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EFFECTS OF POWDERED STEM BARK OF Terminalia
avicennioides MADE AS DIETARY FEED FED TO MICE
INFECTED WITH Plasmodium berghei, ON LIVER FUNCTION

--ABSTRACT

Aim: The aim of this study was to investigate the antiplasmodial activity and effect of stem bark of Terminalia
avicennioides made as dietary feed fed to mice infected with plasmodium berghei, on some serum biochemistry.
Methodology Twenty (20) mice were divided into four groups. Group 1 was not infected with Plasmodium berghei
(normal control), Group 2 was infected with P. berghei but not treated (negative control). Group 3 was infected and
treated with 5.0 mg/kg of Arthemeter-Lumefantrine (positive control). Groups 4 was infected and fed with treated
feed (T. avicennioides). Treatments were carried out for five days. Blood was taken daily from the tail of the mice
before treatment for the assessment of parasitaemia. The animals were sacrificed on the fifth day and the whole
blood was collected into EDTA bottle. Serum obtained was used to assay for biochemical parameters.

Results: Parasitaemia count was significantly lower (p<0.05) in all the treated groups when compared with the
negative control group. The high density lipoprotein was significantly higher (P<0.05) in the normal control
(123.14+3.19) when compared with the positive control (99.18+2.76), negative control (85.29+0.85) and the group
treated with T avicennioides (86.14+3.21). The serum Alanine aminotransferase, alkaline phosphatase and aspartate
aminotransferase level in group treated with T. avicennioides (167.90+4.13, 15.87+1.32 and 17.50+1.95)
respectively were significantly reduced (p<0.05) when compared with the negative control (197.25+5.44,
20.01+1.32 and 26.71+0.45) respectively. The mean bilirubin and albumin level in the negative control showed no
significant difference when compared with the group fed with T. avicennioides.

Conclusion: The study concluded that T. avicennioides has antiplasmodial activity with mild adverse effect on liver
function.
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I. INTRODUCTION

Malaria is one of the most prevalent and deadliest protozoan tropical diseases. Although over a century of effort has

been made to combat this disease, malaria eradication remains a global burden, with millions of clinical cases



reported worldwide each year and over three billion people living under its threat [1]. Five
human Plasmodium species (Plasmodium falciparum, P. vivax, P. ovale, P. knowlesi, and P. malariae) are known to
cause malaria infection [2]. The severe form of this disease is usually caused by P. falciparum [3]. This particular
species (P. falciparum) is the most pathogenic of the five species of malaria parasites that infect man, P.
falciparum is the major cause of almost every malaria mortality and morbidity in tropical and subtropical regions
[4].

The most severe form of malaria infection is caused by P. falciparum; with variable clinical features which include;
fever, headache, chills, vomiting, muscular aching and weakness, cough, diarrhoea and abdominal pain [5]. Other
symptoms related to organ dysfunction may supervene, such as acute renal failure (ARF), generalized convulsions,
pulmonary oedema, circulatory collapse, followed by coma and death [5].

The incessant development of malaria resistance to most of the widely available, affordable and first-line treatments
are the greatest challenge [6,7]. The overall control of the mosquitoes which serve as malaria vector is also made
difficult by their ceaseless resistance to a wide range of insecticides (Snow, 1996). Moreover, lack of access to
indoor residual spraying (IRS) and long-lasting insecticidal nets (LLINS) [8] and widespread production of fake
antimalarial drugs contributes to the major problems that plague the management and control of malaria in Africa
[8].

WHO made artemisinin combination therapy (ACT) drugs as the first line of treatment in all malaria endemic areas,
there is still report of the resistance of malaria parasite to all malarial drugs including artemisinin in malaria-endemic
areas, this has contributed to morbidity and mortality caused by malarial parasite [9]. The insurgence of drug
resistance, scarcity and high cost of original convectional drug has led most people in malaria endemic areas to the
use of medicinal herbs for the treatment of malaria [10].

Herbal medicine has shown to have genuine efficacy and about 75% of rural populations depend on it as first-line
treatment [11]. The World Health Organization advocated for countries, especially those in malaria-endemic areas to
study efficacy of traditional medicine in their area with the view of finding and exploiting plants that provide safe
and effective remedies for ailments caused of both pathogens and microbial agents and non-microbial original [12].
Natural products are the direct or indirect sources of most of the drugs introduced in the past 30 years. Natural
products from plants are a rich source of principal compounds for the development of new drugs against protozoan
diseases such as malaria [13]. Some plants have been known to have relatively good antimalarial activity. Vernonia
amygdalina [14], Momordica balsamina [15], Azadirachta indica [16], Astonia boonei [17], Terminalia
avicennioides [12] and Anogeissus leiocarpus [18]. The antimalarial effect of T. avicennioides is comparable to that
of Artesunate. T. avicennioides family combretaceae, have been reported to possess anti-plasmodial activity [12,
19]. Terminalia avicennioides of the family Combretaceae is a yellowish-brown, durable and hardwood, commonly
found in the savannah region of West Africa [20]. Various extract of Terminalia avicennioides are used to treat
ailments such as helminthiasis [21] and gastric and peptic ulcers [22]. It also has significant antimicrobial activities
against Staphylococcus aureus [20], malaria parasite [23], Salmonella typhi, Salmonella paratyphi, and Vibrio
cholera [24]. Akanbi, [12] in his research, discovered that the methanolic bark extract of T. avicennioides has
antimalarial effect which is a clear indication of high antiplasmodial activity. Therefore, this study investigates
the effects of powdered stem bark of Terminalia avicennioides made as dietary feed fed to mice infected

with plasmodium berghei as a possible edge to overcome the damages done by the malaria parasite to humanity



Il. MATERIALS AND METHODS

Experimental Animal

Adult Swiss albino mice used for this study were obtained from the Animal unit at Institute for Advanced Medical
Research and Training, College of Medicine, University of Ibadan, Ibadan, Nigeria. The animals were kept in well
aerated wired cages, fed with standard mouse feed (top feed) and were allowed to drink water freely. The animals
were kept for two weeks to be acclimatized with the new immediate environment before they were infected with the

malaria parasite.
Parasite Acquisition

Plasmodium berghei parasite used for this study was donated by the laboratory by Professor Ademowo, O. G. in the
Institute for Advanced Medical Research and Training (IAMRAT), College of Medicine, University Teaching
Hospital, University of Ibadan, Oyo state, Nigeria. The parasites were maintained in the experimental animals by

serial passage of blood collected from a patent donor mouse to a naive recipient.
Plant Materials

The stem bark of T. avicennioides Tree (locally called Udi) was collected in Akungba-Akoko, Ondo State, Nigeria,
and were identified by Dr. A. O. Obembe, from Plant Science and Biotechnology Department, Adekunle Ajasin
University, Akungba-Akoko, Ondo state, Nigeria. The Herbarium specimen with voucher number UIH22319. T.

avicennioides was deposited at the Herbarium unit of the University of Ibadan, Ibadan, Nigeria.
Feed Formulation

The stem bark was air dried extensively and milled into powder form. The standard commercial mouse feed was
obtained from a retail outlet in Akungba-Akoko, Ondo state, Nigeria. The milled stem bark of T avicennioides was
then sieved to further extract fine powder. Thirty percent (30%) of the powder was added to seventy percent (70%)
standard commercial mice feed. 100cl of Water and 45cl of honey was added to the combination and mixed
thoroughly for 15-25 minutes with the hands to enable homogenization of the ingredients. The prepared paste was
then pelleted manually into size 2mm. The pelleted feed was dried at room temperature. The Swiss albino mice were
fed with the treatment alongside with portable water, twice daily; after blood collection in the morning and later in

the evening.
Parasitolocal Study

Thick blood film was prepared from blood collected from the tail vein of each mouse daily for five days, and slides
were screened for malaria parasite using Giemsa stain. The number of parasite counted per 200 white blood cells

was recorded and used to calculate parasite density on the basis of 8000 assumed leucocytes/ul of blood.

In-vivo Antimalarial Assay

Mice weighing between 15g-22 g were distributed into four groups (G1, G2, G3, and G4). Each group comprised of

five mice. Mice in the groups 1, 2, and 3 were infected intraperitoneally with an aliquot of 0.2 ml of standard



inoculums (1x10” Plasmodium berghei strain NK 65 parasitized erythrocytes). Group 1 was infected and treated
with formulated feed treatment. Group 2 was infected and not treated (hegative control). Group 3 was infected and
were treated with standard drug (Arthemeter-Lumefantrine). This served as positive control. Group 4 was not
infected and fed with standard mice feed. This served as normal control. All the treatments were administered twice
daily through feed for five consecutive days apart from group 3 which was once daily. Blood was taken daily from
the tail vein of the mice, before treatment for the assessment of parasitaemia later in the day. Serum samples were

kept in the deep freezer at -20°C until analysis was done.

Biochemical Assays

Serum obtained from mice were used to assay for the liver function using the spectrophotometric method with
Randox test kits. Serum bilirubin concentration was determined by dimethyl sulphoxide principle [25]. Alanine
aminotransferase (ALT) and Aspartate aminotransferase (AST) levels were measured by the pyruvate and
oxaloacetate methods, respectively [26] and serum albumin concentration was measured as given earlier [27].
Serum HDL-cholesterol concentration was measured by the NIHCDS [28] method, as described in the manual of
the Randox HDL-cholesterol kit

Statistical Analysis

The differences among groups were analyzed by the one-way Analysis of Variance (ANOVA). The SPSS 20.0,
SPSS Inc., Chicago, Illinois, USA, was used for this analysis. The results were expressed as mean + Standard
Deviation (SD). The level of significance was estimated at P<0.05.

Results

The effect of the treatment of Plasmodium berghei infected mice fed with T. avicennioides mixed feed on the
parasite density is shown in Table 1. The level of inhibition on the parasite count was determined by comparing the
changes in parasite count in day 0 to those the subsequent post treatment days. There was an increase in the parasite
density in the negative control group on day 4 and 5 (704+45.61) and (792+52.15) respectively when compared with
day 0 (528+110.10). Among the treated groups, there was a significant reduction (P<0.05) in the parasite density
when compared to the negative group. A significant decrease (p<0.05) was recorded in the group fed with T.
avicennioides in day 5 (124+86.72) when compared with the initial parasite load (560+46.62) in day 0.

Table 1: Effect of treatment of mice infected with P. berghei with the stem bark of T avicennioides on parasite

density.

Source of variance Day 0 Day 1 Day 2 Day 3 Day 4 Day 5
Artemether- 528+99.59° 464+60.63° 376+53.66° 272+33.46° 168+33.46° 80+40.00°
Lumefantrine

T. avicennioides 560+46.62° 492467.3° 402+79.60™ 344+93.81™  282+74.83% 124+86.72°
Negative Control 528+110.10° 568+91.21% 592+76.94% 640+56.57° 704+45.61™ 792+52.15°

*Mean values with the same superscript along the same column are not significantly different while means with different superscript are
significantly different at P<0.05.



The effects of the treatment on high density lipoprotein (HDL) in mice infected with Plasmodium berghei are
illustrated Figure 1. The HDL level was significantly higher (P<0.05) in the normal control (123.14+3.19) when
compared with the positive control group (99.18+2.76), negative control group (85.29+0.85) and the group treated
with T. avicennioides (86.14+3.21). The mean level of HDL was not significantly different (P>0.05) in negative
control group (85.29+0.85) when compared with the group treated with T. avicennioides (86.14+3.21).

150 7
Il Normal Control

Bl rPositive control

a
b -
1001 c c Bl Negative control
Il T.avicennioides
50 1
0

Treatments
** significantly different compared with the normal control
columns carrying different notations are statistically different at p<0.05

mmol/l

Figure 1: Effects of powdered stem bark of T. avicennioides fed to mice infected with P. berghei on serum high density lipoprotein level.

The effects of the treatment of the mice infected with P. berghei with T. avicennioides on serum alanine
aminotransferase (ALT) are indicated in Figure 2. The mean serum ALT level in normal control (114.61£7.09) was
significantly lower (P<0.05) when compared with mean value of positive control group (157.25£10.19). The

negative control group (199.33+5.44) was significantly higher (P<0.05) when compared with the group fed with T.
avicennioides (167.90+4.13).
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Figure 2: Effect of powdered stem bark of T. avicennioides fed to mice infected with P. berghei on serum Alanine aminotransferase

The effects of the treatment of the mice infected with P. berghei fed with T. avicennioides on serum alkaline

phosphatase (ALP) are indicated in Figure 3. There was significant reduction (P<0.05) in ALP level in normal



control (6.44+0.92) when compared with mean serum level in mice fed with T. avicennioides (15.86+1.32), positive
control (14.49+2.07) and negative control (20.01£1.32). The mean serum ALP in the group fed with T.
avicennioides (15.86+1.32) was significantly reduced (P<0.05) when compared with the negative control group
(20.01+1.32).
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Figure 3: Effect of powdered stem bark of T. avicennioides fed to mice infected with P. berghei on serum alkaline phosphatase.
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Figure 4: Effect of powdered stem bark of T. avicennioides fed to mice infected with P. berghei on serum Aspartate Aminotransferase

Figure 4 showed that the mean serum AST level was significantly higher in negative control group (26.71+1.95)
when compared with the other groups. There was no significant different in positive control group (8.42+1.10) when

compared with the normal control group in normal control | (7.50£0.45).
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Figure 5: Effect of powdered stem bark of T. avicennioides fed to mice infected with P. berghei on serum Bilirubin.

Figure 5 showed that the mean bilirubin level in the negative control (0.26+0.03) showed significant difference

when compared with the normal control group (0.14+0.02) and group fed with T. avicennioides (0.19+0.01).
IV. DISCUSSION

Malaria infection has been a serious problem to those that live in malaria endemic areas. Several factors have been
reported to be responsible for this which includes the development of drug resistance to the potent and affordable
drugs by the parasite [29]. Many cultures have replaced conventional medicine with traditional herbal remedy and
presently traditional herbal medicine has become a comprehensive system of health care delivery in some

community including Nigeria [30]

Treatment of P. berghei-infected mice with Artemether-Lumefantrine and T. avicennioides significantly reduced the
parasite density of infected mice after two days and further obvious reduction occurred subsequently. This study
showed that there was significant decrease in parasitaemia from Day 2 to Day 5 in the treated groups, while there
was increase in parasitaemia from Day 2 to Day 5 when compared with Day 0 in the negative control. In the positive
control, there was significant reduction of parasite from Day 2 to day 4. In day 5 the parasite inhibition rate in the
positive control compared with T. avicennioides may be as a result the mice fed with T. avicennioides were allowed
feed at free will while Artemether-Lumefantrine was administered orally to the positive control group. The
reduction in parasitemia in T. avicennioides treated group showed that the plant has antiplasmodial effects. Akanbi
[12] reported similar case in in vivo study of antiplasmodial activity of T. avicennioides and Its effect on lipid profile

and oxidative stress in mice infected with P. berghei.

This work also investigated the effect of T. avicennioides on the lipid profile level in mice infected with P. berghei.
The study showed that there was an increase in the HDL level in the group fed with T. avicennioides which showed
that the plant is capable of boosting the HDL. The increase in HDL level in the group treated with artemether
lumefantrine and the group fed with T. avicennioides (Fig. 1) could be resulted from the decrease in the parasitaemia

in these groups, while the reduction in the HDL level in the negative control as compared to other groups indicated



that malaria parasite may be accountable for the reduction in the HDL level. It has been reported that malaria
infection produces moderate changes in lipid profile in man, with typical decline in HDL concentration [31].

In this study, elevated serum alkaline phosphatase in the infected groups were observed when compared with the
uninfected group (hormal control). This showed that malaria parasite may be responsible for the increase in the ALP
level. The observed elevated serum level corroborates with the earlier findings. White and Ho [32] observed higher
serum level of alkaline phosphatase in the presence of malaria parasites. The observed elevation in serum alkaline
phosphatase is an indication of the hepatic stage of the malaria parasite’s life cycle in its host and is accompanied by
significant perturbation of the hepatocyte membrane leading to leakage of this enzyme out of the liver cells [33].
This finding is in agreement with earlier findings [32], that centrilobular liver damage is one of the factors involved
in liver dysfunction in acute malaria infection, which is a direct consequence of the impaired drainage capacity of

the hepatocyte.

A significant increase in the activities of ALT and AST in the negative control as compared with all the other groups
were observed. The observed significant increase in enzyme activities may be as a result of liver injury and altered
hepatocytes caused by the malaria parasite and the consequent leakage of the enzymes into the blood stream.
Application of 5mg/kg Artemether and T avicennioides tends to cause a decrease in the ALT and AST levels in the
mice. In view of the increase in serum AST activities, the etiology of the increased activity of the enzymes are
claimed to be due to the malaria infection. These changes, which show an increase of liver enzymes according to the
increase in serum AST, ALP and AST levels, are a direct indicator of hepatocyte dysfunction associated with
Plasmodium. Premaratna et al. [34] reported similar result severe hepatic dysfunction associated with falciparum
malaria. Increase in AST, ALT and ALP liver enzymes have also been reported as a rough proportionality of the

extent of liver damage [35].

Malarial hepatitis is a term frequently used to define hepatocytic dysfunction in Plasmodium infection. Malarial
hepatitis is characterized by a rise in serum bilirubin along with the increase in the serum AST and ALT levels to
more than two times the upper limit of normal [35]. In this study, the bilirubin level was higher in the negative
control group when compared with all the treated groups. The observed increase in the serum bilirubin level in the
negative control could be due to haemolysis that occurred during the erythrocytic stage of the life cycle of malaria
infection, Akanbi et al., [18] reported similar result.

Hepatic dysfunction in severe malaria is multifactorial; intravascular haemolysis of parasitized erythrocytes,
haemolysis of non-parasitized erythrocyte, associated haemoglobinopathies as well as drug induced haemolysis
[36]. Disseminated intravascular congealing may also contribute to hepatocellular dysfunction seen in severe
Plasmodium infection [37]. However, in acute malaria, hepatic dysfunction is reversible in all the patients
developing malarial hepatopathy who respond favourably to antimalarial therapy and no residual effects have been
documented in survivors Bilirubin normally recedes by 72 hours of starting treatment but it may be delayed in
patients [38]. having coexisting renal dysfunction [39]. In this study, we noted significant improvement in liver
function test in treated groups which showed that bilirubin and ALT may reduce to reference range upon parasite
clearance

V. CONCLUSION



In conclusion, we observed that powdered stem bark of T. avicennioides made as dietary feed has antiplasmodial
activity. The parasite inhibition rate is comparable with artemether lumefantrine. Furthermore, mild hepatocellular

dysfunction was observed which can be equated to that of artemether lumefantrine.
REFERENCES

1. Snow, R. W., Amratia, P., Kabaria, C. W., Noor, A. M. and Marsh, K. (2005). The
changing limits and incidence of malaria in Africa. Advanced Parasitology, 78:169-262.

2. White, N. J. (2008) “Plasmodium knowlesi: the fifth human malaria parasite,” Clinical
Infectious Diseases, 46(2): 172-173.

3. Sutherland, C. J., Bismarck, D., Mary, C. O., and Teun, B. (2010). Persistent Detection of
P. falciparum, P. ovale, P. malariae, P. vivax after ACT Treatment of Asymptomatic
Ghanaian School Children. Parasitology: Drugs, and Drug resistance, 3: 45-50.

4. Tuteja, R. (2007) Malaria: an overview. FEBS Journal, 274:4670-4679.

5. Visser, B. J., Rosanne, W. W., Ingeborg, M. N. and Martin, P. G. (2013). Serum lipids
and lipoproteins in malaria - a systematic review and metaanalysis. Malaria Journal,
12:442. Available:http://www.malariajournal.com/co ntent/12/1/442.

6. Sendagire, H., Kaddumukasa, M., Ndagire, D., Aguttu, Nassejje, C. M., Pettersson, M.,
Gote Swedberg, G. and Kironde, F. (2005) Rapid increase in resistance of Plasmodium
falciparum to chloroquine-Fansidar in Uganda and the potential of amodiaquine-Fansidar
as a better alternative. Acta Tropica, 95(3): 172-182.

7. Kilama, A. H. (2005). Africa: Africanizing Malaria Research, Africa Focus Bulletin Nov
20. pp 051-120.

8. Diggie, E., Asgary, R. Gore-Langton, G., Nahashon, E., Mungai, J., Harrison, R.,
Abagira, A., Eves, K., Grigoryan, Z., Soti, D., Juma, E. and Allan, R. (2014). Perceptions
of Malaria and acceptance of rapid diagnostic tests and related treatment practices among
community members and health care providers in Greater Garissa, Northeastern

Province, Kenya, Malaria Journal, 13(1):502.



10.

11.

12.

13.

14.

15.

Happi, C. T., Gbotosho, G. O., Folarin, O. A., Bolaji, O. M., Sowunmi, A. Kyle, D. E.,
Milhous, M. Wirth, D.J, and Oduola, A. M. J. (2006). Association between mutations in
Plasmodium falciparum chloroquine resistance transporter and P. falciparum multidrug
resistance genes and in vivo amodiaquine resistance in P.falciparum malaria infected
children in Nigeria. America Journal Tropical Medicine Hygeine, 75:155-161.
Christiana, 1., Ifeoma, O. Mercy, A.and Martin's, E. (2011). Antiplasmodial activity of
the mixed stem extracts of Anogeissus leiocarpus and prosopis africana and in vitro
evaluation of its tablet dosage form. Journal of Herbs, spices and Medicinal Plants,
17:419-435.

Akinyemi K. O, Oladapo O, Okwara C. E., Ibe C. C. and Fasure K. A. (2005).
Screening of crude extracts of six medicinal plants used in South-West Nigerian
unorthodox medicine for anti-methicillin resistant Staphylococcus aureus activity.
BMC Complementary and Alternative Medicine, 5: 6.

Akanbi, O. M. (2013). Effect of malaria infection on oxidative stress and lipid profile in
pregnant women. Journal of Medicine and Medical Sciences, 4 (3): 128-133.

Pereira, T. B., Silva, L. F.,, Amorim, R. C. N., Melo, M. R. S., Souza, R. C. Z. and
Eberlin, M. N. (2014). In vitro and in vivo anti-malarial activity of limonoids isolated
from the residual seed biomass from Carapa guianensis oil production. Malaria of
Journal, 13:317.

Waako, P. J., Gumede, B., Smith, P. and Folb, P. I. (2005), The in vitro and in vivo
antimalarial activity of Cardiospermum halicacabum and Momordica foetida, Journal of
Ethnopharmacology, 99: 137-143.

Tona, L., Cimanga, R. K., Mesia, K., Musuamba, C. T., De-Bruyne, T. and Apers, S.

(2004) In vitro antiplasmodial activity of extracts and fractions from seven medicinal



16.

17.

18.

19.

20.

21.

22.

23.

plants used in the Democratic Republic of Congo. Journal of Ethnopharmacology,
93:27-32.

Asase, A., Oteng-Yeboah, A. A., Odamtten, G. T. and Simmonds, M. S. J. (2005)
Ethnobotanical study of some Ghanaian anti-malarial plants. Journal of
Ethnopharmacology, 99:273-279.

Gessler, M. C., Mysuya, D. E., Nkunya, M. H. H., Mwasumbi, L. B., Schar, A., Heinrich,
M. and Tanenr, M. (1995). Traditional healers in Tanzania: the treatment of malaria with
plant remedies. Journal of Ethnopharmacology, 48: 131-144.

Akanbi, O. M., Omonkhua, A. A., Cyril-Olutayo, C. A. (2014). Effect of methanolic
extract of stem bark of Anogeissus leiocarpus on liver function of mice infected with
Plasmodium berghei. Journal of Herbs, Spices and Medicinal Plant, 20:350-358.
Abdullahi, A. L., Agho, M. O., Amos, S., Gamaniel, K. S. and Wambebe, C. (2001).
Anti-diarrhoeal activity of aqueous extract of T. avicennioindes roots. Phytotherapy
Research, 15:431-434.

Mann, A., Banso, A. and Clifford, L.C. (2008). Antifungal properties of Anogeissus
leiocarpus and Terminalia avicennioides. Tanzania Journal of Health Research, 10: 34-
38.

Suleiman, M. M., Mamman, M., Aliu, O. Y., Ajanusi, J. O. and Abubakar, M. S. (2005).
Anthelmintic effect of extracts of Terminalia avicennioides against experimental
nippostrongylosis in rats. Journal of Herbs, Spices and Medicinal Plants, 11(3):117-126.
Suleiman, M., Romanus, I. and Yusuf, S. (2007). Gastroprotective effect of crude
methanol extract of Terminalia avcennoides in rats. Veterinarski Architecture, 77:
345-354.

Akanbi, O. M., Omonkhua, A. A., Cyril-Olutayo, C. M. and Fasimoye, R. Y. (2012). The

antiplasmodial activity of Anogeissus leiocarpus and its effect on oxidative stress



24,

25.

26.

27.

28.

29.

30

and lipid profile in mice infected with Plasmodium berghei. Parasitology Research,
110:219-226.

Akinyemi, K. C., Coker, A. O., Bayangbon, C., Oyefolu, A. O. B., Akinade, K. A.
andOmonigbehin, E.O. (2000). Antibacterial screening of five Nigerian  medicinal
plants against S. typhi and S. paratyphi. Journal of Nigeria Infection Control Association,
13(1):15-19.

Tietz, N. W., Prude E. L. and Sirgard-Anderson, O. (1994): In: Tietz Textbook of
Clinical Chemistry. ed. Burtis C. A. and Ashwood, E. R. pp 1354 — 1374. W. B.
Saunders Company, London.

Christen, P. and Metzier, D. E. Aminotransferases. Wiley Interscience Inc., New York.
1985;49-60.

Doumas, B.T. and Biggs H.G. (1972) Determination of Serum albumin: In standard
methods of clinical chemistry (Cooper G.A.) Academic press Inc. New York 1:175.
National Institutes of Health Consensus Development Conference Statement
(NIHCDCS). Triglycerides, High Density Lipoprotein and Coronary Heart Disease.
Washington D.C. 1992; 26-28.

Okeola, V. 0., Adaramoye, O. A., Nneji, C. M., Falade, C. O, Farombi, E. O. and
Ademowo, O. G. (2010). Antimalarial and antioxidant activities mentanolic extract of
Nigella savita seeds in mice infected with Plasmodium yoelli nigeriansis. Parasitology

Research, 108:1507-1512.

. Tolu, O., Odunayo, R., Ibukun, E. and Peter, O. (2007). Medicinal Plants useful for

Malaria Therapy in Okeigbo, Ondo State, South West Nigeria. African Journal of

Traditional, Complexity Alternative Medicine, 4: 191-198.



31.

32.

33.

34.

35.

36.

37.

38.

Krishna, A. A., Chandrika, S. K., Manasa, A. and Shrikant, L. P. (2009). Variation in
Common Lipid Parameters in Malaria Infected Patients. Indian Journal of
Pharmacology, 53:27-274.

White, N. J. and Ho, M. (1992). The Pathophysiology of Malaria. Advanced
Parasitology, 31: 84-167

Kechrid, Z. and Kenouz, R. (2003). Determination of Alkaline Phosphatase Activity in
Patients with Different Zinc Metabolic Disorders. Turkey Journal of Medical Science, 33:
387-391.

Premaratna, R., Gunatilake, A. K., De Silva, N. R., Tilakaratne, Y., Fonseka, M. M. and
De Silva, H. J. (2001). Severe hepatic dysfunction associated with falciparum
malaria. Southeast Asian J Trop Med Public Health, 32(1), 70-72.

Duru, V. (2016) Plasmodium falciparum dihydroartemisinin-piperaquine failures in
Cambodia are associated with mutant K13 parasites presenting high survival rates in
novel piperagquine in vitro assays: retrospective and prospective investigations. BMC
Med. 13, 305.

Singh, R., Kaur, M. and Arora, D. (2010). Prospective study of hepatic involvement in
Plasmodium falciparum malaria. Journal of Clinical and Diagnostic Research, 4(2),
2190-2197.

Ghoda, M. K. (2002). Falciparum hepatopathy: a reversible and transient involvement of
liver in falciparum malaria. Tropical gastroenterology: official journal of the Digestive
Diseases Foundation, 23(2), 70-71.

Kochar, D. K., Das, A., Kochar, S. K., Saxena, V., Sirohi, P., Garg, S. and Gupta, V.
(2009). Severe Plasmodium vivax malaria: a report on serial cases from Bikaner in
northwestern India. The American Journal of Tropical Medicine and Hygiene, 80(2),

194-198.






