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Abstract

Diabetes mellitus is a prevalent non-communicable disease with far‐reaching biochemical implications,
particularly in Sub-Saharan Africa, where its burden is rapidly increasing. In this study, oxidative stress
indices were evaluated in fifty diabetic patients (25 males and 25 females) attending Murtala Muhammad
Specialist Hospital in Kano, Nigeria, with results compared to age-matched non-diabetic controls. Patients
were stratified into three age groups (21–40, 41–60, and 61–80 years), and hyperglycaemia was confirmed
via fasting serum blood glucose measurements. Key biomarkers of oxidative stress were assessed, including
serum malondialdehyde (MDA) as a marker of lipid peroxidation, serum ascorbic acid (SAA) as an indicator
of antioxidant capacity, and the dry layer oxidative stress test (DLOST) to evaluate alterations in blood
coagulation patterns. The diabetic cohort exhibited significantly elevated fasting glucose and MDA levels
(P < 0.05), together with a marked, age-independent decline in SAA compared to controls (P < 0.05).
Moreover, DLOST readings revealed abnormal coagulation patterns consistent with heightened oxidative
stress. These findings underscore the role of oxidative stress in the pathogenesis of diabetes mellitus and
highlight the potential benefit of incorporating antioxidant strategies into therapeutic regimens.
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1 Introduction

Diabetes mellitus is a group of metabolic diseases
of multiple aetiologies and is characterised by
chronic hyperglycaemia resulting from defects in
insulin secretion, insulin action or both [1] . The
chronic hyperglycaemia leads to long-term damage,
dysfunction and failure of different organs,
especially the eyes, kidneys, nerves, heart, and
blood vessels [2]. At the beginning of the millennium,
at least 171 million people worldwide suffered from
diabetes, 2.8% of the world’s population [3] . By
2013, those numbers had reached a whopping 382
million, with a global prevalence of 8.3%, and an
estimated 175 million of these numbers are
undiagnosed [4] . The rate of new cases emerging is
alarming; it is estimated that by 2030, the number
of diabetics would double [3].

Prevalence of diabetes in Nigeria, as with most
Sub-Saharan African countries, is at best
‘guesstimates’ [5] due to the dearth of published

studies describing the burden of diabetes in the
region [1] . Furthermore, Nigeria has many cultural
diversities with about 398 documented ethnic
groups [5] and covers the area of 910,770 km2 and
182,202,000 populations [6] with many different
regions and climatic conditions [7] . Both these
factors (differences in genetics and environment)
affect the susceptibility of developing the disease [1],
making generalization from available pockets of
different regional studies in the country more
difficult. Nevertheless, it was estimated that Nigeria
has the highest burden of diabetes in Africa [4].

Diabetes is classified into type 1 diabetes or insulin-
dependent diabetes (with onset mostly at young age
due to β-cells destruction), type 2 diabetes or non-
insulin dependent diabetes (with onset mostly after
maturity due to progressive loss of insulin secretion
and/or progressive gain of insulin resistance) [8] .
There are also type 3 diabetes (diabetes associated
with Alzheimer's disease) [9] [2] , as well as other
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types of diabetes such as gestational diabetes
(carbohydrate intolerance due to pregnancy) [10] .
Other types includes specific types of diabetes due
to other causes, e.g., monogenic diabetes syndromes
(such as neonatal diabetes and maturity-onset
diabetes of the young [MODY]), diseases of the
exocrine pancreas (such as cystic fibrosis), and
drug- or chemical-induced diabetes (such as with
glucocorticoid use, in the treatment of HIV/AIDS or
after organ transplantation) [8] . Untreated or
improperly treated diabetes leads to complication
[11]. Diabetes mellitus is characterized by symptoms
such as thirst (polydipsia), polyuria, blurring of
vision and weight loss [8] . In its most severe forms,
ketoacidosis or a non-ketotic hyperosmolar state
may develop and lead to stupor, coma and in
absence of effective treatment, death [12] . The long-
term effects of diabetes mellitus include progressive
development of the specific complication of
retinopathy with potential blindness, nephropathy
that may lead to renal failure, neuropathy with risk
of foot ulcers, amputation, Charcot’s joints,
cardiomyopathy and features of autonomic
dysfunction, including sexual dysfunction [13] [8]

essentially affecting practically all major organs in
the body. Diabetes is characterized with
hyperlipidaemia [14] which theoretically mean
higher risk of incidences of lipid peroxidation and
oxidative stress.

Oxidative stress occurs when the available supply
of the body’s antioxidant is insufficient to handle
and neutralize free radicals of different types [15] .
Oxidative stress in itself is not a disease but a
condition that can accelerate existing conditions [16]

due to, primarily, the disturbances of various
associative redox signalling and control [17] .
Oxidative stress have been linked to a wide array of
diseases, including; heart disease, hypertension,
cancer, acute respiratory distress syndrome, asthma,
inflammatory bowel disease, arthritis, diabetes
mellitus, etc [18] [19] [20]. In diabetes, there are several
sources of free radicals. Among the most popular
ones are the Advanced Glycation End Products
(AGEs) that are linked to both pathogenesis and
complications of diabetes [21] [22] . There is also an
increased autoxidation of glucose in a
hyperglycaemic state, leading to further generation
of free radicals [23] . AGEs are group of

heterogeneous compounds formed by Maillard
reaction where the carbonyl group of the reducing
sugar reacts with the amino group of a protein, lipid
or nucleic acid, non-enzymatically, which generates
a Schiff bases that rearrange to an unstable Amadori
products which eventually leads to the formation of
the irreversible AGEs compounds (e.g. glyoxal, 3-
deoxyglucosone, methylglyoxal) [21] . In endothelial
cells, AGEs can modify intracellular proteins
involved in gene regulation or can diffuse out of the
cell and alter the signalling proteins (e.g. receptors)
or can change/damage circulatory proteins like
albumin, or insulin [22] . AGEs can also exert their
effect by binding to their various AGE-specific
receptors or AGE-binding proteins or the best-
characterized molecule - the RAGE, which are
associated with inflammatory responses [24] [25] .
RAGEs are also known to stimulate NAD(P)H
oxidase activity, decrease superoxide dismutase
(SOD) activity, decrease catalase activity and
indirectly reduce cellular antioxidant defence
ammunitions, like GSH and ascorbic acid leading to
an increased free radical production [26].

Under hyperglycaemic state and in tissues that do
not need insulin for entry glucose into their cells
(like lens of the eye and the retina), the level
glucose in these tissues becomes very high. The
excess glucose will trigger it’s on conversion to
sorbitol by a NADPH-dependent aldose reductase
enzyme making the NADPH to be unavailable for
regeneration of reduced glutathione by glutathione
reductase. Furthermore, these hyperglycaemic cells
can generate more reducing equivalents (NADH
and FADH2) due to the high influx of glucose into
the Tricarboxylic Acid (TCA) cycle. These
reducing equivalents would eventually transfer the
electrons they are carrying into the Inner
Mitochondrial Membrane’s (IMM’s) Electron
Transport Chain (ETC) [27] . Due to high flux of
electrons across the ETC higher voltage is
generated across the IMM leading to the blockage
of complex III of the ETC [22] . Which means that
lipophilic coenzyme Q will be fully reduced in its
quinol form and will have nowhere to transfer the
electrons it is carrying but to molecular oxygen (O2),
turning it into a superoxide radical (O2

·-) [28] .
However, the body has an antioxidant enzyme,
superoxide dismutase (Mn-SOD), to deal with
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complex III blockage, but because of the sheer
amount of the electron being fluxed, the body
defence will become overwhelmed and the Reactive
Oxygen Species (ROS) will eventually leak out
causing damage.

One such damage is strand breakage of DNA,
which leads to activation of poly(ADP-ribose)
polymerase (PARP) – an enzyme that uses NAD+ to
synthesized ADP-ribose that are used in DNA
repair [29] . The activity of this polymerase leads to
the reduced activity of the glycolytic enzyme,
glyceraldehyde 3-phosphate dehydrogenase (G3PD)
which normally is shuttled into the nucleus from
cytosol to help in DNA repair as well [22]. Decreased
activity of G3PD means that its substrate
glyceraldehyde 3-phosphate (G3P) concentration
would instead increase together with other
intermediates leading to glucose synthesis via
gluconeogenesis which would eventually activates
the polyol pathway (sorbitol synthesis) and higher
reducing equivalent synthesis in TCA cycle and the
whole process described above begins anew.
Increased G3P concentration also activates a
pathway leading to AGE, methylglyoxal [22] , which
could eventually be transformed to more AGE free
radicals (like Nε-(carboxyethyl) lysine (CEL),
methylglyoxal-derived lysyl dimer (MOLD),
argpyrimidine and methylglyoxal-derived
hydroimidazolone (MG-H1) [21].

An antioxidant is a molecule capable of slowing,
repairing and/or preventing the oxidation of other
molecules by free radicals [30] . They can be
classified into enzymatic or non-enzymatic,
preventative or repair systems, endogenous or
exogenous, primary or secondary, hydro-soluble or
liposoluble, natural or synthetic [31] . Since free
radical reactions proceeds usually by a chain
reaction, antioxidant systems tend to terminate
these chain reactions by removing free radical
intermediates and inhibiting further oxidation
reactions [32]. Organisms (including plants and other
microorganisms) have multiple complex systems of
antioxidants. These complex systems consist of
various antioxidant enzymes such as, glutathione
peroxidase, glutathione reductase, glucose 6-
phophate dehydrogenase [27] , superoxide dismutase
and catalase, metal-binding proteins such as

transferrin, and ceruloplasmin [32] . Various
aminothiols (cystine, cysteine, homocysteine,
methionine, reduced and oxidised glutathione, N-
acetylcysteine) act as antioxidants as well [33] . The
expressions of these antioxidant proteins are
generally controlled through a ‘master switch
systems’ like NFkB and Nrf2/Keap1 in higher
organisms [15] . Vitamins like α-tocopherol,
ascorbate and β-carotene also plays a very
prominent role as antioxidants by the virtue of their
conjugate double bond structures that forms stable
radicals when they terminate free radical chain
reaction and became oxidized themselves [32]. Other
enzymes like proteases, DNAses/RNAases and
lipases can also be considered as antioxidant
enzymes for they remove damaged cell components
of free radical oxidations [21].

The highlight of blood coagulation is when
thrombin (activated from prothrombin by a series of
coagulating factors) converts a soluble fibrinogen to
an insoluble clot of fibrin fibres [34] . Though
evidence show that there are no differences in
fibrinogen blood-clotting kinetics, its compaction
and concentration between diabetic and non-
diabetic individuals [35] , but fibrinogen is one of the
plasma proteins’ component which is most
susceptible to oxidative modification [36] mostly by
methyglyoxal-drived radicals [35] . It ends up
generating a deformed fibrin clot with dense matted
deposits (DMD) that are not effectively fibrinolized
[34] . Activity of free radicals can results in the
extracellular matrix holding the cells to become
compromised and water soluble fragments (of the
matrix) get into the bloodstream and alter the blood
clotting cascade leading to imperfect coagulation by
creating a polymerized proteins puddle (PPP)
disconnecting the coagulating cells [37] [38] [39].

Prior to this study, reliable data on biochemical
aberrations due to diabetes mellitus are grossly
lacking in Northern Nigeria. Most studies in Nigeria
are focused on the prevalence of diabetes in local
regions [40] [41] [42] [43] or the effect of mostly plants
on diabetes induced experimental animals. Here, the
serum glucose concentration was estimated to
confirm presence of diabetes in patients attending
Murtala Muhammad Specialist Hospital, Kano.
Then the indices of oxidative stress was established
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in them by determining biochemical markers of
stress, including serum malondialdehyde and
ascorbate. Finally, the presence of oxidative stress
in the diabetic patients compared with the control
individuals was validated by studying the clotting
pattern in the blood of both the diabetics and the
controls.

2 Materials and Methods

2.1 Ethical clearance

Permission was sought and granted by the
management of Murtala Muhammed Specialist
Hospital (MMSH), Kano, Nigeria, to use patients
attending their Diabetic Unit of Medicine
Department. The identities of all participants were
kept confidential throughout this work.

2.2 Study Subjects

Twenty-five (25) male diabetics and twenty-five
(25) female diabetics were randomly selected for
this study. The individuals were divided based on
age into three tiers: 21-40, 41-60, and 61-80 years.
These subjects were established diabetics who were
(at the time of the research) undergoing treatment
and with the age range of 23 to 73 years. Another
30 non-diabetic individuals with no history of
persistent hyperglycaemia were sourced around
Kano metropolitan, an area where most of the
diabetic objects used in this research reside. Among
these individuals, five were used as a control for
each group (Table 1).

Table 1: Experimental Design (Grouping) of the Diabetic Patients and Respective Controls
Group Number of male subjects (n) Number of female subjects (n)

Group I: (21-40 years) 8 8
Group II: (41-60 years) 9 9
Group III: (61-80 years) 8 8
Control I: (21-40 years) 5 5
Control II: (41-60 years) 5 5
Control III: (61-80 years) 5 5

2.3 Sample Power Analysis

The Post hoc sample power analysis was 93% (Noncentrality (δ) = 3.46, Critical = 1.99 and Df = 78) using
G*Power (Version 3.1.9.6) using the following input Parameters:

1. Tail(s): Two
2. Effect size d: 0.8 (large effect)
3. α: 0.05
4. Diabetic sample: 50
5. Control sample: 30

(a)
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Figure 1: Power Sample Analysis – (a) Central and Noncentral Distribution, (b) Power probability vs

Sample Size

2.4 Questionnaire administration

To capture the age and sex of the participants, a
questionnaire was designed and administered to the
patients. The questionnaire captured the gender, age,
weight, height of the study subjects, as well as the
results of the DLOST. All subjects were made to
understand the scope and importance of the study
and were allowed to make up their minds
independently to participate.

2.5 Sample collection and spot analysis

Venous blood samples were collected by a trained
phlebotomist in MMSH. Part of the blood was
conveyed to the Haematology Unit of Aminu Kano
Teaching Hospital, Kano, Nigeria. A drop of fresh
blood was used to make a dried film on a
microscope glass slide for oxidative stress analysis.
A portion of the blood sample (1 mL) was
transferred to a fluoride oxalate container to be used
for glucose test and the remaining (4 mL) was
placed in a plain container for serum vitamin C
(ascorbic acid) and serum malondialdehyde
determinations. All samples were centrifuged, and
the serum was separated and transferred to
appropriate labelled containers individually.

2.6 Estimation of Parameters

Serum glucose concentration was estimated by
glucose oxidase-peroxidase method of Barham and
Trinder [44]; serum ascorbic acid level was estimated
using the method of Roe and Kuether [45] ; serum
malondialdehyde was determined using method of
Hunter et al modified by Gutteridge and Wilkins [46].
Dry layer oxidative stress test (DLOST) (also called
Heitan-Le Garde (Bradford) blood test by Manton
[47] ) was carried out by microscopic examination of
dry blood by experts in Haematology Unit of
Aminu Kano Teaching Hospital, Kano Nigeria,
using the protocol described by Dong and Brown
[37] . Results were subjected to statistical analysis by
comparing readings from the diabetic patients with
their respective age-based controls and their age-
gender diabetic counterparts using one-way
ANOVA analysis (p ≤ 0.05).

3 Results

To establish presence of diabetic state
independently of the hospital record (since the
patients were under diabetic medications) serum
fasting blood glucose was determined. For each age
cohort, the diabetic patients showed significantly
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higher serum glucose concentration (P<0.05) when
compared with the control individuals (Figure 2).
The different age groups showed no significant
differences in fasting blood glucose level between
and within the sexes. Serum malondialdehyde
(MDA) was also determined as a measure of lipid
peroxidation (free radical damage). Not surprisingly,
the diabetic patients of both sexes portrayed
significantly higher serum MDA concentration
(P<0.05) compared with the controls (Figure 3). As
with the fasting blood sugar, the different age
groups showed no significant differences in the
serum MDA level for both between and within the
sexes. A similar pattern was observed but in reverse
with respect to ascorbate concentration, with
diabetic patients exhibiting significantly lower
serum ascorbate (P<0.05) compared with the
control individuals (Figure 4). Again, as with the
first two, no significant differences were observed
with respect to their ages in serum ascorbate level
for both, between and within, the sexes. For

DLOST readings arbitrary numbers were given to
samples with evidence of mild, moderate and severe
oxidative stress respectively as +1, +2 and +3.
Values obtained from the study of the coagulation
patterns were then compared with those from
control individuals. Statistically significant increase
(P<0.05) in dry layer oxidative stress reading was
observed when the numerical values of readings
from the diabetic subjects were compared with that
of respective controls (Figure 5). Here, no
significant differences were observed with respect
to their ages in the DLOST readings for both
between and within the sexes. Figure 6B-D
highlights the presence of oxidative stress in the
diabetic patients with imperfect coagulation, while
Figure 6A for a control individual portrayed the
natural coagulation with no DMD or PPP. The
degree of oxidative stress is evident in Figure 6B,
6C and 6D showing mild, moderate and severe
oxidative stress, respectively from the pattern of
coagulation.

Figure 2: Serum Fasting Glucose Concentrations

for Male and Female Diabetic Patients with their

Respective Controls.

Values are presented as mean ± standard deviation.
Readings with ‘a’ are significantly different
compared with the control group at p ≤ 0.05.
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Figure 3: Serum MDA Concentrations for Male

and Female Diabetic Patients with their Respective

Controls.

Values are presented as mean ± standard deviation.
Readings with ‘a’ are significantly different
compared with the control group at p ≤ 0.05.

Figure 4: Serum Ascorbic Acid Concentrations for

Male and Female Diabetic Patients with their

Respective Controls

Values are presented as mean ± standard deviation.
Readings with ‘a’ are significantly different
compared with the control group at p ≤ 0.05.
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Figure 5: Averaged DLOST Reading for Male and Female Diabetic Patients with their Respective Controls

Values are presented as mean ± standard deviation. Readings with ‘a’ are significantly different compared
with the control group at p ≤ 0.05.

Figure 6: Dry Layer Oxidative Stress Test
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4 Discussion

Diabetic individuals are believed to generate higher
concentration of free radicals then normal
individuals [21] , by the virtue of their
hyperglycaemia which leads to hyperlipidaemia due
to dysfunctional insulin action [14] [48] . This induced
hyperlipidaemia means more lipids are present in
the plasma, making it an easy attack for free
radicals’ attack, causing lipid peroxidation [49] .
Apart from hyperlipidaemia-induced lipid
peroxidation, the diabetic state can also lead to the
generation of more free radicals due to a
compromised production of NADPH in the pentose
phosphate pathway. This is likely due to fact that
the two key enzymes – glucose 6-phosphate
dehydrogenase and 6-phosphogluconate in the
pathway - are both insulin-induced, hence
decreasing efficiency of the antioxidant systems
requiring NADPH [50] like the glutathione systems
[26] . In addition to compromising NADPH cellular
production, the diabetic state also greatly depletes
the concentration of the already synthesised
NADPH due to an increased activity of NADPH-
dependent aldose reductase in tissues that uptake
glucose independently from insulin action [51] [22].

Malondialdehyde (MDA) is the measure of lipid
peroxidation of membrane lipids which is directly
proportional to the oxidative stress [52] on primarily
the cell membrane’s glycolipids, phospholipids and
cholesterol [53] . The observed significant increase in
serum MDA level of diabetic subjects over their
control counterpart (Figure 3) is the consequence of
an increased free radical generation in diabetic state
which subsequently lead to more lipid peroxidative
damages and more MDA productions [54] . In this
respect, MDA can not only be considered as the
repercussion of free radical oxidation but also a
source. Many researchers have made similar
findings in which they attributed such observable
changes to auto-oxidation of glucose in
hyperglycaemic state and AGE/RAGE formation.

These free radicals generated are scavenged by the
available antioxidant systems, including ascorbic
acid [23] , in the plasma, making their concentrations
significantly lower than normal as seen in the result.
The depleted antioxidant observed (serum ascorbic
acid) together with the increased free radical

generation described (seen in serum MDA) may
have led to the observed oxidative stress seen in the
DLOST reading where a DMD-rich, fibrinolysis-
resistant, PPP-high blood coagulation was viewed
in diabetics over the control subjects.

The results showed a clear effect of free radical
activity, even though all the diabetic subjects used
in this research were under treatment. This is likely
due to fact that for most, initially, hyperglycaemic
condition remain asymptomatic and individuals
become aware of their situation only after when one
or more of its complications drove them to the
hospital [1] . Some of those free radicals generated
during such period have the tendency to accumulate
in tissues and organs over time [48] and the damage
may have already been done by the time they want
to the hospitals. Even at the hospital, the available
protocol in place is just to lower the blood sugar
level [55] rather than reversing, repairing and/or
preventing further damages that may have already
been caused by the free radicals. This could
probably explain why diabetic complications still
occur in patients even when their blood sugar levels
are apparently controlled [56].

Limitations of the study: This study has several
limitations that should be acknowledged. First, the
cross-sectional design restricts the ability to
establish causal relationships between
hyperglycaemia, oxidative stress markers and
altered coagulation patterns. Although the sample
size provided adequate statistical power for our
primary comparisons, the number of subjects—50
diabetic patients and 30 control individuals—
remains relatively small and may not fully capture
the heterogeneity of the diabetic population in
Northern Nigeria. Additionally, participants were
recruited from a single tertiary hospital, and the use
of convenience sampling may limit the
generalizability of our findings to other settings and
ethnic groups within the region.

Another limitation concerns the fact that all diabetic
subjects were under treatment at the time of sample
collection. This therapeutic intervention could have
modulated oxidative stress indices, including serum
malondialdehyde (MDA) and ascorbic acid levels,
thereby potentially confounding the true
biochemical profile associated with uncontrolled
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hyperglycaemia. Moreover, the dry layer oxidative
stress test (DLOST) employed in this study is a
qualitative assay; while it provided valuable
insights into coagulation patterns and oxidative
damage, more precise quantitative methodologies
might yield a more detailed assessment of oxidative
stress. Finally, investigation was confined to a
limited panel of biomarkers, and a more
comprehensive evaluation of both enzymatic and
non-enzymatic antioxidant defences would further
elucidate the complex redox imbalance in diabetes.

Future Direction: Future research should aim to
overcome the limitations of the current study by
employing a longitudinal design. Such an approach
would facilitate the exploration of temporal changes
in oxidative stress markers and clarify their causal
relationship with the development of diabetic
complications. Expanding the study to include
multiple centres and a larger, more diverse cohort
would enhance the representativeness and
generalizability of the results across different
populations within Nigeria.

In addition, it is recommended that subsequent
investigations incorporate a broader range of
oxidative stress biomarkers. Quantitative
assessments of key enzymatic antioxidants—such
as superoxide dismutase, catalase, and glutathione
peroxidase—along with non-enzymatic antioxidants
could offer a more comprehensive profile of the
redox status in diabetic patients. Refining the
methodology for evaluating coagulation patterns,
perhaps by utilising advanced quantitative assays,
would also provide more nuanced insights into the
interplay between oxidative stress and blood
coagulation.

Finally, future studies should examine the potential
therapeutic implications of antioxidant
supplementation. Investigating whether the
inclusion of antioxidants—either through diet or as
adjunctive therapy—can ameliorate oxidative
damage and improve clinical outcomes in diabetic
patients could have significant implications for the
development of comprehensive treatment protocols
for diabetes mellitus.

5 Conclusion

This study demonstrates that diabetes mellitus in
patients from Kano, Northern Nigeria, is associated
with a substantial state of oxidative stress. Diabetic
subjects exhibited significant increases in serum
malondialdehyde and corresponding decreases in
ascorbic acid levels, along with pronounced
abnormalities in blood coagulation patterns as
determined by the DLOST. Notably, these oxidative
alterations were consistent across all age groups,
suggesting that such biochemical disturbances are
intrinsic to the diabetic state rather than a function
of ageing. These findings underscore the
importance of addressing oxidative stress in clinical
management, advocating for the integration of
antioxidant interventions alongside conventional
glycaemic control strategies. Future research should
focus on longitudinal studies and include a broader
range of oxidative biomarkers to further elucidate
the mechanistic links between oxidative stress and
diabetic complications, as well as to assess the
therapeutic potential of antioxidant supplementation.

6 Recommendation

Based on our findings, it is recommended that the
management of diabetes mellitus in this population
should extend beyond glycaemic control to include
strategies aimed at mitigating oxidative stress.
Specifically, the incorporation of antioxidant
supplementation—either through dietary means or
pharmacological formulations—should be
considered as an adjunct to standard antidiabetic
therapies.

A comprehensive approach may involve:

1. Dietary Modifications: Encouraging the
consumption of antioxidant-rich fruits and
vegetables, such as citrus fruits (oranges,
grapefruits, limes, lemons), grapes,
pomegranates, apples, and dates; as well as
green and yellow vegetables (peppers),
cabbage, strawberries, carrots, dark leafy
greens, and bananas. These food items are
known to provide essential vitamins and
other phytochemicals that help neutralize
free radicals [57].

2. Inclusion of Additional Antioxidants:

Consideration should also be given to
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incorporating herbs, spices, nuts, and other
natural products, known for their high
antioxidant content [58] . Such dietary
adjustments may help restore the balance
between oxidant production and antioxidant
defence.

3. Clinical Evaluation of Supplementation:

Further clinical investigation is warranted
to determine the optimal type, dosage, and
duration of antioxidant supplementation.
This could lead to the development of
evidence-based guidelines that ensure
antioxidant interventions are both safe and
effective for diabetic patients.

Implementing these recommendations could
potentially reduce oxidative damage, delay the
progression of diabetic complications, and improve
overall clinical outcomes in this population.
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Abstract

Anxiety disoder manifest with symptoms such as intense fear, panic, sweating, etc., resulting in disabling

conditions that usually begin during the period between childhood to early adulthood, and Females are

more affected than their male counterparts. Several factors, like biological, psychological and social factors,

play their etiopathologic role. Anxiety is a physiological and psychological state characterised by emotional,

physical, cognitive, and behavioural components. Its management involved the use of both orthodox and

herbal medicine. Tapinanthus globiferus commonly is referred to as mistletoe, and its activity depends on

the host tree. Tapinanthus species have been scientifically validated for sedative, antimicrobial, antidiabetic,

antihypertensive and among others. This study aimed to evaluate the anxiolytic activity of the ethanol

extract of Tapinanthus globiferus (ETg) grown on Vitellaria paradoxa in mice. The anxiolytic property of

the extract was evaluated using the elevated plus-maze, staircase and open field test in mice. The extract

produced no effect in mice on the number of entries and time spent in open arms of the elevated plus-maze

at doses of 150 and 300 mg/kg, but at a dose of 75 mg/kg it produced a significant (p ≤ 0.05) increase in the

number of entries into the open arm. ETg did not produce an effect in the number of rearing at doses of 75

and 150 mg/kg; hence, ETg reduced the number of steps climbed in the staircase at a dose of 300 mg/kg.

However, ETg significantly (p ≤ 0.05) reduced the number of lines crossed and rearing at doses of 150 and

300 mg/kg in the open field. The study revealed that the extract of T. globiferus may have an anxiolytic

effect in mice at a lower dose, as indicated in the elevated plus-maze and staircase test at a higher dose, as

well as CNS depressant activity as observed in the open field test. The extract possesses anxiolytic and

sedative properties, which may suggest its use in the management of anxiety.

Keywords: Tapinanthus globiferus, Vitellaria paradoxa, anxiolytic, staircase, elevated plus-maze

Introduction

Anxiety belongs to the group of mental disorders

which are characterised by a sudden feeling of

intense fear, panic, shortness of breath, chest pain,

insomnia, fatigue, sweating e.t.c.[1,2] Anxiety

disorders are disabling and commonly seen in

clinical conditions that usualy begins during the

period of childhood, and early adulthood.[3] The

global prevalence of anxiety disorders ranges from

2.5 to 7 percent. About 284 million people were

found to have experienced an anxiety disorder

around the globe in 2017, making it the most

prevalent mental health or neurodevelopmental

disorder.[4] The etiologic factors associated with

anxiety disoder include: (1) Biological factors;

heredity, medications, nutrition and

neurotransmitter imbalance such as gamma-

aminobutyric acid, dopamine, serotonin,

norepinephrine etc. (2) Psychological factors;

personality traits, low self-esteem, cognitive

dissonance, negative emotions, inter/intra-personal

conflicts and perception of situational factors

among others (3) Social factors; adverse life

experiences, lack of social support, work stress,

lack of social skills, conflict of societal norms and

natural calamities.[5]

The pathologic hallmark of the disorder is hyper-

responsiveness of the amygdala and limbic system,

which is connected to the prefrontal cortex in the

brain.[1,2] The neurochemicals that play a role in

anxiety disorders include: gamma-aminobutyric

acid (GABA), monoamines (Dopamine,
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noradrenaline, serotonin), neuropeptides (galanin,

neuropeptide Y, arginine vasopressin, tachykinin,

substance P), neurosteroids and cytokines.[7,8]

Anxiety disorders are managed by drugs which

include: benzodiazepines, barbituates and

buspirone.[9] Antidepressants are also found to be

very effective in the management of a range of

anxiety disorders. There are some limitations as

well as unfavourable risks with the use of these

anxiolytic drugs. These include drug abuse,

dependence, withdrawal symptoms, anterograde

amnesia, abstinence syndrome, paradoxical

reaction in humans and decay of psychomotor

functions.[5,9] Herbal medicines, on the other hand,

are well known and popularly used as remedies for

most diseases and other clinical conditions, and

also play an important key role in the human health

care services, as a result of which the world’s

populations rely on the use of traditional medicine,

which is predominantly based on plant materials.[9]

Plant products and/or their extracts may produce

similar pharmacological activity to orthodox

medicine on the CNS. Therefore, substances that

can be able to act on the CNS may selectively

relieve pain, depression, anxiety, insomnia and

other neuropsychiatric and neurological

disorders.[10] The leaves, flowers, stem and root

barks of the plants are used to prevent, relieve and

treat illnesses and also to improve one's sense of

wellbeing, but the mechanisms by which herbal

medicine acts in the CNS have not been fully

elucidated. However, herbal medicines are

believed to be more potent, safe and affordable.[11]

Tapinanthus globiferus is widespread in the

Savannah regions across Africa from Senegal to

Ethiopia and tropical areas of Nigeria,[12] and it

belongs to the family Loranthaceae. It is

commonly attached to the branches of kola, citrus,

combretum, acacia, aloe and Terminalia host

tree.[13] T. globiferus has been used traditionally in

the treatment of hypertension, epilepsy, anxiety

and arthritis.[12,14] Several studies on T. globiferus

were reported to possess a number of therapeutic

uses for managing a wide range of diseases such as

diabetes mellitus and hypertension,[25,26] oxidative

stress and inflammation, and trypanosomiasis.[27,28]

The objective of this study is to evaluate the

anxiolytic activity of the ethanol extract of

Tapinanthus globiferus mistletoe on Vitellaria

paradoxa (host) in mice.

Materials and Methods

Preparation of the plant materials

Fresh Tapinanthus globiferus grown on Vitellaria

paradoxa was collected in February 2022 from

Huguma Village of Takai Local Government Area,

Kano State, Nigeria. T. globiferus was identified

and authenticated at the Herbarium unit,

Department of Botany, Ahmadu Bello University,

Zaria, Nigeria, by comparing with the existing

voucher specimen number 1052. The plant

material was dried under shade until constant

weight, crushed and pounded into fine powder.

The extraction was conducted with ethanol (75%

in water) using soxhlet extractor, and the extract

was concentrated on a water bath at a temperature

of 60 °C.

Drugs, Chemicals and Equipment

Diazepam (F. Hoffmann-La Roche Ltd, Basel,

Switzerland), ethanol (Sigma Aldrich Inc., USA),

normal saline (Dana Plc, Nigeria) and Soxhlet

extractor (Franz von Soxhlet apparatus).

Preparation of drug solutions

The ethanol extract of Tapinanthus globiferus was

prepared by dissolving the powdered plant in

normal saline before administration, and diazepam

is supplied in ampoules, and appropriate dilutions

were made with normal saline. The drug solutions

were usually prepared fresh during the experiment

to maintain the stability of the drugs.

Experimental Animals

Swiss Albino mice (20 – 25 g) aged between 8 – 9

weeks were obtained from Animal House,

Department of Pharmacology and Therapeutics,

Bayero University, Kano and kept in a well-

ventilated room, fed with pelletized grower’s mash

(Vital feeds, Plc Jos) with available of ad-libitum

water and allowed to acclimatise prior to the

experiment.
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Elevated plus-maze test in mice for anxiolytic

behaviour

The method described by Lister [15] was adopted

for this study. The elevated plus-maze (EPM)

apparatus consists of 2 open arms (35 x 5 cm) and

2 closed arms (35 x 5 x 20 cm) connected together

with a central square (5 x 5 cm). The apparatus was

elevated to a height of 25 cm in a dimly

illuminated room. Thirty mice were divided into

five groups of six each. First and second groups

were treated with normal saline (10 mL/kg body

weight i.p.) and diazepam (0.25 mg/kg body

weight i.p.) respectively, while third, fourth and

fifth groups were treated with 75, 150 and 300

mg/kg body weight i.p. of the ethanol extract of T.

globiferus. Thirty minutes after i.p. treatment, mice

were placed individually into the centre of EPM

facing the closed arms. The mouse was allowed to

spend a maximum of 5 minutes in both open and

closed arms. The number of entries and time spent

in the open and closed arms were counted and

recorded during 5 minutes. An entry into an open

or closed arm was defined as having all four paws

within the arm.

Staircase test in mice for anxiolytic behaviour

This test was conducted according to the method

described by Simiand et al. [16]. The staircase was

made up of wood and consisted of five identical

steps, 2.5 cm high, 10 cm wide and 7.5 cm deep.

The staircase was surrounded by walls of

transparent Plexiglas, the height of which was

constant along the whole length of the staircase.

Thirty mice were divided into five groups of six

each. First and second groups were treated with

normal saline (10 mL/kg body weight i.p.) and

diazepam (0.25 mg/kg body weight i.p.),

respectively, while third, fourth and fifth groups

were treated with 75, 150 and 300 mg/kg body

weight i.p. of the ethanol extract of T. globiferus.

Thirty minutes after i.p. treatment, mice were

placed individually on the floor of the box with

their backs on the staircase. The number of steps

climbed and rear climbed was counted and

recorded during 3 minutes, but the number of steps

descended was not considered. A mouse is

considered to have climbed when the mouse places

all four paws on the step, while rearing is when the

hind legs are either on the step or against the wall

to sniff air. The box was cleaned after each trial in

order to eliminate olfactory cues which might

modify the behaviour of the next animal.

Open field test in mice for locomotor activity

The method of Brown et al. [17] was adopted in this

study. The arena of the open field consists of a 72

x 72 cm wooden box, 36 cm high, in which the

floor is divided into 16 squares (15 x 15 cm).

Thirty mice were divided into five groups of six

each. First and second groups received normal

saline (10 mL/kg) and diazepam (0.25 mg/kg),

respectively (i.p.), while third, fourth and fifth

groups were treated with 75, 150 and 300 mg/kg,

body weight, i.p. of the ethanol extract of T.

globiferus. Thirty minutes after i.p. treatment, each

mouse was placed at the centre of the open field

and allowed to explore the apparatus for 5 minutes.

After the 5-minute test, mice were returned to their

cage, and the open field was carefully cleaned with

70 % ethanol solution after every test. Each mouse

was then given a score for locomotor activity. The

number of lines crossed and rearing was counted

and recorded for each mouse.

Statistical Analysis

Statistical analysis was carried out using SPSS

software (verssion 23), and data were analysed

using One Way Analysis of Variance (ANOVA)

followed by Dunnett’s post-hoc test, in which

values of p ≤ 0.05 were considered statistically

significant. Results were presented as Mean ±

Standard Error of the Mean (Mean ± SEM) in

tables.

Results

Effect of ethanol extract of T. globiferus on the

elevated plus-maze test in mice

Elevated plus-maze was conducted to evaluate the

anxiolytic behaviours of the ethanol extract of T.

globiferus in mice. The extract significantly (p ≤

0.05) increased the number of entries into the open

arm at a dose of 75 mg/kg when compared with the

negative control group treated with 10 mL/kg

normal saline. The standard drug (diazepam, 0.25

mg/kg) significantly (p ≤ 0.05) increased both the

time spent in the open arm and the number of

entries into the open arm of the elevated plus-maze

test in mice compared to the control (Table 1).
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Effect of ethanol extract of T. globiferus on the

staircase in mice

Staircase was carried out to investigate the

anxiolytic activity of the T. globiferus ethanol

extract in mice, the extract produced a significant

(p ≤ 0.05) decrease in the number of steps climbed

and rearing by mice in staircase test at dose of 300

mg/kg and produced no effects in both the number

of climbed and rearing at tested doses (75 and 150

mg/kg) compared to negative control (10 mL/kg

normal saline). However, diazepam used as a

positive control significantly (p ≤ 0.05) decreased

the number of steps climbed as well as the number

of rearing (Table 2).

Effect of ethanol extract of T. globiferus on the

open field test in mice

An open field test was carried out to evaluate the

locomotor activity of the extract in mice. The

ethanol extract of T. globiferus caused a significant

(p ≤ 0.05) decrease in the number of lines crossed

and number of rearing in the open field test at

doses of 150 and 300 mg/kg, respectively, and

showed no effects on central square entries and

central square duration at the tested doses

compared to the control treated with 10 mL/kg

normal saline. However, diazepam (standard drug)

at a dose of 0.25 mg/kg significantly (p ≤ 0.05)

reduced the number of lines crossed, rearing,

central square entries and central square duration

compared to control treated with normal saline

(Table 3).

Table 1: Effect of Ethanol Extract of Tapinanthus globiferus on Number of Entries and Time Spent in

Open and Closed Arms of the Elevated Plus-maze Test in Mice

Treatment

(mg/kg)

Number of Entries

Open Closed

Time spent (sec)

Open Closed

NS 10mL/kg 6.00 ± 0.52 13.50 ± 1.38 75.83 ± 7.43 164.17 ± 16.31

ETg (75) 11.50 ± 0.76a 8.33 ± 1.12 82.50 ± 9.21 141.83 ± 9.64

ETg (150) 8.83 ± 1.54 7.83 ± 0.87a 103.50 ± 10.67 106.00 ± 15.22a

ETg (300) 9.00 ± 1.44 8.00 ± 1.55 106.00 ± 4.82 103.67 ± 13.17a

DZP (0.25) 12.00 ± 1.03a 8.33 ± 2.20 129.17 ± 16.00a 70.17 ± 7.55a

ap ≤ 0.05 compared to NS, One Way ANOVA followed by Dunnett’s post-hoc test. n = 6, Data = Mean ±

SEM, route of administration = intraperitoneal, ETg = Tapinanthus globiferus Ethanol Extract, NS =

Normal saline, DZP = Diazepam.

Table 2: Effect of Ethanol Extract of T. globiferus on Number of Steps Climbed and Rearing in Staircase

test in Mice

Treatment (mg/kg) Number of steps climbed Number of rearing

NS 10 mL/kg 27.17 ± 3.24 15.50 ± 2.78

ETg (75) 25.00 ± 2.80 14.33 ± 3.57

ETg (150) 24.17 ± 3.13 13.33 ± 3.42

ETg (300) 13.50 ± 2.09a 5.83 ± 1.74 a

DZP (0.25) 11.83 ± 4.38a 2.83 ± 2.29a

ap ≤ 0.05 compared to NS, One Way ANOVA followed by Dunnett’s post-hoc test, n = 6, Data = Mean ±

SEM, route of administration = intraperitoneal, ETg = Tapinanthus globiferus Ethanol Extract, NS =

Normal saline, DZP = Diazepam.
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Table 3: Effect of Ethanol Extract of Tapinanthus globiferus on Behaviour of Mice in Open Field Test in

Mice

Treatment (mg/kg) LC Rr CSE CSD (sec.)

NS 10 mL/kg 82.00 ± 19.15 23.83 ± 7.57 2.50 ± 0.76 0.08 ± 0.03

ETg (75) 77.17 ± 18.74 22.50 ± 8.04 3.33 ± 1.23 0.05 ± 0.01

ETg (150) 47.83 ± 4.14a 8.67 ± 3.76 a 1.17 ± 0.31 0.08 ± 0.05

ETg (300) 53.17 ± 18.54a 6.50 ± 0.83a 1.67 ± 0.76 0.09 ± 0.25

DZP (0.25) 59.83 ± 2.38a 7.00 ± 0.10a 1.33 ± 0.07a 0.01 ± 0.01a

ap ≤ 0.05 compared to NS, One Way ANOVA followed by Dunnett’s post-hoc test. n = 6, Data = Mean ±

SEM, route of administration = intraperitoneal, ETg = Tapinanthus globiferus Ethanol Extract, NS =

Normal saline, LC = Line crossed, Rr = Rearing, CSE = Central square entries, CSD = Central square

duration, DZP = Diazepam.

Discussion

The ethanol extract of T. globiferus produced an

increase in the number of entries into open arms of

EPM at a lower dose after intraperitoneal

administration, which may suggest the anxiolytic

activity of the extract at a low dose of 75 mg/kg,

and this is buttressed by the observed decrease in

the number of steps climbed and the number of

rearing in the staircase. An increase in the number

of entries and time spent in the open arms of the

maze is a measure of anxiolytic property.[18] Hence,

anxiolytic agents produce a significant (p ≤ 0.05)

decrease in the number of rearing and no effect on

the number of steps climbed in mice. Reduction in

mice rearing is a measure of anxiolytic property.[19]

Similarly, diazepam (0.25 mg/kg) reduced the

number of both steps climbed and rearing

behaviour in mice. In the staircase model, step

climbing serves as an index of exploratory or

locomotor activity while rearing serves as an index

of anxiety [20], and the model is used to detect

behavioural effects of agents active at the GABAA

receptors.[16] The extract reduced the number of

lines crossed and rearing in the open field, and the

reduction observed in these parameters may be due

to CNS depression. Measurement of several

parameters in an open field allows to identify

various types of sedative or stimulant agents.[20]

Study showed that reduction in the number of lines

crossed, grooming, rearing and central square

entries predict the anxiolytic and hypnotic

properties. [21] Increase in number of lines crossed

(locomotion) can be considered a stimulant effect,

while decreased locomotion is related to sedation
[22]; hence, the extract decreased the number of

lines crossed. This could be as a result of the

possible sedative effect of the extract, and it could

have anxiolytic properties at lower doses.

Staircase and open field tests are useful in

identifying specific and non-specific effects of

drugs and assessing anxiety, as well as aspects of

sedation.[19] Mice's preference to stay close to the

walls in an open field is a natural phenomenone

hence the tendency to be anxious. The number of

entries into the central and the time spent in the

central square are measures of anxiolytic

activity.[23] The pathophysiology of anxiety

disorders has been observed to be due to the

neurobiological abnormalities of endogenous

neurotransmitters in serotonergic, noradrenergic,

glutamatergic and GABAergic transmission.[7]

Activation of GABA receptors directly or

indirectly would have an anxiolytic effect, given

that GABAA receptors are implicated in anxiety

disorders.[8] However, the anxiolytic activity of T.

globiferus extract may be due to sedative activity

on one of the receptors of the endogenous

neurotransmitters. Probably, the extract may

produce its effect through GABAA receptor

mediation. Agents that are active at the GABAA

receptor complex have been shown to reduce

rearing at doses that do not reduce climbing in the

staircase test.[16] The previous study on T.

globiferus extracts revealed its safety and also

demonstrated the presence of phytochemical

constituents such as flavonoids, saponins and

tannins. The phytochemicals present in the extracts

are likely to be responsible for their anxiolytic

activity. Natural and synthetic flavonoids are found
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to be potent anxiolytic agents without sedative

effects.[24]

Conclusion

This study showed that the ethanol extract of

Tapinanthus globiferus possessed anxiolytic

activity as seen in the elevated plus maze and

elevated staircase tests in mice. These may suggest

the probable use of Tapinanthus globiferus plant

extract in the treatment of anxiety.
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Abstract

Globally, breast tumours are among the most common human neoplasms and the second leading cause of

cancer death among women. The incidence and histological subtypes of these tumours differ among

regions of the world and across races. Breast cancer mortality remains alarmingly high in Nigeria, and most

patients are detected at late stages of the disease due to the lack of awareness and inadequacy of screening

programs. Furthermore, the marked heterogeneity of the tumour in terms of inter-racial, intra-locality, intra-

patient and even intra-tumour variation is quite challenging to the scientific world. This study was aimed at

determining the relationship of type of breast lesions, patient age and lesional laterality among the samples

of breast lumps submitted to the Department of Histopathology, Aminu Kano Teaching Hospital (AKTH)

within one year. This study was a retrospective study conducted in AKTH, Kano State, Nigeria.

Histological report registers were reviewed, and relevant clinical information was extracted using a simple

data proforma. A total of 368 breast lesions were obtained, of which 84 (23%) were malignant, and 273

(76%) were benign. With respect to gender, 11 cases were male, of which only one was malignant.

Conclusively, age was found not influence lesion side, but variation was observed between age groups and

lesional laterality among the samples of the breast lumps. The incidence of breast malignancies among

patients with breast lesions is high. This signals the urgency for the implementation of breast screening

programs.

Keywords: Breast Masses, Patient Age, Lesional Laterality, Histopathologic Analysis, AKTH.

Introduction

Globally, breast tumours are among the most

frequent human neoplasms occurring almost

exclusively in females of various age groups.[1]

Breast cancer (BC) is considered to be the second

most common cancer subtype investigated[2], and it

is estimated that 2.3 million new cases are

diagnosed every year worldwide [3].In Nigeria,

breast cancer is the most common cancer in

women [4], accounting for 23%.[5] Despite higher

incidences of breast cancer in the developed world,

the mortality rate is higher in low and medium-

income countries (LMICs), including Nigeria [6].

Indeed, various studies have shown that the death

rate in Nigeria from breast cancer is about three

times that of America [6]. Some studies have

reported BC to be a leading female cancer in Jos [7]

and Kano in northern Nigeria [8]. The incidence and

histological subtypes of these tumours differ across

regions, with a rising incidence particularly in

LMICs. [9].

It has been opined that there is a significant

variation in the presentation of different breast

lesions among various age cohorts [10].

Undoubtedly, the most frequent presentations of

breast disorders are pain and palpable breast lumps
[11]. Furthermore, regardless of the efficiency of

mammography and fine needle aspiration cytology,

tissue biopsy remains the gold standard for

diagnosis, and this can be obtained by different

techniques such as needle core, incisional or

excisional biopsies.[12]

A breast lump is a growth of tissue that develops

within the breast. Different types of breast lumps

can vary in the way they look and feel [13]. It has
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been consistently reported that women are slightly

more likely to be diagnosed with breast cancer in

the left breast than in the right [14][15].

Despite the consistency of this predominance of

left-sided breast cancer, meaningful underlying

characteristic differences between the two sides

have not been well identified. Numerous studies

conducted in Nigeria and elsewhere focused on

breast lesion laterality, providing important

information about this symptom. However, there is

no clear explanation about the correlation between

breast lesions and patients' age with the laterality

of the lesion. This justifies the need for this study.

Materials and Methods

This is a one-year descriptive retrospective study

extending from 1st June 2017 to 30th June 2018,

conducted in a Nigerian tertiary health centre,

Aminu Kano Teaching Hospital (AKTH), a major

histopathological services provider in the densely

populated Kano city. The centre receives samples

for histopathological and cytologic evaluation from

most of the government and private hospitals in the

state and the neighbouring Bauchi, Jigawa, Katsina

and Kaduna states [16]. Laboratory request forms

and the register of histological reports were

retrieved, and the relevant clinical information was

extracted. Data were then collated using a simple

data proforma and summarised using frequencies

and percentages. IBM SPSS version 24.0 was used

for the analyses. Chi-square was used to determine

the association between the categorical variables,

and a p-value of less than 0.05 was considered

significant.

Group 1: Fibroadenoma, Fibrocystic changes,

Inflammatory lesions; Invasive ductal carcinoma

(NST), Invasive ductal carcinoma.

Group 2: Benign phylloides tumour,

Gynecomastia, Lactational Adenoma, Tubular

adenoma, Sclerosing adenosis; Invasive lobular

carcinoma, Metaplastic Carcinoma, Metastatic

Carcinoma

Others: Secretory Carcinoma, Sebaceous

Carcinoma, Apocrine Carcinoma, Papillary

Carcinoma, Mucinous Carcinoma, Medullary

Carcinoma, Malignant phylloides tumor,

Intermediate grade ductal carcinoma in-situ, Cystic

tissue carcinous, Metastatic carcinoma and

Invasive Apocrine Carcinoma; Reactive lymphoid

hyperplasia, Reactive hyperplasia, Plexiform

Neurofibroma, Lipoma, Blunt duct adenosis,

Adenomyoepithelial adenosis, Lactational

Adenoma with Fibrocystic changes, Fibrocystic

changes with Fibroadenomatoid hyperplasia,

Fibrocystic changes with Fibroadenoma,

Fibrocystic changes with chronic inflammation,

Fibrocystic changes with adenosis, Fibroadenoma

with Lactational changes, Fibroadenoma with

Fibrocystic changes and adenohyperplasia.

Results

Table 1 shows the distribution of breast lumps in

females according to tumour type, with the

majority being benign tumours (76%) and

malignant cases were (24%). Table 2 shows the

distribution of breast lumps in males according to

tumour type, with the majority being benign

tumours (10, 91%) and a lesser number of

malignant cases (1, 9%). Table 3 shows the

distribution of breast lumps based on histological

subtype. Group 1 was found to be the majority

(267, 75%), followed by group 2 (55, 15%) and

then group 3 (35, 10%).

There is a statistically significant association

between breast tumour type and age groups

(p<0.001) as shown in Table 4. The majority (78%)

of the patients with benign breast tumours are

within the 11 to 29-year group; conversely, those in

the 30 to 50 years group account for the majority

of patients with malignant breast lesions. Only 5%

of the patients with malignant tumour type and 3%

of the patients with the benign tumour type account

for 11 to 29 years and 51 to 90 years, respectively.

Table 5 shows the association between age and

breast lesions, grouped based on histology. There is

a statistically significant association across the

breast tumour type and its subgroups (p-value;

benign = 0.04 and malignant = 0.0009). Of the

malignant lesions, occurrence was found in group

1 and others constituting group 3 lesions among all

the age groups, while in group 2 lesions, no

occurrence was observed below the age of 30 years.

Table 6 above shows the association between age

and side of breast lesions across the tumour types.

Occurrence of breast lesions was observed mostly

on the right side for both benign and malignant

type though not statistically significant.

In general, breast lumps were found more
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commonly on the right side than the left side of the

body in both benign and malignant types, and only

9 cases and one case were found to be bilateral in

the benign and malignant types, respectively,

though not statistically significant.

Table 1: Distribution of Breast Lumps in Females According to Tumour Type

Frequency Percent (%)

Benign 273 76

Malignant 84 24

Total 357 100

Table 2: Distribution of Breast Lumps in Males According to Tumour Type

Frequency Percent (%)

Benign 10 91

Malignant 1 9

Total 11 100

Table 3: Distribution of Breast Lumps in Females Grouped According to Subtype

Lesion type Frequency Percent (%)

Group 1 267 75

Group 2 55 15

others 35 10

Total 357 100

Table 4: Distribution of Breast Lumps in Females Based on Histological Subtype

Codition Frequency (n) Percentage (%)

Benign 179 50

Malignant 83 23

Inflammatory 14 4

Tumor-like 81 23

357 100

Table 5: Test of Association between Types of Breast Lumps and Age Group in Female Subjects

Age Category(yrs) Benign Malignant Chi-square p-value

11-29 213(98.2%) 4(1.8%)

15 0.0008

30-50 53(48.6%) 56(51.4%)

51-90 7(22.6%) 24(77.4%)

Table 6: Test of Association between Age Group and Histological Subtypes of Breast Lumps among

Females

Tumor Type Lesion type
Age Group

11-29 30-50 51-90 X2 p-value

Benign

Group 1 165 34 7

10.197 0.04Group 2 36 8 0

Others 12 11 0

Malignant

Group 1 1 35 19

18.768 0.0009Group 2 0 17 1

Others 3 4 4
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Table 7: Test of Association between Tumour Site and Age Group in both Malignant and Benign Breast

Lesions

Tumor Type Site
Age Group(yrs)

11-29 30-50 51-90 X2 P-value

Benign

Right 143 42 4

5.66 0.23Left 64 9 3

Both 6 2 0

Malignant

Right 3 32 17

2.95 0.57Left 1 23 7

Both 0 1 0

Chi-square (X2)

Discussion

A study reported over two decades ago in Nigeria,

suggested that breast cancer was present in the

right breast in 53% of the patients, the left breast in

45%, and bilateral in 2% [22], which differs

significantly from the result of this study and most

other studies. However, it was also cited that

‘although a slight right-sided trend was observed

among the black patients in this series, the number

of cases was too few to approach significance [23].

This may possibly suggest a racial factor.

When it comes to age at diagnosis of breast lumps,

Kramer’s study suggests a possible explanation for

the higher incidence of left-breast cancer in

American women. A higher percentage of left-

handed women developed breast cancer before age

45, but the overall incidence of unilateral breast

cancer was not greater in left-handed women than

in right-handed or ambidexterous subjects [24].

While in another literature, the t-test revealed no

significant difference in mean ages according to

laterality [23]. In this study, the p-value (0.22)

revealed no association between age and lesion

side for the occurrence of breast lumps, meaning

that age does not influence the side of the body in

which breast tumours occur. Although age and side

variation among the types of breast tumors was

observed, the variation was not observed among

their age groups. On the other hand, benign breast

lumps were observed to be more common in the

right side (189 cases) than the left side (76 cases),

with only 8 cases being bilateral in all age groups.

Similarly, malignant cases, were located

predominantly on the right side (52 cases) than the

left (31 cases) with only 1 case being bilateral in

all age cohorts and the following literature might

be the explanation for such findings as cited: The t-

test revealed no significant difference in mean ages

according to laterality [23]; but the over-all

incidence of unilateral breast cancer was not

greater in left- handed women than in right-handed

or ambihanded subjects [24].

Breast tumours are very common, and in most

studies within and outside Nigeria, the frequency

of benign breast tumours outnumbered that of

malignancies [25], but the proportions, however,

vary. This study also found benign breast tumours

to be overwhelmingly preponderant over malignant

tumors comprising two-thirds (76%) of 273 cases

of breast neoplasms, and is higher than 66.3%

earlier reported study in this centre (AKTH) about

a decade ago, while the remaining 84 cases (23%)

were malignant lumps (cancerous).

The primary risk factor for breast cancer is being

female and older age [26]. It was described as the

most common cancer in women worldwide, as it

affects about 12% of women worldwide, and it is

100 times less common in men as compared to

women, and affects predominantly older

populations with a peak incidence at approximately

60 years of age [27, 28]. In Nigeria, the cancer

statistics record: 91.3% for females and 8.3% for

males [29]. This study also found the number of

female cases (329 cases) overwhelmingly

preponderant over male cases (11 cases) out of the

total 357 cases found, as widely advocated in the

literature by numerous studies.

An interesting finding, the number of male patients

with breast lumps outnumbered that found about a

decade ago in this centre (AKTH), in which

gynecomastia was the only benign breast tumour
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recorded with 1.4%. However, in this study, the

record of 11 cases of male patients with breast

tumours was found, in which 10 cases were benign,

and the remaining 1 case had a malignant tumour

and was found to be above the age of 50 years.

These results are supported by the literature as

cited: Breast cancer is not common in men

(approximately 2,400 new cases diagnosed per

year in the U.S.), but it typically has a significantly

worse outcome. Although it can occur at any age,

male breast cancer usually occurs in men over 60

years of age [30]. This might be the explanation for

the finding of only 1 case of a male diagnosed with

carcinoma, who was above the age of 50 years.

The present study also showed that 50% of breast

lesions were benign, and 23% were malignant,

while inflammatory and tumour-like lesions

constituted the remaining subjects. The primary

risk factor for breast cancer is being female and

older age [26]. The rapid rate of increase before

menopause (ages 40-50) slows down after that,

probably owing to diminishing levels of circulating

estrogens [31]. African women with breast cancer

are more likely to be pre-menopausal, with the

incidence peaking between 35 and 40 years. This is

almost 10-15 years earlier than the peak incidence

for Western countries [32, 33]. The disease appears

one decade earlier in Nigeria than in Western

countries. Quite at variance with the findings in

Europe and the US, breast cancer in Nigeria does

not increase with age after menopause [22].

In our study, the age range of the patients with

breast lumps was found to be 11-90 years with a

mean age of 30 years and about 66.70%, 28.20%

and 5.10% of the female cancer cases were

detected at age ranges 30-50years, 51-90years and

11-29years respectively. These results indicate that

the risk for breast cancer increases with an increase

in age, which slows at approaching menopause,

and are supported by the literature.

Of the malignant cases, invasive carcinoma (NST)

and intraductal carcinoma were found to be the

most common types of breast cancer, with the

highest occurrence (55 cases altogether of the total

84 malignant cases found), and these lesions,

according to literature, are also the major types of

breast cancer as cited[25]. The three most common

histopathological types collectively represent

approximately three-quarters of breast cancers:

Invasive ductal carcinoma, 55% of breast cancers;

Ductal carcinoma in situ, 13%; and Invasive

lobular carcinoma, 5% [34]. While Invasive lobular

carcinoma, Mataplastic Carcinoma and Metastatic

Carcinoma are the second most common types of

breast cancer found, representing 14 cases

altogether of the total 84 cases found, in which

there was no case found to occur below the age of

30 years, 13 cases at the age range 30-50years and

only1 case found at the age range 51-60 years.

However, according to literature, the range of

breast carcinoma generally is 31-83 years [35, 36]. So

it might be the explanation for which no case was

found below the age of 30 years. Secretory

Carcinoma, Sebaceous Carcinoma, Apocrine

Carcinoma, Papillary Carcinoma, Mucinous

Carcinoma, Medullary Carcinoma, Malignant

phyllodes tumor, Intermediate grade ductal

carcinoma in Situ, Cystic tissue carcinoma,

Metastatic carcinoma and Invasive Apocrine

Carcinoma were the third group with least

occurrence in which altogether represent 11 cases

of all the breast cancer found (3 cases below 30

years, 4 cases at age range 30-50 years and 4 cases

above 50 years). These results indicate that breast

cancer was more common among premenopausal

older patients, carcinoma of breast was common in

the 30-50 year age group, and there was also a

sharp rise in the number of carcinomas up to 50

years of age, and all are supported by the literature

as cited. African women with breast cancer are

more likely to be pre-menopausal, with the

incidence peaking between 35-40years. This is

almost 10-15years earlier than the peak incidence

for Western countries [32, 33].

Furthermore, the occurrence of some of the breast

cancer types at a younger age (below 30years) is

also in line with the literature for the age range as

cited. The reported age range for apocrine

carcinoma is from 19 to 86 years [37]. Many of the

histologic patterns of breast carcinoma that occur

in adults have also been reported in patients

younger than 20 years of age [38].

Furthermore, of the benign cases, fibroadenoma,

fibrocystic changes and inflammatory lesions were
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found to be the most common benign breast lesions,

which is in line with the literature. In the current

study, these lesions represent 202 cases of all

identified benign conditions. While Benign

phlyllodes tumour, Gynecomastia, Lactational

Adenoma, Tubular adenoma, and Sclerosing

adenosis are the second most common benign

lesions found, representing 40 cases (35 cases at

11-29years, 5 cases at 30-50years and no case

found at 51-60 years). Reactive lymphoid

hyperplasia, Reactive hyperplasia, Plexiform

Neurofibroma, Lipoma, Blunt duct adenosis,

Adenomyoepithelial adenosis, Lactational

Adenoma with Fibrocyctic changes, Fibrocyctic

changes with Fibroadenomatoid hyperplasia,

Fibrocystic changes with Fibroadenoma,

Fibrocyctic changes with chronic inflammation,

Fibrocystic changes with adenosis, Fibroadenoma

with Lactational changes, Fibroadenoma with

Fibrocystic changes and adenohyperplasia,

Fibroadenoma with Fibrocystic changes constitute

the third group with the least occurrence

representing 20 cases altogether of all the

identified benign breast lesions (12 cases at 11-

29years, 8 cases at 30-50years and no case found at

51-90years). These results indicate that the risk of

benign breast lump is more common among

younger patients, which is in line with the

literature as widely advocated by numerous studies.

Many breast lumps are benign, especially in

younger patients [39].

Conclusion

The results of this study show that age has no

influence on the lesion site for the occurrence of

breast lumps. Age and side variations among the

samples of the breast lumps were observed. Breast

cancer has an equal chance to occur on either side

of the body (left/right), and benign breast lesions

occur more on the right side than the left side. In

contrast, the variation was not observed to occur

among their age groups. Similarly, the results

revealed an association between the patients' ages

and breast lesions. The prevalence of breast cancer

among the samples of breast tumours is high.

However, heightened awareness among women

and enlightenment drives may have contributed to

the increase in the frequency of presentation and

diagnosis.

Recommendation

Self-breast exam; although BSE was the most

commonly practised early detection technique in

most of the studies in this review, evidence for its

effectiveness is disappointing. A Cochrane Review

of two large RCTs (in Shanghai and in Russia)

found no beneficial effect from BSE screening

compared with no intervention, and there were

twice as many biopsies of benign lesions in the

BSE group.
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Abstract

Diabetic neuropathy is a long-term complication of diabetes which affects half of the diabetic population.
There is no prophylactic therapy against painful diabetic neuropathy. Current approaches are restricted to
alleviating established pain by using drugs that are effective in other pain conditions and hoping to find one
with enough efficacy and minimal side effects to be useful. The study investigated the effect of selenium
yeast supplementation, an antioxidant and anti- inflammatory compound, on some pain responses using
Randal Selitto and tail flick tests in streptozotocin-induced diabetic neuropathy in Wistar rats. Thirty (30)
adult Wistar rats with an average weight of 150 g were randomly divided into groups of five rats each (n=5).
Diabetic neuropathy was induced by a single intraperitoneal injection of 60 mg/kg streptozotocin dissolved
in 0.1ml citrate buffer (pH 4.5). Groups I, II and III received 1mg/kg distilled water and aspirin (300mg/kg)
while groups IV and V received 0.2 mg/kg and 0.3 mg/kg selenium yeast, respectively. Development of
neuropathy was assessed in control and diabetic animals from all groups by evaluation of blood glucose
concentration and pain thresholds on the 0, 2nd, 4th and 6th weeks of respective treatment by assessment of
thermal/mechanical hyperalgesia and allodynia. Results showed that 0.2mg/kg selenium yeast reduces
hyperglycemia-induced thermal hyperalgesia (6.30±0.76 Vs 2.53±0.56) with an improvement in
neuropathic pain in the diabetic rats. This suggests that selenium yeast (0.2mg/kg) has potential for the
prevention of diabetic neuropathic pain.

Keywords: Diabetic Neuropathy, Neuropathic Pain, Selenium Yeast, Mechanical, Thermal, Nociception.

Introduction

Diabetes mellitus is a chronic metabolic disorder
related to insulin deficiency and can involve many
organs. Peripheral diabetic neuropathy (PDN), a
significant microvascular complication of diabetes,
is characterised by the prickling, tingling, burning,
electric shock-like, freezing pain with allodynia
and hyperalgesia in the legs, feet, and hands
affecting 50% of diabetic patients1. Diabetic
neuropathy is one of the most prevalent chronic
complications that affects adults with type 1 or
type 2 diabetes, while also affecting individuals
with prediabetes and young people with diabetes2It
is estimated that half of the diabetic patients
develop neuropathy, and the prevalence of PDN
ranges from 10 to 20 % in diabetic patients and
from 40 to 50% in those with diabetic
neuropathy.PDN, even though common and often

severe, is frequently unreported (12.5 %) and more
frequently untreated (39.3 %)4Patients with PDN
experience reduced mobility, physical activity, and
enjoyment of life, fatigue, limitations in social
activity, diabetic foot infections, sleep impairment,
anxiety, and depression5

Diabetic neuropathy is a common complication of
both type 1 diabetes and type 2 diabetes. Nerve
damage or diabetic neuropathy resulting from
chronically high blood glucose can be one of the
most frustrating and debilitating complications of
diabetes, because of the pain, discomfort and
disability it can cause, and because available
treatments are not uniformly successful.

Neuropathy associated with type 2 diabetes may be
present at the time of diagnosing diabetes.
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Neuropathy associated with type 1 diabetes usually
develops more than 10 years after the diagnosis of
diabetes. Diabetes is the most common cause of
peripheral neuropathy in the world645esrdfxcsv bn

Current treatment of peripheral diabetic neuropathy
(PDN) involves the use of tricyclic antidepressants,
selective serotonin reuptake
inhibitors7anticonvulsants, opioids and antioxidant
protein kinase C inhibitors, COX-2 inhibitors8non

steroidal anti-inflammatory drugs as mild
analgesics. However, these therapies provide relief
only to a fraction of patients, and their side effect
profiles limit their use. Thus, there is a need for
new therapeutic interventions targeting primary
mechanisms resulting in nerve damage in PDN.
The study aims to investigate the ameliorative
effect of Selenium yeast supplementation in
diabetic neuropathic pain by assessing mechanical
pain responses, using the Randall-Selitto and
thermal pain responses using the tail flick test.

Materials and Methods

A total of twenty-five (25) apparently healthy rats
of both sexes, weighing 100-150g, were used for
this study. The animals were purchased from the
Animal house in the Department of Human
Physiology, Faculty of Medicine, Ahmadu Bello
University, Zaria. The animals were fed with
pelletized grower’s mash and water ad libitum. All
procedures, including the euthanasia procedure,
were conducted in accordance with the National
Institute of Health Guide for the Care and Use of
Laboratory Animals, Institute for Laboratory
Animal Research (NIH Publications No. 80-23;
1996).

Animal Groupings

The animals were divided into five groups of five
animals each and treated as follows:
Group 1- Control group: 2ml/kg distilled water
orally
Group 2- Diabetic Neuropathic group (STZ)
Group 3- Diabetic Neuropathic group + Aspirin
orally.
Group 4- Diabetic Neuropathic group + 0.2 mg/kg
Selenium yeast orally.

Group 5- Diabetic Neuropathic group + 0.3 mg/kg
Selenium yeast orally.

Experimental Induction of diabetes

Diabetes was induced in 20 rats by single
intraperitoneal injection of Streptozotocin (STZ) at
a dose of 60 mg/kg body weight dissolved in
citrate buffer (pH 4.5, 0.1 M)10. Seventy-two hours
after the injection, diabetes was confirmed by
collecting blood samples through the tail vein.
Plasma glucose levels were estimated with a
commercial blood glucose analyser (Accusoft,
Roche Diagnostics, Laval, QC, Canada). Rats with
fasting plasma glucose levels higher than 200
mg/dL were deemed to be diabetic and included in
the study11. Body weight and plasma glucose levels
were recorded once weekly for the duration of the
study.

Vehicle (distilled water) and drug treatment were
started six weeks after the diabetes induction and
continued for two consecutive weeks. Pain
assessments were undertaken before and after
treatments for the six-week duration of the
experiment.

Assessment of Pain Responses

Development of neuropathy was assessed in
control and diabetic animals from all groups by
evaluation of pain thresholds on the 0, 2nd, 4th and
6th weeks of respective treatment by assessment of
thermal/mechanical hyperalgesia and thermal
allodynia11

Randall and Selitto method

Mechanical hyperalgesia was assessed by the
method of Randal and Selitto (1957). Paw pressure
thresholds were recorded with the paw pressure
analgesia meter (MK-20D Analgesy meter).
Pressure increasing at a linear rate of 10 g/s, with a
cut-off at 250 g to avoid tissue injury, was applied
to the centre of the hindpaw. The animals display
pain by withdrawal of the paw, and the applied
paw pressure was recorded by an analgesia meter
and expressed in grams. Three tests separated by at
least 10 min were performed for each rat, and
mean values recorded12.
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In all experimental sessions, obtained thresholds
were compared to the baseline. Changes in pain
threshold were calculated as a percentage of the
baseline value according to the following formula:
Hyperalgesia (%)= (A/B × 100%) - 100%
Where, A - Pressure (in g), baseline pain threshold;
B - Pressure (in g) in consecutive measurements.

Tail flick test

The tail-flick test was performed according to the
method described by Ugwah-Oguejiofor et al.

(2013). The terminal (2cm) of each rat's tail was
immersed in hot water contained in 500ml beaker
and maintained at 51 ±1oC using a thermoregulated
hot bath, and the time between the onset of
stimulation and tail withdrawal was measured as
the tail-flick latency. The reaction time was
recorded at 30 and 60 min14 Cut-off time was 20s
for tail flick measurements in order to minimise
tissue injury15. For each animal, 2 to 3 recordings
were made at an interval of 15 min, and the mean
value was used for statistical analysis.

Blood Glucose Level Determination

Blood glucose level determination was done by the
collection of blood samples from the rat’s tail vein
every two weeks for a period of six weeks. Blood
glucose level was determined by the glucose-
oxidase principle of Beach and Turner (1958),
using a commercial blood glucose analyser
(Accusoft, Roche Diagnostics, Laval, QC, Canada),
and the results were recorded in mg/dl.

Results

Blood Glucose Levels

Blood glucose levels of the different doses of
selenium yeast administered on STZ-induced
diabetic neuropathic Wistar rats are shown in
Figure. 1 below. Plasma glucose levels in the
diabetic neuropathic groups were significantly (p≤
0.05) increased when compared with the normal
control group from the 2nd week up to the 6th week
of the experiment. But a significant decrease in the
glucose levels was seen from the 4th week of the
treatment with selenium yeastSelenium yeast
group (0.2mg) was seen to have a more significant
effect than the 0.3mg selenium yeast and aspirin
groups, with between-group analyses.

Figure 1: Blood Glucose Levels, STZ -Streptozotocin, Sel Y- Selenium Yeast

Pain Assessment

Mechanical Hyperalgesia

In the Paw withdrawal analgesia test, a significant
(p≤ 0.05) decrease in the paw withdrawal was seen

from the 4th week of the experiment in the STZ-
induced diabetic neuropathic groups when
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compared to the two control groups (Table 1).
There was a significant increase in the group
treated with 0.2mg selenium yeast by the 6th week
of the experiment, that is 2 weeks after treatment
with selenium yeast and aspirin, in the diabetic
neuropathic groups, but no significant changes in
the group treated with 0.3mg selenium yeast and

aspirin groups, though a slight increase was
observed when compared with the diabetic control
group

Table 1: Changes in Paw Withdrawal
GROUP 0 WEEK 2 WEEK 4 WEEK 6 WEEK

CONTROL 8.13 ± 1.2s 6.93 ± 1.59s 8.60 ± 2.06s 7.80 ± 2.21s
STZ 4.7 ± 0.87s 3.90 ± 0.26s 3.50 ± 0.21s 2.87 ± 0.20s

ASPIRIN 4.45 ± 0.95s 3.70 ± 0.50s 2.95 ± 0.85s 3.25 ± 0.45s

0.2mg Sel Y 5.02 ± 0.62s 3.80 ± 0.84s 2.40 ± 0.42s 2.95 ± 0.49s
0.3mg Sel Y 6.22 ± 2.37s 5.50 ± 0.95s 3.33 ± 1.07s 3.38 ± 1.17s

Table 1: Results presented as mean ± SEM using one-way ANOVA. = statistically significant (p ≤ 0.05)
between control and other groups. STZ Streptozotocin, Sel Y- Selenium Yeast

Tail flick

The tail flick latency was also significantly (p≤
0.05) decreased in the diabetic neuropathic groups
when compared to the control group from the 2nd

week up to the 4th week before treatment. Two

weeks after treatment, there was a significant (p≤
0.05) increase in the tail flick latency in all groups
with the exception of the diabetic control group. In
between group comparisons, 0.2mg selenium yeast
was more effective than the 0.3mg Selenium yeast.

Table 2: Changes in Tail Flick
GROUP 0 WEEK 2 WEEK 4 WEEK 6 WEEK

CONTROL 6.10 ± 0.65s 6.46 ± 0.81s 6.30 ± 0.76s 6. 33 ± 0.64s
STZ 4.60 ± 0.83s 3.70 ± 0.26s 2.67 ± 0.37s 2.23 ± 0.30s

ASPIRIN 4.40 ± 1.05s 3.73 ± 0.29s 2.53 ± 0.56s 2.97 ± 0.22s

0.2mg Sel Y 5.37 ± 0.73s 3.07 ± 0.59s 2.53 ± 0.56s 3.37 ± 0.37s
0.3mg Sel Y 2.60 ± 0.35s 3.67 ± 0.44s 1.83 ± 0.88s 2.33 ± 0.69s

Table 2: Results presented as mean ± SEM using one-way ANOVA. = statistically significant (p ≤ 0.05)
between control and other groups. STZ Streptozotocin, Sel Y- Selenium Yeast

Discussion

Diabetic neuropathy is a debilitating consequence
of diabetes that may be present in as many as one
in five patients with diabetes17The objective
assessment of diabetic neuropathy is difficult,
making it challenging to diagnose and assess in
both clinical practice and clinical trials. No single
treatment exists to prevent or reverse neuropathic
changes or to provide total pain relief.

Selenium is one of the most interesting of all
nutrients. It was first known for its toxicity and
was then discovered to be an essential nutrient18.
The power of its antioxidant activity has been

widely acclaimed. The importance of selenium in
immune response and as an anticarcinogen has
recently received a great amount of attention. In
fact, selenium has been claimed to have a
protective role in at least 50 diseases of humans18.

Streptozotocin (STZ) -treated rats are the
preclinical efficacy model of Diabetic Neuropathy.
STZ is a cytotoxic agent derived from the gram-
positive Streptomyces acromogenes bacterium that
selectively kills pancreatic β- cells. Administering
a single, low-dose STZ injection to the healthy
adult rats resulted in their rapid development of a
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condition much like type 1 diabetes in humans,
where lack of functional β-cells in pancreatic islets
impairs normal glycemic control. The treated
animals became hyperglycemic within 72 hours of
injection and developed significant neuropathic
pain symptoms after approximately 4 weeks19.

The increase in serum glucose concentration of
STZ treated group was in agreement with
Akbarzadeh et al. (2007), who reported high blood
sugar three times in diabetic animals as compared
to normal. They also showed a high blood sugar
level, insulin deficiency blood, polyphagia,
polyuria and polydipsia with weight loss in adult
rats three days after streptozotocin treatment due to
irreversible destruction of pancreatic islet cells.

Hyperglycemic nerve ending damage occurs
through either the inflammatory process or
interference with the blood supply (ischemia of the
microvessels). In addition to the mechanisms
related to the hyperglycemic state, studies also
suggest a mechanism of neuronal damage that
occurs following STZ that is unrelated to the
hyperglycemic state.

From the results obtained from this study, blood
plasma levels were significantly higher in all the
groups that were treated with STZ, when compared
to the control group, at the 2nd week after the
treatment with STZ. This, therefore, indicates the
potency of the STZ used for this study. The
diabetogenic action of STZ was accompanied by
the development of persistent hyperalgesia. There
was a considerable lowering of paw withdrawal
threshold to mechanical stimuli, which started
manifesting around the 4th week of treatment with
STZ, which became more pronounced as the days
increased; hyperalgesia remained on similar level.
These results are similar to those reported by Aley
and Levine (2002), who demonstrated the
appearance of hyperalgesia in response to
mechanical stimulus after administration of a
single intravenous dose (60 mg/kg) of STZ.

Results obtained from this study indicated that
blood glucose level in the diabetic control group
was significantly higher when compared with the
normal control group in the 6 weeks of the study.

The developed hyperglycemia has been attributed
to the specific toxic effects of STZ uptake through
glucose transport-2 ( GLUT-2); these effects lead
to an end to toxic damage by activating the aldose-
reductase pathway that leads to the toxic
accumulation of sorbitol in the nervous system21.

The effect of selenium yeast on the blood glucose
level was shown when the values obtained from
the diabetic control group were compared with
those of the 0.2mg selenium yeast and 0.3mg sel
yeast. From the results, there was also a significant
change in the blood glucose level when the aspirin
group was compared to the diabetic control group.

When all the groups treated with selenium yeast
and aspirin were compared, 0.2mg sel yeast seems
to be more potent than the other two groups, from
the 4th to the 6th week of the study.

There was also a slight improvement that is
significant from the 4th week to the 6th week, when
the glucose level reduced in the groups treated with
selenium yeast, when compared with the diabetic
control group. The 0.2mg sel yeast seemed to have
more effect when between-group comparisons
were done.

In this study, in the STZ-treated groups, the tail
flick latency was significantly shorter than that
observed in the normal control group, indicating
the development of thermal hyperalgesia. The
present results are in good agreement with the
literature, which frequently reports on
hypersensitivity to mechanical stimulation23.

Results obtained from the present study showed
that there was a decrease in paw withdrawal
threshold that was observed from the 4th week of
treatment with Selenium yeast as compared with
the diabetic control group. A decrease in the
pressure withdrawal threshold after 3 weeks of
STZ-diabetes is reported by Romanovsky et al.

(2004). Increased nociceptor activity and
sensitivity during hyperglycemic hypoxia could be
a mechanism, e.g. burning pain attacks in painful
neuropathy25.

The treatment of the diabetic rats for 2 consecutive
weeks showed significant improvement in tail flick
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latency rate as compared to untreated diabetic
animals in this study. This may be due to the anti-
inflammatory effect of selenium yeast.

Conclusion

 Results obtained from this study showed
that selenium yeast reduces
hyperglycemia-induced thermal and
mechanical hyperalgesia, with an
improvement in neuropathic pain.

 The results also suggest that selenium
yeast treatment might be beneficial in
chronic diabetics exhibiting neuropathy.
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Abstract

The tamarind tree is a multipurpose tree of which almost every part finds at least some use, either

nutritional or medicinal. Due to its pleasant acidic taste and rich aroma, the pulp is widely used for

domestic and industrial purposes. Ginger is known to ease oxidative stress due to stimulation of superoxide

dismutase, catalase, glutathione peroxidase and reduced glutathione activities. They are believed to protect

against cancer, atherosclerosis, heart diseases and several other diseases. A comparative study was carried

out to evaluate the effect of Tamarind and Ginger extracts intake in CCl4 induced oxidative stress in Wistar

albino rats. The Proximate, antinutrient, and phytochemicals of both ginger and tamarind extracts were

analysed using standard AOAC methods, while mineral contents were determined using atomic absorption

spectrometry. Oxidative stress markers were also analysed using a colourimetric assay kit. Serum oxidative

stress markers were compared between the normal and test groups. Experimental rats were divided into

seven groups: Normal control group, negative control (CCl4) group, standard drug (Vitamin C) group,

tamarind low and high dose group, and ginger low and high dose group. At the end of the experiment,

significant increase in malondialdehyde level (18.52 ±1.69) and decrease in superoxide dismutase

(2.77±0.69), catalase (3.840±4.36), reduced glutathione (14.06±3.03) and glutathione peroxidase

(8.95±5.23) activities were recorded in CCl4 exposed rats as compared to control group which had

(10.57±4.36), (11.96±1.62), (12.20±4.23), (34.86±9.19) and (36.23±7.07) respectively. In the tamarind and

ginger supplemented groups, the level of MDA, along with the activities of SOD, CAT, GSH and GPx

were comparable with the apparently healthy control rats (p>0.05). Thus, it appears that ginger and

tamarind extracts ameliorate the effect of CCl4-induced oxidative stress, suggesting that consumption of

natural compounds with an antioxidant profile may be a preventive measure against those diseases

associated with oxidative stress.

Keywords: Tamarind, Ginger, Carbon tetrachloride, Oxidative stress, antioxidant

Introduction

Tamarind or Tamarindus indica L. of the Fabaceae,

subfamily Caesalpinioideae, is an important food

in the tropics. It is a multipurpose tree of which

almost every part finds at least some use (Kumar

and Bhattacharya, 2008), either nutritional or

medicinal. Tamarind is scientifically known as

Tamarindus indica, and widely known as

“Tsamiya” in Hausa. Tamarindus indica (T. indica)

is an evergreen tree that can reach 24 m high and 7

m in girth, that has pale yellow and pink flowers

(Momodu &Idemudia 2023). It thrives in arid

climates, and its distribution in Africa extends

from Senegal in the west to Sudan and Ethiopia in

the east, and as far south as Mozambique and

Madagascar (Havinga et al., 2010).

Every part of the Tamarindus indica plant (root,

body, fruit, and leaves) not only has rich nutritional

value and a broad usage area in medicine, but also

has industrial and economic importance.

According to the World Health Organisation

report, tamarind fruit is an ideal source of all

essential amino acids except tryptophan (Momodu

&Idemudia, 2023).

Mieanwhile Ginger (Zingiber officinale Roscoe) is

one of the essential dietary products that have been

used for the treatment of numerous ailments such

as hypertension, migraines, arthritis, nausea and
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colds. Recently, interest has increased in ginger

and its active components as therapeutic agents.

Other than its anti-oxidative, anti-inflammatory,

and anti-carcinogenic activities, it also has

lifespan-extending property (Ippoushi et al., 2003;

Lee et al., 2018). Zingiber officinale Roscoe,

Zingiberaceae, is one of the regularly eaten spices

and also used as traditional herbal medicine for

thousands of years (Han et al., 2013).

Oxidative stress has been implicated in the natural

ageing process as well as a variety of disease states:

Neoplastic- Hematological and Solid Tumor,

Metabolic- Obesity and Diabetes, and

Neurological- Alzheimer's and Parkinson's

diseases. The present study aimed at evaluating the

effects of aqueous extracts of Tamarindus indica

fruit pulp and Zingiber officinale rhizomes on

some oxidative stress markers of CCl4 induced rats.

Materials and Method

Chemicals

All chemicals and reagents used for the research

were of analytical grade and purchased from

reputable chemical manufacturers. The laboratory

equipment used was also of standard quality.

Plant Materials

The plant materials (Ginger and tamarind) were

obtained from a farm in Kabuga satellite town,

Gwale L.G.A, Kano, Nigeria. They were

authenticated and assigned voucher number

-BUKHAN00074 at the herbarium of Botany Unit,

Department of Biological Sciences, Faculty of Life

Sciences, Bayero University Kano, Nigeria.

Ethical approval

All animal studies conducted were approved by the

Animal Ethics Committee of the College of Health

Science, Bayero University, Kano.

Preparation of Tamarind Extract

Fresh Tamarind Fruits were allowed to dry in the

shade. The skins were peeled, and the pulp was

separated from the seeds manually by scrubbing.

The pulp was ground into powder. 100g of the

powder was weighed and soaked in 500ml of

distilled water for 24 hours. The extract was

filtered using Whatman No.1 filter paper, and the

residue was dried and reweighed. It was stored in

an air-tight container until required.

Preparation of Ginger Extract

Ginger rhizomes were peeled and thoroughly

washed in clean water. The cleaned ginger

rhizomes were cut into small pieces by using a

clean stainless steel knife and allowed to shade dry.

The rhizomes were ground to powder. 100g of the

powder was weighed and soaked in 500ml of

distilled water for 24 hours. The extract was

filtered using Whatman No.1 filter paper and kept

in a small bottle, ready for administration. The

concentration of extract was calculated as follows;

Concentration of Extract = Weight of Extract /

Volume of distilled water Vitamin C, as a standard

drug, was also prepared using the above relation

and was administered using the relation in

“Extract Administration”.

Extract Administration

The following formula was used in calculating the

volume of extract to be administered.

Volume (ml) = Weight (kg) of rat × Dosage /

Concentration of extract (mg/ml)

Experimental Animals

Wistar albino rats of either sex weighing between

150 and 200g were obtained from the Animal

House, Department of Biological Sciences, Bayero

University, Kano. They were maintained under

standard conditions and were given standard feeds

with water available. They were acclimatised for

one week before commencement of the study.

Acute Toxicity Study

Acute toxicity studies were performed for both

Ginger and Tamarind Extracts according to the

toxicity classification method as per guidelines 423

prescribed by OECD (2001) using Wistar albino

rats. Thirteen experimental animals were used for

the test. In the investigation, three groups

containing three rats each were administered 10,

100, and 1000mg/kg, respectively, of the aqueous

extracts intraperitoneally. They were observed

closely for 24 hours for lethality or any other

behavioural response. Based on the result, further

increased doses of 1500, 2000, 3000 and 5000

mg/kg were administered intraperitoneally to four



Sadi, N.S. et al. Bayero J Biomed Sci 2022; 7(1): 807-809

809

other rats, respectively. They were also observed

for 24 hours for any death or behavioural changes.

Experimental Design

A total of forty two rats were randomly distributed

into seven groups, with six per group. Carbon

tetrachloride (150mg/kg) and extracts (1500 and

4000 mg/kg, respectively) were administered to the

animals orally by gastric intubation. Group one

received distilled water as a control. Group two

received a single dose of CCl4 in mineral oil (1:1

v/v). Group three in addition to CCl4 received 48h

later, a daily dose of the standard drug (Vitamin C)

250mg/kg, for four weeks. Groups four and five

were administered with CCl4 and treated with 1500

and 4000 mg/kg of Tamarind extract for four

weeks. Groups six and seven were also

administered with CCl4 but treated with 1500 and

4000 mg/kg of Ginger extract for four weeks.

Sample Collection and Preparation

Rats from the various groups were sacrificed by

decapitation 24h after the respective treatment

period. The blood was collected into a plain

container and allowed to stand for 30 minutes to

clot before being centrifuged at 2000rpm for 10

minutes to separate the serum. Immediately, the

serum was used to estimate the levels of oxidative

stress markers (catalase, GSH, GPx, SOD) and

MDA. After blood sampling, the liver of each

animal was dissected out, and a part of the liver

was fixed in 10% formalin for histopathological

studies.

Preliminary Phytochemical Screening

Both extracts (Tamarind and ginger) were

subjected to preliminary phytochemical tests to

detect the presence or absence of plant

phytochemical constituents such as alkaloids,

saponins, tannins, flavonoids, carbohydrates,

proteins, protein and amino acids. All screening

procedures were carried out using the method of

Tiwari et al. (2011).

Quantitative Determination of Some

Phytochemicals

Total phenolic compound was determined

according to Ganapaty et al. (2013). Total

flavonoids, total alkaloids and glycosides were all

determined according to Soladoye and Chukwuma

(2012).

Anti-nutrients Determination

Phytic acid and oxalate were determined using the

AOAC method (2005).

Proximate Analysis

The proximate compositions of the extracts were

determined using conventional standard methods

of analysis of the Association of Official

Analytical Chemists, AOAC (1995).

Mineral Analysis

Ca, Mg, Fe, and Zn were determined using an

Atomic Absorption Spectrophotometer (AA6300

Shimadzu Model, England). Flame photometer

(Model 400, Corning U.K.) was used for K and Na

determination, while phosphorus was determined

by the vanodo-molybdate method using a

spectrophotometer (Optima SP-300 model) at 660

nm according to the method described by AOAC

(2005).

Estimation of Oxidative Stress Markers

Lipid peroxidation was determined by measuring

the levels of malondialdehyde produced during

lipid peroxidation according to the method

described by Varshney and Kale (1990), catalase

activity was determined according to the method of

Claiborne (1985), SOD activity was determined by

the method of Misra and Fridovich (1972), the

method of Beutler et al. (1963) was used in

estimating the level of reduced glutathione, while

GPx activity was determined by the method of

Albrecht Wendel (1981).

Statistical Analysis

All values were expressed as mean +/standard

deviation (SD). To evaluate differences between

the studied groups, statistical analysis was carried

out using the one-way analysis of variance

(ANOVA), with the least significant difference

post hoc test to compare group mean and P<0.05

was considered statistically significant.

Results

The result for the qualitative phytochemical

analysis of tamarind and Ginger extracts in Table 1

revealed the presence of alkaloids, carbohydrates,
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glycosides, saponins, phenols, flavonoids, tannins,

protein and amino acids.

The results for the concentrations of some

phytochemicals, such as total flavonoids, total

alkaloids, total phenols, glycosides and total

saponins of tamarind and ginger extracts were

presented in Table 2.

Table 3 shows the results of anti-nutrients and

mineral contents of tamarind and ginger extracts,

respectively. The mineral analysis of tamarind and

ginger extracts indicated richness in Calcium,

Magnesium, Potassium, Phosphorous and

Manganese. The trace elements Copper and Zinc

varied in content among the extracts within much

narrower limits.

Table 4 shows the proximate analysis results of

ginger and tamarind extracts, respectively.

Tamarind and ginger extract both have low

moisture content with high protein content, and

both extracts contain appreciable amounts of

carbohydrates.

The results of the effect of treatment with graded

concentrations (4000 and 1500 mg/Kg) of ginger

and tamarind extracts on some antioxidant indices

(Catalase activity, Reduced Glutathione,

superoxide dismutase, glutathione peroxidase and

malondialdehyde levels) are presented in Table 5.

Significant increase in malondialdehyde level

(18.52 ±1.69) and decrease in superoxide

dismutase (2.77±0.69), catalase (3.840±4.36),

reduced glutathione (14.06±3.03) and glutathione

peroxidase (8.95±5.23) activities were recorded in

CCl4 exposed rats as compared to the control group

which had (10.57±4.36), (11.96±1.62),

(12.20±4.23), (34.86±9.19) and (36.23±7.07)

respectively. In the tamarind and ginger

supplemented groups, the level of MDA, along

with the activities of SOD, CAT, GSH and GPx,

were comparable with the apparently healthy

control rats (p>0.05). Table 1: Some

Phytochemicals Detected in Tamarind and Ginger

Extracts

Table 1: Some Phytochemicals Detected in Tamarind and Ginger Extracts

Phytochemicals Qualitative

Tamarind Extract Ginger Extract

Alkaloids + +

Carbohydrates + +

Glycosides + +

Saponins + +

Phenols + +

Tannins + +

Flavonoids + +

Protein and amino acids + +

Key: (+) = present (-) = absent

Table 2: Concentrations of Some Phytochemicals in Tamarind and Ginger Extracts
Phytochemicals Quantitative (%) X2

Tamarind Extract Ginger Extract

Phenols 13.39±0.25 20.11±0.47 0.052

Flavonoids 37.15±0.49 45.04±0.46 0.071

Alkaloids 38.18±0.54 52.07±0.45 0.032

Saponins 18.04±0.48 32.11±0.48 0.024

Glycosides 21.02±0.47 27.13±0.47 0.251

All values are means of triplet determinations ± standard deviation (SD)
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Table 3: Anti-nutrient and Mineral Contents of Tamarind and Ginger Extracts (mg/100g)

Parameters Tamarind Extract Ginger Extract X2

Phytic acid 79.20 1.54 72.61 1.23 0.713

Oxalate 37.41 0.98 33.00 0.77 0.421

Calcium (Ca) 94.25 20.55 187.55 29.45 0.040

Magnesium (Mg) 201.84 6.59 195.20 4.52 0.072

Sodium (Na) 5.32 0.20 4.85 0.16 0.130

Potassium (K) 144.54 2.81 142.77 2.81 0.221

Iron (Fe) 3.56 0.77 3.23 1.24 0.172

Zinc (Zn) 2.98 0.59 3.76 0.50 0.052

Phosphorous (P) 5.68 0.15 5.24 0.10 0.231

Manganese (Mn) 6.76 0.72 4.57 0.59 0.094

Copper (Cu) 1.58 0.25 1.26 0.15 0.127

All values are means of triplet determinations ± standard deviation (SD)

Table 4: Proximate Contents of Tamarind and Ginger Extract (%)

Proximate Composition Tamarind Extract Ginger Extract X2

Moisture content 9.15 1.37 9.98 2.94 0.770

Crude Fat 7.38 0.73 8.22 0.58 0.391

Ash content 9.57 2.75 6.67 0.60 0.272

Crude fibre 12.78 0.80 10.33 0.26 0.130

Crude protein 8.81 0.19 10.85 0.79 0.430

Carbohydrates 48.78 0.55 35.66 0.55 0.040

All values are means of triplet determinations ± standard deviation (SD)
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Table 5: Serum Catalase Activity, Reduced

Glutathione (GSH), Superoxide Dismutase (SOD),

Glutathione Peroxidase (GPx) and MDA Levels in

Rats Induced With Oxidative Stress Using CCl4
and Treated With Ginger and Tamarind Extracts

for Four week

Group MDA(nmol/mL) SOD (µ/mL) GSH(µmol/L) CAT(µ/mL) GPx(µ/mL)

Normal Control 10.57±4.36a 11.96±1.62a 34.86±9.19b 12.20±4.23a 36.23±7.07b

Negative Control 18.52±1.69f 2.77±0.69c 14.06±3.03a 3.840±4.36c 8.95±5.23d

Standard Drug

(Vitamin C)

(250mg/kg)

9.917±5.42d 11.13±2.25a 23.61±2.95e 9.883±6.51d 29.77±19.84e

Ginger Extract

(1500mg/kg)

14.04±0.15a 9.233±5.10d 17.55±8.54f 7.687±6.30d 21.38±2.44e

Ginger Extract

(4000mg/kg)

11.00±3.86a 10.30±3.67a 18.47±8.68f 8.587±4.41d 24.20±5.48e

Tamarind Extract

(1500mg/kg)

16.03±0.16f 4.167±3.88c 14.67±2.70a 4.293±2.18c 12.34±0.87a

Tamarind Extract

(4000mg/kg)

12.12±6.05a 4.787±4.25c 16.82±2.27f 4.970±2.74c 20.25±4.48e

Values are expressed as mean ± SD. Mean values having different superscript letters in the same column

are significantly different (p<0.05).

Discussion

Antioxidants (inhibitors of lipid peroxidation) are

important not only for the preservation of food but

also for the defence of living cells against

oxidative damage (Sadi et al., 2024). Plants

naturally serve as major sources of antioxidant

biomolecules. Several natural products are reported

to contain high amounts of antioxidant compounds

apart from traditional vitamin C (ascorbic acid) and

vitamin E.

The qualitative phytochemical screening of

tamarind extract revealed the presence of alkaloids,

carbohydrates, glycosides, saponins, phenols,

flavonoids, proteins, amino acids and tannins. A

comparative study on phytochemicals screening

conducted by Sadiq et al. (2016) using the pulp

and seed of Tamarindus indica shows the presence

of tannins, volatile oils, saponins and steroids with

the absence of alkaloids and flavonoids,

respectively, which findings agree with the present

study on saponins and disagree on alkaloids,

flavonoids and tannins. A study conducted by

Gomathi et al. (2017) reported the presence of

Quinines in addition to the phytochemicals

detected in this study. The pharmacological

significance of these secondary metabolites ranges

from antibacterial to fungal effects against micro-

organisms (Sadi et al., 2021).

Quantitative determination indicated that

Tamarindus indica have high level of flavonoids

and alkaloids compared to other phytochemicals

quantified. Flavonoids are found to be beneficial to

Humans due to their biological properties. It is

found in several parts of plants which include

seeds, fruit, flower, herbs, and stem; they are

classified as plant secondary metabolites and are

known for their antioxidant property (Chong et al.,

2012). Saponins and phenols were also found in

appreciable quantities.

The phytic acid content of tamarind pulp is similar

to that of commonly consumed legumes like

Psophocarpus tetragonolubus and Lima Bean

(Egbe and Akinyele 1990; Sadi et al., 2021). Ishola

et al. (1990) reported that tamarind pulps do not

contain any detectable amount of phytic acid.

Phytic acid is known to decrease the bioavailability

of certain minerals and may interfere with the

utilisation of proteins due to the formation of

phytate-protein and phytate-mineral-protein

complexes, and also inhibits the digestive enzymes.

The present study findings on anti-nutrients are

similar to those of Adeola and Aworh (2012).

A similar phytochemical study reported by Osabor

et al. (2015) conducted on Ginger revealed the

presence of alkaloids, saponins, flavonoids,
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polyphenols and reducing sugars in the aqueous

extracts, which were all found in the present study.

A study conducted by Ajayi et al. (2013) on two

varieties of ginger (Yellow and White) indicated

that the two ginger varieties are rich in

phytonutrients. The anti-nutrients such as oxalate

and phytic acid in this study were found to be

similar to those obtained by Olubunmi Ajayi et al.

(2013). The levels at which they occur in the two

ginger varieties are safe for consumption by

humans and animals.

The Proximate compositions of tamarind and

ginger extract were presented in Table 4.4.

Tamarind and ginger extract both have low

moisture content, which is similar to the findings

of Olununmi Ajayi et al. (2013). However,

Krithika and Radhail Sri (2007) reported higher

moisture content for tamarind pulp. The difference

in moisture content could be explained by the time

interval between harvest and analysis, the method

of drying and storage. The protein content

determination is one of the most important and

widely used analytical measurements in processing

and testing the quality of food samples. The results

obtained showed that ginger extract has higher

protein content than tamarind extract, but these

values were higher when compared with those

reported by Okoye et al. (2023). In this study, both

tamarind and ginger extracts contained appreciable

amounts of carbohydrates. However, the

carbohydrate content of tamarind extract was

higher than that of ginger extract, and these values

are higher than what was reported by Okoye et al.

(2023). The protein and carbohydrate contents of

tamarind extract confirm the report of BAIF (2002)

that tamarind fruits contain one of the highest

levels of protein and carbohydrate of any fruit.

Tamarind and ginger extracts showed high fat and

crude fibre contents, respectively. The ash content

of tamarind extract was higher than that of ginger

extract.

The mineral analysis of tamarind and ginger

extracts indicated richness in Calcium, Magnesium,

Potassium, Phosphorous and Manganese. The trace

elements Copper and Zinc varied in content among

the extracts within much narrower limits.

Potassium was found to be higher in both tamarind

and ginger juice. A high amount of potassium in

the body was reported to increase iron utilisation

(Gropper et al., 2018), and it is beneficial to people

taking diuretics to control hypertension and

suffering from excessive excretion of potassium

through the body fluids (Gropper et al., 2018). The

levels of Manganese, Potassium and magnesium

were higher than those of ginger extract, while

ginger extract had a higher Calcium content, which

is similar to the findings of (Olunbur et al., 2013).

Most of these mineral elements are essential

activators for enzyme-catalysing reactions.

Calcium, like Phosphorous plays a major role in

teeth and development, and its deficiency causes

osteomalacia, poor fertility and subnormal growth

(Ezeagu et al., 1997). Iron plays a major role in the

synthesis of amino acids and protein and it is an

essential activator for enzyme catalyzing reactions.

Iron and Copper exist as Iron-Copper proteins

(Ayaz et al., 2006).

A measure of the organism’s redox status is the

balance between oxidative factors – namely

products of lipid peroxidation (peroxide radicals,

malondialdehyde), endogenous and exogenous

antioxidant substances (antioxidative enzymes,

low-molecular antioxidants or cations of divalent

metals (Bartosz, 2004). In the current study, it was

observed that there was a decrease in the level of

oxidative stress markers in the CCl4-induced

oxidative stress control rats. The results indicated

that the CCl4-induced oxidative stress control

group have lower levels of serum reduced

glutathione (GSH), superoxide dismutase (SOD),

glutathione peroxidase (GPx) and Catalase activity

but havehigher level of serum MDA (a marker of

lipid peroxidation).

The increase in lipid peroxidation, as revealed by

the high level of MDA formed in the CCl4-induced

oxidative rats compared to the normal control rats,

suggests that the natural antioxidant defence

mechanism to scavenge excessive free radicals has

been compromised in rats induced with oxidative

stress. This finding agrees with a previous study of

Babandi et al. (2017), who suggested that the

increased levels of lipid peroxidation products

(MDA) observed generally induce compensatory

changes expressed by enhanced production and

activity of serum antioxidative vitamins and serum

redox metals.
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The increased MDA observed may also support the

hypothesis of Sengupta et al. (2001) who

suggested that a decrease in the levels of

antioxidant accelerate the lipid peroxidation,

thereby generating more MDA. It also causes

inactivation of enzymes and receptors in

membranes and thus changes the membrane

molecular properties. Increased levels of MDA

were observed in this study, which represents an

important finding to support the documented

hypothesis that depression of the antioxidant

defence potential in the liver of experimental rats

as a result of different doses of CCl4 induction.

Results of the effect of treatments with different

doses (1500 and 4000mg/Kg) of ginger and

tamarind extracts, respectively, after four weeks of

treatment showed elevation in the serum levels of

reduced GSH, superoxide dismutase, glutathione

peroxidase and CAT activity in comparison with

that of the negative control (CCl4) group. Singh et

al. (2010) reported that the activities of antioxidant

enzymes such as SOD, CAT, glutathione

peroxidase, and GST were found to increase

significantly in the erythrocytes, accompanied by a

decrease in the activity of the glucose-6-phosphate

dehydrogenase, following atrazine exposure.

Similarly, Siddaraju and Dharmesh (2007) reported

that ginger–free phenolic and ginger hydrolysed

phenolic fractions exhibited free radical

scavenging, inhibition of lipid peroxidation, DNA

protection and reducing power abilities, indicating

strong antioxidant properties. Ansari et al. (2006)

showed that the ethanolic Z. officinale extract pre-

treatment for 20 days in isoproterenol-treated rats

induced oxidative myocardial necrosis in rats,

enhanced the antioxidant defence (CAT, SOD and

GSH) and exhibited cardioprotection property.

Bhandari et al. (1998) studied the effect of an

ethanol extract of ginger on country-made liquor

(CML)-induced liver injury in rats. Ajith et al.

(2007) reported that ginger ameliorated cisplatin-

induced nerphrotoxicity and this protection is

mediated either by preventing the cisplatin –

induced decline of renal antioxidant defence

system or by their direct free radical scavenging

activity. Amin and Hamza (2006) demonstrated

that Z. officinale increased the activities of

testicular antioxidant enzymes (SOD and CAT)

and reduced the level of malondialdehyde. These

results indicate the possible involvement of free

radicals in CCl4-induced toxicity and highlight the

protective action of ginger, an indigenous

medicinal plant product. This makes it a very

effective agent for preventing reactive oxygen

species production. Oxidation of biological

molecules induces a variety of pathological

diseases, including atherosclerosis or cancer. These

damages are caused by the presence of free

radicals. For that reason, the concept of

pharmacological supplements to defend against

free radicals with antioxidants has become an

intense area of research (Gounder and Lingmallu,

2012). According to Atashak (2014), [6]-gingerol,

[6]-shogaol have displayed strong antioxidant

activity in vitro. It is known that the antioxidant

activity of plant extracts containing polyphenol

components is due to their capacity to be donors of

hydrogen atoms or electrons and to capture the free

radicals. Traditionally, fruits, leaves and seeds of

tamarind are used for the treatment of a wide

variety of ailments and diseases. Pods (fruits) are

rich in ascorbic acid and sugars and have been used

in drinks and many food preparations. Medicinally,

the fruit pulp is used as a cathartic, astringent,

febrifuge, antiseptic and refrigerant. The extract of

tamarind fruit is reported to contain a high

concentration of zinc, a nutritional antioxidant

(Glew et al., 2005); fat, carbohydrates, fibre, ash,

calcium, phosphorus, iron, magnesium, sodium,

thiamine, riboflavin, niacin, vitamin C and tannin

(Feungchan et al., 1996).

It also contain pectin, organic acids mainly

potassium–hydrogen tartarates as well as free acids

such as malic, tartaric and citric acids, phenolic

compounds (+) catechin, (-) epicatechin, taxifolin,

apigenin, eriodictyol, luteolin and naringenin

(Sudjaroen et al., 2005). These flavonoids

participate in the cellular antioxidant network due

to their ability to regenerate ascorbyl radicals and

to protect endogenous vitamin E and glutathione

from oxidative depletion (Rohdewald, 2002). In

vitro tamarind fruit pulp extract (70% ethanolic)

exhibited significant radical scavenging activity

and decreased lipid peroxidation in serum with

improved antioxidant defence in terms of SOD,

CAT and glutathione peroxidase activities

(Martinello et al., 2006). The efficacy of tamarind

fruit pulp extract in alleviating CCl4- induced
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oxidative stress in rats may therefore be associated

with the presence of these phyto-constituents.

Conclusion

In conclusion, results of the study demonstrated

that CCl4 induced oxidative stress in rats, in terms

of an increase in malondialdehyde level and a

decrease in the activities of GSH, SOD, CAT and

GPx. However, ginger and tamarind administration

ameliorated the effects of CCl4 as level of MDA,

GSH, SOD, CAT and GPx were comparable with

those of normal, apparently healthy rats,

suggesting that both ginger and tamarind have

potential antioxidants against CCl4-induced

oxidative stress and may be of benefit to those

diseases associated with oxidative stress.
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Abstract

Diabetes mellitus is a chronic metabolic disorder, and according to the World Health Organisation (WHO),

more than 180 million people worldwide have diabetes. This metabolic disorder is characterised by

hyperglycemia and disturbances of carbohydrate, protein, and fat metabolism, secondary to an absolute or

relative lack of the hormone insulin and by the year 2030, this number (180 million) may be more than

double. The present study evaluated the antidiabetic and antioxidant properties of aqueous leaf extracts of

Crateva adansonii (sacred garlic pear plant) in alloxan-induced diabetic rabbits. Dried powdered leaves of C.

adansonii were extracted using the maceration method for 14 days. The antidiabetic and antioxidant potential

of C. adansonii was evaluated in vivo in alloxan-induced diabetic rabbits. Diabetes was induced in the rabbits

by injecting alloxan monohydrate at a dose of 150mg/kg body weight. Six groups of three (3) Rabbits per

group were used for the experimental procedure. Groups I and II serve as normal and diabetic control groups,

and group III was treated with Glibenclamide (an antidiabetic drug). Aqueous extracts of C. adansonii at

doses of 300mg/kg, 600mg/kg and 900mg/kg body weight were administered to treatment groups IV, V and

VI orally for 14 days, respectively. The treatment group showed a significant decrease in fasting blood

glucose, lipid peroxides, superoxide dismutase and an increase in the levels of vitamin C, catalase, and

reduced glutathione. In conclusion, aqueous extract of C. adansonii exhibited significant antidiabetic and

antioxidant activities in alloxan -induced diabetic rabbits.

Keywords: Antidiabetics, Antioxidants, Crateva adansonii, Aqueous Extracts

Introduction

Diabetes mellitus is a serious, complex, chronic

condition affecting millions of people worldwide.[1]

This metabolic disorder is characterised by

hyperglycemia and disturbances of carbohydrate,

protein, and fat metabolism, secondary to an

absolute or relative lack of the hormone insulin.

Besides hyperglycemia, several other factors,

including dyslipidemia or hyperlipidemia, are

involved in the development of micro and

macrovascular complications of diabetes that are

the major causes of morbidity and death.[1]

Globally, the prevalence of diabetes was estimated

to be 2.8 % in 2000 and projected to be 4.4 % in

2030. Worldwide, the total number of people with

diabetes is projected to rise from 171 million in

2000 to 366 million in 2030.[2]

Oxidative stress is associated with the development

and progression of diabetes-associated

complications. In hyperglycemic conditions,

continuous generation of reactive oxygen species

(ROS) occurs, and evidence showed diabetes

induced changes in the activities of antioxidant

enzymes in various tissues.[3] Antioxidants play an

important role in scavenging the free radicals and

protect the human body from oxidative stress. [3, 4]

Hence, a drug with both antioxidant and

antidiabetic properties would be useful for the

treatment of diabetes mellitus. In recent times,

many medicinal plants have been reported to cure

diabetes worldwide and have been used widely

used as antidiabetic remedies. WHO has suggested

the evaluation of traditional plant treatments for

diabetes as they are effective, nontoxic, with less

or no side effects, and are considered to be

excellent candidates for oral therapy. [5]
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Crateva adansonii DC, belonging to the family

Capparidaceae, is commonly called “Varun” or

“garlic pear” in English. [6, 7] C. adansonii is a

moderately sized deciduous tree found throughout

the tropics, especially along the riverbanks. The

leaves are trifoliate and ovate to oblong in shape.

The flowers are white or creamy and occur at the

terminal corymbs. The barks are gray, smooth, and

sometimes horizontally wrinkled. Different parts of

the plant are extensively used in folkloric medicine

for the cure of many disease conditions. The

powdered bark is used in the treatment of urinary,

renal tubular, gastrointestinal, and uterine

conditions. [6] In ethnomedicine, the plant is used in

inflammatory conditions, asthma, snakebites, and

as an astringent. [8] In Senegal, the roots are used in

the treatment of syphilis, jaundice, and yellow

fever. The scientific evaluation of the antimicrobial,

antigout, antitrypanosomal and antiplasmmodial

activities has been reported. [6, 9, 10-11] Abdullahi et

al. [10] and Tsado et al. [11] also report the presence

of phytochemicals such as phenolics, alkaloids,

flavonoids, anthraquinones, saponins, cardiac

glycosides and steroids in the leaves of C.

adansonii.

2.0 Materials and Methods

2.1 Collection and Identification of Plant

Material

The leaves of Crateva adansonii were collected in

May 2017 from Emi-Ndagunji opposite River

Gbako in Katcha Local Government of Niger State,

Nigeria. It was identified and authenticated at the

herbarium section of the Department of Biological

Science, Bayero University Kano, Kano State,

where an Identification Number BUKHAN 0484

was assigned to it for reference purposes.

2.2 Preparation of the Plant Material

The leaves of the plant were dried at room

temperature on a laboratory bench for 16 days and

then grounded to powder using a mortar and pestle.

The powder was macerated in distilled water for

48h with intermittent shaking at 3h intervals. The

extract was filtered using Whatman No. 1 filter

papers. The aqueous filtrate was kept in a water

bath and allowed to evaporate for 18 days, and the

residue was weighed.

2.3 Experimental Animals

Totally 18 rabbits of both sexes, weighing 0.5-1kg,

obtained from a local breeder at Sabon Gari in

Kano State, were used for the study. The animals

were housed in aluminium cages at room

temperature under natural light/dark cycles. The

rabbits were supplied with clean drinking water

and fed ad libitum with standard commercial

pelleted grower feed (Vital Feed Nigeria). The

rabbits were allowed to acclimatise for two weeks

prior to the study. They were maintained in

accordance with the recommendations of the Guide

for the Care and Use of Laboratory Animals.[12]

2.4 Experimental Design

Aqueous leaf extract, standard drug glibenclamide

(10 mg/kg) and saline were administered with the

help of a feeding cannula. Group I serve as the

negative control, which received saline for 14 days.

Group II are diabetic control rabbits treated with

alloxan. Group III are administered with the

standard drug glibenclamide (10 mg/kg). Group IV

to VI are administered with different doses of

aqueous leaf extract of C adonsonii (300 mg/kg),

(600 mg/kg), (900 mg/kg) for 14 consecutive days.

Six groups of 3 rabbits each received the following

treatment schedule.

Group I: Negative Control (saline).

Group II: Positive Control (Alloxan-treated group

(150 mg/kg, ip).

Group III: Alloxan (150 mg/kg, ip) + Standard

drug, Glibenclamide (10 mg/kg, p.o).

Group IV: Alloxan (150 mg/kg.ip) + Crateva

adansonii

Aqueous leaf extract (300 mg/kg, p.o)

Group V: Alloxan (150 mg/kg.ip) + Crateva

adansonii.

Aqueous leaf extract (600mg/kg, p.o)

Group VI: Alloxan (150 mg/kg.ip) + Crateva

adansonii.

Aqueous leaf extract (900mg/kg, p.o)

2.5 Induction of Diabetes in Experimental

Animals
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Rabbits were induced with diabetes by a single

intraperitoneal injection of alloxan monohydrate

(150 mg/kg). Alloxan was first weighed

individually for each animal according to the body

weight and then solubilised with 0.5 ml saline (154

mM NaCl) just prior to injection. Two days after

alloxan injection, rabbits with plasma glucose

levels of >180 mg/dl (>10 mmol/L) were included

in the study. Treatment with plant extracts started

48 h after alloxan injection.

2.6 Collection of Blood Sample and Blood

Glucose Determination

Blood samples were drawn from the ear tip of the

rabbit at weekly intervals till the end of the study

(i.e., 2 weeks). Fasting blood glucose estimation

and body weight measurement were done on days

1, 7, and 14 of the study. Blood glucose estimation

was determined by one touch Accu-check

electronic glucometer using glucose test strips.

2.7 In Vivo Antioxidant Activity

The serum activities of the antioxidant enzymes

Catalase (CAT), Superoxide dismutase (SOD),

Reduced glutathione (GSH), Serum Lipid

peroxides, concentration of vitamin C were

estimated. Catalase (CAT) was assayed by the

modified method described by Aebi. [13]

Superoxide dismutase (SOD) was assayed by the

method of Sun et al. [14]. Reduced glutathione

(GSH) was estimated by the method of Ellman. [15]

Serum Lipid peroxides were estimated using

thiobarbituric acid reactive substances (TBARS)

by the method of Jain et al. [16]. The concentration

of vitamin C in the serum was estimated by the

modified phenyl-hydrazine spectrophotometer

method of Roe and Knether. [17]

2.8 Data Analysis

Data obtained were analysed using one-way

analysis of variance (ANOVA), and the variant

mean was separated by least significant difference

(LSD) of the different groups. Significance was

accepted at the level of P<0.05.

3.0 Results

3.1 Change in Body Weight of Experimental

Animals

Figure 1 presents the changes in body weight in

normal and experimental diabetic rabbits. Alloxan

produced a significant loss in body weight as

compared to normal rabbits during the study.

Positive control rabbits continued to lose weight

till the end of the study, while Crateva adansonii-

treated rabbits at a dose 300 mg/kg, 600mg/kg, and

900mg/kg body weight. showed a significant

improvement in body weight compared to the

positive control group. There was a significant

difference between the C. adansonii and

glibenclamide-treated groups.

Figure 1: Weight (g) of the experimental animals (rabbits) before induction of diabetes with alloxan and

after 14-day treatment. Values are Mean ± SD for three animals in each group.
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Key:

Group I: Negative control Group II: Positive control Group

Group III: Standard (Glibenclamide) Group Group IV: 300mg/kg C.A.E

Group V: 600mg/kg C.A.E Group IV: 900mg/kg C.A.E

3.2 Serum Blood Glucose Levels of the

Experimental Animals

Results of the effect of C. adansonii on the blood

glucose level of alloxan -induced diabetic rabbits

are presented in Figure 2. Alloxan caused a

significant increase in blood glucose level.

However, serum blood glucose levels significantly

decrease during the first week of treatment with the

plant extract. Moreover, the reduction in blood

glucose was maximum in the second week for the

group of animals receiving 300mg/kg, 600mg/kg

and 900 mg/kg doses of C. adansonii. The

hypoglycemic effect of C. adansonii leaf extract

was comparable to that of glibenclamide standard

drug. Thus, the results of the present study clearly

indicated that the aqueous extract of C. adansonii

leaves exhibited significant hypoglycemic activity

in alloxan-induced diabetic rabbits.

Figure 2: Effect of C. adansonii extract on serum glucose level in alloxan induced diabetic rabbits.

Values are expressed as Mean ± SD at P<0.05 (n=3)

(a,b,c,d)= Values with same superscript show no significant difference

p= Values with similar superscript are significantly different as compared to the group negative control.

*= Values with the same superscript show a significant difference as compared to group Glibenclamide.

Key: Group I: Negative Control Group,

Group II: Positive control Group BI:Before induction

Group III: Glibenclamide

Group IV: 300mg/kg C.A.E AI: After induction

Group V: 600mg/kg C.A.E

Group IV: 900mg/kg C.A.E

3.3 Antioxidant Potential of the C. adansonii

leaf extract

After 14 days treatment period, it was observed

that the animal groups treated with C. adansonii

aqueous extract and glibenclamide showed

significant in-vivo antioxidants activities as shown

in Figure 3. There was a significant (p < 0.05)

elevation in MDA, and SODlevels and reduction in

GSH, CAT, and vitamin C levels in the serum of

diabetic rabbits treated with plant leaf extract

compared to control rabbits. The administration of

C. adansonii 600 mg/kg and glibenclamide

significantly (p < 0.05) reversed these changes to

near-normal levels.
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Figure 3: Effect of aqueous leaf extract of C.

adansonii on the serum antioxidant markers in

alloxan - Induced diabetic Rabbits superscript.

Values are expressed as Mean ± SD at P<0.05 (n=3)

(a,b,c,d)= Values with the same superscript show

no significant difference

. p = Values with the same are significantly

different as compared to group negative control.

*= Values with similar superscript show a

significant difference as compared to group

Glibenclamide.

Key:

Group I: Negative Control Group

Group II: Positive Control Group

GSH: Reduced glutathione

Group III: Glibenclamide

Group IV: 300mg/kg C.A.E

SOD: superoxide dismutase

Group V: 600mg/kg C.A.E

Group IV: 900mg/kg C.A.E

VIT C: vitamin CMDA: malondialdehyde

CATALASE: catalase

4.2 Discussion

The present study assessed the antioxidant and

anti-diabetic effects of the aqueous extract of C.

adansonii on alloxan -induced diabetic rabbits. The

result of the present study shows that insulin-

producing cells are still functioning, and the

stimulation of insulin release could be responsible

for most of the metabolic effects. The medicinal

plant compounds may have mechanisms having an

insulin-like effect, improving insulin sensitivity,

augmenting glucose-dependent insulin secretion,

and stimulating the regeneration of islets of

Langerhans in the pancreas of alloxan -induced

diabetic rabbits. At present, the only option to

achieve permanent normoglycemia in diabetic

patients is renewal of the β-cells or stimulating

insulin secretion by medicinal plants. [18-19]

Presence of phenolic compounds such as alkaloids,

flavonoids, and tannins in C. adansonii was

detected in preliminary phytochemical analysis as

reported by Tsado et al. [11]. C. adansonii may be

responsible for the insulin-trophic effect that

enables the reduction of blood glucose levels due

to its antidiabetic effect. The possible mechanism

of action of C. adansonii extract-treated groups

could be potentiating the pancreatic secretion of

insulin from β-cells of islets, as evidenced by

significantly lowering the level of glucose.

Induction of diabetes by alloxan causes loss of

body weight due to increased muscle wasting and

loss of tissue proteins. [20] Due to the destruction of

β-cells, the decrease in body weight and increase in



Gimba, M. Y. & Bello, A. M, et al. Bayero J Biomed Sci 2022; 7(1): 818-825

823

food and water intake were commonly observed in

diabetes, and this may be due to metabolic changes

caused by a lack or deficiency of insulin. [21]

In diabetic rabbits, a reduction in body weight

changes observed might be the result of the

degradation of structural proteins due to a

deficiency of carbohydrate for energy metabolism.
[22] A significant increase in body weight of

diabetic rabbits treated with C. adansonii leaf

extract showed the blood glucose stabilisation

effect, which in turn prevents the loss of body

weight. Administration of sacred garlic plant leaf

extract at 600 and 900mg/kg body weight

significantly lowers blood glucose in alloxan -

induced diabetic rabbits, and its effect was not

equal to that of glibenclamide. The reference drug

glibenclamide is an ATP-sensitive K+ channel

blocker used to treat noninsulin-dependent diabetes.

It appears to be a useful addition to the range of

oral hypoglycemic sulphonylureas, but because of

its potency, it is probably best used as an

antidiabetic drug. [23-24] Diabetic rabbits treated

with the sacred garlic pear plant leaf extract

showed an improvement in body weight in

comparison to the Positive control and standard

glibenclamide-treated groups, which signifies the

reversal of gluconeogenesis. Further, this

antidiabetic activity indicates that sacred garlic leaf

extract may stimulate insulin secretion from the

remaining β-cells or regenerated β-cells.

Diabetes is marked by increased production of free

radicals or impaired antioxidant defences. The

generation of superoxide anion radicals by glucose

oxidation and its dismutation to hydrogen peroxide

leads to the formation of reactive hydroxyl radicals.
[25] In the present study, elevated MDA and SOD

levels and reduced GSH, CAT, and vitamin C

levels were observed in alloxan -induced diabetic

rabbits compared to control rabbits. These changes

may be due to the glucose oxidation, the formation

of free radicals, and the nitric oxide donor property

of alloxan. [26] Administration of C. adansonii leaf

extract significantly reduced Lipid peroxides, SOD

levels and increased CAT, vitamin C, and GSH

levels in diabetic rabbits. The action of the plant to

restore the altered antioxidant enzymes in alloxan -

induced diabetic rabbits indicates its free radical

scavenging potential.

The activities of phenolics having antioxidant

activity further confirm this view. [27] Sterols can

decrease blood sugar in experimental animal

models. [28] The antioxidant activity of the phenolic,

tannins, and flavonoid compounds is attributed to

their redox properties, which can act as reducing

agents, hydrogen donators, and singlet oxygen

quenchers. [29] Polyphenolics having hydroxyl

groups are very important plant constituents which

can protect the body from oxidative stress. [30]

Flavone glycosides have also been reported as

strong antioxidants and potent hypoglycemic

agents.

Conclusion

The findings of the present study demonstrate that

the aqueous extract of the C. adansonii leaves

exerts significant hypoglycemic effects in diabetic

rabbits. Moreover, its pronounced antidiabetic and

free radical scavenging activities highlight its

potential in mitigating diabetes-related

complications. Collectively, these results lend

scientific credence to the traditional use of the

sacred garlic plant as a therapeutic agent in the

management of diabetes.
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Akuskura (VIP-AK47) Via Oral Administration and by Gargling in Mice
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The Nigerian National Drugs Law Enforcement Agency (NDLEA) named Akuskura as a group of new
psychoactive substances (NPSs) nicknamed VIP AK-47, DanMilla (Plate 2B), Hajia Ayisha; Hajia Salma

(Plate 3) by its users and are mostly used in Northern and some parts of Southern Nigeria; and as claimed,
for the treatment of catarrh, malaria, typhoid, headache, body pains, energy boosting for efficient work
without being subjected to physical fatigue, enhancement of sexual arousal in males. The name Akuskura,
sometimes known as Kuskura or Akurkura, is derived from the Hausa word «Kuskura», a noun which can
be used interchangeably to mean gargling and rinsing. The study aimed to investigate sign of toxicity of
VIP AK-47 Akuskura via oral administration and by gargling. Thirteen albino mice were used using
Lorke’s method. Acute lethal effect of low doses of VIP-AK47 Akuskura extract at 10- and 100/kg via oral
route of administration did not show any mortality, but those that received 1,000mg/kg of the substance via
the same route died within 24 hours. No death was recorded at doses of 10, 100 and 1,000 mg of the
Akuskura substance via gargling. The acute lethal effect of high doses did not show any mortality in phase-
I (at 100-, 225-, 370-, and 600mg/kg). In phase-II, however, death was recorded at 1,600- and 2,900mg/kg
of the substance. It was found that the acute lethal effect of high doses of VIP-AK47 by gargling was
higher than via oral administration.

Keywords: VIP AK-47 Akuskura, Toxicity, oral administration, gargling

Introduction

New Psychoactive Substances (NPS) are a broad
and complicated group of chemical substances
frequently referred to as either ‘created’ or

‘synthetic’ drugs or by the more common but
deceptive colloquial term of «legal highs» (Pates 1,
2). According to the United Nations Office on
Drugs and Crime (UNODC),[1] NPSs are
substances of abuse, either in a pure form or a
preparation, that are not controlled by the 1961
Single Convention on Narcotic Drugs or the 1971
Convention on Psychoactive Substances but which
may pose a public health threat. The UNODC
stated that the use of NPSs is often linked to health
problems and that their side effects range from
seizures to agitation, aggression, acute psychosis,
as well as potential development of dependence.[1]

According to Mahmud [2], Akuskura is of different
varieties, and is used in both liquid and powdered
forms by people who are mostly seeking to raise
their levels of psychological or nervous activity or
as users say, to ‘get high' (Pates 1, 2). Akuskura
consists of herbs laced with tobacco and cannabis;
the substance has very limited safety data on its
toxicity and carcinogenic potential, and
information on long-term adverse effects or risks is
still largely unknown.[2] The majority of NPSs are
solids (Snuffs), while some are in liquid forms,
which are used for gargling and rinsing (Pates 1, 2).
The different varieties of NPSs include: VIP AK-
47, DanMilla, Hajia Ayisha, and Hajia Salma. The
VIP AK-47 Akuskura was the object of our
investigations (Pates 1, 2).
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Plate 1: A-VIP AK-47 B-DanMilla.

The AK-47 is famous because of its unmatched
reliability, simple design, low cost, and global
proliferation, making it a durable and accessible
weapon for virtually any environment or user.

A broad range of negative health outcomes has
been associated with the use of VIP AK-47.[1,5]

These can be physical or psychological, including
cardiovascular problems, seizures, renal failure,

myocardial infarction, sudden violence, irregular
movements of the body and increased muscle
contractions, vomiting, diarrhea and sudden
collapse, anxiety, agitation, memory loss,
depression, and psychosis.[2] Raised psychological
or nervous activity of the body causes compulsive
desire to commit crime, aggression and mood
swings; these substances are very affordable and
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accessible, peddled mostly by herbalists and
religious herbal chemists.[6,7]

There has been an increased concern about the
effects of the deadly Akuskura in Nigeria and some
West African countries; the NPSs represent a
serious threat to public healthcare systems and
pose a challenge for researchers, forensic
toxicologists, healthcare systems and drug control
policy globally – and have been described as a
‘growing global epidemic’.[6,7] As the negative
health impacts and social harms of Akuskura are
largely unexplored, prevention and counselling are
extremely difficult. It is therefore expedient to
study the mean lethal doses of the substance, as
well as compare the mean lethal doses when orally
administered and when gargled.

Acute Toxicity Test

Lethal mean dose (LD50) is the amount of a
substance (given all at once), which causes the
death of 50% (one half) of a group of test animals;
it is one way to measure the short-term poisoning
potential (acute toxicity) of a substance.
Researchers use many kinds of animals, but most
often testing is done with rats and mice. The LD50

is usually expressed as the amount of chemical
substance administered (e.g., milligrams) per 100
grams (for smaller animals) or per kilogram (for
bigger test subjects) of body weight.[3]

When an organism is subjected to a variety of
doses of a test chemical through the duration of 24
hours by a known route, acute systemic toxicity
assesses the adverse effects that follow.[12] Before
the test chemical produces a systemic adverse
effect, it is absorbed and dispersed throughout the
body after administration.[13] To ascertain the
harmful effects that can result from inadvertent or
intentional short-term exposure, it is necessary to
assess the acute toxic potential of drugs or other
substances.[14,15] In general terms, an active
ingredient is more dangerous based on an LD50

value.[3]

Calculation of LD50

Lorke’s method was used to calculate the LD50.
[13]

The study aimed to investigate and compare the
acute toxicity of VIP AK-47 via oral

administration and gargling in male mice. To
achieve this, the following tasks were set as
objectives:

i. To determine the lethal mean dose
(LD50) of VIP AK-47 via oral
administration using cotton swabs.

ii. To determine the lethal mean dose
(LD50) of VIP AK-47 via gargling
using cotton swabs.

iii. To compare the lethal mean dose
(LD50) of VIP AK-47 via oral
administration and via gargling.

Materials and Methods

Experimental Animals

A total of twenty-six (26) adult male mice (7-8
weeks old, 18-25g by weight) were used in this
study. The Animals were obtained from the animal
house of the Department of Human Physiology,
Bayero University, Kano (BUK), Kano, Nigeria.
Mice were housed in groups in clean cages (five
per cage) under standard laboratory conditions,
including a good aerated room with suitable
temperature, relative humidity, and dark/light cycle
and free access to feed and water ad libitum.
Animals were grouped into:

 Group One/Phases I (n=9) and II (n=4):

Mice were divided into three groups of three
mice each and were orally administered lower
doses of the extract at 10-, 100- and
1000mg/kg of VIP AK-47 extract using cotton
swabs, respectively.

 Group Two/Phases I (n=9) and II (n=4):

Animals were administered higher doses of the
extract at 140-, 225-, 370-, and 600mg/kg of VIP
AK-47 via oral administration and gargling using
cotton swabs, respectively.

Determination of Median Lethal Dose (LD50):

This was carried out using the method of Lorke
(1983) via the oral route of administration and by
gargling in two different phases; thirteen (13).
mice in each of the four phases. In phase-I, nine (9)
mice were divided into three groups of three and
were orally administered the extract at different
doses of 10-, 100- and 1000mg/kg of VIP AK-47
using cotton swabs. The mice were observed for
mortality for 24 hours.[3] In phase-II, four (4) mice
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were administered the extract, respectively, via
gargling using cotton swabs and were also
observed for mortality and other signs of toxicity
for 24 hours.

Ethical Consideration: Ethical approval (№
BUK/ACUREC/CAP/PG3) was obtained from the

Animal Care and Use in Research Ethics
Committee (ACUREC) of Bayero University,
Kano, Nigeria.

Results and Discussion

Results of the present study are presented in Tables
1 and 2.

Table 1: Acute Lethal Effect of Low Doses of VIP-AK47
Phase-I (Oral Route) Phase-I (Gargling)

Dose (mg/Kg) № of Dead Mice after 24 hours Dose (mg/Kg) № of Dead Mice after 24 hours
10 0/3 10 0/3
100 0/3 100 0/3
1000 3/3 1000 0/3

Table 2: Acute Lethal Effect of High Doses of VIP-AK47
Phase-II (Oral Route) Phase-II (Gargling)

Dose (mg/Kg) № of Dead Mice after 24 hours Dose (mg/Kg) № of Dead Mice after 24 hours
100 0/1 600 0/1
225 0/1 1000 0/1
370 0/1 1600 1/1
600 0/1 2900 1/1

Results and Discussion

According to Lorke’s postulation, lethal doses of
substances can be classified according to their
LD50 values: for LD50 ≥ 1mg/kg, the substance is
highly toxic; for LD50 ≥ 5mg/kg, the substance is
toxic; for LD50 ≥ 100 mg/kg, the substance is
moderately toxic; for LD50 ≥ 1000 mg/kg, the
substance is slightly toxic; and for LD50 ≥ 5000
mg/kg, the substance was non-toxic.[3]

Assessment of Mean Oral Lethal Dose:

Using the formula LD50= √(D0+D100, where:
D0= Highest dose that gave no mortality, and
D100 = Lowest dose that produced mortality.

By simple computation, this result gave rise to an
LD50 of 774 mg/kg by oral administration and
1265 mg/kg by gargling.

In this study, Table 1 shows the results of the acute
lethal effect of low doses of VIP-AK47 extract at
10-, 100 and 1000/kg via oral route of
administration (phase-I) and gargling (phase-II) in
mice. Animals in phases I and II that orally
received 10- and 100/kg of the VIP-AK47 extract
survived; this agrees with findings reported by
Tijjani et al.[3] who reported that oral
administration of a low dose of Akuskura mixture

did not cause mortality after 24 hours of treatment,
but other signs of toxicity, such as tremors, fits,
and loss of balance, were visible.[3] However, those
that received 1000mg/kg of the substance via the
same route died within 24 hours after treatment.
This also agrees with findings reported by Tijjani
et al.[3] who reported that at a higher dose of VIP-
AK47, death was observed.[3] This indicated that
doses of 10- and 100mg/kg of the VIP-AK47
substance were safe to be administered orally,
while 1000 mg/kg was a lethal dose.
In phase-II (Table 1), no mortality was recorded,
indicating that doses of 10, 100 and 1000 mg/kg of
VIP-AK47 were safe if used by gargling. This
agrees with findings reported by Tijjani et al.[3]

who reported that oral administration of a low dose
of Akuskura mixture did not cause mortality after
24 hours of treatment.

Table 2 shows results of acute lethal effect of the
VIP-AK47 extract [via oral administration (phase-I)
and by gargling (phase-II)] in mice, using different
but higher doses of the substance; no mortality was
recorded at in phase-I (at 100-, 225-, 370-, and
600mg/kg), indicating that the new psychoactive
substance VIP-AK47 had no lethal effect and was
safe to be administered orally. This also agrees
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with findings reported by Tijjani et al.[3] who
reported that oral administration of a low dose of
Akuskura mixture did not cause mortality after 24
hours of treatment. In phase-II of the same table
(Table 2 - gargling), however, death was recorded
at 1,600- and 2,900mg/kg of the Akuskura
substance, indicating that these concentrations of
VIP-AK47 were lethal doses. This agrees with
findings reported by Tijjani et al.[3] who reported
that oral administration of a high dose of Akuskura
mixture caused mortality after 24 hours of
treatment.

The most common mechanism of absorption for
drugs is passive diffusion, which can be explained
through the Fick law of diffusion, in which the
drug molecule moves according to the
concentration gradient from a higher drug
concentration to a lower concentration until
equilibrium is reached.[16] Unlike buccal
administration, which often leads to slower effects
and less drug absorption because of digestion and
liver metabolism, sublingual delivery method
avoids liver metabolism, resulting in faster
absorption into the bloodstream. The high
vascularity and thin mucosa under the tongue
allow for rapid absorption with sublingual
delivery.[18-21]

Bioavailability is the extent to which a substance
or drug becomes completely available to its
intended biological destination(s); it is a measure
of the rate and fraction of the initial dose of a drug
that successfully reaches either the site of action or
the bodily fluid domain from which the drug's
intended targets have unimpeded access.[22-25]

The bioavailability of a 5-mg sublingually
administered dose is around 35%; therefore, the
dose to reach saliva saturation is about 5.4 mg.[26]

The observation that higher bioavailability is not
observed at doses below the saturation solubility
and that bioavailability is constant across this dose
range is consistent with a rapid mass transport
equilibrium being established between the drug in
solution in the mouth and the drug in the mucosal
membranes.[26] Bioavailability is essential in
maintaining drug plasma concentration within the
therapeutic range.[16]

From the aforementioned, it can perhaps be
concluded that the mortalities observed in phases I
and II (Tables 1 and 2) can be explained by the rate
and fraction of the initial dose of AK-47 that
successfully avoided liver metabolism, resulting in
faster absorption into the bloodstream.

Conclusion

The acute lethal effect of high doses of VIP-AK-47
by gargling was higher than via oral administration.

Limitation of the Study

There is a need to determine the time taken by
VIP-AK-47 to be absorbed into the bloodstream.

Acknowledgement - We acknowledge the support
given by the technical staff of the laboratory,
Department of Human Physiology, Faculty of
Basic Medical Sciences, Bayero University, Kano,
while carrying out most of the experiments in this
study.

References

1. United Nations Office on Drugs and Crime
(UNODC). Vienna: United Nations Office
on Drugs and Crime. (World Drug Report).
Available from:
https://www.unodc.org/unodc/secured/wdr
/wdr2013/World_Drug_Report_2013.pdf.

2. Mahmud IY. Akuskura: The New Deadly
Psychoactive Substance in Town –
NDLEA. Available from:
https://www.channelstv.com/2022/09/02/a
kuskura-the-new-deadly-psychoactive-
substance-in-town-ndlea/ (Accessed 20th

April, 2024).
3. Tijjani RG, Suleiman SA, Mansur MS,

Umar I, Adamu I, Sheidu ML and Umaru
AR. Toxicological Evaluation of
‘Akuskura’, a Herbal Mixture Widely
Abused by Youths in Northern Nigeria.
International Research Journal of Medical

and Pharmaceutical Sciences. 2025; 10(2):
1-11. DOI: 10.5281/zenodo.15274514.

4. Okoyo C, Njambi E, Were V, Araka S,
Kanyi H, Ongeri L, Echoka E,
Mwandawiro C, Njomo D. Prevalence,
types, patterns and risk factors associated



Hafsat H.M. & El-ta’alu, A.B. Bayero J Biomed Sci 2022; 7(1): 826-834

831

with drugs and substances of use and abuse:
A cross-sectional study of selected
counties in Kenya. Plos one. 2022; 17(9):
e0273470.

5. Soonest N. Akuskura, the new deadly
psychoactive substance in town. Channels.
Available from
https://www.channelstv.com/2022/09/02/a
kuskura-the-new-deadlypsychoactive-
substance-in-town-ndlea/ (Retrieved 8
October 2023).

6. Soussan C, Kjellgren A. The Users of
Novel Psychoactive Substances: Online
Survey about their Characteristics,
Attitudes and Motivations. International

Journal of Drug Policy. 2016; 32: 77–84.
https://doi.org/10.1016/j.drugpo.2016.03.0
07.

7. Luethi D, Liechti ME. Designer Drugs:
Mechanism of Action and Adverse Effects.
Arch Toxicol. 2020; 94:1085–1133.
doi: 10.1007/s00204-020-02693-7.

8. Saganuwan SA. Toxicity study of drugs
and chemicals in animals: An overview.

BJVM. 2016. Online first. ISSN 1311-477.
DOI: https://doi.org/10.15547/bjvm.983.

9. EURL-ECVAM. European Union
Reference Laboratory for Alternatives to
Animal Testing. Available from: https:

//eurl

ecvam.jrc.ec.europa.eu/glossary/glossary/i

nvitro-methods (2017).
10. Clemedson C et al. MEIC evaluation of

acute systemic toxicity. Part VII.
Prediction of human toxicity by results
from testing of the first 30 reference
chemicals with 27 further in vitro assays.
ATLA .2000; 28: 159–200831.

11. Sadasivan KP, Thomson M, Katsumi K,
Bhavana S, Mathews M, Parvathy S. John
William Trevan’s concept of Median
Lethal Dose (LD50 /LC50) – more misused
than used. Journal of Pre-Clinical and

Clinical Research. Availablefrom:
www.jpccr.eu (2021).

12. EURL-ECVAM. European Union
Reference Laboratory for Alternatives to
Animal Testing. Available from: https:

//eurl

ecvam.jrc.ec.europa.eu/glossary/glossary/i

nvitro-methods (2017).
13. Lorke D. A new approach to practical

acute toxicity testing. Archives of

Toxicology. 1983. 54:275–87.
DOI: 10.1007/BF01234480.

14. Maheshwari DG, Shaikh NK. An overview
on toxicity testing method. Int J Pharm

Technol. 2016/ 8(2): 3834–49.
15. Senin R. Acute toxicity study. 2006.

(http://www.ccohs.ca/oshanswers/chemical

s/Id50.html) on 27/3/2010.
16. Alagga AA, Mark V, Pellegrini MV,

Gupta V. Drug Absorption
Treasure Island (FL): StatPearls Publishing.
(2024).

17. Chinna RP, Chaitanya KS, Madhusudan
RY. A review on bioadhesive buccal drug
delivery systems: current status of
formulation and evaluation
methods. Daru. 2011, 19 (6): 385–403.

18. Sattar M, Sayed OM, Lane ME. Oral

transmucosal drug delivery--current status
and future prospects. Int J Pharm. 2014;
471(1–2): 498–
506. Doi:10.1016/j.ijpharm.2014.05.043. P
MID 24879936.

19. Fonseca-Santos, B, Chorilli, M. An

overview of polymeric dosage forms in

buccal drug delivery: State of art, design

of formulations and their in vivo

performance evaluation. Materials Science

& Engineering. C, Materials for

Biological Applications. 2018; 86: 129–
143. Doi:10.1016/j.msec.2017.12.022.

20. Wanasathop A, Patel PB, Choi HA, Li SK.

Permeability of Buccal

Mucosa. Pharmaceutics. 2021, 13 (11):

1814. Doi:10.3390/pharmaceutics1311181
4.

21. Bahraminejad S, Almoazen H. Sublingual
and Buccal Delivery: A Historical and
Scientific Prescriptive. Pharmaceutics.

12025, 7(8):1073.
22. Herkenne C, Alberti I, Naik A, Kalia YN,

Mathy FX, Préat V, Guy RH. In vivo

methods for the assessment of topical drug
bioavailability. Pharm Res. 2008,
25(1):87-103.



Hafsat H.M. & El-ta’alu, A.B. Bayero J Biomed Sci 2022; 7(1): 826-834

832

23. Chow SC. Bioavailability and
Bioequivalence in Drug
Development. Wiley Interdiscip Rev

Comput Stat. 2014, 6(4):304-312.
Doi: https://doi.org/10.3390/pharmaceutics
17081073.

24. Currie GM. Pharmacology, Part 2:
Introduction to Pharmacokinetics. J Nucl

Med Technol. 2018, 46(3):221-230.
25. Jennifer Le, Evam MV. DrugBioavailability.

Availablefrom:

https://www.msdmanuals.com/professiona

l/clinical-

pharmacology/pharmacokinetics/drug-

bioavailability (2024).
26. Bartlett JA, van der Voort Maarschalk K.

Understanding the oral mucosal absorption
and resulting clinical pharmacokinetics of
asenapine. AAPS PharmSciTech. 2012,
13(4):1110-5. doi: 10.1208/s12249-012-
9839-7.



Almustapha, L. et al. Bayero J Biomed Sci 2022; 7(1): 833-844

Date submitted-14/09/2022 Date Accepted-23/12/2022833

Fluorescence Study of Antimalarial Drugs Interactions with Bovine Serum Albumin and

Haemoglobin under Different Physiological Conditions
*1Lawal Almustapha, 1Abubakar Mu’azu Gusau, 1Umar Shamsuddeen Dandare.,

1Abubakar Aminu Lailaba & 2 Wali Usman
1Department of Biochemistry and Molecular Biology, Faculty of Chemical and Life Sciences,

Usmanu Danfodiyo University, Sokoto - Nigeria.
2Department of Chemical Pathology, School of Medical Lab Science,

Usmanu Danfodiyo University, Sokoto State,

Department of Biochemistry and Molecular Biology, Faculty of Chemical and Life Sciences,

Usmanu Danfodiyo University, Sokoto State

*Corresponding Author: Almustapha Lawal

Corresponding Email: lawal.almustapha@udusok.edu.ng

ORCHID ID: https://orcid.org/0000-0001-5261-7211

Abstract

Drug-protein interactions significantly impact the pharmacology of drug distribution, free drug

concentration, and metabolism. Haemoglobin and albumin are associated with drug interactions in systemic

blood circulation. The research aimed to study the in vitro interactions between chloroquine (CQ) and

amodiaquine (AQ) with haemoglobin (Hb) and bovine serum albumin (BSA) under different physiological

conditions. Changes in spectral shift and fluorescence emission were monitored using a fluorescence

spectrophotometer. The effects of increased drug concentration, pH, and temperature at constant Hb and

BSA concentrations were studied using excitation at 350 nm and emission wavelength between 300 and

900 nm. The drugs were prepared in concentrations between 5 - 25µM using methanol. The Hb and BSA

were prepared in 0.05M phosphate buffer (pH 7.2) and Tris-HCl buffer (pH 10.2). The fluorescence of Hb

and BSA was attributed to the presence of amino acid residues, especially tryptophan (Trp). However, the

results show that the concentration of CQ, AQ, pH, and temperature of the reaction affect the denaturation

of Hb and BSA via positive interactions and structural shift expressed by emission intensity after binding of

antimalarial drugs to BSA and Hb, which signifies denaturation, and the denaturation takes place in the

absence of other cellular matter. In conclusion, the results suggested that different mechanisms of

interactions may have occurred between the CQ and AQ in the two major proteins, Hb and bovine serum

albumin.

Keywords: Antimalarial Drugs, Haemoglobin (Hb), Bovine Serum Albumin (BSA), Fluorescence Intensity

and Denaturation.

Introduction

Drug-protein interactions affect the

pharmacokinetics and pharmacodynamics of the

drug, such as distribution, free drug concentration,

and metabolism [1, 2]. These interactions can affect

drug stability and toxicity during the

chemotherapeutic process [1]. Haemoglobin (Hb), a

tetramer that contains four globin chains, two α-

chains and two β-chains, is the most important

functional protein in blood that carries oxygen to

the lungs, transports carbon dioxide, and regulates

the blood pH [3]. The four globin chains carry a

haem group as a prosthetic group as oxygen-

binding sites. The drug that enters the systemic

circulation has to be transported through the blood

and has the possibility of interacting with Hb.

Albumin, the most abundant protein in the blood,

plays a dominant role in drug disposition and

efficiency [4]. Many drugs and other small

bioactive molecules are reversibly bound to

albumin and other serum components as carriers.

Serum albumin (SA) often increases the apparent

solubility of hydrophobic drugs in plasma and

modulates their delivery to cells [6]. The primary

sequence of SA suggests 583 amino acids in three

homologous domains (classified as I, II, and III
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domains) connected by disulfide bonds, and two

tryptophan residues at positions Trp-134 and Trp-

212, which influence its intrinsic fluorescence [7].

Chloroquine (CQ), a 9-aminoquinoline derivative,

is believed to have been discovered and named by

a scientist, Hans Andersag, and his co-workers in

the year 1934 [8]. It was initially limited in its

prescription due to its potential toxicity, but

reinstated in 1948 due to its proven

chemotherapeutic ability against extra-intestinal

amebiasis [9]. It was also deployed by the World

Health Organisation (WHO) after World War II to

combat malaria, and since then, CQ has remained

on the list of WHO's essential medicines. It is

effective against malarial parasites of the

Plasmodium genus, such as Plasmodium malaria,

Plasmodium ovale, and Plasmodium vivax, but not

against Plasmodium falciparum owing to the

resistance developed [10]. The mechanism used by

CQ to attack the malaria parasite in the red blood

cell is by interaction and intercalation of the DNA,

thereby inhibiting haem polymerase and also acts

via calcium-binding protein Ca-calmodulin

mediated mechanisms and can also form

complexes with hepatic porphyrins, which chelate

iron, thereby depriving the parasite of acquiring

those amino acids for constructing its proteins and

energy metabolism. CQ is a lysomotrophic agent

and crosses plasma membrane and organelle

membranes by simple diffusion and efflux of the

cells via a protein called multi-drug resistance

protein or MRP-1, an ATP-binding protein [10, 11].

In addition, amodiaquine hydrochloride (AQ) is

structurally a 4-aminoquinoline, and it is more

effective against P. falciparum than chloroquine

and is used in combination with Artemisinin-based

combination therapy (ACT). The drug interacts

with haemoglobin and inhibit prevent its broken

down, via glutathione-dependent interactions,

stoping the destruction of ferriprotoporphyrin IX in

the malaria parasite, which becomes more

accumulated, thereby becoming toxic

(amodiaquine reactive quinone-imine metabolite)

to the parasite, and degrading haemoglobin in

vacuoles of the parasitic cell and prevents it from

acquiring those amino acids for constructing its

proteins and energy metabolism. Although the CQ

is no longer being prescribed in the malaria

medicine in most African countries, with the recent

outbreak of COVID-19, many researchers

speculate on the effectiveness of hydroxyl CQ

(HCQ) against the coronavirus, retroviruses, and

flaviviruses and have also demonstrated its anti-

viral potency [12]. For example, Savarino et al. [13]

reported its ability to inhibit viruses at the entry

point of the host cell in the case of the Borna

disease virus and the avian leucosis virus in the

hepatitis (A), chloroquine has also shown to inhibit

the coating formation in viruses and, thereby,

denying the virus to replicate leading to the

destruction of the virus [14, 15].

Therefore, a study on CQ, AQ interactions with Hb

and BSA will provide information on the structural

features of the drugs and help to elucidate the

properties of the drug-protein interaction [16, 17].

Studies on drug-protein interactions have been

reported; only a few reports are available on the in

vitro interactions between antimalarial CQ and AQ

with Hb and BSA using fluorescence under

different physiological conditions. Therefore, the

work aimed to study the in vitro interactions

between chloroquine (CQ) and amodiaquine (AQ)

on haemoglobin (Hb) and bovine serum albumin

(BSA) under different physiological conditions.

Materials and Methods

Chemicals and Reagents

Horse haemoglobin Lyophilised powder

(molecular weight 64,500 D), Bovine Serum

Albumin, Chloroquine phosphate, and

Amodiaquine hydrochloride are purchased from

Sigma (Sigma Chemicals USA). And the Tris-HCl

buffer (pH 10.2) was purchased from Hopkin and

Williams (Hopkin and Williams, UK).

Assay Procedure

Preparation of Chloroquine Phosphate and

Amodiaquine Hydrochloride Stock Solutions

The stock solutions of Chloroquine and

Amodiaquine were prepared by dissolving 25 mg

and 20 mg, respectively, in 10 mL of deionised

water and diluted with phosphate and Tris-HCl

buffers to 100 mL, respectively.

Preparation of Haemoglobin and BSA working

solutions
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A 10 mg of haemoglobin was dissolved in 100ml

of phosphate buffer (0.05M, pH 7.2), giving a (10

mg%) solution of haemoglobin, and 10 mg of BSA

in 100 ml of Tris-HCl buffer (pH = 10.2) (10 mg%)

was prepared as a stock solution in Tris-HCl buffer

(pH = 10.2).

Fluorescence Spectra Measurement of Pure Hb

and BSA

The fluorescence spectral analysis of pure bovine

serum albumin and haemoglobin was carried out

using an RF-5301PC Spectrofluorimeter

(Shimadzu- Japan). The excitation wavelength was

set at 370 nm, and the emission wavelength was

between 220 and 900 nm. The fluorescence

spectrophotometer was first allowed to warm up

for 30 minutes and zeroed using phosphate buffer

free of Hb and Tris-HCl buffer free of BSA,

respectively, in two different experiments. And 2

mL of freshly prepared pure BSA in Tri-HCl

buffer and Hb in phosphate buffer were transferred

into a quartz cuvette and scanned for 10 minutes,

the spectrum of pure Hb and BSA were obtained.

Effect of increased Concentrations of CQ and AQ

on Hb and BSA in phosphate and Tris-HCl buffers

The spectrofluorimeter was first set up, with the

emissions wavelength from 220-900nm and

excitation at 370nm, and left for 30 minutes to

warm up. Before sample scanning, the machine

was zeroed using Tris-HCl buffer for BSA and

phosphate buffer for Hb, respectively. In separate

experiments, using a serial dilution, the

concentration of CQ was diluted using freshly

prepared buffer into 5, 10, 15, 20, and 25 mg, and

AQ into 2.5, 5, 10, 15, and 20 mg, and a constant

concentration of (10 mg%) of BSA and Hb was

used. One millilitre (1 ml) of each of the prepared

concentrations of the drugs and 1 ml of BSA and

Hb were mixed separately in the cuvette. The

mixture was vortexed and allowed to stand for 30

minutes before a different spectrum was obtained.

Effect of Temperature on BSA with AQ in Tris-HCl

buffers

In the second experiment, the effect of a change in

temperature in the mixture of BSA and AQ was

monitored. The temperature of the reaction mixture

was set at 25° C, 35° C, and 40° C using an in-built

thermostat to adjust the temperature. The reaction

mixture was allowed to stand in the thermostat

setting for 30 minutes before scanning. The

emission wavelength was taken from 220 to

900nm, and excitation at 370nm.

Effect of Change in pH of the Reaction Medium for

AQ-BSA Interaction

The effect of a change in pH in the AQ-BSA

complex was investigated. The spectrofluorimeter

was first set up, with the emissions wavelength

from 220-900nm and excitation at 370nm, and left

for 30 minutes to warm up. Before sample

scanning, the machine was zeroed using Tris-HCl

buffer for BSA and phosphate buffer for Hb,

respectively. The pH was adjusted to 10.2, 8.2, and

6.2 using 0.1M NaOH. The reaction mixture was

incubated at room temperature (250 °C) for 30

minutes. The sample was scanned for 10 minutes,

and the spectrum was obtained at an emission

wavelength of between 220 and 900 nm and an

excitation wavelength of 370nm.

Results

Spectra of Pure Haemoglobin and Bovine

Serum Albumin in phosphate and Tris-HCl

buffers

The fluorescence intensity (FI) of the pure

haemoglobin showed that Hb was stable in

phosphate buffer under pH condition 7.2 (Figure 1)

and BSA in TrisHCl buffer (pH 7.2) presented in

Fig. 2, the spectrum was recorded with excitation

at 350 nm and emission range of 220 nm-900 nm

with one prominent peak was observed at 400 nm

for haemoglobin, which shows the characteristic

absorption of porphyrin at a soret region. Two

peaks at 374 nm and 698 nm were observed for

BSA (Figure 2), respectively. These may represent

two sub-domains in BSA, which are predominantly

helical and contain amino-acid sequences linked by

disulfide bridges, one free thiol (Cys 34), a single

tryptophan (Trp-214) and a prominent peak at 380

nm and a lighter groove at 700 nm.
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Figure 1: Spectrum of pure haemoglobin in 0.05M phosphate buffer at pH 7.2, λ = 350 nm

Figure2: Spectrum of pure BSA in Tris-HCL buffer (pH = 7.2) at room temperature, ex = 350 nm
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Effect of Increased Concentrations of CQ and

AQ on Hb and BSA

In determining the effect of increased

concentrations on drug-protein complex structure

and structure perturbation, different concentrations

of CQ and AQ were titrated against a constant

concentration of Hb and BSA. The results in

Figure 3 showed a non-quenching effect in a

concentration-dependent pattern, whereby an

increase in chloroquine concentration increases the

Hb fluorescence intensity (FI). The amodiaquine-

Hb complex showed structural modification and

increased FI (Figure 4). This was attributed to the

binding mode of the amodiaquine, which interacts

with amino acid residues due to protein unfolding,

attributed to the thermodynamic state of the

reaction medium. It showed a non-quenching effect

via drug-protein interaction, causing an increase in

fluorescence intensity. Structurally, amodiaquine

has an additional -OH group that can influence its

chemical properties. This observation has been due

to interactions between amino acid residues that

led to structural modification via hydrogen

bonding and Van der Waals forces. Protein

unfolding may increase the interactions between

the ligand and protein in an aqueous environment,

forming a protein-ligand complex and, ultimately,

changes in conformation. In addition, amodiaquine

showed significant variation compared with the

chloroquine mode of interactions with

haemoglobin

.

Figure 3: Fluorescence spectra of increased chloroquine concentrations against constant haemoglobin

concentration at pH 7.2. a = pure Hb, c = 25 mM, e = 20 mM, b = 15 mM and d = 5 mM of CQ

respectively.
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Figure 4: Fluorescence spectra of Amodiaquine–haemoglobin complex at pH 7.2

Different biochemical mechanisms were observed

in in vitro interactions of CQ, AQ, and BSA. With

increasing concentration of CQ, in a constant

concentration of haemoglobin, the interaction

increases in a concentration-dependent pattern

(Figure 5). The sharp peak at 370 nm was

expanded above 400 nm with a flat curve, and the

second peak at 700 nm became prominent, which

indicates that the CQ has influenced the spectral

changes of BSA, indicating the denaturation of

BSA. Similarly, AQ revealed an opposite

interaction apart from CQ. Increased concentration

of AQ shows that the higher the concentration, the

less the fluorescence (Figure 6), which could

indicate binding of more ligands to the amino acid

residues in BSA and vice versa.
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Figure 5: BSA-drug Interactions in increasing Chloroquine concentration

Figure 6: BSA-drug Interactions in increasing Amodiaquine concentrations
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Effect of Temperature on BSA with AQ in Tris-

HCl buffers

Temperature changes affect protein structure and

functions. Thereby, thermodynamically

destabilising different forces involved in structure

formation. Investigating the effect of temperatures

on drug-protein interaction and structural

perturbation, the mixture of BSA and AQ was

studied at various temperatures. The result showed

an unsimilar pattern at 250 °C compared to 350

and 400 °C, which shifted the wavelength above

400 nm in the BSA-AQ interaction. This could be

attributed to changes in the structure of proteins,

and the number of ligand binding sites changes

considerably under high temperatures (Figure 7).

Ligand binds in more stable and

thermodynamically intact proteins. The BSA-AQ

binding indicated non-significant differences

between 350 and 400 °C compared to 250 °C

temperatures, suggesting an increase in

temperature ensured structural instability, and

lower temperature revealed positive cooperativity

and optimum for ligand binding (Figure 7).

Figure 7: Effect of Temperature (0C) on the binding of AQtoBSA at λ = 350 nm. Key: blue curve = 25 0C,

light brown curve = 35 0C and 45 °C, respectively.

Effect of Change of pH on AQ-BSA mixture in

Tris-HCl Buffer

Drug action is optimum at a given pH, and protein-

drug binding is sensitive to pH variation, which

affects the interaction between plasma proteins and

the available drug at the site of action. A pH

change induced changes in the plasma proteins and

their physicochemical properties in the protein-

drug interaction. The effect of changes in pH from

more acidic (pH 6.2 & 8.2) to base at pH 10.2

above the arterial blood pH values between 6.7 and

7.4 indicate that the binding of the AQ to BSA

caused a structural disruption and conformational

changes in the structure of BSA, thereby increasing

the fluorescence intensity, especially in the second

subunit as presented in (Figure 8).
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Figure 8: Effect of increasing pH on the binding of AQtoBSA.Key: blue curve = pH 6.2, brown curve = pH

8.2 and green curve = pH 10.2, respectively.

Discussion

In the present study, a modified fluorescence

spectroscopic technique was used to investigate the

effect of drug concentration, pH, and temperature

on drug-protein interactions. The results proposed

different interactions at various drug

concentrations, temperatures, and pH due to

denaturation, resulting in conformational changes.

The interactions between biological

macromolecules and drug ligands can be described

in terms of the mechanisms that involve

interactions and binding constants, etc. The non-

quenching effect of the drug ligands causes the

observed increased fluorescence intensity (Figure

6), which is attributed to the different molecular

interactions such as excited-state reactions,

complex formations, energy transfer, and

molecular rearrangements [5]. The effect of pH,

temperature, and serum protein concentration was

reported in the in vitro studies on the binding of

flutamide to human serum albumin (HAS) that

show positive interactions [18]. Other positive

interactions reported include codeine, morphine,

and methadone binding to human serum proteins
[19]. The structures of drug ligands, CQ, and AQ

(Figures 3 & 4) may interact with amino acid

residues in the binding sites of the BSA and

haemoglobin, which can trigger denaturation and

conformational changes of their secondary

structures. The drug as a ligand may be surrounded

by the α-helices structures of the proteins, which in

turn form electrostatic contacts and possible

hydrophobic interactions, further affecting the

excitation and emission of the drug-protein

complex. The increase in fluorescence intensity

could indicate the positive cooperative behaviour

of drug ligands at high concentrations that affect

protein structure stability [18]. It might also be

speculated that at low ligand concentrations, the

bound proteins are relatively stable, as compared to

high ligand concentrations.
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The study on the effect of temperature on BSA-CQ

and BSA-AQ was significant in determining the

temperature-dependent binding for thermodynamic

and pharmacodynamic parameters. Esmaeilzadeh

et al. [18] have reported on the effects of different

temperatures and determined the thermodynamic

indicators and state of linearity by obtaining an

average number of binding sites for flutamide-

HAS at various temperatures. Also, observed that

at 400 °C and 350 °C, there were significant

increases in the destabilisation of the structure and

hence positive interactions that led to an increase

in fluorescence intensity (Figure 8). While at

250 °C, the structure of BSA was stable and

showed positive cooperativity and optimum for

ligand binding [19]. Positive cooperative behaviour

at a high temperature of 370 °C on the stability of

the HSA structure and a decrease at 250 °C were

reported [18, 20].

Chloroquine and other 4-aminoquinoline drugs

were reported to bind to cytoplasmic proteins at a

pH of 7.4 and interfere with the parasite feeding

process in the food vacuole when fully protonated
[21]. Chloroquine, a weak base with pKa of 8.1 and

pKa of 10.2, any change in pH would affect the

drug-protein chemistry, its binding, and

interactions. The interactions under different pH

values were performed through fluorescence

emission, as shown in Figure 9. The change in

fluorescence intensity at various pH levels for CQ

and AQ is attributed to a change in the

physicochemical properties of the drug molecules.

At pKa of 8.2 and 10.2, CQ and AQ may exist in a

unionised form at the studied pH [20]. Therefore, it

is suggested that the main factor affecting the

changes in the fluorescence behaviour of drugs–

BSA binding at different pH conditions has been

due to allosteric changes in BSA [5]. The

conformation changes in BSA structure at the pH

range of 7–8.7 were known as the neutral to base

or N-B transition [18]. The result suggested that at

pH 10.2, the B conformation of BSA was increased

compared to pH 8.2 and 6.2. Therefore, in such

conditions, an affinity for the B conformation is

important for increased fluorescence activity, while

at pH 8.2 and 6.2fluorescence activity of CQ-BSA

and AMQ-BSA bindings showed non-significant

differences. At pH 7.2, which is very close to

neutral pH, the N conformation of BSA may

dominate. It was observed that the R state of

haemoglobin may correspond to the N

conformation of BSA [20]. Also, higher O2-

haemoglobin interactions at the R state were

described as confirmation of high cooperative

interaction, and that could be the reason for high

interactions between CQ, AQ, and BSA at pH 10.2
[18, 20].

In conclusion, the spectrofluorometric technique

remains relevant for studying drug-protein

interactions and the study of possible

conformational changes in proteins. The results

from the interactions of CQ and AQ with BSA and

Hb suggest positive interactions and cooperative

activity of CQ, AQ-BSA, and Hb binding affected

by concentration, temperature, and pH. The

variation of these factors would not only affect the

magnitude of positive cooperation but could also

interfere with the kinetic parameters, further

affecting the average number of binding sites.

However, no significant differences in binding of

CQ and AQ-BSA at pH 8.2 and 6.2 were observed.

These results could be useful for thermodynamic

studies to determine the nature of interactions by

establishing the binding constant Ka and n between

BSA and Hb of these antimalarial drugs. To

determine the effects of Hydrogen bonding and

Van der Waals force, which are supposed to make

a major contribution to the binding of CQ and AQ

to BSA and haemoglobin for effective drug

delivery into the target cells.
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Abstract

The increasing use of plant-derived products as natural insecticides is largely due to their affordability and

perceived safety compared to synthetic chemical pesticides. However, their potential toxicological effects

on vital organs remain poorly understood. This study investigated the comparative effect of smoke from

Azadirachta indica (neem) seeds, Citrus sinensis (orange) peels, and their combination on the kidney of

albino rats. Twenty-one rats were divided into seven groups: a control group and six treatment groups

exposed daily to the smoke of neem seeds, orange peels, or their mixture for 1 or 2 hours over four weeks.

Renal function was assessed using serum biochemical markers—urea, creatinine, total protein, and

electrolytes (Na⁺, K⁺, Cl⁻)—while histopathological examination of kidney tissues was conducted to

evaluate structural alterations. The results revealed a significant elevation (p < 0.05) in serum urea,

creatinine, sodium, and potassium levels in rats exposed for two hours daily, particularly in the group

treated with Azadirachta indica seed smoke. Combined exposure to both plant materials also produced

notable biochemical alterations, suggesting a possible synergistic effect. In contrast, one-hour exposure

resulted in comparatively mild or non-significant changes. Histopathological analysis demonstrated

vascular congestion and early renal alterations in rats subjected to prolonged exposure, while kidney

architecture remained largely preserved in short-duration exposure groups. The control group displayed

normal hepatic architecture. These findings demonstrate that inhalation of smoke from Azadirachta indica

seeds and Citrus sinensis peels can induce dose- and duration-dependent renal dysfunction, despite their

natural origin. The study highlights potential public health concerns associated with the domestic use of

plant-based insecticides and underscores the need for safety awareness and regulatory consideration.

Keywords: Azadirachta indica, Citrus sinensis, natural insecticides, nephrotoxicity, albino rats,

histopathology

1.0 Introduction

Insecticides are agents of chemical or biological

origin that control insects. Control may result from

killing the insects or otherwise preventing them

from engaging in behaviour deemed destructive.[1]

The ideal insecticide is a chemical which stays at

the place of application through its active period; it

is toxic to particular pests but harmless to other

organisms, including man, is easily used; it is able

to break down into harmless products in the

environment within a reasonable time and must at

the same time be cheap to produce. No chemical

with all these properties is known at present.[2] The

importance of pesticides in food production and

public health cannot be underestimated, nor can

some of the hazards involved in the use of

pesticides as practised today be ignored. [3]

Peasant farmers have traditionally used a wide

variety of local products with insecticidal

properties; they are minerals, oils, and vegetable

extracts from plants and trees. [4] The use of plant

extract to control destructive insects or disease

vectors is not new. Rotenone (Derris SPP),

nicotine and pyrethrins have been used for a

considerable time in small – scale subsistence and

also commercial agriculture. Recently,

considerable effort has been put into the

development and promotion of plant-based

methods and products for the control of pests.[5]

Most modern insecticide acts on the nervous

system and enter the insect body either by contact

or through the gut or by having a fumigant action.

Several insecticides enter the body in more than
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one way. Nervous activity involves the

transmission of nerve impulses along nerve fibres

(axons) and across the synapse to another nerve

cell by means of a transmitter substance. The

major transmitter substances are adrenaline and

acetylcholine, and these are normally inactivated

by specific enzymes.[2] Resistance is probably the

biggest single obstacle in the struggle against

vector–borne diseases and is mainly responsible

for preventing successful malaria eradication in

many countries.[2] Resistance has been reported not

only to the most recent insecticide but also to

insect growth regulators, chemosterilants and even

biological control agents.[2] Resistance to some

insecticides is known to be associated with high

levels of carboxylesterase.

Azadirachta indica (neem tree) is a fast-growing

ornamental shade tree. For thousands of years,

Indian farmers have been aware of the insecticidal

properties of the neem tree. Its branches were hung

in granaries to protect stored grain from insect

attack. Historically, neem has also been used in

India for both cosmetic and medicinal purposes.

Although Neem extract/oil has been in use for

centuries for control of insects, the major work on

Neem oil and its impact on insects started in

1959.[6] A German Entomologist observed that

during a plague of locusts in Sudan, the only

greenery left untouched despite the devastation by

billions of winged locusts was the Indian Neem

tree. He noticed that although locusts had landed

on the tree and its leaves, they did not feed. The

antifeedant properties of the neem tree, which were

well known in India, were the reason.[6] Recent

research indicates that there are several active

compounds, which are mostly concentrated in the

seeds. Some of them inhibit larval development

and reduce female fertility in various insect species

by blocking insect hormones, while others act as

repellents or antifeedants.[7] Azadirachtin, the

active ingredient in many pesticides currently

available, is extracted from the seed kernels.

Azadirachtin consist of more than 25 different but

closely related compounds.[8]

Oral administration of neem oil at 200mg/rat

produces a severe hypoglycaemic effect. [9] Neem

seed oil showed acute toxicity in rats and rabbits

with LD50 of 14ml/Kg and 24ml/Kg respectively,

the possible target organs for toxic effects being

the liver, kidneys, CNS and the lungs. Neem seed

oil produces toxic effects in humans in several

isolated cases due to the neem oil intoxication by

humans, which produces diarrhoea, nausea,

vomiting, acidosis, encephalopathy, etc.[9]

Mechanistic investigations indicate that neem oil

uncouples mitochondrial oxidative

phosphorylation, thus inhibiting the respiratory

chain. It also decreases intramitochondrial levels of

acetyl-CoA and acid soluble coA esters and

reduces the mitochondrial ATP content.[9]

Citrus is a common term and genus of flowering

plant in the family Rutaceae, originating in tropical

and subtropical southeast regions of the world. One

of the most widely favoured of the world's fruits,

the orange sweet orange, or round orange, was for

many years known as citrus aurantium var.

sinensis L. and considered to be a form of the sour

orange. It is still not universally agreed to be a

distinct species, C. sinenis Osbeck, but it is usually

treated as though it were. Volatile constituents and

flavonoids of extracts of citrus fruits have been

suggested to act as defences against fungi and

insects. The essential oil from the fruit peels of

different varieties of Citrus sinensis was collected

by a water stream. And bioassays were performed

in order to determine the possible use of these

compounds as a wood preservative.[10] The active

ingredient D-limonene destroys wax coatings of

the insect's respiratory system when applied

directly, and the insect suffocates. The citrus

fragrance also acts as a repellent. The EPA calls D-

limonene a broad-based insecticide. It can be used

for aphids, ants, mealybugs, gnats, silver fish, fleas,

mosquitoes, cockroaches and house flies.[11]

Persons in close proximity to orange trees in bloom

may have adverse respiratory reactions. Sow dust

of the wood of orange trees, formerly used for

polishing jewellery, has caused asthma. Excessive

contact with the volatile oils in orange peel can

produce dermatitis. People who suck oranges often

suffer skin irritation around the mouth.[12]

Limonene is moderately toxic by ingestion, and its

poisoning may affect the kidneys. The oral LD50 is

5g/Kg for a rat and 5.6g/Kg for a mouse. Local
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effects include irritation to the eye, skin and

respiratory tract. Acute exposure may cause sore

throat, coughing, shortness of breath (diptheria,

dizziness and nausea. Limonene is also a possible

carcinogenic agent.[12]

In previous years and even presently in some

villages, people are in the habit of using some local

or natural plant products/parts to control insect

pests without being informed about the side effects

of such products on the vital organs of the body

(such as liver, heart and kidney). Therefore, this

research aimed at determining the effects of the

seeds of Azadirachta indica and peels of Citrus

sinensis on the kidneys of albino rats, and also to

provide an alternative means of insect pest control

due to the high cost, less availability, high toxicity

and resistance associated with the synthetic

chemical insecticides.

2.0 Materials and Methods

2.1 Collection and Preparation of Samples

The fruits of Azadirachta indica (neem) were

collected from Bayero University, Kano, which is

within the Gwale local government of Kano state.

Whereas the peels (bark) of Citrus sinensis (sweet

orange) were collected from “Hauren wanki” of

Gwale Local Government of Kano state. Both the

fruits and the peels were identified at the Botanical

Garden of the Department of Biological Sciences,

Bayero University, Kano. The seeds of the

Azadirachta indica were exposed in the fleshy

fruits. Both the seeds and peels were sun-dried (in

order to reflect the actual traditional processing

procedures) and ground to a powder form using a

pestle and mortar. The powder was then stored in a

well-dried and clean container at room temperature.

2.2 Experimental Design

Twenty-one healthy males and female white albino

rats of an inbred Novergicus strain (Rattus

novergicus) weighing between 120g and 240g

were obtained from the Animal Holding Unit of

the Department of Biological Sciences, Faculty of

Sciences, Bayero University Kano and the Animal

Holding Unit of the Department of Pharmacology,

Faculty of Pharmaceutical Sciences, Ahmadu Bello

University Zaria. The rats were housed in a well-

ventilated environment (Temperature: 25-30o;

Photoperiod: 12 Hours natural light and 12 Hours

dark), kept in aluminium cages (Dimensions

39.50cm by 25.30cm by 14.80cm) with saw dust at

the bottom of the cages and they were fed with

Animal Pelletized Feed (Growers Feed) made in

“Bukuru” Jos, Plateau State with free access to

water. The rats were distributed on the basis of

their weight into seven groups (1 to 7) of three rats

each.

Group 1, which served as the control were given

only food and water. The animals in the other

groups (2 to 7) were exposed to the smoke of the

local insecticides in an inhalation chamber

(Dimensions 119cm by 61cm by 55cm). Groups 2

and 3 were exposed to the smoke of 50g of neem

seeds for one hour and two hours, respectively.

Groups 4 and 5 were exposed to the smoke of 50g

of orange peels for one and two hours, respectively.

Then, Groups 6 and 7 were exposed to the smoke

of a combination of neem seeds and orange peels at

a 50:50 ratio for the duration of one hour and two

hours, respectively. The treatment was carried out

daily for a period of four weeks.

All the rats were sacrificed on the 29th day. Blood

samples were collected into dried and clean

centrifuge tubes, allowed to clot and centrifuged,

while the kidney tissue was collected and

preserved in 2.5% formal saline in a sterilised

container for histological studies. The sera were

collected into plain serum bottles for laboratory

investigations.

2.3 Determination of Serum Urea (Urease-

Berthelot Methods)

Serum urea level was determined using

commercial kits (Randox ltd., U.K) as described by

Berthelot, [13] following the manufacturer’s

instructions.

2.4 Determination of Serum Creatinine (Jaffe`S

Method)

Serum creatinine level was determined using

commercial kits (Randox ltd., U.K.) as described

by Jaffe [14], following the manufacturer’s

instructions.
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2.5 Determination of Serum Total Protein

(Biuret Method)

Serum total protein level was determined using

commercial kits (Randox ltd., U.K.) as described

by Flack and Wollen (1984). [15], following

manufacturer’s instructions.

2.6 Determination of Serum Electrolytes

SODIUM

Serum sodium level was determined using the

Teco diagnostic kit as described by Maruna (1958)
[16], following the manufacturer’s instructions.

POTASSIUM

Serum potassium level was determined using Teco

diagnostic kits as described by Terri et al. (1958)
[17], following the manufacturer’s instructions.

CHLORIDE

Serum chloride level was determined using Teco

diagnostic kits as described by Skeggs and

Hochstrasser (1964) [18], following the

manufacturer’s instructions.

2.7 Histopathological Studies of the Kidneys.

The biopsies of the kidneys of albino rats were

fixed with 10% formal saline, dehydrated with

ascending grades of alcohol, cleared with toluene,

and infiltrated with molten paraffin wax. The

microtome sections were stained with the

haematoxylin and eosin staining technique.[19] The

sections were examined under a light microscope.

2.8 Statistical Analysis

Statistical analysis was performed using SPSS

software package version 3.05. The values were

analysed by one-way analysis of variance

(ANOVA). All the results were expressed as mean

± S.D in each group.

3.0 Results

The effect of exposure of experimental rats to the

smoke of natural insecticide powders: seeds of

Azadirachta indica, peels of Citrus sinensis and the

combination of the two on the serum levels of urea,

creatinine, total protein, sodium, potassium and

chloride were shown in figures 1 to 6.

3.1 Effect of A indica, Peels of C sinensis smoke

and their combination on serum level of urea in

albino rats

The results show that only groups of the animals

that are exposed to the smoke of the seeds of A

indica have significantly higher serum levels of

urea when compared to the control group at 1 hr

exposure. However, all the 3 groups showed a

significant increase in serum urea levels compared

to the control when exposed for 2 hrs. As expected,

prolonging the duration of exposure from 1 hr to 2

hrs increases the serum urea levels.

Figure 1. Serum urea levels of albino rats exposed to the smoke of three different natural/local insecticides

(Seeds of A indica, Peels of C sinensis and their combination) for 1 and 2 hours daily for four weeks
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3.2 Effect of A indica, Peels of C sinensis smoke

and their combination on serum level of

creatinine in albino rats.

The results showed that the serum creatinine levels

of groups 1, 2 and 3 for the duration of 1 hr were

not significantly different from those of the control

group. However, when the duration of exposure

was prolonged to 2 hrs, the serum creatinine levels

of the three groups were significantly higher than

those of the control. Additionally, A indica shows

the highest effect compared to

C sinensis and the combination of the two insecticides.

Figure 2. Serum creatinine levels of albino rats exposed to the smoke of three different natural/local

insecticides (Seeds of A indica, Peels of C sinensis and their combination) for 1 and 2 hours daily for four

weeks

3.3 Effect of A indica, Peels of C sinensis smoke

and their combination on serum level of total

protein in albino rats.

The results showed that the serum creatinine levels

of groups 1, 2 and 3 for the duration of 1 hr were

not significantly different from those of the control

group. However, when the duration of exposure

was prolonged to 2 hrs, the serum creatinine levels

of the three groups were significantly higher than

those of the control. Additionally, groups exposed

to the smoke of A indica shows significant increase

in total protein compared to groups exposed to C

sinensis and the combination of the two

insecticides

Figure 3. Serum total protein levels of albino rats exposed to the smoke of three different natural/local

insecticides (Seeds of A indica, Peels of C sinensis and their combination) for 1 and 2 hours daily for four

weeks
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3.4 Effect of A indica, Peels of C sinensis smoke

and their combination on serum level of sodium

(Na) in albino rats.

The serum sodium levels of all three groups of rats

were significantly higher than those of the control

for both 1 hr and 2 hrs exposure. In addition,

groups exposed to the smoke of A indica show the

highest increase in sodium levels compared to

groups exposed to C sinensis and the combination

of the two insecticides.

Figure 4. Serum sodium (Na) levels of albino rats exposed to the smoke of three different natural/local

insecticides (Seeds of A indica, Peels of C sinensis and their combination) for 1 and 2 hours daily for four

weeks

3.5 Effect of A indica, Peels of C sinensis smoke

and their combination on serum level of

potassium (K) in albino rats.

Groups 1, 2 and 3 showed a significant increase in

serum potassium level when compared to the

control group at 2 hrs exposure. However, there is

no significant increase in potassium levels when all

three groups of animals are exposed for 1 hr.

Figure 5. Serum potassium (K) levels of albino rats exposed to the smoke of three different natural/local

insecticides (Seeds of A indica, Peels of C sinensis and their combination) for 1 and 2 hours daily for four

weeks
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3.6 Effect of A indica, Peels of C sinensis smoke

and their combination on serum level of

chloride (Cl) in albino rats.

The results showed that the serum chloride levels

of groups 1, 2 and 3 for the duration of 1 hr were

not significantly different from those of the control

group. However, when the duration of exposure

was prolonged to 2 hrs, the serum chloride levels

of the three groups were significantly higher than

those of the control. Additionally, groups exposed

to the smoke of A indica show the highest increase

compared to groups exposed to C sinensis and the

combination of the two insecticides.

Figure 6. Serum chloride (Cl) levels of albino rats exposed to the smoke of three different natural/local

insecticides (Seeds of A indica, Peels of C sinensis and their combination) for 1 and 2 hours daily for four

weeks

3.7 Histopathological studies of the Liver

The results of histological studies on kidney tissues revealed mild hepatocyte tissue damage in only the

group of rats exposed to the smoke of the seeds of A indica for two hours. Green arrows indicated the

region of vascular congestion. Control group and groups exposed to the smoke of natural insecticides for 1

hr show normal hepatocytes arranged in cords radiating from central venules.
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Figure 4. Photomicrograph of a section of kidneys from rats exposed to the smoke of A indica, C sinensis

and their combinations for 1 and 2 hrs duration. Note: The normal microscopic appearance of the kidney

section. H & E stain x 100. Green arrows indicate vascular congestion.

4.0 Discussion

The present study investigated the comparative

nephrotoxic effects of the smoke from Azadirachta

indica (neem) seeds, Citrus sinensis (orange) peels,

and their combination on albino rats. The findings

demonstrated that exposure to the smoke of these

natural insecticides caused significant alterations in

urea, creatinine, total protein and electrolytes,

especially in those rats that were exposed for two

hours of treatment (P<0.05). There are also mild

histopathological changes in kidney tissue.

Serum electrolytes are used in maintaining the

cellular tonicity, fluid balance, pH and regulation

of neural and muscular functions. [20] The results of

serum electrolytes showed an increase in the

uptake of sodium ions both in one and two hours,

chloride and potassium demonstrated a significant

increase (P<0.05) in two hours only. This implies

that the integrity of the kidney in boosting these

cations and anions may not have been impaired

severely at the macro-anatomical level. Thus,

abnormal concentration of sodium in serum can
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affect the osmotic pressure of the body fluid,

which is related to blood pressure. [20]

The histopathological studies showed mild to no

observable tissue damage in the treatment groups

when compared with the control group because

acute renal failure, indicated by increased

creatinine and urea, occurred before the

development of tubular necrosis. These parameters

are markers of glomerular filtration rate. All the

natural insecticides can be able to alter the

biochemical parameters, but not to the extent of

causing damage to the renal tissue. However, the

kidney of the group treated with the smoke of

seeds of A indica (Group 1) revealed some mild

histological changes when compared with the

control group, which shows a normal histological

appearance.

Architectural appearance of the kidney in group 1

revealed different degrees of vascular congestion;

this might be due to longer duration of exposure

and presence of some toxic phytochemicals. Thus,

the results highlighted that seeds of Azadirachta

indica might be more toxic than peels of Citrus

sinensis and the combination of the two natural

insecticides. Damages to the kidney caused either

by chemical agents or drugs could be manifested as

vascular congestion (glomerulus). [21] Moreover,

group 1 have higher value of the biochemical

parameters, which could be due to the presence of

active ingredients or phytochemicals in the neem

seeds and peels of Citrus sinensis. The findings of

a significant increase in biochemical parameters of

the kidney in this study agree with the findings of
[22], indicating impaired kidney function. A similar

finding was reported in a study investigating the

safety evaluation of neem (Azadirachta indica)

derived pesticides. [23] The toxic action of the oil

present in the seeds may have been due to the

synergistic effects of aflatoxins and other

components in the oil. Gandhi et al. [24] reported

acute toxicity after ingestion of the oil by rats and

rabbits.

5.0 Conclusion

This study has demonstrated that exposure to the

smoke of Azadirachta indica seeds, Citrus sinensis

peels, and their combination, especially two hours

of exposure could exert deleterious effects on the

kidneys of albino rats. Thus, an increase in

biochemical parameters of the kidney and the

appearance of vascular congestion in the

histopathological studies indicate the toxic effects

of these natural insecticides at the specific duration

of exposure studied. The findings highlight that,

although these plant products are traditionally

perceived as safer and more affordable alternatives

to synthetic insecticides, their prolonged use in the

form of smoke carries potential health hazards.

Therefore, caution should be exercised in their

application for household or agricultural purposes.
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