Canadian Journal of Pure and Applied Sciences

Canadian Journal of
Vol. 16, No. 1, pp. 5419-5425, Feb 2022 ;
Online ISSN: 1920-3853: Print ISSN: 1715-9997 pure&qpplled
Available online at www.cjpas.net SCi1eENnces

ETHYL ACETATE EXTRACT OF LANNAE EGREGIA LEAVES ATTENUATES
HAEMATOLOGICAL DISORDER AND DYSLIPIDAEMIA ASSOCIATED
WITH METHOTREXATE TOXICITY IN RATS

Akinboro Adetayo?, *Olaniyi Temitope Adedosu?, Akintola Adebola Olayemi?, Gbadebo Emmanuel Adeleke?,
Badmus Jelili Abiodun?, Omolara Omowumi Babalola® and Babatunde Adetunji Ayodele!
!Department of Biochemistry, Faculty of Basic Medical Sciences College of Health Sciences, Ladoke Akintola
University of Technology, Ogbomoso Nigeria
2Department of Science Laboratory Technology, Ladoke Akintola University of Technology, Ogbomoso Nigeria

ABSTRACT

Methotrexate is a known chemotherapeutic agent with high degree of potency accumulating in tissues inducing varying
degrees of toxicities. This study investigated the haematological disorder and dyslipidaemia associated with methotrexate
toxicities and the effects of ethyl acetate extract of Lannae egregia (EELE) leaves, a local anticancer medicinal plant in
rats. Forty-eight male Wistar rats averagely weighing 150 g were randomly selected into six groups : group A (distilled
water only), group B ( 2.5 mg/kg.bw of methotrexate only for 21days at 7days interval), group C (pre-treated with 100
mg/kg.bw of EELE daily and 2.5mg/kg.bw of methotrexate at 7days interval), group D (pre-treated with 100 mg/kg.bw
of ascorbic acid daily and 2.5mg/kg.bw of methotrexate at 7days interval), while group E and F were administered 100
mg/kg.bw of EELE and 100 mg/kg.bw of ascorbic acid daily respectively. Administration was done orally in 0.1 ml
solution for 35 days. Plasma total protein levels, haematological parameters and lipid profile were determinates via
quality methods. Results showed that group B, elicit significant (p<0.05) decreases in total protein levels, red blood cell
count, haemoglobin concentrations, packed cell volume and high-density lipoprotein-cholesterol levels with
corresponding significant (p<0.05) increases in white blood cell count, lymphocyte, platelets, triglyceride and cholesterol
levels in the plasma. However, combined treatment with methotrexate and EELE (group C) as well as rats treated with
methotrexate and ascorbic acid (group D) showed ameliorative effect following metabolic alterations associated with
methotrexate administration as these parameters were reversed significantly with greater effects observed in rats treated
with extract only (group E) and ascorbic acid only (group F). Results are indication of haematological disorder and
alterations of lipid metabolism by methotrexate, while EELE attenuates these effects via possible anti oxidative effect
that compared favourably with ascorbic acid. It also showed synergistic effect with ascorbic acid in attenuating
methotrexate toxicity.
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INTRODUCTION and an inhibitor of dihydrofolate reductase (Deepak et al.,
2017). It also blocks a number of enzymes involved in
The occurrence and management of cancer globally have  pyrine and pyrimidine metabolism (Chen et al., 2011).
led to ever increasing modalities employed for its  The pharmacological efficacy reported for methotrexate
treatment (Ochwang et al., 2014). Various methods used  against malignancies (Gossec et al., 2012) is accompanied
in the treatment of cancer includes immunotherapy, with speculative bone marrow, haematological,
hormonal therapy, surgery, radiotherapy and the use of  pepatological, and pulmonary toxicities that are linked to
chemically derived drugs (chemotherapy) known to be i free radical producing potential and the accompanied
common, effective and potent for treating different types oxidative stress (Gaies et al., 2012; Xiang et al., 2013).
and stages of cancer while its usage has also been shown
to prevent  recurrence following surgery (Poornima et It has been reported that methotrexate toxicity has adverse
al., 2014). side-effects on the hematopoietic system without
. . considering other toxicities, as methotrexate has been
Methotrexate, chemically called 4-amino-10- - h4vn o induced significant alteration in haemoglobin,

me'_[hylpteroylglutamic aci_d is an antineoplasti_c, RBC, WBC, packed cell volume, platelet, neutrophil and
antimetabolites and cytotoxic agent widely employed in lymphocytes in rats (Patel et al., 2014; Deepak et al.,
the treaiment qf broad range of Cancers (Benedek, 2010). 2017). Furthermore, increasing evidence revealed
Methotrexate is a folate antagonist (substrate analoque) dyslipidaemia as hallmark of cancer during chemotherapy
*Corresponding author e-mail: otadedosu@lautech.edu.ng (Chen et al., 2011) as studies in patients with different
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types of cancers have demonstrated that levels of plasma
lipids and lipoprotein fractions, particularly high-density
lipoprotein cholesterol (HDL-c) and triglycerides (TG)
are associated with cancer risk probably mediated via an
excessive intake of dietary fats, saturated fats or trans fats.
Thus, during chemotherapy altered blood lipids is
associated with changes in regulatory factors, enzymes
and transporters involved in lipid synthesis, lipid transport
and lipid degradation which are known to be a major
factor linked to dyslipidaemia (Chen et al., 2011). The
etiology of lipid changes associated with chemotherapy is
multifactorial and the relationship of lipid changes in
cancer patient is still enigmatic.

The use of adjunvant drugs such as vitamin A, C, E and
other agents with suitable antioxidant properties have
been reported to reduce the toxic effect of
chemotherapeutic  drugs  (Al-Motabagani,  2006).
Evidences have shown that medicinal plants are important
sources of antioxidant with potential to alleviate oxidative
stress-induced complications, toxicities and
inflammations (Adedosu et al., 2014). In as much as
many of these plants are known to contain certain
chemical constituents which may have been employed as
herbal supplements for treatment of diseases locally (Tag
et al., 2012). Lannea egregia belonged to the family of
Anacardiaceae (Soladoye et al., 2010), geographically
distributed in both tropical and sub-tropical African
countries (Jasen, 2005). It is usually identified as false
marula and locally known as ekudan in Nigeria (Yoruba)
(Soladoye et al., 2010). Several species of Lannae have
been used for a variety of indigenous medicine locally
(Abdullahi et al., 2014) as their part (including the roots)
had been employed in folk medicines in African countries
to treat various ailments in humans (Paulsen and
Malterud, 2014). The stem bark decoction is administered
as a stomachic to improve the haemoglobin level and as
part of vermifuge medicine (Arbonnier, 2004). The leaves
of Lannea egregia are also used traditionally as an
anticancer herb with other concoctions (Soladoye, 2010).

Hence, this study evaluated the potentials of ethyl acetate
extract of Lannae egregia leaves to attenuate
haematological and dyslipidemic alterations induced by
methotrexate administration in rats, so as to validate its
medicinal claims and as a possible template for drug
discovery and also as a possible adjuvant source in the
treatment and management of cancer in some poor
African countries who still used orthodox drugs with
traditional herbs.

METERIALS AND METHODS

Materials

In the present work we used dissecting sets, syringes and
needles, electronic weighing balance, measuring
cylinders, triple weighing balance, pH meter, centrifuge,

plasma bottles, micropipette, separating funnels,
spectrophotometer, thermometer, refrigerator, stopwatch
and other relevant materials.

Reagents

We used good quality reagent obtained mostly from
Sigma USA and Chemelex Barcelona Spain. These are
Tris buffer, distilled water. Laboratory kits for
quantitative determination of total protein (TP), total
cholesterol (TC), total triglycerides (TG) and high density
lipoprotein (HDL). Methotrexate, a product of Ebewe
Pharmaceutical company, Austria, was obtained at Boluke
pharmaceuticals Agege, Lagos state, Nigeria.

Plant collection and preparation of Ethyl acetate Extract
Lannae egregia leaves was collected at Igbeti area of Oyo
State, Nigeria and identified at the Botany Unit of the
Department of Pure and Applied Biology, Ladoke
Akintola University of Technology, Ogbomoso with
herbarium voucher number LHO 520 deposited. The plant
was air dried in the laboratory at room temperature and
powdered after dryness while 1500 g of the powdered
leaves were soaked in 5000 ml ethyl acetate for 72 hours
in a dark cupboard and filtered using filter paper. The
filtrate was concentrated to dryness at room temperature
to obtain dried crude ethyl acetate extract (Wu et al.,
2009).

Designing of Experimental Animals Groupings

For this study, 48 male Wistar rats averagely weighing
150 g were obtained from the animal house of College of
Health Sciences, Ladoke Akintola University of
Technology, Ogbomoso, Oyo State. We strictly followed
guidelines on ethics and conducts for handling
experimental animals for research institutions which
conforms with the international standards and also the
ARRIVE Guidelines (Animal Research: Reporting of In
Vivo Experiments), 2010 (https://www.nc3rs.org.uk/
sites/default/files/documents/Guidelines/NC3Rs%20ARR
IVE%20Guidelines%202013.pdf) and PREPARE
(Planning Research and Experimental Procedures on
Animals: Recommendations for Excellence) guidelines,
2017 (https://norecopa.no/prepare).

Experimental animals were housed in cages and
acclimatized for two weeks under standard laboratory
conditions. For the experiments, test animals were
randomly divided into six groups with eight animals each,
namely A, B, C, D, E and F. The various groups and
treatment received are shown below:

Group A: Animals received distilled water only.

Group B: Animals treated with methotrexate only.

Group C: Animals treated with extract and methotrexate
Group D: Animals treated with ascorbic acid and
methotrexate

Group E: Animals administered extract only

Group F: Animals treated with ascorbic acid only

Group G: Animal treated with extract and ascorbic acid
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Experimental Protocols

Using corn oil as vehicles, 100 mg/kg body weight of
extract were made into 0.1 ml of corn oil, while 100
mg/kg body weight of ascorbic acid were made into 0.1
ml of distilled water respectively and given to the rats
once daily for 14days (pre-treatment) by intubation.
Methotrexate (2.5 mg/kg body weight made into 0.1 ml of
distilled water) was administered orally for 21days at 7
days interval to group B, C and D. The animals were
fasted and sacrifice 24hrs after last administration through
cervical dislocation.

Preparation of plasma

The study animals were euthanized using mild anaesthetic
chloroform and blood was obtained through cardiac
puncture from the jugular vein using a 5 ml syringe and
needle. The obtained blood was transferred into a
centrifuge bottle and centrifuged (model 3538) at 4000
rom for 10 minutes. The plasma (supernatant) was
extracted into plasma bottle, covered and stored at 4°C
inside refrigerator (Jin and Manabe, 2009).

Biochemical indices studied and their determination

The total protein concentrations of the plasma were
determined by Biuret (colorimetric) method as described
by Gomail (1949). While haematological parameters were
determined by Flow cytometry which involved the
passage of cells in single files in front of a laser where
they are detected, counted and sorted as blood cell
components are fluorescently labelled and then excited by
the laser to emit light at varying wavelengths after
heamolysis. Also, levels of total plasma cholesterol were
determined spectrophotometrically by the enzyme
hydrolysis of cholesteryl esters (Naito, 1984), while
triglycerides concentration was determined by enzymatic
colorimetric  method using standard  diagnostic
triglycerides kits as described by Buccolo et al. (1973).
The quantitative determination of high density lipoprotein
(HDL-C) cholesterol was based on HDL-cholesterol
(HDL-C) precipitating method of Naito (1984).

STATISTICAL ANALYSIS

Data were expressed as mean + SD, analysed by one way
ANOVA and considered significant at P<0.05 using
Statistical Package for Social Sciences (SPSS) 21.0 and
graph pad prism.

RESULTS AND DISCUSSION
Complications arising from chemotherapy are major

concern for cancer patient undergoing treatment (Fatoki et
al., 2018). Evidences have shown that chemotherapeutic

agents perturb normal haematological and lipid
homeostasis as various studies have implicated
haematopoietic ~ disorder, lipid and lipoprotein

abnormalities as common risk factors associated with

hemoglobinemia, erythrocytopenia, leucopenia,
thrombocytopenia and  atherosclerotic  pathogenesis
(Deepak et al., 2018). Similar observations in blood
parameters following methotrexate administration has
been reported earlier (Rofe et al., 1994).

Proteins such as albumin and globulin are constituents of
muscles, enzymes, hormone and many other key
functional and structural entities in the body. These
proteins are carriers of many ions, transporters of
materials and are involved in maintenance of normal
water distribution between blood and tissue, while their
determination and metabolism has been of good index for
etiology of diseases.

The observed reduction in plasma total protein level (Fig.
1), is possibly attributed to low circulating aloumin due to
alteration in plasma protein binding to tissue suggestive of
protein degradation and an indication of methotrexate
behaviour in malignant diseases (Leeb et al., 1995;
Rajnics et al., 2017). Interestingly, the ability of both
extract (group C) and ascorbic acid (group D) when used
singly with METH or combined to reverse this trends may
be suggestive of their ability to increase protein synthesis
probably by eliciting decreases in reactive oxygen species
(ROS) production, an indication of their possible potential
in ameliorating or alleviating methotrexate-induced
toxicity via oxidative stress (Heaney et al., 2008; Yiang et
al., 2014; Wu et al., 2017). In addition, the ability of the
combined treatment (extract and ascorbic acid) to increase
total protein level is an indication of their ability to
synergistically boost and protect the antioxidant status of
the body against intoxication and degradation of body
proteins.

One of the major roles of the blood is the maintenance of
homeostasis as a special circulatory tissue. It contains
haematological components which are employed as
valuable tools in monitoring dietary toxicity that affect
blood as well as the health status of animals and
individuals. The observed significant (p<0.05) increases
in levels of the defensive cells of the blood; the white
blood cells, lymphocytes and platelets (Figs. 2,3 and 4),
due to methotrexate administration (group B) possibly
indicate the ability of these cells to fight against toxins or
abrupt change in cellular environment or presence of
antigens which may elicit leukocytosis, lymphocytosis,
and thrombocythemia, respectively presenting the toxic
effect of methotrexate on blood erythropoietic system.
However, the decreases observed in the levels of these
blood indices in combined treatment of methotrexate with
extract (group C) and ascorbic acid (group D)
respectively, counteracts methotrexate-induced toxicity,
and an hint to the plant extract and ascorbic acid
potentials to reversed this effect may be attributed to their
antioxidant potential and their protective effect on
membrane  where they successfully protect these
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components from peroxidative damage due to
methotrexate-induced oxidative stress Antuneset al.
(1996) and Cesquini et al. (2003). Additionally, the
observed decreases in the levels of the nutritive cells of
the blood; red blood cell, haemoglobin count and packed
cell volume due to methotrexate administration (Figs. 5, 6
and 7) in this study revealed red blood cell and
haemoglobin loss suggestive of anaemia which could be
attributed to cell degradation, haemolysis and failure of
the bone marrow to produce more red blood cells due to
intoxification. Also, the reduction in the values of these
blood parameters have been linked to mild or moderate
methotrexate-induced suppression of bone marrow where
profuse bleeding due to intestinal injury and free radical-
induced red cell damage have contributed to lowered red
blood cell counts and haemoglobin  concentration
(Pradhan et al., 2016). However, co-administration of
extract and methotrexate (group C), elicits increases
(p<0.05) in red blood cell count, haemoglobin levels and
packed cell volume comparably with ascorbic acid.

100 4

TOTAL PROTEIN {g/dl)

Treatment Groups

KEYS for Figs. 1 to 10 : A [Control], B [Methotrexate], C [Methotrexate + Extract]
D [Methotrexate + Ascorbic acid, E [Extract only], F [Ascorbic acid]
G [Extract and Ascorbic acid] METH = Methtrexate, Ext = Extract, ASC = Ascorbic acid

Fig. 1. Plasma total protein concentrations in various
treatment groups. Values are given as mean and standard
deviation of eight determinations. Bars with different
superscripts are significantly different from each other
(p<0.05).

Interestingly, the marked increases in white blood cell,
lymphocytes and platelet counts accompanying
corresponding decreases in red blood cell, haemoglobin
counts and packed cell volume have been linked to
activation of the immune system to form defensive cells
(Ohbayashi et al., 2010). Nevertheless, the behaviour of
ethyl acetate extract of Lannae egregia leaves and
ascorbic acid when administered alone or in combination
with methotrexate from this study showed the extract
potential to ameliorate the effects of methotrexate
toxicities to blood components probably due to its
bioactive constituents.
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Fig. 2. White blood cell counts in the various treatment
groups. Values are given as mean and standard deviation
of eight determinations. Bars with different superscripts
are significantly different from each other (p<0.05).
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Fig. 3. Total Lymphocyte counts in the various treatment
groups. Values are given as mean and standard deviation
of eight determinations. Bars with different superscripts
are significantly different from each other (p<0.05).
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Fig. 4. Platelet counts in the various treatment groups.
Values are given as mean and standard deviation of eight
determinations. Bars with different superscripts are
significantly different from each other (p<0.05).



Adetayol et al. 5423
‘0 80+
3 ] 3
g 2 |2 F
= a0 ab i
: : 2 P
3 2 20 B
8 |E ]
00 Iy 44 <4
& & & I F

Treatment Groups

Fig. 5. Red blood cell concentration in the various
treatment groups. Values are given as mean and standard
deviation of eight determinations. Bars with different
superscripts are significantly different from each other
(p<0.05).
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Fig. 6. Haemoglobin concentrations in the blood samples
of various treatment groups. Values are given as mean
and standard deviation of eight determinations. Bars with
different superscripts are significantly different from each
other (p<0.05).
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Fig. 7. Packed cell volume of the various treatment
groups. Values are given as mean and standard deviation
of eight determinations. Bars with different superscripts
are significantly different from each other (p<0.05).
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Fig. 8. Plasma total triglyceride levels in various
treatment groups. Values are given as mean and standard
deviation of eight determinations. Bars with different
superscripts are significantly different from each other
(p<0.05).
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Fig. 9. Plasma total cholesterol levels in various treatment
groups. Values are given as mean and standard deviation
of eight determinations. Bars with different superscripts
are significantly different from each other (p<0.05).

Determination of the plasma lipid profile is deployed as a
marker of dyslipidemia which correlates with many
disorders of lipid metabolism especially in pathological
states. The results of the lipid profile (Fig. 8 and 9),
respectively showed elevated levels of total triglycerides
and total cholesterol in methotrexate treated animals only
(group B) compared with control and other treatment
groups. The observed increase in total triglyceride and
cholesterol levels were associated with decreased level of
high density lipoprotein cholesterol (HDL-c) as seen in
Figure 10, suggestive of methotrexate-induced
dyslipidaemic alterations, and an indication of increasing
hepatic fatty acid synthesis accompanying a provoked rise
in key enzyme activities Girotti (1998) and
Hockenberry et al. (2014). However, the significant
(p<0.05) decrease observed in the levels of total
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triglycerides and total cholesterol as well as the increase
in HDL-c levels with the treatment of extract and ascorbic
acid either singly or in combination with methotrexate is
connected with possible anti oxidative potential of the
extract reducing oxidative stress and limiting membrane
lipid peroxidation due to the action of methotrexate
following concomitant supplementation.

The lipid-lowering effect of extract and ascorbic acid
either when used singly or combination with methotrexate
may also probably due to inhibition of hepatic fatty acid
synthesis by lowering key enzyme activities supplying the
substrates (Feingold and Grunfeld, 2018). Behaviour
exhibited by the plant extract in this study have been
favourably linked to their phytochemical constituents in
which flavonoids have been majorly identified which may
have justify their medicinal use in folk medicines (Okoth
et al., 2013; Kumar and Jain, 2015), while the presence of
flavonoids in many plants have indicated their
significance in pharmaceutical industries for the
production of antimicrobial, antioxidant ,anticancer and
other anti-inflammatory drugs (Havsteen, 2010).
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Fig. 10. Plasma high density cholesterol concentrations in
various treatment groups. Values are given as mean and
standard deviation of eight determinations. Bars with
different superscripts are significantly different from each
other (p<0.05).

CONCLUSION

Studies have shown that anticancer activities can be
detected from herbal medicine via screening of these
plants in varieties while exploitation of these resources
may have breakthrough via clinical trials and
identification of drug template in these plants. Hence this
study validated methotrexate toxicity shown by
haematological disorder and dyslipidaemia in rats via
possible induction of oxidative stress as its mode of
action. However, the ethyl acetate extract of Lannae
egregia leaves demonstrated potent anti-oxidative, tissue
protective and ameliorative effects compared with
ascorbic acid against methotrexate toxicity, justifying its
usage in folk medicine in the treatment and management

of cancer and other related diseases connected to
oxidative stress while its further study as possible drug
template is recommended.

REFERENCES

Abdul Rahaman, AA., Kolawole, OS. and Oladele, FA.
2014. Leaf epidermal features as taxonomic characters in
some  Lannea  species  (Anacardiaceae)  from
Nigeria. Phytologia Balcanica. 20(2-3):227-231.

Adedosu, OT., Akanni, OE., Adedosu, AN. and Adedeji,
AL. 2014. Comparative antioxidants status of leaves
extracts of some common antimalarial plants in West
Africa. American Journal of Phytomedicine and clinical
therapeutics. 2(12):1480-1488.

Antunes, F., Salvador, A., Marinho, HS., Alves, R. and
Pinto, RE. 1996. Lipid peroxidation in mitochondrial
inner membranes. 1. An integrative kinetic model. Free
Radical Biology and Medicine. 21(7):917-943.

Arbonnier, M. 2004. Trees, shrubs and lianas of West
African dry zones. Quae.

ARRIVE Guidelines (Animal Research: Reporting of In
Vivo Experiments). 2010.
https://www.nc3rs.org.uk/sites/defaults/documents/Guidel
ines/NC3Rs%20ARRIVE%20Guidelines%202013.pdf
assessed on Jan 3, 2022.

Benedek, TG. 2010. Methotrexate: from its introduction
to non-oncologic therapeutics to anti-TNF-alpha. Clin
Exp Rheumatol. 28(5 Suppl 61):3-8.

Bucolo, G. and David, H. 1973. Quantitative
determination of serum triglycerides by the use of
enzymes. Clinical Chemistry. 19(5):476-482.

Cesquini, M., Torsoni, MA., Stoppa, GT. and Ogo, ST.
2003. t-BOOH-induced oxidative damage in sickle red
blood cells and the role of flavonoids. Biomedicine and
Pharmacotherapy. 57(3-4):124-129.

Chen, DY., Chih, HM., Lan, JL., Chang, HY., Chen,
WW. and Chiang, EPI. 2011. Blood lipid profiles and
peripheral blood mononuclear cell cholesterol metabolism
gene expression in patients with and without methotrexate
treatment. BMC Medicine. 9(1):1-9.

Fatoki, JO., Adedosu, OT., Afolabi, OK., Adeleke, GE.,
Adedeji, AL., lge, SF., Adesope, EO., Oyewole, OV.,
Daramola, AD. and Badmus, JA. 2018. Dyslipidemic
effect of doxorubicin and etoposide: a predisposing factor
for the antineoplastic drugs-induced cardiovascular
diseases. Research & Reviews: Journal of Pharmacology
and Toxicological Studies. 6(1):34-42.



Adetayol et al.

5425

Feingold, KR. and Grunfeld, C. 2018. Introduction to
lipids and lipoproteins.

Gaies, E., Jebabli, N., Trabelsi, S., Salouage, I., Charfi,
R., Lakhal, M. and Klouz, A. 2012. Methotrexate side
effects: Review article. J. Drug Metab. Toxicol. 3(4):1-5.

Girotti, AW. 1998. Lipid hydroperoxide generation,
turnover, and  effector action in  biological
systems. Journal of Lipid Research. 39(8):1529-1542.

Gossec, L., Smolen, JS., Ramiro, S., De Wit, M., Cutolo,
M., Dougados, M., Emery, P., Landewé, R., Oliver, S.,
Aletaha, D. and Betteridge, N. 2016. European League
Against Rheumatism (EULAR) recommendations for the
management of psoriatic arthritis with pharmacological
therapies: 2015 update. Annals of the Rheumatic
Diseases. 75(3):499-510.

Hockenberry, MJ., Taylor, OA., Gundy, PM., Ross, AK.,
Pasvogel, A., Montgomery, D., Ribbeck, P., McCarthy,
K. and Moore, |. 2014. F2-isoprostanes: A measure of
oxidative stress in children receiving treatment for
leukemia. Biological Research for Nursing. 16(3):303-
309.

Jansen, PCM. 2005. Phyllanthus emblica L. Record from
Protabase. PROTA (Plant Resources of Tropical Africa).
Ed. PCM Jansen, PCM. and Cardon, D.

Jin, Y. and Manabe, T. 2009. Differences in protein
distribution between human plasma preparations,
EDTA-plasma and heparin-plasma, analyzed by
non-denaturing micro-2-DE  and MALDI-MS PMF.
Electrophoresis. 30(6):931-938.

Naito, HK., Cholesterol, Kaplan A. et al. 1984. Clinical
Chemistry. The C.V. Mosbhy. Cost Louis. Toronto.
Princeton. 437:1194-11206.

Ochwang’i, DO., Kimwele, CN., Oduma, JA., Gathumbi,
PK., Mbaria, JM. and Kiama, SG. 2014. Medicinal plants
used in treatment and management of cancer in
Kakamega County, Kenya. Journal of
Ethnopharmacology. 151(3):1040-1055.

Ohbayashi, M., Suzuki, M., Yashiro, Y., Fukuwaka, S.,
Yasuda, M., Kohyama, N., Kobayashi, Y. and Yamamoto,
T. 2010. Induction of pulmonary fibrosis by methotrexate
treatment in mice lung in vivo and in vitro. The Journal of
Toxicological Sciences. 35(5):653-661.

Pandeya, DR., Rajbhandari, A., Nepal, M., Abdalhabib,
EK., Bhatta, M., Malla, SS., Upadhyay, L. and Al Dahr,
MHS. 2018. Comparative study of serum lipid profiles in
nepalese cancer patients attending a tertiary care

hospital. Asian Pacific Journal of Cancer Prevention:

(APJCP). 19(2):491.

Poornima, P., Weng, CF. and Padma, VV. 2014. Neferine, an
alkaloid from lotus seed embryo, inhibits human lung cancer
cell growth by MAPK activation and cell cycle
arrest. Biofactors. 40(1):121-131.

Pradhan, R., Koirala, S., Adhikari, N., Sannithi, N., Thakur,
A., Adhikari, B., Reddy, YP. and Andkoirala, U. 2016.
Protection against methotrexate induced hepato-renal toxicity
in rats by zinc and its combination with vitamin C and
vitamin E. Medical Safety & Global Health. 5(2):2574-0407.

PREPARE (Planning Research and Experimental Procedures
on Animals: Recommendations for Excellence Guidelines.
2017. https://norceopa.no/prepare assessed on Jan 31, 20022.

Rofe, AM., Bourgeois, CS., Washington, JM., Philcox, JC.
and Coyle, P. 1994. Metabolic consequences of methotrexate
therapy in tumour-bearing rats. Immunology and Cell
Biology. 72(1):43-48.

Soladoye, MO., Amusa, NA., Raji-Esan, SO., Chukwuma,
EC. and Taiwo, AA. 2010. Ethnobotanical survey of anti-
cancer plants in Ogun State, Nigeria. Annals of Biological
Research. 1(4):261-273.

Tag, H., Kalita, P., Dwivedi, P., Das, AK. and Namsa, ND.
2012. Herbal medicines used in the treatment of diabetes
mellitus in Arunachal Himalaya, northeast, India. Journal of
Ethnopharmacology. 141(3):786-795.

Wu, N., Fu, K., Fu, YJ., Zu, YG., Chang, FR., Chen, YH.,,
Liu, XL., Kong, Y., Liu, W. and Gu, CB. 2009. Antioxidant
activities of extracts and main components of pigeonpea
[Cajanus cajan (L.) Millsp.] leaves. Molecules. 14(3):1032-
1043

Xiang, L., Xie, G., Liu, C., Zhou, J., Chen, J., Yu, S., Li, J.,
Pang, X., Shi, H. and Liang, H. 2013. Knock-down of
glutaminase 2 expression decreases glutathione, NADH, and
sensitizes cervical cancer to ionizing radiation. Biochimica et
Biophysica Acta (BBA)-Molecular Cell
Research. 1833(12):2996-3005.

Received: Dec 31, 2021; Revised and Accepted: Feb 1, 2022

Copyright©2022, Adetayo et al. This is an open access article distributed under the Creative
Commons Attribution Non Commercial License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Q0



