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Abstract

Oxidative stress is found to be associated with the etiology of several human diseases. Free radicals are
the causative agent of oxidative stress, and can be scavenged by either natural (plants) or synthetic
antioxidants. Synthetic antioxidants have some side effects which push a lot of research focuses on
natural antioxidants. Pterocarpus erinaceus is a medicinal plant employed as traditional remedy for the
treatment of several diseases associated with oxidative stress. This basis, the present study aimed at
screening phytochemical and evaluating antioxidant properties of extracts from leaves, stem-barks and
roots of Pterocarpus erinaceus. Leaves, stem-barks and roots of Pterocarpus erinaceous after collection
were air-dried and pulverized. Each was extracted with methanol and the methanolic extracts were
used. Phytochemicals were screened, in vitro, and in vivo antioxidant studies conducted. Rats were
grouped into; Group 1: Normal control (liquid paraffin, vehicle 1 ml.kg), Group 2: Negative control
(received 1 ml/kg CCly), Group 3: Positive control (received 1ml/kg CCly +1 ml/kg Silymarin), Group
4-6: Extract treated rats (received 1 ml/kg CCly + varied doses of Extracts at 100, 200, and 400mg/kg
body weight of rats). The treatment was done daily via oral means for 14 days. The results of the study
showed Pterocarpus erinaceus rich in different phytochemicals which possess free radicals scavenging
properties. In vivo study revealed that Pterocarpus erinaceus could ameliorate CCly toxicity in a way
that seem to be via elevation of endogenous antioxidant activities. In conclusion, the leaves of
Pterocarpus Erinaceus possessed more of the components rich with antioxidant properties hence its
recommendation for further study to identify molecules enshrined therein.
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INTRODUCTION

In a developing country like Nigeria, use of medicinal plants in the management of diseases
associated with oxidative stress is on the increase due to the challenges in high cost of
available drugs and some advance side effects. Medicinal plants remain one of the most
important remedy due to their availability and affordability as well as their safety (Meenakshi
et al.,2011) This has drawn the attention of many researchers to focus on medicinal plants for
evaluation of antioxidant phytochemicals which have received more attention for their
potential role in prevention of human diseases (Upadhyay et al., 2010).

The existence of healthy tissue is based on the protection versus oxidative injury induced as a
result of excess free radical species (Mugoni et al., 2013). The liver is the most crucial organ
that exhibits the vital role in safeguarding several physiological processes in the body. It is
involved in several imperative functions, as metabolism, excretion, and storage. Liver
provides a basic function in the detoxification of endogenous and exogenous intermediaries.
Consequently, liver injuries is accompanied by crucial implications for the health of the
affected person (Ilyas et al., 2016). Liver injuries that are associated with oxidative stress have
been a major research focus by many scientific studies (Beretta and Facino, 2010; Niki, 2010).

Oxidative stress is developed when there is an excess production of ROS on one side and a
deficiency of antioxidant molecules (Giasson et al., 2000). Despite the growth in the production
of agents with efficacies to reverse the damage induces on the liver, hepatic injuries still
remain a global challenge with a serious concern to the health system (Asrani et al., 2019). In
this regard, exploration of more alternative therapeutic medicine without severe side effects
is vigorously required. In line to this, therefore, herbal medicines ought to be re-evaluated as
new dynamic therapeutic agents with minimal side effects (Tong et al., 2015).

The use of plants as alternative medicine is dated back to centuries, even before long recorded
history (Jamshidi-Kia et al., 2018). People valued and appreciated the great diversity and
importance of plants that are accessible to them (Li and Lou, 2018). As times passed by, so
may people and groups have added the medicinal power of herbs in their field to its
knowledge base (Dereli et al., 2019). Thus, in the exploration of many more reliable and safer
liver protective agents, medicinal plants play a significant role (Datta ef al., 2023). Medicinal
plants being an effective source of both traditional and modern medicines are gaining more
ground for use in primary health care (Santos et al., 1995; Oteng Mintah et al., 2019). Many
plants and plant products have been recommended for use in the treatment of liver diseases
(Govind, 2011).

The plant is a tree found in the most tropical areas of Africa (Tittikpina et al., 2018). In West
Africa, its leaves, stem bark, and roots have been reported as highly use for traditional
remedies against inflammation, ulcer, pain in the joints, malaria-fever, and bacterial infections
(Noufou et al., 2017).Various scientific studies had confirmed Pterocarpus erinaceus ability to
exhibit several biological activities as well as identification of several components. For
example, analysis of Pterocarpus erinaceus aqueous extract has revealed the presence of
catechin and epicatechin compounds and had also reported the inhibitory ability of the extract
against y-secretase activity (Hage et al., 2015). The bark extract of Pterocarpus erinaceus was
found to contain friedelin, lupeol, and epicathechin compounds and was able to exert anti-
inflammatory, analgesic, and antioxidant activities in a study conducted by Ouedraogo et al
(2012).

The present study analyzed the phytochemical constituents of the different parts (leaves,
stem-barks, roots) of Pterocarpus erinaceus and also evaluated their free radical scavenging
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potential (in vitro) as well as their influence on endogenous antioxidant molecules (in vivo).
Antioxidant activity has been reported as part of various medicinal properties of Pterocarpus
erinaceus, however, the plant part that might be rich in this regard has not been ascertained
hence this study aimed to identify the part for proper utilization as source for antioxidant
components.

MATERIALS AND METHODS

Chemicals and Reagents

All chemicals and reagents used for this study were of analytical grade. Chemicals and solvent
were purchased from Sigma Chemical Co. (USA) and Merck (Germany) respectively.
Different parameters analyzed in the present study were estimated using commercial kits
following manufacturers instructions.

Experimental Animals

Thirty (30) male sistar Strain albino rats weighing between (100-120 g) was used for this study.
The rats were purchased from the animal house of University of Jos. The rats were allowed to
acclimatize to the environment and were maintained on standard laboratory diet (Vita feed,
Jos) and tap water for a period of two weeks. Animals were housed in clean cages under
normal prevailing environmental condition. The principles of laboratory animal instituted by
National Institute of Health (1985) were followed, as well as specific national laws where
applicable. All experiments conducted in this study were monitored by the appropriate ethics
committee of the University of Jos, Nigeria.

Plant Collection, Identification and Processing

The leaves stem-barks and roots of Pterocarpus erinaceous were collected from Tulu Village of
Toro Local Government in Bauchi State. It was then taken to the Plant Science Department of
the University of Jos for identification. The leaves, stem-barks and roots of Pterocarpus
erinaceous were washed and air dried at room temperature. These samples were separately
pulverized using laboratory mortar and pestle. The powdered samples were then placed in
separate bags and stored in desiccator until required.

Extraction

The powdered leaves, stem-barks and roots of Pterocarpus erinaceous (500 g) was separately
soaked in 2.5 liters of methanol for 24 hours, after which was filtered using a piece of clean,
sterile, white Muslin cloth to remove debris and filtered using Whatman No.1 filter paper.
The filtrate was concentrated using a rotatory evaporator and then evaporate to dryness using
drying cabinet at 40 °C as done by Saidu et al (2007). The dry crude methanolic extracts was
stored in an air-tired plastic containers and stored in a refrigerator at 40 °C until required.

Phytochemical Analysis of Pterocarpus erinaceous Extracts

The extracts obtained from the different parts of Pterocarpus erinaceous were subjected to
phytochemicals screening to identify presence or absence of certain chemical constituents
using method as described by Trease and Evans (1989), and Sofowora (1993)

In Vitro Antioxidant Assessment of Pterocarpus Erinaceous Extracts

DPPH scavenging activity was used to assess in vitro antioxidant activity of plant extracts as
described by Kedare et al (2011). Plant extracts (0.2, 0.4, 0.6, 0.8, and 1.0 mg/mL) in 4 mL
distilled water was mixed with 1 mL DPPH radical (1 mmol) and were measured
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spectrophotometrically at 517 nm. % scavenging activity = Absorbance of control-
Absorbance of sample/ Absorbance of controlx100

In Vivo Antioxidant Study of Plant Extract

Induction of hepatic oxidative damage was done according to the method reported by
Guntupalli et al (2006). Experimental rats were divided in to six (6) groups of five (5) rats each
as shown below. Group 1: Normal control (liquid paraffin, vehicle ITmL/ kg), Group 2:
Negative control (1 mL/kg CCls), Group 3: Positive control (1 mL/kg CCly +100 mL/kg
Silymarin), Group 4-6: Extract treated rats (1 mL/kg CCls + varied doses of Extracts at 100,
200, and 400 mg/kg. The treatment was done daily via oral mean for fourteen (14) days period.

Measurement of Endogenous Antioxidant Molecules/Enzymes

Catalase activity was colorimetrically assayed by the method described by Sinha (1972). The
reduced glutathione was estimated by the method of Ellman (1952), while superoxide
dismutase activity was analyzed by the method of Kakkar et al (1984). Malondialdhyde
(MDA) was assayed by the method of Okhawa (1999) method.

Statistical Analysis

All data were expressed as mean + SEM. Differences among groups at various times of the
experiment were subjected to a one-way analysis of variance (ANOVA) followed by
Benferonimultiple comparison. Graph pad Instat was used for data analysis and P < 0.05 was
considered as significant.

RESULTS AND DISCUSSION

Quantitative Analysis of Methanolic Extracts Obtained from Pterocarpus erinaceus

The results of the quantitative analysis of methanolic extracts of Pterocarpus erinaceous leaves,
stem-barks and roots are presented in Table 1. The results obtained show the presence of
flavonoids, tannins, alkaloids among other phytochemicals. However, anthraquinones is not
found in Pterocarpus erinaceousis extracts.

Table 1: Phytochemical (Qualitative) Constituents of Extracts from Pterocarpus erinaceous

Phytochemical Stem-barks Leaves Roots
Flavonoids + + +
Tannins ++ +++ ++
Saponins + + ++
Steroids + ++ +
Saponin glycosides ++ + +
Anthraquinones - - -
Cardiac Glycosides + + +
Alkaloids ++ + +
Volatile Oils + ++ +
Glycosides ++ ++ I
Balsams ++ +++ ++

Key: -= Not Detected, + = trace amount, ++ =moderately present, +++ = highly present
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2,2-Diphenyl-1-picrylhydrazyl (DPPH) Free Radical Scavenging Activity of Extracts

The DPPH free radicals scavenging activities of methanolic extracts of leaves, roots and stem-
barks of Pterocarpus erinaceus are comparable with known standard ascorbic acid is presented
in Table 2. Analysis of the scavenging effects of leaves, stem-barks and roots” extract of
Pterocarpus erinaceus revealed all the samples possessed components with free radical
scavenging properties which demonstrated a dose-dependent trend and are significantly
(P<0.05) different at with the leaves extract being the most potent having scored 82.73 %
activity as compared to 87. 22 % by the standard (L-ascorbic acid) antioxidant substance.

The study therefore determined the concentration of the plant extracts required to scavenge
50% of the DPPH radicals (ICso) in this study and found the concentrations in this order; 0.11
mg/mL (root), 0.10 mg/mL (stem) and 0.09 mg/mL (leaves) respectively while the ICs value
of the standard (L-ascorbic acid) was 0.21 mg/mL as presented in Figure 1. The study found
ICso of Pterocarpus erinaceous leaves extract less compared to that of standard drug.

Table 2: Percentage (%)2,2-Diphenyl-1-picrylhydrazyl Scavenging Activity of Pterocarpus
erinaceous Leaves, Stem-Barks and Roots

Conc. of Compound L-Ascorbic Acid (%) Roots Extract (%) Stem-Barks Extract Leaves Extract
(mg/mL) (%) (%)
0.000 0.00+0.00 0.00£0.00 0.00£0.00 0.00+0.00

0.200 46.81+0.46¢ 33.16+0.60a 36.44+0.754 39.38+0.30ab
0.400 62.18+0.184 36.10£0.752 44.73+1.73b 53.37£1.30¢
0.600 73.06+1.03¢ 51.64+0.462 50.60+0.172 66.67+1.05b
0.800 81.35+0.30¢ 61.31+0.752 70.4741.79 70.47+1.79p
1.000 87.22+0.754 67.36£0.302 76.86+0.96P 82.73+0.62¢

The values are expressed as mean + SEM. Values with different superscript letter(s) are significantly different at
P<0.05.
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Figure 1. IC5o value of Leaves, Stem, and Root Extracts of Pterocarpus erinaceus and L-Ascorbic acid against DPPH
(2,2-Diphenyl-1-picrylhydrazyl)
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Antioxidant Activities of Methanolic Extract of Pterocarpus erinaceus Leaves

The results of antioxidant activity of the leaves extract of Pterocarpus erinaceus on carbon
tetrachloride induced hepatic oxidative stress in rats are presented in Table 3. The results
show that there was significant increase in malondialdehyde (MDA) in the negative control
rats as compared with the normal control and treated rats. Administration of Silymarin caused
a significant decrease in MDA as compared with the negative control rats. Administration of
methanolic leaves extract of Pterocarpus erinaceus caused significant decrease in MDA in a dose
increasing manner. The study recorded a significant decrease in catalase (CAT), glutathione
(GSH), superoxide dismutase (SOD) and glutathione peroxidase (GPX) in the negative control
rats when compared with the values from the normal control rats. In the group treated with
Silymarin, a significant increase in CAT, GSH, SOD and GPX was recorded. A similar event
was observed when varied doses of methanolic leaves extract of Pterocarpus erinaceus was
administered to different experimental groups where the enzymes activities were found to be
elevated significantly (P<0.05) with the highest dose of the extract.

Table 3: Antioxidant Activities of Methanolic Extract of Pterocarpus erinaceus Leaves on
CCls-induce Hepatic Oxidative Damage in Rats

Groups/ MDA CAT GSH SOD GPX
parameters (nmol mg-l (u(mg of (mg/100mL) (u/mg tissue) (u/mg tissue)
protein) tissue)
Group 1 3.840.12a 29.0+1.582 222.6+0.932 0.6£0.052 184.4+3.07a
Group 2 5.8+0.16P 13.441.33ab 129.2+1.88b 0.2+0.03 84.6+1.50b
Group 3 3.5£0.102 26.8+1.462 251.6+1.08ab 0.740.04¢ 167.8+2.18ab
Group 4 5.6+0.13b 20.4+0.93b 186.6+1.66¢ 0.50£003a 124.4+1.36¢
Group 5 5.310.07b 28.8+0.862 225.8+1.772 0.50£0.07ab 140.6%1.574
Group 6 4.3£0.15ab 35.6+1.50¢ 228.6+2.212a 0.50+0.063b 175.4+1.863b

Note: Values are expressed as mean + SEM of five replicates. Mean values with different
superscript letter(s) in a column are significantly different at P< 0.05 .Group 1: Normal control
(liquid paraffin, vehicle 1 mL/kg) Group 2: Negative control (received 1 mL/kg CCls) Group
3: Positive control (received 1 mL/kg CCls +100 mL/kg Silymarin) Group 4-6: Extract treated
rats (received 1 mL/kg CCls + varied doses of Extract at 100, 200, and 400 mg/ kg body weight
of rats). CAT= Catalase, SOD= Superoxide dimustase, MDA= Malondialydehyde, GPX=
Gluthionine peroxidase.

DISCUSSION

Medicinal plants are known to possess components with curative potentials of certain
biological activity (Oladeji et al., 2016, Bhat, 2022). The chemicals which are referred to as
active principles or phytochemical substances in plants include flavonoids, terpenes as well
as some metabolites such as tannins, saponins, anthraquinones are mostly being the target
agent (Mhya and Mankilik, 2014, Angidew, 2022). In an attempt to analyze phytochemicals
constituents of the different parts (leaves, stem-barks, and roots) of Pterocarpus erinaceus, a
screening was conducted on the extracts where some phytochemicals were identified among
which include alkaloids, glycosides, flavonoids, cardiac glycosides, steroids and some volatile
oil components. These phytochemicals are similar to those identified by Gabriel and
Onigbanjo (2010), Sunday (2021) and Okoli et al (2023). In order to validate the extracts
biological activities, the study carried out an evaluation study by assaying free radical
scavenging potential (in vitro) as well as their influence on endogenous antioxidant molecules
(in vivo).
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The in vitro free radical scavenging study carried out on DPPH revealed that Pterocarpus
erinaceus extracts possessed ability to scavenge free radical. This is an indication that
Pterocarpus eranaceous extracts possessed compounds which had free radical scavenging
properties. DPPH free radical scavenging has been an accepted mechanism for screening the
antioxidant activity of plant extracts (Guchu et al., 2020). In an effort to ascertain the most
effective plant’s part, the study further determined the ICsp values of each extract. It has been
reported by Abdel-Tawab, ((2021). that, ICso values are indirectly proportional to the
antioxidant activity of a compound. The lowest the ICs, the highest the antioxidant capacity
and vice versa. By implication, the compound that has an ICsy fewer than 50 pg/mL is
regarded as a very strong antioxidant, 50-100 pg/mL is a strong antioxidant, 101-150 pg/mL
is a medium antioxidant, whereas ICsy greater than 150 pg/mL is a weak antioxidant
(Wahyuningsih et al., 2020; Hussen and Endalew, 2023). In this regard, the leaf, stem-bark and
root of Pterocarpus erinaceus may be considered to contain molecules with strong antioxidant
as evidenced by their ICsp values in the range of 0.09-0.11 mg/mL (that is, 90-110 pg/mL)
which falls within 50-150 pg/mL of the chart.

Considering the ability of DPPH scavenging and 1Cso values of Pterocarpus erinaceus extracts
from the leaves (82.73+0.62% and 0.09 mg/mL), stem (76.86+£0.96% and 0.10 mg/mL) and root
(67.36+£0.30*% and 0.11 mg/mL) obtained from this study. By implication, the leaves extract
with ICsoconcentration of 0.09 mg/mL that is equivalent to 90 pg/mL and 82.73+0.62% seems
to have possessed components rich with antioxidant activities. Okoli et al (2023) have reported
a good DPPH scavenging ability of crude ethanol extracts of P. erinaceus leaf. Guided by the
in vitro study data, leaves extract was selected for the in vivo antioxidant study in order to
facilitate the antioxidant potential of Pterocarpus erinaceus.

Antioxidant activity has been reported as one of the various medicinal properties of
Pterocarpus erinaceus. In this study, elevation of MDA in the liver homogenate of the negative
control rats is an indicative of oxidative damage by CCls. However, extract of Pterocarpus
erinaceus leaves provided significant protection against the toxicity of CClson liver of extract
treated rats from our previous study (Mohammed et al.,, 2023). To understand the
hepatoprotective mystery of the plant leaf, the present study investigated effect of the leaves
extract on antioxidant molecules. Carmo ef al (2022) stated that studying activities of
molecules like glutathione peroxidase (GPx), catalase (CAT), superoxide dismutase (SOD),
glutathione (GSH) is key in assessing oxidative stress condition of a tissue because, they are
important molecules in both enzymatic and non-enzymatic antioxidant defense system.
Increased activities of these antioxidant molecules may suggest their synergetic effect in
moping out free radicals (Atchou et al., 2021).

Aziz et al (2019) reported that, level of reactive species in the cellular system could be reduced
by antioxidants either by suppression the expression or activities of free radical-producing
enzymes such as xanthine oxidase (XO) and NAD(P)H oxidase, or by promoting the
expression and activities of antioxidant enzymes such as SOD, CAT, GSH and GPx. Based on
our study, Pterocarpus erinaceus leaves seem to exhibit its antioxidant capability via stimulation
of the endogenous antioxidant molecules. Both GSH and CAT catalyzes H>O; into H,O + O»
they by maintaining the integrity of phospholipid bilayer of cells by reducing lipid
peroxidation. A decrease in these enzymes leads to a decrease in the endogenous antioxidant
system and consequently an increase in lipoperoxidation (MDA). Increase GSH and CAT
activities in the extract treated rats in this study is an indicative of extract ability to stimulate
the enzymes. Atchou et al (2021) have reported elevated activities of endogenous antioxidant
enzymes in a study where Pterocarpus erinaceus stem-bark extract was used. In the same vein,
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GSH activity was also reported to have been activated upon administration of same plant
stem-bark extract in rats (Nzute et al., 2023).

CONCLUSION

The results obtained in this study have indicated that Pterocarpus erinaceusis parts rich in
different phytochemicals which possess free radicals scavenging properties. The plant leaves
seem to possessed more of the components rich with antioxidant properties. In vivo study
revealed that Pterocarpus erinaceus possessed compounds that had the ability to ameliorate the
damage posed by free radicals that have got via elevation of activities of antioxidant
molecules. Findings from this study validate the traditional use of Pterocarpus erinaceus leaves
in the treatment of diseases associated with oxidative stress and is strongly suggested for
further research to identify active component(s) that could be developed as an agent to
improve treatment of diseases associated with oxidative damage.

Acknowledgement

The authors acknowledge the efforts of Ja’afaru Sa’adu from the Department of Medical
Biochemistry, ATBU Bauchi, Nigeria for his technical assistance during the experiment.
Conflict of Interest

The authors have declared that no conflict of interest exit in regard to this manuscript.

REFERENCES

Abdel-Tawab, M (2021). Considerations to Be Taken When Carrying Out Medicinal Plant
Research —What We Learn from an Insight into the ICsp Values, Bioavailability and
Clinical Efficacy of Exemplary Anti-Inflammatory Herbal
Components. Pharmaceuticals 14:437.

Agidew, M.G (2022). Phytochemical Analysis of Some Selected Traditional Medicinal Plants
in Ethiopia. Bull Natl Res Cent 46, 87.

Asrani SK, Devarbhavi H, Eaton ], Kamath PS (2019). Burden of liver diseases in the world. ]
Hepatol. 70(1):151-171.

Atchou, K., Lawson-Evi, P. and Eklu-Gadegbeku, K (2021). In vitro study of protective effect
of Pterocarpus erinaceus Poir. stem bark and Amaranthus spinosus L. root extracts on
cataractogenesis and glomerulopathy. Bull Natl Res Cent 45, 91.

Aziz, M. A,, Diab, A. S., and Mohammed, A. A. (2019). Antioxidant categories and mode of
action. In Antioxidants (IntechOpen). doi:10.5772/intechopen.83544

Beretta, G., Facino, R.M (2010). Recent advances in the assessment of the antioxidant capacity
of pharmaceutical drugs: from in vitro to in vivo evidence. Analytical and Bioanalytical
Chemistry, 398: 67-75.

Bhat G.S (2022). Medicinal Plants and Its Pharmacological Values [Internet]. Natural
Medicinal Plants. Intech Open. Available from:
http:/ /dx.doi.org/10.5772 / intechopen.99848

Carmo De-C C., Martins, M.D., Martins, Da Silva Santos Oliveira, A.S., Da Silva, L.A.A.,
Primo, M.G.S., De Carvalho Lira, V.B. (2022). Biological Indicators of Oxidative Stress
[Malondialdehyde, Catalase, Glutathione Peroxidase, and Superoxide Dismutase] and
Their Application in Nutrition. In: Patel, V.B., Preedy, V.R. (eds) Biomarkers in
Nutrition . Biomarkers in Disease: Methods, Discoveries and Applications. Springer,
Cham.

Datta S, Aggarwal D, Sehrawat N, Yadav M, Sharma V, Sharma A, Zghair AN, Dhama K,
Sharma A, Kumar V,. Sharma AK, Wang H (2023). Hepatoprotective effects of natural
drugs: Current trends, scope, relevance and future perspectives, Phytomedicine,
121:155100.

D.H. Mhya et al., DUJOPAS 10 (1a): 10-19, 2024 17


http://dx.doi.org/10.5772/intechopen.99848

Phytochemical Analysis and Evaluation of Antioxidant Properties of Extracts from Leaves, Stem-Barks and Roots
of Pterocarpus Erinaceus

Dereli T G F., I[lhan M and Akkol K. E (2019). New Drug Discovery from Medicinal Plants and
Phytoconstituents for Depressive Disorders." CNS & Neurological Disorders-Drug
Targets (Formerly Current Drug Targets-CNS & Neurological Disorders), 18(2): 92-102.

Ellman GL (1959). Tissue sulthydryl groups. Arch. Biochem. Biophys, 82: 70-77

Gabriel A. F., and Onigbanjo H.O (2010). Phytochemical and Antimicrobial Screening of the
Stem Bark Extracts of Pterocarpus erinaceus (PPoir). Nigerian Journal of Basic and Applied
Science, 18(1): 1-5

Giasson BI, Duda JE, Murray IV, Chen Q, Souza JM, Hurtig HI, Ischiropoulos H, Trojanowski
JQ, Lee VM (2000). Oxidative Damage linked to Neurodegeneration by Selective Alpha
Synuclein Nitration Insynucleinopathy Lesions. Science, 290: 985-989

Guchu BM, Machocho AK, Mwihia SK, Ngugi MP (2020). In Vitro Antioxidant Activities of
Methanolic Extracts of Caesalpinia volkensii Harms., Vernonia lasiopus O. Hoffm.,
and Acacia hockii De Wild", Evidence-Based Complementary and Alternative Medicine,
2020, Article ID 3586268, 10 pages.

Guntupalli, M.M.R., Chandana, V.R., Palpu, P., and Anine, S (2006). Hepatoprotective effects
of rubiadin, a major constituent of rubiacordifolialinn. Ethnopharmacology, 103: 484-490.

Hage S, Stanga S, Marinangeli C, Octave JN, Dewachter I, Quetin-Leclercq ], Kienlen-
Campard P (2015). Characterization of Pterocarpus erinaceuspoir extract and its
gamma-secretase inhibitory properties. J.Ethnopharmacol. 163:192-202.

Hussen EM and Endalew SA (2023). In vitro antioxidant and free-radical scavenging activities
of polar leaf extracts of Vernonia amygdalina. BMC Complement Med Ther. 23(1):146.

Ilyas, U., Katare, D.P., Aeri, V., Naseef, P.P (2016). A review on hepatoprotective
andimmunomodulatory herbal plants. Pharmacognosy Reviews, 10: 66-70

IUPAC (1997).. Compendium of chemical terminology, 2nd edition (the golden book)

Jamshidi-Kia F, Lorigooini Z, Amini-Khoei H. (2018). Medicinal plants: Past history and
future perspective. | Herbmed Pharmacol. 7:: 1-7.

Kakkar P, Das B, Viswanathan PN (1984). A modified spectrophotometric assay of superoxide
dismutase. Indian | Biochem Biophys., 21(2):130-2.

Kedare SB, Singh RP (2011). Genesis and development of DPPH method of antioxidant assay.
J Food Sci Technol., 48(4):412-22

Li, G. and H. X. Lou (2018). Strategies to diversify natural products for drug discovery.
Medicinal Research Reviews, 8(4): 1255-1294.

Meenakshi S, Umayaparvathi S, Arumugam M, Balasubramanian T (2011).In
vitro antioxidant properties of FTIR analysis of two sea weeds of Gulf of Mannar. Asian
Pac | Trop Biomed. 1(Suppl 1):566-S70.

Mhya, DH and Mankilik M (2014). Phytochemical Screening of Aqueous Extract of Luffa
aegyptiaca (Sponge gourd) Leave Sample from Northern Nigeria: A Short
Communication. International Journal of Pharma Sciences and Research, 5(07): 344-345

Mohammed U., Mohammed A., Mhya DH., Gabriel SM., Dahiru D (2023). Protective
Efficiency of Pterocarpus erinaceus Leaves Extract in Carbontetrachloride-induced
Hepatic and Hematological Injuries in Rats. J. Appl. Life Sci. Int., 26(3):41-52.

Mugoni V, Postel R, Catanzaro V, De Luca E, Turco E, Digilio G, Silengo L, Murphy MP,
Medana C, Stainier DY, Bakkers ], Santoro MM. (2013). Ubiadlis an antioxidant
enzyme that regulates eNOS activity by COQ10 synthesis. Cell, 52: 504-518.

National Institute of Health (NIH) (1985). Principles of Laboratory Animal Care. NIH
Publication. No. 85-23 Revised.

Niki E (2010). Assessment of antioxidant capacity in vitro and in vivo. Free Radic Biol Med.
49(4):503-15.

D.H. Mhya et al., DUJOPAS 10 (1a): 10-19, 2024 18


http://herbmedpharmacol.com/Archive/7/1

Phytochemical Analysis and Evaluation of Antioxidant Properties of Extracts from Leaves, Stem-Barks and Roots
of Pterocarpus Erinaceus

Noufou,O.,A, H.,Claude, W.O.J.,Richard, S.W.,André, T.Marius,L. (2017). Biological and
phytochemical investigations of extracts from Pterocarpus erinaceuspoir (Fabaceae)
root barks. Afr.]. Tradit. Complement.Altern.Med.,14:187-195.

Nzute O.P., [jeomah A. U., Ajiboso S. O. , Muhammad B. Y., Haruna I. Y. (2023). Potential of
Pterocarpus erinaceus Aqueous Stem Bark Extract to Prevent Oxidative Kidney Damage
in Diabetic Rats. Asian J. Res. Biochem., 12(2): 9-21.

OECD (2001). Organization for economic co-operation and development. OECD guidelines
for testing chemicals, acute up and down procedure no. 425: 1-2

Okhawa H, Ohishi, N and Yagi K (1999). Assay for lipid peroxidation in animals by
thiobarbituric acid reaction. Analytical Biochemistry, 95:351-358.

Okoli EC, Umaru IJ, Olawale O. (2023). Determination of phytochemical constituents,
antibacterial and antioxidant activities of ethanolic leaf extracts of Pterocarpus
erinaceus. Biodiversitas 24: 2272-2277.

Oladeji O (2016). The Characteristics and Roles of Medicinal Plants: Some
Important Medicinal Plants in Nigeria. Nat Prod Ind J. 12(3):102

Oteng Mintah, S., Asafo-Agyei, T., Archer, M.-A., Atta-Adjei Junior, P., Boamah, D.,
Kumadoh, D., Agyare, C. (2019). Medicinal Plants for Treatment of Prevalent
Diseases.. IntechOpen. doi: 10.5772/intechopen.82049

Noufou O, Wamtinga SR, André T, Christine B, Marius L, Emmanuelle HA, Jean K, Marie-
Genevieve D, Pierre GI. (2012). Pharmacological properties and related constituents of
stem bark of Pterocarpus erinaceus poir.(Fabaceae). Asian Pac.].Trop. Med: 5(1):46-51

Govind P (2011). Medicinal plants against liver diseases. International Research Journal of
Pharmacy. 2. 115-121.

Saidu, Y., Bilbis, L.S., Lawal, M., Isezuo, S.A., Hassan, S.W. (2007). Acute and sub-chronic
toxicity studies of crude aqueous extract of Albizziachevalieri harms. Asian Journal of
Biochemistry, 2(4): 224-236.

Santos, P.R.V., Oliviera, A.C.X., Tomassini, T.C.B (1995). Control microbiogicode products
fitorapicos. Rev. Fam. Bioquim, 31: 35-38

Sinha, K.A (1972). Colorimetric Assay of Catalase. Analytical Biochemistry, 47: 389-394.

Sofowora, A (1993). Medicinal Plants and Traditional Medicines in Africa. New York:
Chichester John, Wiley & Sons. 97-145.

Sunday O (2021); Phytochemical and Antimicrobial Screening of the Stem Bark Extracts of
Pterocarpus erinaceus (Poir) Int. |. of Adv. Res. 9:561-566]

Tittikpina NK, Nana F, Fontanay S, Philippot S, Batawila K, Akpagana K, Kirsch G,
Chaimbault P, Jacob C, Duval RE (2018). Antibacterial activity and cytotoxicity of
Pterocarpus erinaceus Poir extracts, fractions and isolated compounds. ]
Ethnopharmacol, 212:200-207

Tong J, Yao X, Zeng H, Zhou G, Chen Y, Ma B, Wang Y. (2015). Hepatoprotective activity of
flavonoids from Cichoriumglandulosum seeds in vitro and in vivo carbon
tetrachloride-induced hepatotoxicity. Journal of Ethnopharmacology, 174: 355-363.

Trease, G.E. and Evans, W.C. (1989). Pharmacognsy. 11th ed. Brailliar. Tiridel Can. Macmillian.

Upadhyay NK, Kumar MS, Gupta A (2010). Antioxidant, cytoprotective and antibacterial
effect of sea buckthorn (Hippohae rhamnoides L.) leaves. Food Chem Toxicol. 48:3443-
3448

Wahyuningsih SPA, Savira NII, Anggraini DW, Winarni D, Suhargo L, Kusuma BWA,
Nindyasari F, Setianingsih N, Mwendolwa AA (2020). Antioxidant and
Nephroprotective Effects of Okra Pods Extract (Abelmoschus esculentus L.) against Lead
Acetate-Induced Toxicity in Mice. Scientifica (Cairo). 2020:4237205

D.H. Mhya et al., DUJOPAS 10 (1a): 10-19, 2024 19


https://www.tsijournals.com/research-articles/medicinal-plants-12576.html

