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Abstract

The methanolic leaf extract @alotropis procera was
investigated for its toxicological effect on sekstt
biochemical parameters in rats. Forty five albiats rof
both sexes were used for the research work. Faadhe
toxicity study (LDy), fifteen animals were completely
randomized into three groups (A-C) comprising 5
animals each. Animals in group A were administeted
ml of 500 mg/kg body weight of the extract whil@se

in groups B and C received 1000 and 1500 mg/kg body
weight of the extract respectively. Signs of taicand

1. Introduction

The practice of traditional medicine involving
the use of medicinal plant is as old as the
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number of death were observed and recorded foagd.d

In the experimental design, twenty five fresh argma
were completely randomized into five groups (A-E)
comprising 5 animals each. Animals in group A (cobt
were administered 1 ml of distilled water while $kan
groups B, C, D and E were respectively administered
100, 300, 600 and 1000 mg/kg body weight of the
methanolic leaf extract of. procera once daily for 7
days. Preliminary phytochemical screening revethed
the methanolic leaf extract o€. procera contains
alkaloids, flavonoids, tannins, saponins, steroids,
phlobatannins and cardiac glycosidess$.6f the extract
was found to be safe up to 1500 mg/kg body weight.
When compared with the distilled water treated wmnt
animals, the methanolic leaf extract @f procera at all
doses significantlyp<0.05) increased the concentrations
of both total and conjugated bilirubin in the serafrthe
animals in a dose related manner. Treatment with th
extract at all doses significantlp<0.05) increased the
activity of AST in the liver, kidney and serum dfet
animals in a dose related manner. Administratiothef
extract at all doses significantlp<0.05) increased the
activity of ALT in the liver and serum of the anitmalso

in a dose related manner. The extract at all doses
significantly (p<0.05) decreased the activity of ALT in
the heart of the animals. Overall, the methanadiaf |
extract of C. procera which caused alterations in the
biomolecules may affect the normal functioning aiya

of the tissues; therefore, it may not be completedye’

as oral remedy at the doses investigated in thidyst
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origin of man. Two-third of the world
population (mainly in the developing countries)
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rely entirely on such traditional medical
therapies as their primary form of health care
without recourse to its possible toxicological
implications (Sumana and Suryawanshi, 2001;
Saad et al, 2006). Medicinal plants are
various plants used in herbalism and thought
by some to have medicinal properties
(Ogunlesi et al., 2008). Few plants or their
phytochemical constituents have been proven
to have medicinal effects by rigorous scientific
investigation or have been approved by
regulatory agencies such as the United States
Food and Drug Administration or European
Food Safety Authority (Kumar and Arya,
2006). Historically, the medicinal value of
plants was tested by trial and error using the
guiding principle of ‘Doctrine of Signature’.
Doctrine of Signature states that herbs that
resemble various parts of the body can be
used to treat ailments of that part of the body.
Modern approaches to determining the
medicinal properties of plants involve
collaborative  efforts that can include
ethnobotanists, pharmaceutical chemists, and
physicians (Smith, 2003).

Despite the wide acceptance and consumption
of herbal concoction from these medicinal
plants, there is little evidence to scientifically
verify the shortcomings of their usage or
knowing the possible adverse effect they pose.
One of such medicinal plants is Calotropis
procera.

Calotropis procera (Ait.) R. Br. (Family-
Asclepiadaceae) is commonly called “Apple of
Sodom” in English. It is otherwise known
locally in Nigeria as “tufatia® in Hausa,
northern Nigeria; “kausa“ in Igbo, southeastern
Nigeria; “bomu-bomu* in Yoruba,
southwestern Nigeria. It is also widely known
in French as “pomme de sodome* and in India
as “madar or akanal”. Calotropis procera is a
large bushy shrub with decussate, obovate,
coriaceous, auriculate, leaves with acute,
subsessile apices extra-auxillary, umbellate,
panicale inflorescence with purple corolla and
erect lobes (Rastogi and Mehrotra, 1999;
Nandkarni, 2000). Morphological
characteristics revealed the Ileaves of
Calotropis to be subsessile, 6-15 cm by 4.5-8
cm, broadly ovate, ovate-oblong, elliptical,
acute, pubescent when young and glabrous on
both sides on maturity (Lala, 1993; Evans,
2005). The plant is widely distributed from
Algeria to Egypt, Nigeria, tropical Africa,
France, Warizistan, Afghanistan and India. In
Nigeria, it is found in the semi-arid regions of
Bauchi, Borno, Kano, Kaduna and most parts
of Northern Nigeria (Howard, 1989; Liogier,
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1995; Sharma et al.,, 1997; Ahmed et al.,
2005).

Previous studies by Murti et al (2010) have
reported the pharmacognostic standardization
of leaves of Calotropis procera (Ait) R. Br.
(Asclepiadaceae) while Aradhana et al (2011)
worked on the toxicological evaluation of
Calotropis procera against freshwater snails.
Mainasara et al (2012) have also reported the
phytochemical and antibacterial properties of
root and leaf extracts of Calotropis procera
while Erdmann (1983) identified the nutrient
and cardenolide composition of unextracted
and solvent-extracted Calotropis procera.
Furthermore, Bharti et al (2010) have reported
the protective effect of Calotropis procera latex
extracts on experimentally induced gastric
ulcers in rats while Magalhes et al (2010)
worked on the in vitro and in vivo
antiproliferative activity of Calotropis procera
stem extract. Moreso, Kareem et al (2008)
worked on the antimicrobial activities of
Calotropis procera on selected pathogenic
microorganisms while Roy et al (2005) studied
the antioxidant and protective effect of latex of
Calotropis procera against alloxan-induced
diabetes in rats. Kumar et al (2001) worked on
the antidiarrhoeal activity of the latex of
Calotropis procera. The leaves of Calotropis
procera are said to be valuable as an antidote
for snake bite, sinus fistula, rheumatism,
mumps, burn injuries, skin disease and body
pain (Raghubir et al.,, 1999; Alikhan and
Khanum, 2005). The leaves of Calotropis
procera are also used to treat jaundice
(Alikhan and Khanum, 2005). Again, Padhy et
al (2007) opined that Calotropis procera latex
affords protection against carbon tetrachloride
induced hepatotoxicity in rats while Basu et al
(1997) reported the hepatoprotectant effects of
Calotropis  procera  root extract on
experimental liver damage in animals. With all
these, there is still dearth of information on the
toxicity of its methanolic leaf extract.
Therefore, the present research work was
designed to evaluate the toxicological effect of
methanolic leaf extract of Calotropis procera
(Ait.) R. Br. on selected biochemical
parameters using rats as model.

2. Objective of Research
The main objective of this study is to evaluate
the toxicological effect of methanolic leaf

extract of Calotropis procera (Ait.) R. Br. on
selected biochemical parameters in rats.
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3. Justification of Research

The methanolic leaf extract of Calotropis
procera has been used in the management of
many ailments without recourse to its
toxicological implications. Also, there is paucity
of information on the toxicity of this medicinal
plant in open scientific literature. Therefore,
the present research work was designed to
evaluate the toxicological effect of methanolic
leaf extract of Calotropis procera (Ait.) R. Br.
on selected biochemical parameters using rats
as model.

4. Materials and Methods
4.1 Materials

4.1.1 Plant Materials and Authentication

Fresh leaves of Calotropis procera was
obtained within the premises of Bingham
University, Karu, Nigeria and  was
authenticated with a voucher specimen
(NISCAIR/RHMD/Consult/-2008-09/1144/176).

4.1.2 Experimental Animals

Albino rats (Rattus norvegicus) of both sexes
weighing 120.34+ 4.26 g were obtained from
the Department of Biochemistry, Animal
House, University of Jos, Jos, Nigeria.

4.1.3 Assay Kits and Chemicals

The assay kits for the determination of total
and conjugated bilirubin, aspartate
aminotransferase and alanine
aminotransferase were products of Randox
Laboratory Ltd, Co-Atrium, Uk. Sodium
hydroxide which was used for the preparation
of 0.4 N sodium hydroxide employed as one of
the reagents for the determination of aspartate
and alanine aminotransferase respectively.

4.1.4 Other Reagents

All other chemicals and reagents used which
were of analytical grade were products of
sigma Aldrich Ltd., Buchs, Canada and are
prepared in volumetric flask using glass wares
with distilled water. The reagents were stored
in neat, air-tight reagent bottles except for the
Biuret reagent which was stored in plastic
containers.

4.2 Methods

4.2.1 Preparation of Methanolic Leaf Extract of
Calotropis procera

Fresh leaves of Calotropis procera were air
dried under a shade until a constant weight
was obtained. This was thereafter pulverized
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in a blender (PHILIPS, Model HR-1724,
Brazil). A known weight (150 g) of the powder
was extracted in 1000 ml of methanol for 72
hours at room temperature. The extract was
fitered with Whatman No. 1 filter paper
(Maidstone, UK) and the resulting filtrate
concentrated in a Rotary Evaporator, where
some methanol was recovered. The mixture
was further transferred into steam bath where
it was evaporated to give the required
brownish-black residue. This was then
reconstituted in distilled water to give the
required doses used in the present study.

4.2.2 Phytochemical Screening

Preliminary phytochemical screening to detect
the presence of alkaloids, saponins, tannins,
flavonoids, anthraquinones and cardiac
glycosides were carried out by adopting the
procedures described by Harborne (1973),
Walls et al., (1996), Odebiyi and Sofowora
(1978), Awe and Sodipo (2001), Mainasara et
al.,, (2012) and Sofowora (1993) respectively
while those of phlobatanins, steroids, and
terpenoids were determined by the procedures
described by Trease and Evans (1983).

4.2.3 Acute Toxicity Sudy (LDs)

The lethal dose (LDsg) of methanolic leaf
extract of Calotropis procera was carried out
by the method described by Lorke (1983).
Briefly, fifteen (15) animals were completely
randomized into three groups (A-C)
comprising 5 animals each. Animals in group
A were administered 1 ml of 500 mg/kg body
weight of the extract while those in groups B
and C received 1000 and 1500 mg/kg body
weight of the extract respectively. Signs of
toxicity and number of death of animals were
observed and recorded for 14 days.

4.2.4 Animal Grouping and Extract Administration
A total of twenty five (25) fresh albino rats,
housed in clean aluminum cages contained in
well ventilated standard housing conditions
(temperature: 28-31° C; photoperiod: 12 hours;
humidity: 50-55%) was used for the study. The
animals were allowed free access to rat pellets
(Premier Feed Mill Co. Ltd., Ibadan, Nigeria)
and tap water ad libitum. The cages were also
cleaned on daily basis. The animals were
acclimatized for two weeks before the
commencement of the experiment. For the
experimental design, the albino rats were
completely randomized into five groups (A-E)
comprising 5 animals each. Animals in group
A (control) were administered 1 ml of distilled
water while those in groups B, C, D and E
were respectively administered 100, 300, 600
and 1000 mg/kg body weight of the methanolic
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leaf extract of C. procera. The administration
was done once daily for 7 days using metal
oropharyngeal cannula. The animals were
handled humanely according to the guidelines
of European convention for the protection of
vertebrate animals and other scientific
purposes- ETS-123 (European Treaty Series,
2005).

425 Preparation of Serum and Tissue
Homogenate

The rats were anaethesized in a glass jar
containing cotton wool soaked in diethyl ether.
The unconscious rats were quickly removed
and the neck area cleared of fur. The jugular
vein which was slightly displaced (to avoid
contamination of the blood with interstitial fluid)
was cut with a sterile scapel blade and an
aliquot of the blood was collected into a
sample bottle. The blood was then left
undisturbed for 10 minutes at room
temperature to clot. The blood was thereafter
centrifuged at 224x g for 10 minutes using
Uniscope Laboratory Centrifuge (Model 800D,
New Life Medical Instrument, England). The
sera were later aspirated with Pasteur pipette
into dry, sample bottles and used within 12
hours of preparation for the biochemical
assays. The animals were thereafter quickly
dissected and the liver, kidney and heart were
removed. The organs were later blotted with
clean tissue paper, weighed and homogenized
in 0.25 M sucrose solution (1:5 w/v). The
homogenates were then centrifuged at 1340 x
g for 15 minutes. The supernatant was frozen
overnight (Ngaha et al., 1989) before being

used for the determination of biochemical
parameters.

4.2.6 Satistical Analysis

Results were expressed as the mean + SEM
of five determinations. The data were analyzed
using Duncan Multiple Range Test and
complemented with Student's t-test. The
differences were considered statistically
significant at p<0.05. All these analyses were
done using SPSS 20.0 Software (Statistical
Package for Social Sciences, Inc., Chicago, IL,
USA).

5. Results

Preliminary phytochemical screening of the
extract revealed the presence of alkaloids,
flavonoids, tannins, saponins, steroids,
phlobatannins and cardiac glycosides while
terpenoids and anthraquinones were not
detected (Table 1).

Table 1: Phytochemical Constituents of the
Methanolic Leaf Extract of Calotropis procera
Alkaloids +
Flavonoids +
Tannins +
Saponins +
Steroids +
Terpenoids -
Anthraquinones -
Cardiac glycosides +
Phlobatannins +

Key: + = Detected
- = Not detected

Table 2: Effect of Methanolic Leaf Extract of C. procera on Serum Bilirubin Concentration of Rats

Parameters methanolic leaf extract of C. procera (mg/kg bogy weight)

Control 100 300 600 1000
(umol/L)
Serum total 52.17+0.18°% 90.47+0.37" 65.49+0.18° 59.39+0.18d 58.55+0.27°
Bilirubin
Serum 66.42+0.18% 103.80+0.18° | 73.28+0.18° [ 70.67+0.18° 54.30+0.27°
Conjugated
Bilirubin

Data are mean + SEM of five determinations. Test values carrying superscripts different from the
control for each parameter across the row are significantly different (p<0.05)

Table 3: Effect of Methanolic Leaf Extract of C. procera on Aspartate Aminotransferase Activity in the Liver,

Kidney and Serum of Rats

Methanolic leaf extract of C. procera (mg/kg bogy weight)
Parametes Control 100 300 600 1000
(UIL)
Liver AST 24.25+0.14° 27.94+0.33° | 30.66+0.19° | 31.60+0.31° 34.83+0.14°
Kidney AST 26.00+0.51°% 56.68+0.26° | 63.10+01.3° | 66.86+0.53° 67.10+0.17°
Serum AST 29.03+0.47° 67.71+0.31° | 71.41+1.88° 75.96+0.27° 88.93+0.25°
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Data are mean + SEM of five determinations. Test values carrying superscripts different from the
control for each parameter across the row are significantly different (p<0.05)

Table 4: Effect of Methanolic Leaf Extract of C. procera on Alanine Aminotransferase Activity in the Liver, Heart

and Serum of Rats

Parameters Methanolic leaf extract of C. procera (mg/kg bogy weight)
Control 100 300 600 1000
(UL
Liver ALT 4.44+0.06% 65.72+0.17" 66.96+0.11" 67.6620.16" 70.09+0.27°¢
Heart ALT 104.90+0.11° 75.8820.07" 77.28+0.05° 78.38+0.22° 78.62+0.28°
Serum ALT 6.39+0.80° 85.19+0.11° 89.75+0.05° | 92.11+0.05° | 93.44+0.28°

Data are mean + SEM of five determinations. Test values carrying superscripts different from the
control for each parameter across the row are significantly different (p<0.05)

In the acute toxicity study, all the graded
doses of the methanolic leaf extract of
Calotropis procera administered to the animals
showed no signs of toxicity and no deaths
were recorded. Therefore, the LDs, of
methanolic leaf extract of Calotropis procera
was found to be safe up to 1500 mg/kg body
weight.

When compared with the distilled water
treated control animals, the methanolic leaf
extract of C. procera at all doses significantly
(p<0.05) increased the concentrations of both
total and conjugated bilirubin in the serum of
the animals in a dose related manner (Table
2). Administration of the extract at 300 and
600 mg/kg body weight did not significantly
(p>0.05) alter the concentration of conjugated
bilirubin in the serum of the animals (Table 2).

Administration of the extract at all doses
significantly (p<0.05) increased the activities of
alanine aminotransferase (ALT) in the liver
and serum of the animals. The extract at 100,
300 and 600 mg/kg body weight did not
significantly (p>0.05) alter the activity of ALT in
the liver of the animals. Administration of the
extract at 100 and 300 mg/kg body weight as
well as 600 and 1000 mg/kg body weight did
not significantly (p>0.05) alter the activity of
ALT in the serum of the animals (Table 4).
Administration of the extract at all doses
significantly (p<0.05) decreased the activity of
alanine aminotransferase ALT in the heart of
the animals. Treatment with the extract at 300,
600 and 1000 mg/kg body weight did not
significantly (p>0.05) alter the activity of ALT in
the heart of the animals (Table 4).

6. Discussion

Although, poisonous plants abound
everywhere, herbal medicine is still used by up
to 80% of the population of developing
countries. Despite widespread use, few
scientific studies have been undertaken to
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ascertain the safety or toxicity risks of many
herbal remedies (Klaassen and Eaton, 1991).
Bilirubin is an important metabolic product of
blood with biological and diagnostic values
(Moudgil and Narang, 1989). The increase in
total and conjugated bilirubin levels in the
serum of the animals by the extract at all
doses may be an indication of enhanced
functional capacity of the liver as extensive
synthesis may lead to increased serum levels
of bilirubin (Moudgil and Narang, 1989). This
increase is hepatotoxic and might adversely
affect the normal functioning capacity of the
hepatocytes.

Measurement of the activity of an enzyme is
an indispensable tool in the assessment of
cellular  toxicity caused by chemical
compounds including plant extracts (Malomo,
2000; Yakubu et al., 2003) long before
structural damage that can be picked by
conventional histological techniques (Akaniji,
1986). The aminotransferases considered in
this study are useful markers of liver cytolysis
and can be used in assessing damage in the
liver and heart (Chapatwala et al.,, 1982;
Shahjahan et al., 2004). The
aminotransferases are involved in the transfer
of amino group from a-amino to a-keto acids
and in the biochemical regulation of
intracellular amino acid pool. The significant
increase in the activities of aspartate
aminotransferase (AST) in the liver and kidney
of the animals following the administration of
methanolic leaf extract of Calotropis procera at
all doses may be due to increase either from
De novo synthesis of the enzyme molecule or
an adaptation by the organs to the assault
from the drug/plant extract leading to activity
higher than the control (Yakubu et al., 2001).
Such an increase in enzyme activity might
have resulted from increase in the functional
activity of the liver and kidney (Brain and Kay,
1927). The presence of AST in very large
guantities in the liver and kidney might affect
the transamination reaction and thus
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biochemical regulation of intracellular amino
acid pool. The increased serum AST activity in
the present study may be adduced to an
increase in the functional activity of the
enzyme in the serum of the animals.

The decrease in the activity of alanine
aminotransferase (ALT) in the heart of the
animals by the extract at all doses could be
attributed to either inhibition of the enzyme
activity at the cellular/molecular level (Akaniji et
al., 1993) or inactivation of the enzyme
molecule in situ (Umezawa and Hooper,
1892). It may also affect other metabolic
process where the enzyme is involved; such
as synthesis of nuclear proteins, nucleic acids
and phospholipids as well as in the cleavage
of phosphate esters (Ramalingam and
Vimaladevi, 2002). The significant increase in
the activity of ALT in the liver and serum
following administration of the extract at all
doses could be due to De novo synthesis of
the enzyme molecule leading to high activity in
the liver and serum of the animals.

Conclusion

The present study revealed that methanolic
leaf extract of Calotropis procera did not cause
any apparent toxicity to the animals. The study
also showed that the extract has adverse
effects on the serum bilirubin which would
affect liver function of the animals. Alterations
in the activity of the enzymes suggest that the
extract might interfere with the normal
functioning of the enzymes in the liver, kidney
and heart of the animals. Therefore, the
methanolic leaf extract of C. procera may not
be completely ‘safe’ as oral remedy at the
doses investigated in this study.

Limitations

The present study only considered the
toxicological implications of methanolic leaf
extract of Calotropis procera on selected
biochemical parameters of bilirubin, AST and
ALT in the serum, liver, kidney and heart of the
animals. It also screened the plant for its
phytoconstituents as well as its lethal dose
(LDsp). The study could not characterize the
extract using gas chromatography/mass
spectrometry (GC/MS) or High Performance
Liguid Chromatography (HPLC). Extract
administration was for seven days. Histology
of tissues was not carried out.

Recommendations

For further studies, the crude extract should be
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isolated, characterized and purified to be sure
of the actual bioactive agents. The number of
days for extract administration should also be
increased since the seven days of extract
administration might not be sufficient enough
to reveal profound functional toxicity. Further
studies should carry out histology of tissues
which would provide information on whether
the extract has the structural toxicity on the
tissues or not. This shows that further studies
are required, which would be long-term, and
multiple tissues would be involved to examine
the effect of dose and duration of
administration of methanolic leaf extract of C.
procera on the biological system.

Funding and Policy Aspects

We recommend that research grant should be
given to researchers to improve on existing
findings in science and technology. We
declare that this study was not financially
supported by any research institute, but by the
authors.

Acknowledgement

We acknowledge the contributions of
Department of  Biochemistry,  Bingham
University, Karu, Nasarawa state, Nigeria for
their assistance.

References

Adams H.R., 1995. Digitalis and Vasodilator Drugs
in Veterinary Pharmacology and Therapeutics. (7th
Edition). Adams HR (Editor). Am. lowa State
University Press. Pp.1138-1147.

Ahmed K.K., Rana A.C., Dixit V.K., 2005. Calotropis
Species (Asclepidaceae)-A Comprehensive
Review. Pharmacognosy Mag. 1(2), 48-51.

Akanji M.A., 1986. A comparative biochemical study
of the interaction of some trypanosides with rat
tissue cellular system. Ph. D. Thesis, University of
Ife, lle-Ife, Nigeria.

Akanji M.A., Olagoke O.A. and Oloyede O.B., 1993.
Effect of chronic consumption of metabisulphite-
induced tissue damage in rats. Nigeria Journal of
Biochemistry and Molecular Biology, 15(2):179-183.
Alikhan I. and Khanum A., 2005. A Medicinal and
Aromatic Plant of India. Ukaaz Publication. Pp. 133-
4,

Aradhana S., Veena B., and Kushwaha P., 2011.
Toxicological evaluation of Calotropis procera
against freshwater snails. Journal of Herbs Spices
& Medicinal Plants 01/2011; Spices & Medicinal
Plants, 35-46.

461



Awe |.S. and Sodipo O.A., 2001. Purification of
saponins of root of Bhlighia sapida KOENIG-HOLL.
Nigerian Journal of Biochemistry and Molecular
Biology (Proceedings Supplement); 16, 201s-204s.

Basu A., Sen T., Ray R.N. and Nag A K., 1992.
Hepatoprotectant effect of Calotropis procera root
extract on experimental liver damage in animals.
Fitoterapia LXIII (6), 507-514.

Bharti S., Wahane V.D. and Kumar V.L., 2010.
Protective effect of Calotropis procera latex extract
on experimentally induced gastric ulcers in rats.
Journal of Ethnopharmacology, 127, 440-444.

Brain R.T. and Kay H.D., 1927. Kidney
phosphatase Il. The enzymes in disease.
Biochemistry Journal, 21, 1104-1108.

Chapatwala K., Boykin M.A. and Rajanna B., 1982.
Effect of intraperitoneally injected cadmium on renal
and hepatic glycogenic enzymes in rats. Drug and
Chemical Toxicology, 5, 305-317.

Erdmann M.D., 1983. Nutrient and cardelonide
composition of untreated and solvent-extracted
Calotropis procera. Journal of Agriculture and Food
Chemistry, 1983, 31(3) Pp. 509-513.

European Treaty Series., 2005. European
Convention for the protection of vertebrate animals
used for experimental and other scientific purposes.
European Treaty Series, Strasbourg, ETS-123.

Evans W.C,, 2005. Trease and Evans
Pharmacognosy. Sanders: an Imprint of Elsevier.
Pp. 41-7.

Harborne J.D., 1973. Phytochemical methods: A
guide to modern techniques of plant analysis.
Chapman & Hall, London. p. 279.

Howard R.A., 1989. Flora of the Lesser Antilles,
Leeward and Windward Islands. Dicotyledoneae.
Part 3. Vol. 6. Arnold Arboretum, Harvard
University, Jamaica Plain, MA.3-2, 658.

Kareem S.O., Akpan I. and Ojo O.P., 2008.
Antimicrobial Activities of Calotropis procera on
Selected Pathogenic Microorganisms. African
Journal of Biomedical Research, Vol. 11 (2008);
105 —-110 ISSN 1119 — 5096 © Ibadan Biomedical
Communications Group.

Klaassen C.D., Eaton D.L., 1991. Principles of
toxicology,Casarett and Doull's toxicoloty. In: Amdur
MO, Doull J, Klaassen CD (Eds.), the Basic science
of poisons. McGraw- Hill, New York. pp. 12-49.

Kumar S., Dewan S., Sangranula H. and Kumar
V.L., 2001. Antidiarrhoeal activity of the latex of
Calotropis procera. Journal of Ethnopharmacology.
76 (1): 115-118.

Kumar V.L. and Arya S., 2006. Medicinal uses and
pharmacological properties of Calotropis procera. In

Pheton

recent progress in medicinal plants. Vol.1. Ed:J.N.
Govil. Studium press Houston Texas, USA 2006.

Lala P.K., 1993. Lab Manuals of Pharmacognosy.
Calcutta: SCI Publishers and Distributors.

Liogier H.A., 1995. Descriptive flora of Puerto Rico
and adjacent islands. Vol. 4. Editorial de la
Universidad de Puerto Rico, San Juan, PR. 617
p.163.

Lorke D., 1983. “A New Approach to Practical Acute
Toxicity Testing”. Archives of Toxicity 54, 275-287.
Springer Verlag.

Magalhes H., Ferreira P., Moura E., Toires M.,
Alves A., Pessoa O., Costa-Lotufo L., Morase M.,
Pessoa C., 2010. Invito and invivo antiproliferative
activity of Calotropis procera stem extract. Anals de
Academia Brasileira de Ciencias, 82, 407-416.

Mainasara M.M. Aliero B.L. Aliero A.A, Yakubu M.,
2012. Phytochemical and antibacterial properties of
root and leaf extract of Calotropis procera. Nigerian
Journal of Basic Applied Science, 20(1), 1-6.

Malomo S.O., 2000. Toxicological implications of
Ceftriaxone administration in rats. Nigerian Journal
of Biochemistry & Molocular Biology, 15(1), 33-38.

Moudgil K.D. and Narang B.S., 1989. The liver and
biliary system. In:Textbook of Biochemistry and
human Biology (2nd Edition). GP Talwar, LM
Srivastava and KD Moudgil (eds). Prentice-Hall in
India. Private Ltd, Pp.271-273.

Murti Y., Yogi B., Pathak D., 2010.
Pharmacognostic standardization of leaves of
Calotropis procera (Ait.) R. Br. (Asclepiadaceae).
International Journal of Ayurveda Resources,
2010.1(1), 14-17.

Nandkarni A.K., 2000. Indian Materia Medica.
Pp.242-5.

Ngaha E.O., Akanji M.A., Madusolumuo M.A., 1989.
Studies on correlation between chloroquine-induced
tissue damage and serum changes in rats.
Experientia 45, 143.

Odebiyi A. and Sofowora A. E., 1978.
Phytochemical screening of Nigerian medicinal
plant. Part lll, Lloydia, 41, 234-246.

Ogunlesi M., OKiei W. and Ademoye M., 2008.
Medicinal plants used in treating eye infections in
Nigeria. In: A textbook of medicinal plants from
Nigeria. (Ed: Tolu Odugbemi). University of Lagos
press 2008, Chapter 21, Pp. 303-304.

Padhy B.M., Srivastava A., Kumar V.L., 2007.
Calotropis procera latex affords protection
against carbon tetrachloride induced diabetes in
rats. Journal of Ethnopharmacology. 113 (3), 498-
502.

462



Raghubir R., Rasik M., Gupta A.J., 1999. Healing
potential of Calotropis procera on dermal wounds in
guinea pigs. Journal of Ethnopharmacology. 68,
261-6 [PubMed]

Ramalingam V. and Vimaladevi V., 2002. Effect of
mercuric chloride on membrane-bound enzymes in
rat testis. Asian Journal of Andrology, 4, 309-311.

Rastogi R.P. Mehrotra B.N., 1999. Compendium of
India Medicinal Plant, Central Drug Research
Institute. Lucknow, National Institute of Science,
New Delhi: 1999. Pp.147.

Roy S., Sehgal R., Padhy B.M. and Kumar V.L.,
2005. Antioxident and protective effect of latex of
Calotropis procera against alloxan-induced diabetes
in rats. Journal of Ethnopharmacology. 102 (3),
470-473.

Saad B., Azaizeh H., Abu-Hijleh G and Said S.,
2006. Safety of traditional Arab herbal medicine.
Evidence-Based Complementary & Alternative
Medicine, 3, 433-439.

Shahjahan, M., Sabitha, K.E., Mallika, J. and
Shyamala-Devi, C.S., 2004. Effect of Solanum
trilobatum against carbon tetrachloride induced
hepatic damage in albino rats. Journal of Medical
Resources, 120, 194-198.

Sharma D.K., Tiwari M., Arora M., Behera B.K.,
1997. Microbial Transformation and Biodegradation
of Calotropis procera Latex towards Obtaining
Value Added Chemicals,Pharmaceuticals and
Fuels. Petroleum Science and Technology, Marcel
Dekker Inc, 15(2), 137-169.

Smith S.E., 2003. What Are Medicinal Plants? Wise
GEEK. Edited by Wallace, 0.2003-2012 Conjective
Corporation.

Sofowora A., 1993. Medicinal Plants and Traditional
Medicine in Africa, 2nd Edition, Spectrum Books,
Ibadan, Nigeria, 26-100.

Sumana G. and Suryawanshi S.A., 2001. Effect of
Vinca rosea extract in treatment of alloxan diabetes
in male albino rats. Indian Journal of Experimental
Biology, 39, 748 — 758.

Trease G.E. and Evans W. C., 1983. A textbook of
Pharmacognosy, 12" ed. Bailliere-Tindall Ltd.,
London. p. 343-383.

Umezawa H. and Hooper IL.R., 1982. Amino-
glycoside  antibiotic.  Stranger-Verlag  Berlin,
Hadelberg, New York.

Walls M.E., Wani M.C., Brown D.M., and Fullas F.,
1996. Effect of tannins on screening of plant
extracts for enzyme inhibitory activity and
techniques for their removal. Phytomedicine, 3:
281-285.

Yakubu M. T., Bilbis L. S., Lawal M., and Akanji M.
A., 2003. Effect of repeated administration of

Pheton

sildenafl citrate on selected enzyme activities of

liver and kidney of male albino rats.
Nigerian Journal of Pure and Applied Science, 18,
1395-4000.

Yakubu M.T., Akanji M.A., Oladiji A.T., 2001.
Protective effect of ascorbic acid on some selected
tissues of ranitidine-treated rats. Nigerian Journal of
Biochemistry and Molecular Biology, 16 (2), 177-
182.

463



