax speciosa leaf extract, 200 mg/kg body weight of Hippocratea africana root bark extract f,
combination of ACT + Eremomastax speciosa leaf extract, combination of ACT + Hippocreatea africana root back extract,
combination of ACT + Hippocreatea africana root back extract + Eremomastax speciosa leaf extract, combination of ACT and
Eremomastax speciosa, combination of ACT + Hippocratea africana root bark extract for 10days respectively. The result of the
study showed a significant (P<0.05) increase in Serum total protein concentrations in test group V111 compared with test groups
I and VI, while a significant (P<0.05) increase in globulin was observed in test group VIII compared with group I, and a non-
significant decrease (P>0.05) in albumin was observed in test groups VIII compared with group I. These results showed an
increase in serum proteins from combined administration of ACT + anti-plasmodial herb (Hippocratea africana root bark
extract) and Eremomastax speciosa leaf extract. This may imply that the combined administration of the two herbal extracts
with ACT has an added advantage to the anti-plasmodial effect in the management of malaria infection due to the ability of the
ACT and the alkaloidal property of Hippocratea africana root bark extract to suppress the malaria and the flavonoid property
of Eremomastax speciosa leaf extract to boost Red Blood Cells destroyed by the parasite.
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l. INTRODUCTION

This study was designed to evaluate the effect of
combining artemether — lumefantrine, ethanolic extract of H.
africana root, bark and aqueous extract of E. speciosa on the
serum protein levels in adult albino mice infected with
plasmodium parasite. Malaria is said to be a common and life-
threatening disease in many tropical and subtropical areas, with
over 100 countries and territories at risk of transmission (WHO,
2024). Itthrives in the tropical areas of Asia, Africa, and Central
and South America, where millions of people are affected
(Evbuomwan, 2023). It remains a major public health problem
in most countries of the world with enormous health and
economic consequences (Ocan, 2023). Noronha, et al., (2020)
noted the devastating effects of malaria, known to take life of
millions worldwide, especially in Africa. According to them,
the WHO estimated in 2015 that there were 212 million cases
of malaria and 429 000 deaths worldwide, while in 2022, WHO
confirmed that globally, 96% of malaria cases and 98% of
malaria deaths were recorded in Sub-Saharan Africa in 2020
(WHO, 2022). Nigeria is among the five countries is the Africa
with the highest estimated malaria burden accounting for over
27% in 2020 (WHO, 2022).

The treatment of malaria has faced several challenges due
to the development of resistance of the parasite to previously
known effective drugs in the quinne family (Yeung et al., 2004;
WHO, 2022; CDC, 2024; Abebe, et al, 2024). CDC (2024)
stated that drug resistance was one of the biggest past and
present threats to controlling malaria in endemic countries.
Recent studies in some part of African have confirmed partial
malaria resistance to even ACT (WHO, 2022). Other challenges
are issue of affordability due to high cost of drugs and high level
of poverty as well as factors related to availability due to cost
and inadequate manufacturing capability and inefficacy of most
antimalarial drugs available in country as well as malaria
vectors resistant to pyrethroids, (Ebong, 2014; Anyawu et al,
2017; Isiko et al, 2021; Andrade et al, (2022); Accrombessi et
al, 2022 and Setegn et al, 2025). In fact, Cui, et al, (2015) noted
malaria resistance to ACT in a study they conducted for
International Centers of Excellence for Malaria Research
(ICEMRs) and confirmed to be very challenging to malaria
control worldwide. Uwabh, et all. (2021) stated that even with
the use of standard anti-malarial drugs, many patients still feel
unwell after treatment. Cytotoxicity and side-effects of
antimalarial drugs also contribute to these challenges in the
treatment of malaria (Rates, 2011). Development of resistance
to certain plasmodium strains has made different classes of
drugs used for the treatment of the disease in the past to be
ineffective and almost useless for malaria treatment in some
areas. Some of these drugs include chloroquine and fansidar
(Djimde et al., 2001; Coban, 2020; Ikegbunam et al, 2025).

Herbs have been used for medicinal purposes for a long
time as recorded in history. Ancient Chinese and Egyptian
papyrus writings described embedded medicinal uses for plants
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as early as 3,000 BC (Chen et al., 2014). Indigenous cultures,
such as African and Native American, used herbs in their
healing rituals, while others developed traditional medical
systems like the Ayurveda and Traditional Chinese Medicine
(TCM), in which herbal therapies were used (Modi et al., 2007;
Jaiswal, 2016; Wu, 2021). Researchers have found that people
in different parts of the world tend to use the same or similar
plants for the same purposes (Marcus, 2009). Some of these
herbs have been widely acclaimed to bring about the desired
therapeutic remedy for malaria disease including Artemisia
annua.

Herbal treatment for malaria has existed for decades
(Willcox and Bodeker, 2004; Million et al, 2022; Nortey et al,
2023 and Bunalema et al., 2025). Ezeani et al., (2022); Nortey
et al., (2023) and Ocan, et al., (2023) noted that traditional
medicines of artemisinin and quinine derivatives have been
used to treat malaria for thousands of years. Ezeani, et al (2022)
and Ocan, et al., (2023) stated that they have been largely found
to be efficacious. They also stated that over 1200 plant species
from 160 families are used to treat malaria, while about a fifth
of patients in endemic countries were using traditional herbal
remedies for malaria. In Ghana, Nortey, et al (2023) observed
that over 44 plant species within 28 families were used for
malaria treatment in the country.

Herbal usage seemingly become necessary for malaria
treatment due to the resistance of the malaria parasite to
conventional antimalarial drugs and persistence of malaria
symptoms after treatment. Indeed, Obisesan and Owoseni
(2017) stated that 64% of respondents in a study they conducted
in Ondo South preferred herbal medicinal treatment for malaria
over orthodox medicine. Hippocratea africana (Wild) Loes
(Hippocrateaceae) is one of the herbs commonly used for
malaria treatment. The plant is widely distributed in tropical
Africa. The root of the plant is used traditionally in the
treatment of various ailments such as fever, malaria, body
pains, diabetes and diarrhea (Okokon et al, 2006; Folawewo et
al, 2017). The plant (root) has been reported by Okokon et al,
(2006) to possess in vivo anti-plasmodial property with LD50
of 2.45 g/kg as well as anti-inflammatory and analgesic
activities (Okokon et al., 2008). Due to the high cost of
orthodox therapies for treatment of anemia, people in the rural
areas make use of the herbal remedies including Eremomastax
speciosa.

The high prevalence of the malaria disease and resistance
of the parasite to most available drugs have led to the
concomitant use of orthodox and herbal medicine in malaria
treatment. The combination of drugs and herbs with the aim of
achieving a therapeutic remedy has had a tremendous effect in
the health of many Nigerians also. Omagha et al (2021),
confirmed that the combination and the concomitant use of
different anti-malarials including the Artemether-lumefantrine
and the herbs have become the popular method for malaria
treatment in conventional and traditional treatment approaches
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due to the need to increase the efficacy and reduction in the
selected drug resistance. Uwah, et al. (2021) also found out that
administration of the ACT with the plant extract may relieve
plasmodium-induced anaemia, which is a major cause of
mortality and prognosis predictive factor in malaria disease.
Due to these challenges, Uwah, et all. 2020) stated that many
patients have resorted to the use of herbal remedies, either alone
or in combination with standard antimalarial drugs, to alleviate
their symptoms due to parasitamia.

Earlier, Odugbemi et al., (2007), confirmed their
discovery of up to five plants combination for effective malarial
treatment. The use of Hippocratea africana, which is widely
believed to possess antimalarial property and Eremomastax
speciosa, which is also widely believed to possess anti-anaemic
property, even in Akwa Ibom, served as suitable combination
with ACT for malaria treatment. The plant is known as “Eba
enang-enang” in Ibibio; “Godyi” in Hausa, “Ponju owiwi” in
Yoruba, and “Ipungwa” in Tiv tribes of Nigeria. In Ghana, the
Akan-Asante calls it “Nnoto” and Fula-Pulaa in Senegal calls it
“Rdelbi” while the Loko in Sierra Leone calls it “Njabo”
(Burkill, 1985; Umoh et al, 2021). On the other hand,
Eremomastax speciosa is known commonly in Akwa Ibom
State, as “golden seal;” “African blood tonic;” with a local
name of Edem Ididout, or Ndana-edem, (Erhabor et al, 2013;
Eve et al, 2020). However, information on the safety of this
practice is still scarce and there is no sufficient published data
on it for now. This study shows the effect of this combination
on serum proteins of infected mice in Uyo, Akwa Ibom State,
likely to be efficacious remedy for the treatment of malaria.

~

Fig 1: The Hippocratea africana Plant
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The Eremomastax speciosa

Fig 2: The Eremomastax speciosa Plant
. MATERIALS AND METHODS

Fifty (50) adult albino Wistar mice (Mus musculus)
weighing 22 — 38 g were obtained from the Animal House,
Faculty of Basic Medical Sciences, University of Uyo, Uyo and
used in this study. The animals were divided into ten (10)
groups of five (5) mice per group based on their body weight
and labeled I —X. They were housed in a ventilated room in
standard cages under standard laboratory condition and
acclimatized for 7 days. During this period food (Growers’
mash, Guinea feeds, Benin) and water were provided ad libitum
throughout the experimental period. The animals were weighed
at the beginning and at the end of the experiment.

Fresh root bark of Hippocratea africana and fresh leaves
of Eremomastax speciosa were collected from two different
locations in Akwa Ibom State, identified and authenticated by a
taxonomist in the Department of Botany, University of Uyo,
Nigeria, and the Herbarium specimens deposited at the
University of Uyo herbarium. The fresh root of Hippocratea
africana was washed to remove sand, scrapped to remove the
bark, cut into pieces and air-dried on the laboratory bench for
three weeks, and pulverized into powder using manual grinder.
1200 g of the pulverized powder of H. africana bark was
macerated in 4000 ml of 80 % ethanol for 72 hours. The mixture
was sieved using a sieve cloth to separate the filtrate from the
residue. The filtrate was concentrated in a water bath at 45 °C
to obtain a brownish crude extract that was stored in a beaker
wrapped with aluminum foil and preserved in a refrigerator at
4 °C. The ethanolic extract was boiled for five minutes and
dissolved in distilled water before it was used for the
experiment.
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Fresh leaves of Eremomastax speciosa were washed,
deveined and pulverized using a wooden mortar and pestle. 1.64
kg of the pulverized sample was further macerated with 6000
ml of tap water. The mixture was sieved using a sieve cloth to
separate the filtrate from the residue. The filtrate was
concentrated in a water bath at 40 °C to obtain a greenish black
crude extract that was stored in the refrigerator at 4 °C. The
aqueous extract was dissolved in distilled water before use.

Antimalarial drug tablet of coartem (artemether and
lumefantrine) was obtained from a registered pharmacy in Uyo;
and dissolved in distilled water before administration.

A mouse with a confirmed case of parasitemia was
isolated and placed inside a beaker containing a clean cloth
damped with chloroform until it lost consciousness. It was
dissected with a pair of dissecting forceps, and the blood was
extracted using a syringe via cardiac puncture. The blood was
then dissolved in normal value up to 9 ml and 0.2 ml of the
mixture, and injected into each mice.
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Parasitemia was confirmed for each animal after the
seventh day of inoculation by microscopic examination of thin
blood film from their tails. Seven days after the parasite
inoculation, blood was extracted from the mice and a blood
smear was carried out to confirm parasitemia. Once it was
confirmed, treatment commences with some group receiving
ACT for 3 days, and/or H. africana and E. speciosa and this
was continued for 10 days as seen in the experimental design
(Table 1) below. At the end of the treatment period, the mice
were anaesthetized using chloroform and dissected. Blood
samples were obtained by cardiac puncture using sterile needles
and syringes (2 ml) into sterile plain sample bottle with
identifiers for serum separation. The serum was obtained by
centrifugation of the clotted blood in MES table top centrifuge
at 4,000 revolutions per minute (rpm) for 15 minutes and used
for analysis.

» Experimental Design

Table 1: Experimental Design Showing Dosage of Administration

Groups Sample Administered Dosage Treatment period (days)
I Distilled water Iml 10
I Distilled water Iml 10
Il Artemether-lumefantrine 0.11 ml of 3 mg/kg body weight 3
(ACT)
v Eremomastax speciosa 0.69 ml of 300 mg/kg weight 10
\ Hippocratea Africana 0.44 ml of 200 mg/kg body weight 10
VI ACT + E. speciosa 0.12 ml of 3 mg/kg body weight + 0.81 ml 3 and 10 days
of 300 mg/kg body weight respectively
VIl ACT + H. Africana 0.09 ml of 3 mg/kg body weight + 0.44 ml | 3 and 10 days respectively
of 200 mg/kg body weight
VIl ACT + H. africana + E. 0.1 ml of 3 mg/kg body weight + 0.46 ml 3 and 10 days respectively
speciosa of 200 mg/kg body weight + 0.69 ml of
300 mg/kg body weight
IX ACT + E. speciosa 0.09 ml of 3 mg/kg body weight + 0.6 of 3 and 10 days respectively
300 mg/kg body Wight
X ACT + H. Africana 0.08 ml of 3 mg/kg body weight + 0.38 of | 3 and 10 days respectively
200 mg/kg body weight
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RESULTS AND DISCUSSION

Following the combined administration of Artemether-Lumefantrine, Hippocratea Africana and Eremomastax Speciosa on Serum
Proteins of Adult Albino Wistar Mice the results were as follows:

Table 2: Result of Concomitant Administration of Artemether-Lumefantrine, Hippocratea Africana and Eremomastax Speciosa on
Serum Proteins of Adult Albino Wistar Mice.

Groups Treatment Duration Total Protein Albumin Globulin Albumin:Globulin
Mg/dl Mo/dl Mg/dl Ratio
Mg/dl
I Normal control (non- 10 5.36+0.32 3.78+0.29 1.70+0.29 2.22+0.98
parasitized) 1ml
Distilled water
I Parasitized control 10 7.18+0.55 2.86+0.23 0.82+0.31 3.4940.74
1ml Distilled water
" Artemether- 3 5.90+0.10 4.02+0.56 1.68+0.48 2.39+0.59
lumefantrine (ACT)
v Eremomastax 10 days 5.62+0.44 3.94+0.21 1.68+0.31 2.3540.67
speciose

\Y Hippocratea Africana 10 days 5.60+0.51 3.78+0.40 2.10+0.37 1.80+1.08

Vi ACT + E. speciosa 3 and 10 days 5.28+0.39 3.72+0.19 1.42+0.19 2.62+0.93
respectively

VI ACT + H. Africana 3 and 10 days 5.7440.27 3.82+0.62 1.60+0.27 2.39+0.27
respectively

VI ACT + H. africana + 3 and 10 days 6.28+0.81 3.68+0.37 1.60+0.35 2.3040.83
E. speciose respectively

IX ACT + E. speciosa 10days 4.94+0.23 3.78+0.41 1.70+0.34 2.20+0.55
respectively

X ACT + H. Africana 10days 5.94+0.24 3.68+0.36 1.78+0.22 2.07£1.68
respectively

The result of the effect of administering Artemether-
lumefantrine, Hippocratea africana root bark extract and
Eremomastax speciosa leaf extract on serum proteins of albino
Wistar mice is presented in the table 2 above.

Total protein levels were 5.36+£0.32 mg/dl for group I,
7.18+0.55 mg/dl for group 11, 5.90+0.10 mg/dl for group IlI,
5.62+0.44 mg/dl for group IV, 5.60+0.51 mg/dl for group V,
5.28+0.39 mg/dl for group VI, 5.74+0.27 mg/dl for group VII,
6.28+0.81 mg/dl for group VIII, 4.94+0.23 mg/dl for group IX,
5.94+0.24 mg/dl for group X as seen in table 2.

Albumin levels were 3.78+0.29 mg/dl for group I,
2.86+0.23 mg/dl for group 11, 4.02+0.56 mg/dl for group IlII,
3.94+0.21 mg/dl for group 1V, 3.78+0.40 mg/dl for group V,
3.72+0.19 mg/dl for group VI, 3.82+0.62 mg/dl for group VII,
3.68+0.37 mg/dl for group VIII, 3.78+0.41 mg/dl for group IX,
3.68+0.36 mg/dl for group as seen in table 2.

Globulin levels were 1.70+0.29 mg/dl for group I,
0.82+0.31 mg/dl for group Il, 1.68+0.48 mg/dl for group III,
1.68+0.31 mg/dl for group 1V, 2.10+0.37 mg/dl for group V,
1.42+0.19 mg/dl for group VI, 1.60+0.27 mg/dl for group VII,
1.60+0.35 mg/dl for group V111, 1.70+0.34 mg/dl for group 1X,
1.78+0.22 mg/dl for group X as seen in table 2.
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Albumin: Globulin levels were 2.22+0.98 mg/dl for group
I, 3.4940.74 mg/dl for group Il, 2.39+0.59 mg/dl for group IlI,
2.35+0.69 mg/dl for group 1V, 1.80+1.08 mg/dl for group V,
2.62+0.93 mg/dl for group VI, 2.39+0.27 mg/dl for group VI,
2.30+0.83 mg/dl for group VIII, 2.20+0.55 mg/dl for group 1X,
2.07+1.68 mg/dI for group X as seen in table 2.

When groups (11, 111, IV, V, VI, VII, VIII, IX, X) animals
were compared with group | animals that were administered
distilled water and served as the normal control, there were
significant changes in the concentration of albumin in group I,
total protein in groups Il and V11 and globulin in group Il in test
groups respectively.

Group Il animals which are the standard/test (parasitized)
control recorded significant (P<0.05) increase in total protein
concentrations and also recorded significant (P<0.05) decreases
in albumin and globulin concentrations compared with group |
(normal control) animals concentration. Test Group Il animals
administered 3 mg/kg body weight ACT (3 days) recorded
significant (P<0.05) decrease in total protein concentration and
also recorded significant increases in albumin and globulin
concentrations compared to group Il (standard/test control)
animals concentration. Test group IV animals administered 300
mg/kg body weight Eremomastax speciosa (10days) recorded
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significant (P<0.05) decrease in total protein concentration and
significant increases in albumin and globulin concentrations
compared to group Il (standard/test control) animals
concentration.

Test group V animals administered 200 mg/kg body
weight Hippocratea africana root bark (10 days) recorded
significant (P<0.05) decrease in total protein concentration and
also recorded significant increases in albumin and globulin
concentrations compared to group Il (standard/test control)
animals concentration.

Test group VI animals administered 3mg/kg body weight
ACT (3 days) and 300mg/kg body weight Eremomastax
speciosa leaf extracts (10 days) recorded significant (P<0.05)
decrease in total protein concentration and significant increase
in albumin concentrations compared to group Il (standard/test
control) animals concentration. They also recorded a non-
significant (P>0.05) decrease in globulin concentration
compared to group | (hormal control) animals concentration.

Test group VII animals administered 3 mg/kg ACT (3
days) and 200mg/kg body weight Hippocratea africana root
bark (10 days) recorded significant (P<0.05) decrease in total
protein concentration and also recorded significant increases in
albumin and globulin concentrations compared to group Il
(standard/test control) animals concentration.
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Test group VIII animals administered 3 mg/kg body
weight ACT (3 days) + 200 mg/kg body weight Hippocratea
africana + 300 mg/kg body weight Eremomastax speciosa
recorded significant (P<0.05) increase in total protein
concentration as compared to group | and VI and globulin
concentration as compared to group I1. There was also a record
of a non-significant (P>0.05) decrease in albumin concentration
as compared to group | (normal control).

Test group X animals administered 3 mg/kg body weight
ACT (3 days) and 300 mg/kg body weight Eremomastax
speciosa (10 days) leaf extract recorded significant (P<0.05)
increase in albumin and globulin concentration and a significant
(P<0.05) decrease in total protein concentration as compared to
group I, Il and VIII animals.

Test group X animals administered 3mg/kg body weight
ACT (10 days) and 200 mg/kg body weight Hippocratea
africana (10 days) root bark extract recorded significant
(P<0.05) decrease in total protein concentration as compared to
group Il and significant (P<0.05) increase in total protein and
globulin concentrations as compared to groups I1X and Il
respectively. There was a non-significant (P>0.05) decrease in
albumin concentrations as compared to group | (normal
control).

TOTAL PROTEIN (mg/dl)
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Fig 1: Total Protein Levels of Plasmodium Infected Adult Mice Treated with Combined Arthemeter lumefantrine (ACT), Hippocratea
africana, and Eremomastax speciosa
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Fig 2: Albumin Levels of Plasmodium Infected Adult Mice Treated with Arthemeter and Lumefantrine (ACT), Hippocratea africana,
and Eremomastax speciosa
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Fig 3: Globulin Levels of Plasmodium Infected Adult Mice Treated with Arthemeter and Lumefantrine (ACT), Hippocratea africana,
and Eremomastax speciosa

» Total Protein

The normal range of serum total protein is 5.2-7.1 g/dl
(Chatterjea and Shinde, 2012). In figure 1, the results of the
study showed an increase in the total protein level in the (group
2), which were parasitized and untreated as compared to the
group 1 which were not parasitized. This may be attributed to
the secretion of a number of cytokines into the blood stream
(Abbas et al., 2012) by local inflammatory cells (neutophil,
granulocytes and macrophages). Most notable of these

IJISRT25NOV607

cytokines are the interleukins IL1, IL6, TNFq and other serum
proteins which are collectively known as the acute-phase
proteins (Eckersall and Conner, 1988). They are important in
optimization and trapping of microorganism and their products
(Baumann and Gauldie, 1990), activating the complement
system, binding cellular remnants like nuclear fractions,
neutralizing enzymes, scavenging-free haemoglobin and
radicals (Gabay and Kushner, 1993), and in modulating the
host’s immune response. Their levels increase in response to
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infection, inflammation or trauma (Johnson, 1997). This
corresponds with studies carried out by Abdagahli and El-Bagir
(2009), who reported that the increase in the concentration of
serum total proteins in untreated parasitized animals as
compared to the normal control could be attributed to the
influence of the degree of infection.

The increase in the total protein levels of the animals in
group VIII which were administered ACT, Hippocratea
africana and Eremomastax speciosa, as compared to the
animals in group VI which were administered ACT and
Eremomastax speciosa only and group VII which were
administered ACT and H. Africana, may be due to the
combined synergistic effect of the drug and both the anti-
plasmodial and anti-anaemic property in the two plants. The
plant H. africana contain Alkaloids which have been reported
to possess antimalarial properties (Ndem et al, 2013; Falawewo
et al, 2017 and Uwah et al, 2022), and E. speciosa leaf extract
contains alkaloids and flavonoids both of which were reported
in a study conducted by Ndem et al., (2014) to increase
concentration of total protein and have an hepato-protective
function (Seevola, et al., 1984). Therefore, the combination of
the ACT, H. africana and E. speciosa have further
demonstrated more efficiency in either reducing the harmful
effect or restoring the normal hepatic physiology that has been
disturbed by the malaria parasite.

» Albumin

The normal range of serum albumin is 3.4-5.0 g/dl
(Savory and Hammond, 1980). As shown in figure 2, the mean
values of serum albumin which were observed in the group Il
were significantly lower than the corresponding values
observed for the group I. This finding is consistent with that of
Areekul (1988) and Adekunle et al., (2007). Malaria infections
with its attendant pathology will decrease serum albumin.
Albumin is synthesized in the liver hence, it is possible that
initial inflammation of the liver may increase its production
(Adebisi et al., 1998). As the condition progresses however,
there is reduced liver functioning and increased adaptation to
the condition (Adeosun et al., 2007). At the same time, there
can be continuous breakdown of the already produced albumin
due to high fever and this causes reduction of albumin or there
could be an increase transcapillary escape route (Ogbodo et al.,
2010; Attwood, 2010).

There were however non-significant decreases in the
concentration of albumin in groups VIII which were
administered with the ACT and the two plant products as
compared to group Il which were administered with ACT only.
This may be due to the alkaloid properties of the H. africana
herb which explains its reported application in herbal medicine
for the treatment of malaria and fevers (Okokon, et al., 2007).
The H. africana is also an added advantage in endemic zones
when used in combination with herbs like E. speciosa which
boosts packed cell volume (Chinonye et al, 2023 and Asanga et
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al, 2025). This may also be the reason why there was a decrease
in albumin in groups VI and VII as compared to group VIII.
Since the combination of both plant products and the ACT
contain active components that may be present in high enough
concentrations to effect rapid clearance of the parasite as
compared to administering ACT alone or ACT and one of the
plant product only.

> Globulin

The normal range of serum globulin is 1.5-2.5 g/dl
(Chatterjea and Shinde, 2012). In figure 3, there was a
significant decrease in the concentration of serum globulin of
group Il (standard/test control) as compared to the serum
globulin concentration observed in group I (normal control).
Significant decrease in serum globulin levels, in severe cases of
malaria could be a result of immune-suppression that is caused
by acute P. falciparum infection (Palacpac et al, 2024). There
were however significant (P<0.05) increases in globulin
concentration in the test groups VIII that were administered
ACT and the two plant products as compared with the group VI
and VII that were administered ACT + E. speciosa and ACT+
H. africana respectively. In a study by Ndem et al., (2014), the
Phytochemical screening of the root bark of H. africana
revealed high concentration of tannins and flavonoids.
Alkaloids and cardiac glycosides were of moderate
concentration while saponin concentration was trace. This
improvement in the globulin level may therefore be attributed
to the fact that globulins are serum proteins that have a
protective function as immunity component, which could be
boosted after administration of the drug and herbs like H.
africana and E. speciosa that contain flavonoids - a known
immune booster (Metzler, 2003).

> Albumin: Globulin Ratio

The optimal range of albumin: globulin ratio is between
1.7 and 2.3 g/dl (Chatterjea and Shinde, 2012). The level of
albumin: globulin ratio of the animals in group VIII was
2.30+0.83, which is an indication that the administration of the
drug (ACT), and the two plant products to the animals in group
VIII succeeded in restoring the ratio of serum albumin and
globulin levels to its optimal range, as compared to the
elevation in the albumin: globulin ratio above the optimal range
noticed in the parasitized untreated animals in group Il. This
elevation could be attributed to hypoglobulinemia (Taylor et
al., 1941). The optimum range of albumin: globulin ratio in the
animals in group VII1 as compared with groups VI and VII, may
be due to the improved therapeutic efficacy of ACTs, and the
administration of the leave extract of the herb E. speciosa which
is believed to contain bioactive constituents that boost
erythropoietin formation (Oben et al., 2006), which may have
been depleted by the malaria parasite and the ACT drug and the
root extract of H. africana which contains the phytochemical
alkaloid, giving it its known antimalarial properties (Ndem, et
al., 2014).
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v. CONCLUSION

In this study, there was an increase in serum total protein
and serum globulin in the animals in group VIII that were
administered ACT, H. africana and E. speciosa as compared to
the groups that were administered only ACT (group I11), ACT
+ E. speciosa (group VI) and ACT + H. africana (group VII).
This may be due to the ability of the ACT and the alkaloidal
property of Hippocratea africana root bark extract to suppress
the malaria and the flavonoid property of Eremomastax
speciosa leaf extract to boost Red Blood Cells destroyed by the
parasite. These results showed an increase in serum proteins
from administering ACT + anti-plasmodial herb (Hippocratea
africana root bark extract) and Eremomastax speciosa leaf
extract. This may imply that the combined administration of the
two herbal extracts with ACT has an added advantage to the
anti-plasmodial effect in the management of malaria infection
due to the ability of the ACT and the alkaloidal property of
Hippocratea africana root bark extract to suppress the malaria
and the flavonoid property of Eremomastax speciosa leaf
extract to boost Red Blood Cells destroyed by the parasite.

» Ethical Clearance

Ethical approval was obtained from the Research and
Ethical Committee of the Faculty of Basic Medical Science,
College of Health Sciences, University of Uyo.

ACKNOWLEDGEMENT

The Department of Biochemistry, Faculty of Basic
Medical Sciences, University of Uyo, is greatly acknowledged
for her facilitation and contribution to this study.

REFERENCES

[1]. Abbas, A., Litchman, A., Pillai, S. (2012). Basic
Immunology Functions and Disorders of the Immune
System (4™ edition). Saunders and Elsevier, Philadephia.
P40

[2]. Abdagalili, M.A. and El-Bagir, N.M. (2009). Effect of
Falciparum malaria on some malaria on some plasma
proteins in males: with special reference to the levels of
testosterone and cortisol. African Journal of biochemistry
Research, 3: 349-355.

[3]. Abebe, W., Mekuanint, A., Asmare, Z., Woldesenbet, D.,
Mihret, Y., Setegn, A., and Emaneneh,

[4]. T. (2024). Prevalence of molecular markers of
chloroquine resistance in malaria parasites in East Africa:
a systematic review and meta-analysis. Journal of Global
Antimicrobial Resistance. doi:
https://doi.org/10.1016/j.jgar.2024.12.019

[5]. Accrombessi, M., Akogbeto, M. C., Dangbenon, E.,
Akpovi, H., Sovi, A., Yovogan, B., Adoha,

[6]. C., Assongba, L., Ogouyemi-Hounto, A., Padonou, G. G.,
Thickstun, C., Rowland, M., Ngufor, C., Protopopoff, N.,
and Cook, J. (2022). Malaria Burden and Associated Risk
Factors in an Area of Pyrethroid-Resistant Vectors in

INISRT25NOV607

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/25nov607

Southern Benin. Am.J. Trop. Med. Hyg., 107(3), pp. 681—
688 doi:10.4269/ajtmh.22-0190.

[7]. Adebisi, S.A., Soladoye, A.Q., Adekoya, D., Odunkanmi,
O.A. (1998). Serum protein fractions of Nigerian with
plasmodium infection: ILRON experience. Journal of
Clinical and Experimental Microbiology, 3: 82-84.

[8]. Adekunle, A.S., Adekunle, O.C., Egbewale, B.E. (2007).
Serum statusof selected biochemical parameters in
malaria: An animal model. Biomedical Research, 18: 109-
113.

[9]. Adeosun, O.G., Oduola, T., Akanji, B.O., Sunday, A.M.
Udoh, S.J., Bello, 1.S. (2007). Biochemicalalteration on
nogerian children with acute Falciparum malaria. African
Journal of Biotechnology, 6:881-885.

[10]. Andrade, M.V., Noronha, K., Diniz, B.P.C.et al
(2022). The economic burden of malaria: a systematic
review. Malar J 21, 283. https://doi.org/10.1186/s12936-
022-04303-6.

[11]. Anyanwu, P. E., Fulton, J., Evans, E. and Paget, T. (2017).
Exploring the role of socioeconomic factors in the
development and spread of anti-malarial drug resistance:
a qualitative study. Malar J. DOI 10.1186/s12936-017-
1849-1

[12]. Areekul, S.(1998). Transcapillary escape rate and
capillary permeability to albumin in patients with
plasmodium falciparum. Annals of Tropical Medicine and
Parasitology, 2: 135-140.

[13]. Asanga EE, Noah KU, Okokon JE, Ekeleme CM, Udoh
IE, Bassey A, Anagboso MO, Inyang AN. (2025).
Integrative investigation on Hippocratea africana root:
insights from cardio-protective, anti-oxidative stress
activities, isolation, GC/MS, and pharmacological
significance profiling. BMC Complement Med Ther. 2025
Jun  4;25(1):200. doi: 10.1186/512906-025-04941-8.
PMID: 40468373; PMCID: PMC12135251.

[14]. Attwood, D., (2010). Malaria in South Sudan 2: Clinical
Features and Diagnosis. Southern Sudan Medical Journal,
4:10-12

[15]. Baumman, H., Gauldie, J. (1990). Regulation of Acute
Phase Plasma Protein genes by Hepatocyte Stimulating
factors and other mediators of Inflammation. Molecular
Biology and Medicine. 7:147-159.

[16]. Bunalema L., Ocan M., Ojara F. W., Nsobya S., Odongo
C. 0., Odia G. and Lubega A. (2025).

[17]. Medicinal plants traditionally used for management of
malaria in rural communities of Uganda, BMC
Complementary Medicine and Therapies.
https://doi.org/10.1186/s12906-025-04946-3

[18]. CDC (2024). Drug Resistance in the Malaria-Endemic
World. www.cdc.gov/malaria/php/public-health-
strategy/drug-resistance.htm

[19]. Chatterjea, M. N. and Shinde, R. (2012). Textbook of
Medical Biochemistry. (8" edition). Jaypee, New Delhi
pp. 475 - 674.

WWW.ijisrt.com 1181


http://www.ijisrt.com/
https://www.sciencedirect.com/journal/journal-of-global-antimicrobial-resistance
https://www.sciencedirect.com/journal/journal-of-global-antimicrobial-resistance
https://doi.org/10.1016/j.jgar.2024.12.019
https://doi.org/10.1186/s12936-022-04303-6
https://doi.org/10.1186/s12936-022-04303-6
https://doi.org/10.1186/s12906-025-04946-3
http://www.cdc.gov/malaria/php/public-

Volume 10, Issue 11, November — 2025
ISSN No:-2456-2165

[20]. Chinonye O. K., Nweke E. O., Chinedu I. B. and Ikejiaku
C. (2023). Anti-Plasmodium berghei activity of Ethanol
root bark extract of Hippocratea Africana. OARJ of
Biology and Pharm DOl:
https://doi.org/10.53022/0arjbp.2023.7.2.0014.

[21]. Coban C. (2020). The host targeting effect of chloroquine
in malaria. Curr Opin Immunol. 66:98-107. doi:
10.1016/j.€0i.2020.07.005. PMID: 32823144; PMCID:
PMC7431399.

[22]. Cui L, Mharaakurrwa S, Ndaye D, Rathod P. K,. and
Rosenthal P. J. (2015).Antimalarial Drug Resistance:
Literature Revie and Activities and Findings of the
ICEMR Network. Am Journal of Tropical Med Hyg., 2,
93 (suppl): 57-69. Doi: 10.4269/ajtmh.15-0007.

[23]. Djimbe, A., Doumbo, O. K., Cortese, J. F., Kayentoa, K.,
Doumbo, S., Diourte, Y., Dicko, A., Su, X. Z., Nomura,
T., Fidock, D. A., Wellems, T. E., Plowe, C. V. and
Ebong, R. E. (2014). Effect of Hippocratea Africana root
bark extract on the concentration of progresterone in
females albino wistar rates. B. Sc. Project. Department of
Biochemistry, University of Uyo, Uyo, Nigeria. Pp 4-29

[24]. Eckersall, P.D., Conner J.G. (1988). Bovine and Canine
acute phase proteins. Veterinary  Research
Communication, 12: 169-178.

[25]. Elolemy AT, Albedah AM (2012). Public knowledge,
attitude and practice of complementary and alternative
medicine in riyadh region, Saudi Arabia. Oman Medical
Journal, 27:20-26.

[26]. Evbuomwan I. O, Adeyemi O. S and Olarewaju Michael
Oluba O. M (2023). Indigenous medicinal plants used
in folk medicine for malaria treatment in Kwara State,
Nigeria: an ethnobotanical study. BMC Complementary

Medicine and Therapies. 23:324
https://doi.org/10.1186/512906-023-04131-4,. Accessed
14/11/24.

[27]. Eve M. O., Alfred T. N., Akripo I. I., Eyong Eyong Ubana
E. E., and Choudhary I. M. (2020). Chemical Constituents
of Eremomastax Speciosa (Hochst.) Cufod Leaves and its
Cytotoxic Potential on Nih-3t3 Cells. Bull. Chem. Soc.
Ethiop. 2020, 34(3), 633-640. DOI:
https://dx.doi.org/10.4314/bcse.v34i3.18

[28]. Ezeani C, Ezenyi I, Erhunse N, Sahal D, Akunne T, and
Okoli C (2022). Assessment of Antimalarial Medicinal
Plants used in Nigerian Ethnomedicine Reveals
Antimalarial Potential of Cucurbita pepo Leaf Extract.
Heliyon, https://doi.org/10.1016/j.heliyon.2022.e09916,
accessed 14/11/24

[29]. Folawewo A. D., Madu A. N., Agbaje-Daniels F. V.,
Faboyede A. O. and Coker A. R. (2017).

[30]. Phytochemical Screening and Antibacterial Activities of
the Root Bark Extracts of Hippocratea africana (Willd.)
Loes. European Journal of Medicinal Plants. DOI:
10.9734/EJMP/2017/32765

[31]. Gabay, C., Kushner, 1. (1993). Acute-phase proteins and
other systemic responses to inflammation. New Journal of
Medicine, 340:448-458.

INISRT25NOV607

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/25nov607

[32]. Ikeghunam M, Eze D, Ezissi M et al. (2025). Over fifteen
years of chloroquine withdrawal in Nigeria: a qualitative
investigation into the execution of this policy by
healthcare providers and amongst patients in a rural

community. Open Res
Africa, 7:9 (https://doi.org/10.12688/openresafrica.15204
2)

[33]. Isiko, 1., Nyegenye, S., Bett, D. K., Asingwire, J. M.,
Okoro, L. N., Nana Awaya Emeribe, N. A., Koech,
[34].C. C., Ahgu, O., Bulus, N. G., Kelly Taremwa, K., and
Mwesigwa, A. (2024). Factors associated with the risk
of malaria among children: analysis of 2021 Nigeria
Malaria Indicator  Survey. Malaria ~ Journal.

https://doi.org/10.1186/5s12936-024-04939-6.

[35]. Jaiswal Y, Liang Z, Zhao Z. (2016). Botanical drugs in
Ayurveda and Traditional Chinese

[36]. Medicine. J Ethnopharmacol. 2016 Dec 24;194:245-259.
doi: 10.1016/j.jep.2016.06.052. PMID: 27394388.

[37]. Johnson, R.W. (1997). Inhibition of growth of Pro-
inflammatory cytokines; an integrated science. Journal of
Animal Science, 75:1244-55

[38]. Marcus D.M. (2009). Therapy: Herbals and supplements
for rheumatic diseases. Nature Reviews Rheumatology.
5(6):299-300.

[39]. Metzler, D.E. (2003). Biochemistry: The Chemical
Reactions of Living Cells (second edition). Elseveir
academic press. P58

[40]. Million E., Mulugeta T. and Umeta B. (2022). Traditional
Medicine Practice and Its Role in the Management of
Malaria in Jimma Town, Oromia, Ethiopia. Infection and
Drug Resistance. https://www.dovepress.com.

[41]. Mochiki, E., Yanai, M., Ohno, T., Kuwano, H.(2010).The
effect of traditional Japanese medicine(Kampo) on
gastrointestinal function. Surgery Today , 40: 1105-1111.

[42]. Modi, A.A., Wright, E.C., Seeff, L.B. (2007).
Complementary and alternative medicine (CAM) for the
treatment of chronic hepatitis B and C: a review. Antiviral
Therapy, 12(3):285-95.

[43]. Ndem, J.I., Eteng, M.U., Uwah, A.F. (2014). Effect of
Hippocratea africana root bark extract on lipid profile of
female and male albino wistar rats. Journal of scientific
research and reports, 3(19): 2574-2583.

[44]. Ndem, J. 1., Eteng, M. U., Akpanabiatu, M. I., Uwah, A,
F., Otitoju, O. and Akpanyung, E. O. (2013a) Effect of
Hippoeratea Africana Root Bark Extract on some
Biochemical Indices of Male and Female Albino Wistar
Rats. Journal of Pharmacognosy and Phytotherapy; 5(4):
72-76.

[45]. Nortey NND., Korsah S., Tagoe M., Apenteng A., et al,
(2023). Herbs Used in Antimalarial Medicines: A Study
in the Greater Accra Region of Ghana. Evidence-Based
Complementary and Alternative Medicine Volume 2023,
Article ID 6697078, pg. 1-8
www.doi.org/10.1155/2023/6697078

WWW.ijisrt.com 1182


http://www.ijisrt.com/
https://doi.org/10.1186/s12906-023-04131-4
https://doi.org/10.1016/j.heliyon.2022.e09916
https://doi.org/10.12688/openresafrica.15204.2
https://doi.org/10.12688/openresafrica.15204.2
https://doi.org/10.1186/s12936-024-04939-6
http://www.doi.org/10.1155/2023/6697078

Volume 10, Issue 11, November — 2025
ISSN No:-2456-2165

[46]. Noronha M, Pawar V, Prajapati A, Subramanian R.B.
(2020). A literature review on traditional herbal medicines
for malaria. South African Journal of Botany 128, 292303.

[47]. Oben, J. E., Sheila. E. A., Gabriel, A. A & Musoro, D. F
(2006). African Journal of Traditional, Complementary
and Alternative Medicine, 3(1): 95 -100.

[48]. Obisesan A. A, and Owoseni O (2017). Preference of
Medicinal Plants in the Treatment of Malaria Fever in
Akure South Local Government Area, Ondo State
Nigeria. Munich Personal RePEc Archive. Online at
https://mpra.ub.uni-muenchen.de/81641/ MPRA Paper
No. 81641, posted 30 Sep 2017, accessed 16/11/24

[49]. Ocan M, Loyce N, Ojiambo KO, et al., (2023). Efficacy
of antimalarial herbal medicines used by communities in
malaria affected regions globally: a protocol for
systematic review and evidence and gap map. BMJ Open
2023;13:e069771. doi:10.1136/ bmjopen-2022-069771.

[50]. Odugbemi T. O, Akinsulire O. R. Aibinu I. E and Fabeku
P. O (2007). Medicinal Plants Useful for Malaria Therapy
In Okeigho, Ondo State, Southwest Nigeria. Afr. J.
Traditional, Complementary and Alternative Medicines
www.africanethnomedicines.net

[51]. Ogbodo, S.O., Okeke,A.C., Obu, H.A., Shu, E.N. ,
Chukwurah, E.F. (2010). nutritional status of parasitemic
children from malaria endemic rural communities in
eastern Nigeria. Current Pediatric Research, 14: 131-135

[52]. Okokon, J. E., Ita, B. N. and Udokpoh, A. E. (2006). The
in vivo antimalarial activities of Uvariae chamae and
Hippocratea African. Annals of tropical medicine and
Parasitology; 100 (7): 585 — 590.

[53]. Okokon, J. E., Antia, B. S., Udoh, A. E. and Akpan, M.
M. (2007). Antianaemic and antimicrobial activity of
Eremomastax speciosa. Journal of Pharmacology and
Toxicology; 2: 196 — 199.

[54]. Okokon, J. E., Antia, B. S. and Emem, U. (2008).
Analgesic and anti-inflammatory effect of ethanolic root
extract of Hippocratea Africana. International Journal of
Pharmacology; 4: 51-56.

[55]. Omagha R, Idowu E. T, Alimba C. G, Otubanjo A. O
and Adeneye A. K (2021). Survey of ethnobotanical
cocktails commonly used in the treatment of malaria in
southwestern Nigeria. Future Journal of Pharmaceutical
Sciences, 7:152 https://doi.org/10.1186/s43094-021-
00298-0.

[56]. Palacpac N. M. Q., Ishii K. J., Arisue N., Tougan T. and
Horii T. (2024). Immune tolerance caused by repeated P.
falciparum infection against SE36 malaria vaccine
candidate antigen and the resulting limited polymorphism.
Parasitology International, Vol. 99,
https://doi.org/10.1016/j.parint.2023.102845.

[57]. Rates, S. M. K. (2011). Plants as source of drugs. Toxicon,
39 (5): 603 — 613.

[58]. Savory, J., Hammond, J. (1980). Measurement of proteins
in biological fluids. In: Gradwohl's clinical laboratory
methods and diagnosis, Sonnenwirth, A.C., Jarett, L.,
editors. St Louis: C. V. Moshy,256-270.

INISRT25NOV607

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/25nov607

[59]. Seevola, D., Baebacini, G.M., Bona, S. (1984).
Flavonoids and Hepatic cyclic monophosphates in liver
injury. Biological Institute of Sieroter, 63: 777-782.

[60]. Setegn, A., Tegegne, Y., Worku, L. and Ayalew Jejaw
Zeleke, A. J. (2025). Prevalence and associated factors of
malaria among febrile patients at two sites with different
transmission intensities, Northwest Ethiopia. Parasite
Epidemiology and Control.
https://doi.org/10.1016/j.parepi.2025.e00441.

[61]. Taylor, F.H.L., Lozner, E.L., Adams M.A. (1941). The
Thrombic activity of globulin fraction derived from rebbit
plasma. Acta Medica Scandinavica, 2: 282-285.

[62]. Umoh U. F., Thomas P. S., Essien E. E., Okokon J. E.,
DeLeo M., Ajibesin K. K, Flamini G. and

[63]. Eseyin O. A. (2021). Isolation and characterization of
bioactive xanthones from Hippocrateaafricana (Wild.)
Loes.ex Engl. (Celastraceae). Jour. of Ethnopharmacol.
280. https://doi.org/10.1016/j.jep.2021.114031.

[64]. Uwah, A. F., Akpan, H. D., and Effiong, B. O. (2020).
Combining Hippocratea Africana Root Bark Extract With
Artemether-Lumefantrine Improves Biochemical Indices
Of Renal Function In Plasmodium Behgei Infected Mice.
Intl Jour of Modern Pharm Reseach, 4(6), 147-152.
www.ijmpronline.com.

[65]. Uwah, A. F., Ndem J. I., Udobang, J. A., (2021). Co-
administration of crude leaf extract of Eremomastax
Speciosa and  Artemether-Lumefantrine  restores
Haematological parameters in Plasmodium Berghei
infected Mice. Acad. J. Med. Plants. 9(1): 012-018.

[66]. Uwah A. F., Effiong B. O., Obot J. S., Obioku I. J. and
Udoh A. E. (2022). Therapeutic potential

[67]. of concurrent administration of Hippocratea africana and
Eremomastax speciosa in the treatment of Plasmodium
berghei infected mice. Ibom Medical Journal. Vol. 15,
No. 2. 166-174.
https://ibommedicaljournal.org/index.php/imjhome/articl
e/view/255/674

[68]. Willcox ML, Bodeker G (2004). Traditional herbal
medicines for malaria. The Research Initiative on
Traditional Antimalarial Methods
(www.who.int/tdr/publications/publications/ritam.htm) of
RITAM. Clinical Review, BMJ, 329, 1156-1159.

[69]. Willcox, M. (2011). "Improved traditional
phytomedicines in current use for the clinical treatment of
malaria." Planta Medicine, 77(6):662-71.

[70]. WHO (2022). Strategy to respond to antimalarial drug
resistance in Africa. Geneva: WHO. Licence: CC BY-NC-
SA 3.01GO.

[71]. WHO (2024). Malaria — Fact Sheet. www.who.int/news-
room/fact-sheets/detail/malaria. (Accessed 08/11/25).
[72]. Wu, L, Wanyue Chen, W. andWang, Z.(2021).

Traditional Indian medicine in China: The status quo of
recognition, development and research. Journal of
Ethnopharmacology. Vol. 279, 28 October 2021, 114317.

https://doi.org/10.1016/j.jep.2021.114317.

WWW.ijisrt.com 1183


http://www.ijisrt.com/
https://doi.org/10.1186/s43094-021-00298-0
https://doi.org/10.1186/s43094-021-00298-0
https://doi.org/10.1016/j.parepi.2025.e00441
https://doi.org/10.1016/j.jep.2021.114031
https://ibommedicaljournal.org/index.php/imjhome/article/view/255/674
https://ibommedicaljournal.org/index.php/imjhome/article/view/255/674
http://www.who.int/tdr/publications/publications/ritam.htm
http://www.who.int/news-room/fact-sheets/detail/malaria
http://www.who.int/news-room/fact-sheets/detail/malaria
https://www.sciencedirect.com/journal/journal-of-ethnopharmacology
https://www.sciencedirect.com/journal/journal-of-ethnopharmacology
file:///C:/Users/PC/Downloads/Vol.%20279
https://doi.org/10.1016/j.jep.2021.114317

Volume 10, Issue 11, November — 2025 International Journal of Innovative Science and Research Technology
ISSN No:-2456-2165 https://doi.org/10.38124/ijisrt/25nov607

[73]. Yeung, S., Pongtavornpinyo, W., Hastings, 1. M., Mills,
A.J. and White, N. J. (2004). Antimalarial drug resistance,
artemisinin combination therapy, and the contribution of
modeling to elucidating policy choices. American Journal
of Tropical Medicine and Hygiene; 71 (2): 179 — 186.

INISRT25NOV607 WWW.ijisrt.com 1184


http://www.ijisrt.com/

	[3]. Abebe, W., Mekuanint, A., Asmare, Z., Woldesenbet, D., Mihret, Y., Setegn, A., and Emaneneh,
	[4]. T. (2024). Prevalence of molecular markers of chloroquine resistance in malaria parasites in East Africa: a systematic review and meta-analysis. Journal of Global Antimicrobial Resistance. doi: https://doi.org/10.1016/j.jgar.2024.12.019
	[18]. CDC (2024). Drug Resistance in the Malaria-Endemic World. www.cdc.gov/malaria/php/public-health-strategy/drug-resistance.htm
	[72]. Wu, L, Wanyue Chen, W. and Wang, Z. (2021). Traditional Indian medicine in China: The status quo of recognition, development and research. Journal of Ethnopharmacology. Vol. 279, 28 October 2021, 114317. https://doi.org/10.1016/j.jep.2021.114317.


