Garcinia kola, Biochemical parameters, Toxicity...

The Bioscientist Vol. 11 (2): 128-139, April 2023
Available online at http://www.bioscientistjournal.com

e %
) ~
OPEN ACCESS
Full Length Research Paper

THE EFFECTIVENESS OF PHYTOPHARMACA OF EXTRACTS GARCINIA
KOLA(HECKEL) ROOT ON CHANGES INBODY WEIGHT, SERUM BIOCHEMICAL
PARAMETERS AND HISTOLOGICAL PROFILES OF WISTAR RATS

Ojatula A. O*&Enoyoze G. E

!PhytoMedicine and PhytoPharmacology Division, Botany Unit, Department of Biological
Sciences, School of Science, Olusegun Agagu University of Science and Technology,
Okitipupa, Ondo State, Nigeria
2Department of Biological Sciences, Plant Biology and Biotechnology Unit, Edo State
University, Uzairue, Nigeria

*Email:kunletula@yahoo.com

ABSTRACT

The effect of solvents extracts of G. kolaadministered to rats at 50, 250 and 500 mg/kg for two
weeks was investigated on body weight and serum biochemical parameters using standard
analytical-biochemical methods. The extracts at all doses investigated proved that only the 250
mg/kg of the aqueous and methanolroot extracts were able to reduce rat’s body weights. Rats
given the methanol extract had no significant differences in the values of AST, total protein,
cholesterol, total bilirubin, and urea whereas had significantly increased ALP activity, and
albumin content (at all doses used) and direct bilirubin (at 250 mg/ kg), compared to control
(p<0.05). Rats dosed with the aqueousextract showed higher AST activity but comparable ALT
and ALP activities to that of control. Compared to control values total protein and D.Bwere
significantly lower in the three treated groups, T.B and albumin were significantly lower at the
250 and 500 dose levels (p<0.05). Cholesterol was significantly low in the 250 dose group and
no significant difference was observed for urea levels. In the vital organ, there were no lesions or
evidence of hepatotoxicity. The little alterations in some parameters indicated that the root
extracts of G. kola possess slight toxicity. Therefore, crude extracts of rootshould be taken with
caution for safety.
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INTRODUCTION

Plants have been used as sources of source of traditional medicines since ancient
remedies for the treatment of many diseases times.Many African countries rely on folk
by peoples from all continents, particularly medicine to meet their medical needs
in Africa, with its diverse culture and rich (Ouedraogo et al., 2007; Ojatula et al.,
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2023). And in the folkloric medicine of Ilaje
people area of Ondo State, Nigeria; root of
the botanical plant, Garcinia kola is used in
the treatment of appendicitis. Because new
drugs are rarely affordable in most West
African countries, up to 80% of the
population relies on medicinal plants for
treatment (Hostettmann and Marson, 2007;
Tugume and Nyakoojo, 2019).

Medicinal plants typically contain a variety
of pharmacologically active compounds that
can improve health either individually,
additively, or synergistically (Azaizeh et al.,
2005; Ojatula, 2022). The isolation of
phytochemicals in plants that could become
important drugs in modern medicine has
fueled ongoing interest in the evaluation of
natural products of plant origin as potential
chemotherapeutic agents (Wintola et al.,
2010; Ojatula and Nwanja, 2023). Plants
produce bioactive compounds that serve as
defense mechanisms against predators while
also being potentially toxic in nature (Da
Roch et al., 2002; Bents, 2004; Yeshi,
2022). With the increased interest in
medicinal plants, there is a greater need for
comprehensive scientific research into their
efficacy and potential toxicity (Ashafa et al.,
2010; Ojatula, 2020). The study of
medicinal plant toxicity is beneficial for the
advancement of traditional medicine as well
as the development of new therapeutic
molecules (Fransworth, 1994; Ojatula,
2020). Concerns have recently been
expressed about the lack of quality control
and scientific evidence for the efficacy and
safety of natural products of plant origin
(Rousseaux and Scachter, 2003;Firenzuoli
and Gori, 2007). As a result, screening
plants for toxicity and ensuring their safety
is a critical ethical issue.

The plant Garcinia kola Heckel (Family -
Guttifera) commonly known as bitter kola,
male kola, and false kola (English) is also
known by various tribes in Nigeria as
Orogbo (Yoruba), Cida goro (Hausa), Aku
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ilu or Ugugolu (lgbo), Efiari (Efik), and
Igoligo (Idoma). It occurs naturally in Sierra
Leone, Angola, and Nigeria. It is an
evergreen, unbuttressed, heavily crowned
dicotyledonous plant found in moist forest
as a medium sized tree which is about 13-15
m high. The plant has been acclaimed to be
used in the management of liver disorders
and diarrhoea (Ilwu et al., 1990; Blaide,
1991; Dogara et al., 2022), diabetes,
bronchitis, and throat infections (Tita et al.,
2001; Dogara et al.,, 2022) and as an
aphrodisiac (Erhabor et al., 2015). The root
is traditionally used as cough remedy and as
cure for appendicitis (Data unpublished).
Although this plant is of a widespread use in
tropical Africa yet there is dearth or little
available literature on the scientific
evaluation of its root’s toxicological effects.
This work, therefore, investigates the effects
of root extracts on some biochemical
parameters and body weight of Wistar rats.

MATERIALS AND METHODS

Plant Material

The plant under investigation (G. kola root)
was collected from Sapele Village, South
zone of Ighoegunrin Community, llaje Local
Area, Ondo State, Nigeria. The plant was
authenticated by the herbarium Curator at
the Botany Unit, Department of Biological
Sciences, School of Science, Olusegun
Agagu  University of Science and
Technology, Okitipupa, Ondo State, Nigeria.

Preparation of Crude Plant Extracts

The roots were air dried, ground into a
coarse powder form and soaked for 5 days in
each of aqueousand methanol consecutively.
The plant material was then shaken
overnight on a shaker, then filtered,
evaporated to dryness under reduced
pressure in a rotatory evaporator and
weighed.
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Experimental Animals and Dosing

The methods and processes involved in
experimental animal’s procurement,
grouping and their dosing were designed and
developed based on personal-conceptual
interest on the research study. Thirty-
fivemale Wistar rats weighing 150 grams
were procured from the Animal Holding
Unit of the Department of Pharmacology
and Toxicology, Faculty of Pharmacy,
University of Benin, Nigeria. The rats were
divided into seven equal groups of rats (GR1
— GRY7). Each group was kept in a plastic
cage, freshly spread with saw wood to
absorb urine, and housed under standard
conditions of temperature, and humidity
with alternating 12 hours light/dark cycles.
Commercial standard diet and water was
supplied ad libitum throughout the
experimental period (two weeks).

Group 1, 2, and 3 rats were orally dosed
with 50, 250 and 500 mg/kg body weight
(BW) aqueousplant extract, respectively,
while rats of groups 5, 6 and 7 were dosed
similarly but with the methanol plant
extract. Rats of groups 4 were orally dosed
with distilled water and acted as a control
group. The extract doses were administered
using special stomach tube with a smooth tip
to protect the oral mucosa and esophagus
from injury.

Monitoring of Body Weights

Animals were individually weighed at the
beginning and at the end of the experiment
to record changes in body weight as
described and reported by Ghasemiet al.
(2021).

Blood Sampling and Processing

The method described and published by
Ojatula (2019) was employed and adopted
for this study, and at the end of the
experiment, experimental rats  were
decapitated, and two blood samples were
obtained from each rat. One sample was
collected in a tube containing potassium
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ethylene di-amine tetra acetate
(anticoagulant) for hematological analysis
and the other sample was collected in plain
tube to obtain serum; blood was left for one
hour to clot, and the tube was centrifuged at
3000 rpm for 15 minutes and the harvested
serum was used for biochemical analysis.

Biochemical Analyses

The methods described and published by
Yan et al. (2023) was employed and adopted
for this study. In the study, serum samples
were analyzed for the activities of aspartate
aminotransferase (AST), alanine
aminotransferase (ALT) and for the
concentrations of total protein, albumin,
cholesterol, total and direct bilirubin, and
urea using the Roche Diagnostic Hitachi 902
Analyzer.

Histological Studies

Fixed excised tissues were sectioned with
microtome (5 Im thickness), fixed in slides,
and stained using Harry’s Haematoxilin and
Eosin staining procedures. The slides were
viewed under light microscope and
photomicrographs were taken.

Statistical Analysis

The collected data will be analyzed and
expressed as means £ SD of six replicates
and were subjected to one way analysis of
variance (ANOVA) followed by Duncan
multiple range test to determine significant
differences in all the parameters. Values
were considered statistically significant at p
< 0. 05 as presented by Ali and Bhaskar
(2016).

RESULTS

Effect of G. kolaExtracts on Body Weight
of Wistar Rats

Generally, there was no significant
difference in body weight between the
control and test groups of rats dosed with
various concentrations of the aqueousor
methanol extracts. However, rats given the
250 mg/ kg BW dose of both extracts had
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the lowest weight gains. Moreover, the
results showed that both the 500 mg/ kg
body weight dose of the aqueous and
methanol extracts did not exhibit significant
reduction in body weight lost when
compared to control and the other test
groups (Table 1 and Table 2). The result of
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this study agrees with the work of Konate
(2011), where he tested the toxicity of
aqueous and  acetone  extracts  of
Cienfuegosia digitata on mice and rats
andrecorded wide insignificant variations in
weights of rats with no other detectable
clinical signs.

Table 1. Effect of different concentrations of G. kola agueous root extract on rats body weights.

Parameter Control 50mg/kg 250mg/kg 500mg/kg
Initial weight 151.37°+4.48 151.43%+4.71 151.30%+4.13 151.41%+4.25
Final weight 152.70°+0.1 150.67°+0.1 142.21°+0.2 144.32%+0.3

Means with the same superscript across the row for each parameter are not significantly
different (p<0.05)

Table 2. Effect of different concentrations of G. kola methanol root extract on rats body weights.

Parameter Control 50mg/kg 250mg/kg 500mg/kg
Initial weight 150.45%+4.43 150.40%+4.82 150.24°+4.76 150.14%+2.53
Final weight 152.40°+0.2 147.23%+0.01 143.02°+0.01 139.00°+0.01

Means with the same superscript across the row for each parameter are not significantly

different (p<0.05)

Biochemical Findings

Following repeated administration, the
results revealed a consistent, yet mostly
significant reduction changes in the values
of biochemical indices, in both extracts
administered rats (Table 3 and Table 4). It
should be noted however, that AST and
ALT werenot significantly higher than the
control in all tested doses of the aqueous
extract administered rats, and significantly
lower in AST of the methanol extract
administered group of rats. Also, our results
showed a consistently reduction in all the
biochemical parameter testedacross tested
doses following repeated doses. In general,
experimental rats of both administered
extracts, appeared to show more reduced
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sensitivity to the effects of the extract on
biochemical indices when compared with
the control group of rats. The non-
significantly higher values of AST and ALT
in the aqueous extract administered group of
rats, and Urea in the methanol extract
administered group of rats when compared
to control pointed to possible reversibility of
toxic effects in a manner similar to acute
test. Moreover, the observed consistent
reduction in the values of the other
biochemical parameters of the extracts
administered group of rats, signalling
potential for sustaining non-accumulative
toxic effects on the body system and organ,
the liver.
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Table 3. Biochemical levels in rats orally dosed with different doses of G. kola root aqueous

extract.

Parameter Control 50mg/kg 250mg/kg 500mg/kg
AST U/L 156.67%+7.80 168.33%+10.2 160.67%+£9.20 158.69%+8.20
ALT U/L 24.83°+2.0 25.33%1.2 29.83%+1.3 27.43°+0.3
ALP U/L 265.33%+10.6 302.83%+15.9 260.33%+16.6 242.43%+16.3
T.Pg/L 8.20°+1.1 6.08"+.001 5.80°+.002 3.60°+.002
Alb. g/L 5.17%+.80 3.48°+.31 3.58+.32 3.54+.32
Chol. mg/dL 73.5%+4.3 81.83%+5.2 72.83°+4.6 61.83°+3.6
T.B mg/dL 0.60%+.06 0.15°+.03 0.178"+.01 0.158"+.02
D.B mg/dL 0.122°+005 0.04%+.001 0.095%+.001 0.091%+.001
Urea mg/dL 52.43%+3.2 31.0°+1.2 40.17°+4.0 42.15°+2.0

Means with the same superscript across the row for each parameter are not significantly

different (p<0.05).

Table 4. Biochemical levels in rats orally dosed with different doses of G. kola root methanol

extract.

Parameter Control 50mg/kg 250mg/kg 500mg/kg
AST U/L 152.65%+16.0 211.63%+00.1 152.81°+12.0 142.67°+402
ALT U/L 26.83°+1.3 31.67°+3.1 32.332+1.0 25.17°46.1
ALP U/L 285.33%+30.1 282.17°+30.5 222.00%+30.5 248.50*+30.5
TPg/L 8.20%1.0 7.40°+1.0 5.90°2.1 5.55%42.1
Alb. g/L 5.05%1.0 4.73°*+1.0 3.60°+2.2 3.87°+2.5
Chol. mg/dL 93.50%+8.5 84.83%+2 69.33°+6.1 90.33%+7.1
T.B mg/dL 0.60%.01 0.53%.01 0.092°+.002 0.072°+.002
D.B mg/dL 0.122%+.001 0.0767°+006 0.050°°+.001 0.117°+.002
Urea mg/dL 52.83%+5.3 59.33%1.2 59.17°+1.6 41.50%+6.2

Means with the same superscript across the row for each parameter are not significantly

different (p<0.05).
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Analyses of Repeated Doses of the
Extracts on Histology of the LiverTissues
of Experimental Rats

Plate 1 showed histological sections of livers
of experimental ratsadministered G. kola
root aqueousextract. In the negative control
group (Plate 1(a)), normal hepatocytes with
preserved cytoplasm and nucleus were
observed. On assessment of the effect of the
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test substance, i.e., the extract, on the
cellular architecture of the liver of the
extract administered rats, the same
characteristics were observed in the liver of
the animalstreated with EI (Plate 1(b - d),
without pyknotic nuclei, vacuolized cells,
hepatocellular degeneration, and necrosis.
This indicatedenhanced hepatic modulating
effect of phytoextract of the studied plant at
all dose levels wused in this study.

Plate 1: Histological profiles of the rat’s liver administered G. kola root aqueous
extract(hematoxylin and eosin stain): (A) Control rat liver, (B) Rat liver treatedwith 50 mg/kg
body weight, (C) Rat liver treated with 250 mg/kg body weight, (D) Rat liver treated with 500
mg/kg body weight, magnification 20x. Bar: 10 zm. The extract administered group (B-D) are
showing normal hepatocytes with preserved cytoplasm and nucleus when compared with the

control.

Plate 2 showed histological sections of the
livers of experimental ratsadministered G.
kola root methanol extract.The livers of
animals in the control group (Plate 2(a)) and
those treated with 50, 250 and 500 mg/kg
body weight phytoextract of the studied
plant EI (Plate 2(b - d) presented well-
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preserved cellular cyto-architecture, without
hepatic tubules characterized by lesionsand
loss of the hepatic borders, which are
suggestive of non-intense vascularization
effect of the studiedphytoextract at the dose
levels used in the study.
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Plate 2: Histological profiles of the rat’s liver administered G. kola root methanol
extract(hematoxylin and eosin stain): (A) Control rat liver, (B) Rat liver treatedwith 50 mg/kg
body weight, (C) Rat liver treated with 250 mg/kg body weight, (D) Rat liver treated with 500
mg/kg body weight, magnification 20x. Bar: 10 zm. The extract administered group (B-D) are
showing normal hepatocytes with preserved cytoplasm and nucleus when compared with the

control.

DISCUSSION AND CONCLUSION

In repeated daily oral doses for 14 days,
there were no significant differences in body
weight between the control and test groups
of rats dosed with various concentrations of
the aqueous or methanol extractsover time
except for the dose of 250 mg/kg of the
aqueous and methanol root extracts which
were able to reduce rat’s body weights. In
the latter groups, it is plausible that the
extracts were in optimum concentration to
stimulate the conversion of nutrients into
body tissues; this agrees with the study of
Obakiro et al. (2021), who worked on sub-
acute toxicity effects of methanol stem-bark
extract of Entada abyssinicaon biochemical,
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haematological and  histopathological
parameters in wistar albino rats.

Aspartate amino transferase (AST) and
alanine  amino transferase(ALT) are
considered useful markers for liver damage
(Kaneko and Cornelius, 1985; Bush, 1991;
Mumoli and Cosimi, 2006; Ojiako and
Nwanjo, 2006; Afolayan and Yakubu,
2009); and they are non-specific enzyme
whoseactivity/concentration in serum could
be due to injury to various vital organs in the
body (Akanmu et al., 2020). The non-
elevated levels of AST and ALT levels in
the serum of treatment groups of rats to
indicate non- hepatotoxic effects of the
studied medicinal plant. And this agrees
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with the work of Mohammed et al.(2010)
who reported observed decreased levels of
ALT and AST in rats receiving methanol
and butanol fraction of Buchholzia coricea
seeds; to which streptozotocin was added.
Similarly, the aforementioned results on
AST and ALT as observed in this study, also
agrees with the work of Nwanjo (2007) who
considered and reported insignificant
increases in AST and ALT levels in serum
of experimental rats, having administered
Phyllanthus nisruri leaf extract in his
research study; to indicate non- hepatotoxic
effects of any studied natural product or
substances of plant origin.

Serum or plasma protein is a very complex
mixture of proteins, and their determination
is clinically valuable and reflects the internal
status of an individual, which is essential for
growth and replacement of worn-out tissues.
And the rate of cell divisions is determined
chiefly by the rate of protein synthesis
(Baxter et al.,1987). Increased significant
values of plasma protein may indicate liver
damage and reduction in hepatic functions
(Naganna, 1989; Tietz, 1994; Yakubu et al.,
2007). However, subject to the results of this
study, the studied plantexhibited a
significant decreased (p <0.05) changes in
total protein (T. P) contentsin all rats dosed
with aqueous and methanol extracts
compared to control.The result of this study
agrees with the findings of Atere and Ajoa
(2009), who worked onrats administered
with crude alkaloidal fraction from Gnestis
ferruginea roots and reported a decreasing
trend in serum total protein levels. Total
protein and albumin at decreased levels are
considered as an indication of diminished
synthetic functioning of the liver, whichmay
be due to reduction in protein intake from
the intestine (Rolls, 2000). The observed
results in this study, agrees with the study
reported by Dhanotiya (2004).
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Elevated levels of cholesterol increase the
risk for coronary heart disease (Ojatula,
2019). Cholesterol is measured to help
assess the risk status and to follow the
progress of treatment to lower serum
cholesterol concentrations, and the desirable
cholesterol levels are considered to be those
found at a decreased level of concentration
(Ojatula, 2020).Sequel to the findings of this
study, the extract at various concentrations
showed a decreased (p <0.05)values of
cholesterol (Chol.), total bilirubin (T. B) and
direct bilirubin (D. B)when compared to
control. The decreased values observed on
the aforementioned biochemical indices
conforms and agrees with the findings of
Ojatula (2020), who worked on preliminary
assessment of acute and 14-days repeated
dose oral toxicity of Pausinystalia
yohimbemethanol root  extract on
experimental rats. The decreased values
observed could probably be due to presence
of bioactive agents in the extracts that
interact with enzyme’s action.

The non-elevated levels of urea in the
treatment group indicate a non-disturbance
in the nitrogen metabolism which could
probably be due to presence of
phytochemicals in the extracts that interact
with enzymes or calm the nitrogen
metabolism. Additionally, it could as well be
due to the extract interfering with renal
excretion of uric acid as observed from
some histopathology on the Kidney.
Therefore, there is a likely benefit of
hypouricemia and inhibition of gout
development in patients who chronically use
herbal remedies that contain this medicinal
plant.Urea concentrations showed no
significant change in aqueousgroups of rats,
while a significant decrease was observed (p
<0.05) in the methanol rat groups (Table 4).
The depicted results, agrees with the
previous work of Ashafa and Olunu (2011),
in which Wistar rats were administered leaf
extracts of Marinda lucida and the
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resultsshowed no significant differences in
urea concentrations when compared to
control.

Histological findings revealedthat the
decreased values observed in the study could
have been probably due to the non-toxic
effectsof the phytoconstituents of the studied
plant at various studied concentrations
which interferes with the cellular nature of
the liver tissuesof experimental rats. Also,
the tolerance effectiveness observed in the
cellular architecture of the liver of the
extract administered rats could
indicatesenhanced hepatic modulating effect
of phytoextract of the studied plant at all
dose levels used in the study. The
aforementioned findings, agrees with the
previous work carried out by Ojatula et al.
(2023), where they embarked on In-vitro
evaluation of potential antioxidant properties
of Eleusine indica and in-vivo visceral organ
protective effect of higher-dose of the
phytoextract in experimental rats, and it was
reported in their results that compounds
present in the root of Eleusine indica (EI)
possesses the potentialof minimizing any
deleterious effects associated with higher
doses of the studied plant and showed that
the goosegrass could protect animals from
damage caused by toxic agent of plant
origin.

Equally importantly, the changes and
variations seen in the biochemical
parameters in treated rat groups for both
aqueousand methanol extracts may be
attributed to the difference in extractable
ingredients with different solvents (Haborne,
1973). It seems that the aqueoushas more
positive extractability for components; due
to the extraction medium polarity and the
ratio of solute to solventwhich would
influence blood biochemical parameters.
The alterations observed in some of the
parameters reported in this study may
indicate that the root extracts of G.
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kolapossess mild toxicity affecting liver
function. Therefore, crude extracts of rootof
the botanical plant may not be completely
safe as oral remedies, and further safety
investigations on folkloric use of the
phytopharmaca of the studied plant is hereby
recommended.

ACKNOWLEDGEMENTS

The authors are grateful to the management
and staff of the Botany Unit, School of
Science, Olusegun Agagu University of
Science and Technology, Okitipupa,
Nigeria, Animal Holding Unit, Department
of  Pharmacology and  Toxicology,
University of Benin, Nigeria, the Central
Laboratory, Federal University  of
Technology, Akure, Nigeria for materials,
technical support and service of animal
facilities.

REFERENCES

Afolayan, A. and Yakubu, M. (2009). Effect
of Bulbine natalensisbark stem
extract on the functional indices
and histology of the liver and
kidney of male Wistar rats.
Journal of Medicinal Food, 12(4):
814-820.

Akanmu, A. M., Hassen, A., and Adejoro, F.
A. (2020). Haematology and
serum biochemical indices of
lambs supplemented with
Moringa  oleifera,  Jatropha
curcas and Aloe vera leaves
extracts as antimethanogenic
additives. Antibiotics, 9(9): 1-7.

Ali, Z. and Bhaskar, S. B. (2016). Basic
statistical tools in research and
data analysis. Indian Journal of
Anaesthetics, 60: 662-6609.

Ashafa, A. and Olunu, O. (2011).
Toxicological ~ evaluation  of
methanolic  root extract of
Morinda Lucida (L) Benth.

136



(Rubiaceae) in male Wistar rats.
Journal of Nature and Pharmacy,
2:108-114.

Ashafa, A., Sunmonu T. and Afolayan, A.
(2009). Effect of aqueous leaf
extracts from the leaves of
Chrysocoma ciliate L. on some
biochemical parameters of Wistar
rats. African Journal of
Biotechnology, 8: 1425-1430.

Ashafa, A., Sunmonu T. and Afolayan, A.
(2010). Toxicological evaluation
of aqueous leaf and berry extracts
of Phytolacca dioical in male
Wistar rats. Food Chemistry and
Toxicology, 48: 1886-1889.

Atere, T. and Ajao, A. (2009). Toxicological
implications of crude alkaloidal
fraction from
Gnestis ferruginea D. C. root on
liver function indices of male
Wistar rats. International Journal
of Biomedical and Health
Sciences, 5(3): 1189-1195.

Azaizeh, E., Baxter, T. and Baxter, A.
(2003). Ethnobotanical knowledge
of local Arab practitioners in the
Middle Eastern region.
Fitoterapia, 74: 98-108.

Baxter, G. and Stanners, C. (1987). The
Effect of Protein Degradation on
Cellular Growth Characteristics.
Journal of Cellular Physiology,
96: 139-145.

Bents, K. (2004). Commonly used herbal
medicines in the United States: a
review American Journal of
Medicine, 116: 478-485.

Blaide, V. D. (1991). Pharmacology effects
of chronic ingestion of Garcinia
kola Seeds in the rats. Phtotherapy
Research, 4:39-41.

Bush, B. (1991). Interpretation of laboratory
results of small animal clinicians.

Ojatula & Enoyoze, 2023

Garcinia kola, Biochemical parameters, Toxicity...

Blackwell Scientific Publication.
London. 213p.

Da Roch, A., Lopes, R. and Schwartsmann,

G. (2001). Natural products in anticancer

therapy.

Journal of Current Opinion of
Cancer, 1: 364-369.

Dhanotiya, R. (2004). Textbook of
Veterinary  Biochemistry, 2"
Edition. Jaypee Brothers Medical
Publishers Limited, India. 444p.

Dogara, A. M., Hamad, S. W., Hama, H. A,,
Bradosty, S. W., Kayfi, S., Al-
Rawi, S. S. et al. (2022).
Biological Evaluation of Garcinia
kola Heckel. Advances in
Pharmacological and
Pharmaceutical Sciences, 1: 1-15.

Firenzuoli, F. and Cori, L. (2007). Herbal
medicine today: Clinical and
research issues. Evidence Based
Complementary and Alternative
Medicine, 4: 37-40.

Fransworth, N. (1994). Ethanopharmacology
and drug development in:
Ethanobotany and the Search for
New Drugs. Ciba Foundation
Symposium. John Wiley and Sons
Publisher, Chichester. 59p.

Ghasemi, A., Jeddi, S. and Kashfi, K.
(2021). The laboratory rat: age
and body weight matter. EXCLI
Journal, 20:1431-1445

Harborne, J. (1973). Phytochemical
Methods: A Guide to Modern
Techniques of Plants Analysis.
Champnan and Hall Press,
University of Reading, London.
125p.

Hostettmann, K. and Maston, A. (2002).
Twenty years of research into
medicinal plants: results and
perspectives. Phytochemistry
Review, 1: 275-285.

Kaneko, J. and Cornelius, C. (1985).
Clinical Biochemical Study of

137



Domestic Animals. Academic
Press, New York. 1143p.

Konate, E. A., Konate, D. and Cornelius, S.
(2011). Biological and
toxicological effects of aqueous
acetone extract of Cienfuegosia
digitata in mice and rats. Journal
of Pharmacology and Toxicology,
6(2): 149-157.

Mohammed, E., Ronald, S. and Mathew, T.
(2010). Hypoglycemic activity of
Buccholzia coricea (Capparaceae)
seedsin streptozotocin induced
diabetic rats and mice.
Experimental and Toxicologic
Pathology, 10: 10-16.

Mumoli, N. and Cosimi, A. (2006). Drug-
related  hepatotoxicity =~ New
English Journal of Medicine,
354(20): 21-91.

Naganna, B. (1989). Plasma proteins. In:
Textbook of Biochemistry and
Human Biology, 2" Edition.
(Tawlar, G., Srivastava, L. and
Moudgils, K., Editors). Prentice
Hall of India Private Limited.,
New Delhi, 181p.

Nwanjo, H. (2007). Studies on the effect of
aqueous extract of Phyllanthus
niruri leaf on plasma glucose
level and some hepatospecific
markers in diabetic Wistar rats.
The International Journal of
Laboratory Medicine, 2(2): 17-21.

Obakiro, S. B., Kiprop, A., Kigondu, E.,
K’owino, I., Kiyimba, K., Kato,
C. D. et al. (2021). Sub-acute
toxicity effects of methanolic
stem bark extract of Entada
abyssinica  on biochemical,
haematological, and
histopathological parameters in
wistar albino rats. Frontiers in
Pharmacology, 12: 1-12.

Ojatula & Enoyoze, 2023

Garcinia kola, Biochemical parameters, Toxicity...

Ojatula, A. O. (2019). Effects of

Pausinystalia yohimbe methanol
root extract on some
cardiovascular and
haematological variables in wistar
rats. International Journal of
Progressive Sciences and
Technologies, 18(1): 142-147.

Ojatula, A. O. (2020). Preliminary

assessment of acute and 14-days
repeated dose oral toxicity of
Pausinystalia ~ yohimbe (K.
Schum.) Pierre ex Beille methanol
root extract on experimental rats.
PhytoChem and BioSub Journal,
14(3): 191-202.

Ojatula, A. O. (2022). Quantification of

phytochemical and metabolomics
profiling of the Nigerian’s botanical
aphrodisiac Microdesmis keayana
(Microdesmis) J. Leonard
(Pandaceae) root. Daagu
International Journal of Basic and
Applied Research, 4(1): 1-15.

Ojatula, A. O. and Nwanja, N. (2023). In-

vitro Studies of the Medicinal Plant
Microdesmis keayana  Methanol
Leaves Extract Phytocomponents by
GCMS Analysis: A Further Evidence
for its Phytomedicinal Potentials in
Enhancement  of  Reproductive
Functions. Arid-Zone Journal of
Basic and Applied Research, 2(1):
192-202.

Ojatula, A. O., Tawose, F. O. and Erinoso,

S. M. (2023). Studies on in-vitro
bioactivity of Icacina trichantha
methanol seed extract.
International Journal of Science
for Global Sustainability, 9(1):
105-117.

Ojatula, A. O., Oshodi, A. R. and Adetutu,

H. B. (2023). In-vitro evaluation
of potential antioxidant properties
of Eleusine indica and in-vivo
visceral organ protective effect of

138



higher-dose of the phytoextract in
normotensive rats. RSU Journal of
Biology and Applied Sciences,
3(1): 55-67.

Ojiako, O. and Nwanjo, H. (2006). Is
Vernonia amygdalina hepatotoxic
or hepatoprotective?  Answers
from biochemical and
toxicological studies in rats.
African Journal of Biotechnology,
5(18): 1648-1651.

Orie, N. N. and Ekon, E. U. (1993). The
bronchodilator effects of Garcinia
kola- Preview. African Journal of
Pharmaceutical Sciences, 22:172-
201.

Ouedraogo, Y., Guissou, I. and Nacoulma,
O. (2007). Biological and
toxicology study of aqueous root
extract from Mitragyna inermis
(willd Oktze) Rubiaceae.
International Journal of
Pharmacology, 3: 80-85.

Rolls, B. (2000). The role of energy density
in the over consumption of fat.
Journal of Nutrition, 130: 268-
271.

Rousseaux, C. and Schachter, H. (2003).
Regulatory issues concerning the
safety, efficacy, and quality of
herbal remedies. Birth defects
research. Part B. Development of
Reproductive  Toxicology, 68:
505-510.

Tietz, N. (1994). Clinical Guide to
Laboratory Tests, 3™ Edition.
W.B. Saunders Co., Philadelphia.
156p.

Tugume, P. and Nyakoojo, C. (2019).
Ethno-pharmacological survey of
herbalremedies used in the
treatment of paediatric diseases in
Buhunga  parish,  Rukungiri
District, Uganda. BMC
Complementary and Alternative
Medicine, 19(353): 1-10.

Ojatula & Enoyoze, 2023

Garcinia kola, Biochemical parameters, Toxicity...

Wintola, O., Sunmonu, T. and Afolayan, A.
(2010). The effect of Aloe ferox in
the treatment of loperamide-
induced constipation in Wistar
rats. BMC Gastroenterology, 10:
81-95.

Yakubu, M., Afolayan, A. and Akanji, M.
(2007)  Effect of repeated
administration of sildenafil citrate
on selected enzyme activities of
liver and kidney of male albino
rats. Nigerian Journal of Pure
Applied Sciences, 18: 1395-1400.

Yan, C., Tianc, D., Zhangc, C., Zhang, Q.
and Sun, Y. (2023). Evaluation of
blood cellular and biochemical
parameters in rats undera chronic
hypoxic environment at high
altitude. Annals of Medicine,
55(1): 898-907.

Yeshi, K., Crayn, D., Ritmejeryt'e, E. and
Wangchuk, P. (2022). Plant
secondary metabolites produced
in response to abiotic stresses has
potential application in
pharmaceuticalproduct
development. Molecules, 27(313):
1-32.

139



