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Editorial Commentary

Traumatic Brain Injury Management in Nigeria: A
Critical Review of Systemic Challenges and
Integrated, Context-Specific Solutions

“Campbell FC

ABSTRACT

Traumatic brain injury (TBI) is a leading cause of death and disability in Nigeria, driven overwhelmingly
by road traffic accidents and affecting the young, economically productive demographic. Yet the health
system is poorly equipped to meet this burden. This editorial reviews evidence on challenges spanning the
entire continuum of TBI care, from very poor prehospital systems and severe diagnostic bottlenecks to an
extreme shortage of neurosurgeons and limited rehabilitation services. It also attempts to integrate
practical, evidence-based solutions, some of which are already being piloted within the country. The
review will draw on recent Nigerian epidemiological studies, workforce analyses, and nascent national
guideline initiatives to propose a coordinated strategy-driven approach. The analysis demonstrates that
the necessary tools and local evidence exist; what is absent is the political will and sustained investment to
unite fragmented ideas into a coherent national system. This Nigerian case study offers transferable
lessons for low-resource settings globally.

Keywords: Traumatic Brain Injury; Nigeria; Health Systems Strengthening; Neurosurgery; Prehospital

Emergency Care; Secondary Brain Injury

’/De/la State University Teaching Hospital
*Delta State University, Abraka

Corresponding author: Campbell Francis Chukwuebuka, Department of Surgery, Delta State University Teaching

Hospital, Oghara, Delta State, Nigeria, drcampbellfrancis4@yahoo.com

INTRODUCTION

Traumatic brain injury (TBI) imposes a
disproportionate burden on low- and middle-
income countries (LMICs), where more than
three-quarters of global trauma deaths occur.”
Nigeria, with a population exceeding 200
million, exemplifies these problems,
characterised by a high incidence of road traffic
accidents and a health care system that is
fragmented, inequitably distributed, and marked
by a shortfall in comprehensive emergency
neurosurgical care. This editorial critically
examines how systemic barriers can convert a
survivable head injury into mortality or a
lifetime of severe disability. It clearly elucidates
the deficiencies within each domain of the care

pathway for TBI patients and highlights practical
recommendations anchored in local, sustainable
innovations and emerging evidence. By doing so,
it offers a clear pathway for strengthening
neurosurgical health systems that is both context-
specific and scalable to other resource-limited
settings, while acknowledging the
implementation and financing challenges that
must be overcome.

Epidemiology and Aetiology

A 2024 systematic review and pooled analysis of
45,763 patients across 254 Nigerian studies
provides the most comprehensive
epidemiological profile to date.” Neurotrauma
accounted for the overwhelming majority of
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neurosurgical presentations, with TBI alone
representing nearly 90% of cases. The mean age
was 32.5 years, and the male-to-female ratio was
approximately 3:1, reflecting a concentration of
injury among the highly productive section of
the population. Road traffic accidents were the
dominant mechanism, responsible for 68.6% of
all TBIs." This pattern is consistent with global
estimates, which identify road traffic injuries as
the leading cause of TBI worldwide and a
rapidly growing burden in sub-Saharan Africa.™

The paediatric burden mirrors this pattern. A
systematic review of 2,234 children with TBI
found that road traffic accidents (52.2%) and
falls from height (32.4%) were the leading
causes, with a pooled mortality of 10.2%." A
two-centre prospective study from South-East
Nigeria reported road traffic accidents in 69.2%
of paediatric head injuries.” Across all age
groups, there is a high burden of severe cases at
presentation, with altered consciousness
documented in nearly half of patients.” While
these data are broadly consistent, most originate
from tertiary hospitals, potentially
overestimating severity and underestimating
milder injuries that never reach a formal
neurosurgical service. The overwhelming role
of road traffic accidents underscores the
importance of primary prevention through road
safety legislation and enforcement, but it also
means that the health system must be
configured to receive and manage a large volume
of severe head injuries.

The Prehospital Care Gap

In well-functioning trauma systems, the
prehospital phase is where the greatest survival
gains are made by preventing secondary brain
injury from hypoxia, hypotension, and raised
intracranial pressure. In Nigeria, this phase is
almost entirely absent or exists as pockets of
activity in a few urban areas. A 3-year

Tranmatic Brain Injury Management in Nigeria: A Critical Review of Systemic Challenges...

retrospective review of 23537 trauma patients ata
major centre in Lagos, Nigeria, showed that only
2.3% received formal prehospital care.’ Basic first
aid knowledge, including airway and cervical
spine control, is poor among Nigerians (Figure 1),
and it is estimated that more than half of all
deaths can be prevented by effective prehospital
and emergency care delivery.”’ A systematic
analysis of the neurosurgical capacity reinforces
this, documenting the near-absence of formal
prehospital coordination for neurotrauma across
the country." Globally, the absence of prehospital
systems is recognised as one of the most
significant contributors to preventable death after
injuryin LMICs.*""

The solution does not require an unaffordable
fleet of advanced ambulances as seen in
industrialised nations. Instead, a national
programme to train lay first responders, including
commercial drivers, motorcycle and tricycle
operators, teachers in primary and secondary
schools, and community volunteers, in basic
airway management, cervical spine and bleeding
control, and safe transportation can significantly
reduce preventable deaths. Such programmes
have proven effective in other low-resource
settings, and the growing body of evidence on
task-sharing in neurosurgery supports the
principle of extending life-saving competencies
to non-specialist cadres.” Simultaneously, the
National Emergency Medical Service and
Ambulance System (NEMSAS) must be
expanded beyond its current limited operations
and linked to a single, functioning national
emergency numbert.

Another novel recommendation is mandatory
first-aid certification for commercial driving
licence renewal, covering commercial bus,
motorcycle, and motorbike riders and teaching
them safe transportation protocols. In addition,
designated hospitals within each region can serve
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as the catchment area where the first responder
can call before transporting the patient.
Although this is a far cry from what is available
in developed countries, it will lay the
groundwork for further development of
Nigeria's prehospital system.

Diagnostic Bottlenecks in Management of
Traumatic Brain Injury

Computed tomography is the indispensable tool
for triaging TBI, yet its availability in Nigeria is
grossly inadequate. The geospatial analysis of
neurosurgical infrastructure documented that
only a minority of the nation's CT scanners ate
located in public hospitals, and many of these
are non-functional due to maintenance failures
and erratic power supply.’ The financial barrier
is equally formidable. Nigeria has the largest
population living in multidimensional poverty in
Africa, with over 133 million people; that's over
63% of the population lacking access to
essential services, including healthcare."”
Compounding this, the National Health
Insurance Authority (NHIA) covers fewer than
10% of Nigerians, and over 70% of total health
expenditure is out—of—pocket,15 meaning that the
cost of a CT scan, typically ranging from
230,000 to 380,000 (approximately
US$20-50), represents a significant expense for
the majority of households."

The clinical consequences are severe. A
systematic review of paediatric TBI in Nigeria
reported that at Lagos University Teaching
Hospital, aleading tertiary centre, only 57.7% of
children with TBI were able to obtain a CT scan,
with the inability to pay being the primary
barrier.”  Patients are frequently required to
travel over 100 km to access a functioning
scanner, and the resultant delays may prove fatal

for time-sensitive intracranial haematomas.

Addressing this requires a pragmatic, multi-

pronged strategy involving both private and
public partnerships. An immediate national audit
of all CT and MRI equipment, documenting
location, ownership, functional status, and
maintenance needs, must be conducted to create a
transparent inventory and inform procurement
planning. The second and most impactful
intervention would be a government policy
directive subsidising the cost of CT for all
emergency trauma patients in public and private
hospitals, in addition to ensuring that health
insurance providers cover the service.

A medium-term target should be the installation
of at least one functional CT scanner in each
federal and state teaching hospital, federal
medical centre, and even general hospital, to
expand coverage for underserved rural
populations. The broader neurosurgical literature
confirms that diagnostic delays due to financial
barriers are a leading cause of preventable
mortality in LMIC settings, and implementing
these strategies will result in early diagnosis and
enable appropriate care to be instituted.”"™"
Innovative approaches such as smartphone-
based tele-radiology and portable CT technology
are emerging as potential solutions in hard-to-
reach and underserved areas.

The Neurosurgical Workforce Deficit in
Nigeria

Nigeria's neurosurgeon-to-population ratio is
among the lowest globally. A 2024 geospatial
analysis identified approximately 132
neurosurgeons serving 218 million people, a ratio
of 1:1.65 million, against the World Health
Organisation's recommendation of 1:100,000."
This deficit is compounded by severe brain drain.
Nigerian neurosurgeons are emigrating at an
accelerating rate, citing poor remuneration, lack
of equipment, unsafe working conditions, and
national insecurity; Nigeria is the largest exporter
of health workers in Africa, and specialists are
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disproportionately represented.””

Services that do exist are profoundly
maldistributed. Of 86 neurosurgery-capable
health facilities nationwide, only 17.4% are
accredited for residency training, dedicated
neurosurgery beds account for just 4.0% of
total hospital beds, and dedicated neurosurgery
operating rooms account for only 15.4% of
total operating rooms. "

The response must centre on expanding
specialist training and deliberately restructuring
retention incentives. More residency training
centres should be established, and a dedicated
budgetary allocation should be set aside to
increase equipment procurement, infrastructure
development, and incentives for trainers within
the facilities. Scholarships for postgraduate
fellowships in the neurosurgical subspecialty of
need should be encouraged, enabling fellows to
acquire more skills in centres abroad with
advanced neurosurgical programs and to
develop competencies that will enable them to
commence similar programs in Nigeria on their
return.

Retention of specialists is another critical
determinant of success. Evidence consistently
demonstrates that remuneration is the single
most powerful predictor of specialist retention
. . 21,22
in Africa.

specialist allowance, separate from the civil

A dedicated Neurosurgery

service salary structure, should be established to
provide internationally competitive consultant
salaries, performance-based bonuses, and non-
monetary incentives, including subsidised
housing and children's education allowances.
Equally important is transforming the working
environment: functional operating rooms with
reliable power, modern instruments, consistent
availability of consumables, and dedicated
neurosurgery theatres and intensive care beds in

every teaching hospital are non-negotiable.

Preventing Secondary Brain Injury: The
Priority of Basic Physiological Monitoring
While advanced neuromonitoring remains
unavailable in many Nigerian public hospitals, the
most powerful predictors of death after severe
TBI, hypoxia and hypotension, can be detected
with simple tools. Landmark studies demonstrate
that a single episode of systolic hypotension
below 110 mmHg or oxygen saturation below
90% doubles mortality.”* These modifiable
insults occur frequently where basic monitoring is
absent.” In many Nigerian hospitals, automated
blood pressure cuffs and pulse oximeters are not
applied continuously to TBI patients outside the
theatre.

Equipping every emergency department and
neurosurgical ward with functioning monitors is
immediately achievable. The devices cost
US$50-100 per unit and are locally procurable.
The greater challenge is standardisation. A simple
nurse-driven TBI Early Warning Score that
triggers intervention when SpOLl falls below
94%, systolic pressure drops below 110 mmHg,
or the Glasgow Coma Scale declines by 2 points
can be tested. A pilot could be established within
six months and, if effective, integrated into
national guidelines (NANS, 2022)*”" and scaled
to other centres. Correcting hypoxia and
hypotension is the single most cost-effective
intervention to reduce mortality.

Challenges with Rehabilitation Post TBI

Survival from severe TBI is only the beginning of
a long journey to recovery. An estimated 3.2
million people sustain TBI annually across sub-
Saharan Africa, a figure projected to reach 14
million by 2050, yet eatly neuro-rehabilitation
guidelines remain undeveloped in most countries
in the region.™ In Nigeria, multidisciplinary
rehabilitation services involving
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neuropsychology, physiotherapy, occupational
therapy, and speech-language pathology are
scarce, concentrated in a few urban facilities, and
inaccessible to the majority of poor survivors.

The shortage of rehabilitation professionals is
significant, leading to a care pathway that invests
heavily in acute management while inadequately
supporting the post-discharge journey, thereby
significantly hampering recovery.”  Globally,
fewer than 5% of those needing rehabilitation in
LMICs access even basic services.”

The immediate priority is a tiered rehabilitation
system leveraging community-based care. At
tertiary hospitals, a basic multidisciplinary team
comprising at least a physiotherapist, a nurse
with neuro-rehabilitation training, and a visiting
or telelinked psychologist can be established,
while community health extension workers
provide home-based follow-up after discharge,
using principles of the WHO Rehabilitation
Competency Framework (WHO, 2020)." In
addition, post-acute rehabilitation services for
TBI should be included in the NHIA benefit
package, and coverage should be expanded
toward universal health coverage for emergency
and rehabilitative care.

From Guidelines to Implementation

The absence of standardised, context-
appropriate clinical guidelines has long
contributed to variability in TBI care across
Nigeria. In response, the Nigerian Academy of
Neurological Surgeons (NANS 2022), an
umbrella body for Neurosurgeons in Nigeria,
developed the Proposed Standard of Practice
and Guidelines on the Management of
Traumatic Brain Injury, Spinal Cord Injury, and
Peripheral Nerve Injury.”*” However, these
guidelines remain in draft form; nationwide
adoption requires formal endorsement by the
Federal Ministry of Health and incorporation

into hospital policies, which has not yet occurred.

The path from guidelines to implementation in
Nigeria is achievable through an organised and
pragmatic approach. First, the Federal Ministry
of Health should formally adopt the NANS
guidelines and issue a circular mandating their use
in all federal and state teaching hospitals. Second,
the guidelines should be embedded in
undergraduate and postgraduate medical
curricula and reinforced through continuous
professional development. Third, adherence
must be audited through a functional national
neurotrauma registry, enabling tracking of every
patient from injury through discharge and follow-
up. The value of trauma registries in LMICs is
well documented; hospitals with functional
registries experience a significantly lower injury
burden and improve surveillance and clinical
governance.” Establishing such a registry in
Nigeria requires phased investment in IT
infrastructure, dedicated data clerks, and
strategies to minimise loss to follow-up,
beginning first at tertiary centres with accredited
neurosurgery centres and subsequently involving
other private and public health care facilities. To
achieve a good outcome, strategies based on
active policy implementation, regular audit cycles,
and feedback must be in place, with execution
steady and sustained, resulting in a change in
clinical practice.

Framework for Financing and
Implementation

The proposed interventions require sustainable
financing. Nigeria already has mechanisms that
can be leveraged. The Basic Health Care
Provision Fund, which allocates 1% of the
Consolidated Revenue Fund to health, can be
partially utilised to provide emergency
neurosurgical services, including CT scanners and
basic monitors. In addition, the National Health
Insurance Authority must expand coverage to the
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12 Tranmatic Brain Injury Management in Nigeria: A Critical Review of Systemic Challenges...

informal sector and include TBI rehabilitation in
the minimum benefit package.

Furthermore, road safety funds, generated from
fines and vehicle registration fees, can be
legislatively redirected to support prehospital
care for accident victims. Pooled procurement
of hospital equipment can be explored, tied to
service contracts by oil companies and
telecommunication giants, to reduce costs and
provide a sustainable supply chain.

Implementation should be overseen by a national
TBI steering committee co-chaired by the Federal
Ministry of Health and the Nigerian Academy of
Neurological Surgeons, with a mandate to set
priorities, track progress, and report publicly. The
first concrete steps should be a national
equipment audit and lay-first-responder training,
which can begin within existing budgets. What is
needed is not a new system, but the coordinated
activation of existing structures.

Figure 1: Pictures showing a road traffic accident and the evacuation of victims

Figure 1(A-C) shows a road traffic accident (A) Multiple-vehicle crash site with first responders,
including Federal Road Safety Corps (FRSC) marshals. (B &C) Victims were transported in the back
of the FRSC truck to the hospital without any form of prehospital care or cervical spine
immobilisation: Courtesy of Nigerian Top Secret Blog.”

CONCLUSION

While substantial challenges exist in Nigeria in
the management of TBI, these include poor
prehospital response, a dearth of acute
diagnostic capacity, a scarce neurosurgical
workforce, and limited rehabilitation services.
This review explored various strategies that can
be implemented to improve the trauma health
care systems and improve the outcomes of
patients with TBI. The imperative is not to
construct an entirely new system, but to
integrate, fund, and scale existing innovations
within a coordinated national framework.
Achieving this will demand sustained political
commitment, transparent resource allocation,

and institutional accountability, led jointly by the
Federal Ministry of Health and the neurosurgical
professional community. The evidence is
sufficient, the interventions are defined, and the
economic and human costs are achievable. What
remains is the decision to act.
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Antihyperglycaemic and Hepatorenal Protective
Effects of Combined Aqueous Extracts of Pzper guineense
and Vernonia amygdalina in Alloxan-Induced Diabetic Rat
model

'Odinga-Tsrael T, 'Amechi PAC, 'George MS, Nodi CC, 'Tkoro NM.

Abstract

Introduction: Diabetes mellitus is a chronic metabolic disorder associated with hepatic and renal
complications due to persistent hyperglycemia and oxidative stress. Given limitations of conventional
drugs, plant-based therapies are being explored. This study evaluated the hepatoprotective and
nephroprotective effects of mixed aqueous extracts of Piper guineense and Vernonia amygdalina in
alloxan-induced diabetic rats.

Materials and Methods: Thirty male Wistar rats were randomized into five groups (n=6): Normal
control, Diabetic control, Positive control [metformin 150 mg/kg], and two treatment groups receiving
200 mg/kg and 400 mg/kg of 1:1 mixed extract orally for 28 days. Fasting blood glucose [FBG] and body
weight were measured at days 0, 14, and 28. Serum liver and kidney function markers were analyzed, and
liver/kidney tissues were processed for histology. Data were analyzed using One-way ANOVA in
GraphPad Prism 10.2.

Results: Diabetic controls had elevated FBG, reduced %BWD, and deranged liver and kidney markers.
Treatment with the extract significantly reduced final FBG [P=0.002] and increased %BWD in a dose-
dependent manner. Liver enzymes [AST]|[ALT][ALP][GGT] were significantly lowered [P=0.002] while
total protein and albumin were restored [P=0.033]. BUN and creatinine were significantly reduced
[P=0.002] and electrolyte imbalance corrected [P=0.033]. Histology showed preserved hepatic and renal
architecture at 400 mg/kg, comparable to metformin.

Conclusion: Mixed aqueous extracts of P. guineense and V. amygdalina exhibited significant hepatorenal
protective effects in diabetic rats, supporting their ethnomedicinal use and potential as adjunct therapy for
diabetes-related organ damage.

Keywords: Piper guineense, 1 ernonia amygdalina, Hepatorenal protection, Diabetes mellitus, Medicinal
plants.
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INTRODUCTION insulin action, or both. The global prevalence of
Diabetes mellitus is a chronic metabolic disorder diabetes mellitus has been escalating, posing
characterized by persistent hyperglycemia significant health challenges worldwide.' Chronic
resulting from defects in insulin secretion, hyperglycemia in diabetes is associated with long-
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term damage and dysfunction of various
organs, particularly the liver and kidneys, leading
to complications such as diabetic hepatopathy
and nephropathy.”

Oxidative stress and inflammation are key
contributors to the pathogenesis of diabetic
complications. Excessive production of reactive
oxygen species (ROS) in hyperglycemic
conditions leads to cellular damage in hepatic
and renal tissues.” Consequently, there is
growing interest in natural antioxidants as
potential therapeutic agents to mitigate
oxidative damage in diabetes.

Vernonia amygdalina, commonly known as bitter
leaf, is a widely used medicinal plant in Africa,
renowned for its antidiabetic, antioxidant, and
hepatoprotective properties. Studies have
demonstrated that extracts of 1. amygdalina can
significantly reduce elevated liver enzymes and
improve histological architecture in diabetic
models, indicating its potential in managing
diabetic hepatopathy.™ Additionally, 1.
anygdalina has shown nephroprotective effects
by reducing serum creatinine and urea levels in
diabetic rats.™

Piper guineense, known as West African black
pepper, is another indigenous plant with
reported antidiabetic and antioxidant activities.
While its individual effects have been studied,
the combined impact of P. guineense and 1.
amygdalina on hepatic and renal functions in
diabetic conditions remains underexplored.

This study evaluated the hepatorenal protective
effects of combined aqueous extracts of Piper
guineense and Vernonia amygdalina in alloxan-
induced diabetic rats. In addition to assessing
liver and kidney function biomarkers, this
research also monitored changes in fasting
blood glucose (FBG) and percentage body

weight difference (%BWD) to provide a
comprehensive understanding of the therapeutic
potential of the plant combination in mitigating
metabolic and organ-related complications of
diabetes.

MATERIALS AND METHODS

Plant Collection, Preparation, and Extraction
Fresh leaves of Piper guineense and Vernonia
amygdalina with herbarium reference no:
UPH/P/042 and RSUPb320 from University of
Port Harcourt and Rivers State University for
Piper gnineense and 1ernonia amygdalina respectively
were obtained from Mile 3 Market in Port
Harcourt, Rivers State, Nigeria. Botanical
authentication was conducted by Professor
Green, Department of Plant Science and
Biotechnology, Rivers State University. The plant
samples were thoroughly washed, air-dried for
two weeks, and then pulverized using an electric
blender. The powdered leaves were mixed ina 1:1
ratio and extracted using hot aqueous maceration,
following the methods previously described.”

Experimental Animals and Design

Thirty (30) male Wistar albino rats weighing
between 200-250g were procured and housed in
the animal facility of the Department of
Pharmacology, Rivers State University. The
animals were allowed to acclimatize for 14 days
under standard conditions (12-hour light/dark
cycle), with free access to food and water. The
study conformed to the university's ethical
committee procedure; all procedures conformed
to CPCSEA guidelines.

Rats were randomly divided into five groups (n =

6 per group):
*  Group 1: Normal control (Feed + water
only)
* Group 2: Negative control (Alloxan, 120
mg/kg)

* Group 3: Positive control (120mg/kg
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Alloxan + Metformin 150 mg/kg)
* Group 4: 120mg/kg Alloxan + 200
mg/kg mixed extract
* Group 5: 120mg/kg Alloxan + 400
mg/kg mixed extract
Hyperglycemia was induced in Groups 2 to 5 via
a single intraperitoneal injection of alloxan
monohydrate (120 mg/kg) (OECD, 2001).
Fasting blood glucose (FBG) levels were
monitored at three specific time points: initial
(before alloxan administration), intermediate
(72 hours post-induction to confirm
hyperglycemia), and final (on day 28, after
treatment). Blood glucose measurements were
taken using a glucometer via tail vein puncture.
The body weight of each rat was measured and
recorded at weekly intervals, and the percentage
body weight difference (YoBWD) was calculated
using the formula:

%BWD =
Final body weight—Initial body weight x100
Initial body weight

This was used to assess the effect of diabetes

and treatment on body mass regulation.
Treatment with metformin and plant extracts
commenced after hyperglycemia was confirmed
and continued daily for 21 days. This procedure
was carried out as previously described.”

Blood Sample Collection and Biochemical
Assays

Atthe end of the treatment period, animals were
fasted overnight, anaesthetized, and sacrificed.
Blood samples were collected via cardiac
puncture into EDTA-containing and plain tubes
for biochemical assays. Serum was separated by
centrifugation at 3000 rpm for 10 minutes and
stored at-20°C until analysis.

Liver function biomarkers—AST, ALT, ALP,
GGT, total protein (TP), albumin (ALB), total
bilirubin (TB), and conjugated bilirubin

(CB)—and kidney function indices—blood utrea
nitrogen (BUN), creatinine, sodium (Na_l),
potassium (KLI), chloride (CL), bicarbonate
(HCOL), and calcium (Ca®l)—were analyzed
using standardized colorimetric and enzymatic
protocols, as described by Odinga etal. (2023).

Histopathological Examination of the
tissues (Odinga et al., 2023).

The liver and kidney tissue biopsies of the rats
were fixed in 10% formalin, dehydrated in graded
alcohol, cleared in xylene, and embedded in
paraffin wax. The tissues were then cut into 2- to
3-mm-thick sections by a microtome, fixed on the
slides and stained with hematoxylin-eosin. The
slides were examined under a light microscope
(Olympus CH; Olympus, Tokyo, Japan), and
photomicrographs were taken with a Leica DM
750 camera at X100 magnification.

Data Analysis

Data were analyzed using GraphPad Prism®
version 10.2 (San Diego, CA, USA). Results were
expressed as mean * standard error of the mean
(SEM). Statistical differences among groups were
determined using one-way analysis of variance
(ANOVA) followed by Tukey's post hoc test.
Values with p < 0.05 were considered statistically
significant.

Results and Discussion

Effect of Mixed Aqueous Extracts of Piper
guineense and Vernonia amygdalina on
Percentage Body Weight Difference in
Alloxan-Induced Diabetic Male Wistar Rats
Alloxan-induced diabetes led to a significant
reduction in the percentage body weight
difference (%oBWD) in the negative control group
compared to the normal control as seen in figure
1, indicating catabolic weight loss typically seen in
uncontrolled diabetes. This weight reduction is
likely due to insulin deficiency, increased muscle
proteolysis, and lipid mobilization."
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Treatment with the combined extracts
significantly improved %BWD, with the 400
mg/kg group showing a near-normal
percentage gain comparable to the metformin
group. This suggests a reversal of diabetic
cachexia and improved metabolic status in

treated animals.” Restoration of body weight in
diabetic rats treated with 1. amygdalina and P.
guineense has been previously reported and
attributed to improved insulin activity and

. . . 12,13
nutrient utilization.

Figure 1: Effect of Mixed Aqueous Extracts of Piper guineense and Vernonia amygdalina on Percentage
Body Weight Difference in Alloxan-Induced Diabetic Male Wistar Rats

Effect of Mixed Aqueous Extracts of Piper
guineense and Vernonia amygdalina on
Fasting Blood Glucose in Alloxan-Induced
Diabetic Male Wistar Rats

Induction of diabetes with alloxan
monohydrate resulted in a marked elevation in
intermediate and final fasting blood glucose
(FBG) levels in the diabetic control group
compared to the normal control as shown in
Figure 2. This hyperglycemic response reflects
pancreatic B-cell destruction and insulin
deficiency associated with alloxan toxicity.
Treatment with the mixed aqueous extracts of
Piper guineense and Vernonia anngdalina at both 200
mg/kg and 400 mg/kg significantly reduced
final FBG levels compared to the diabetic

control group (p = 0.002), producing results
comparable to the metformin-treated group.

This hypoglycemic effect indicates the potential
of the extract combination in improving glycemic
control in diabetic conditions. The observed
activity may be attributed to the phytochemicals
in V. amygdalina and P. guineense, which have been
reported to enhance insulin secretion, improve
peripheral glucose uptake, and inhibit glucose
absorption in the gut."” Previous studies have
demonstrated that 1. amygdalina can significantly
lower blood glucose in alloxan and
streptozotocin-induced diabetic models,"" while
P. guineense has shown similar effects through its
rich content of alkaloids, flavonoids, and
phenols.”
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Figure 2: Effect of Mixed Aqueous Extracts of Piper guineense and Vernonia amygdalina on Fasting
Blood Glucose in Alloxan-Induced Diabetic Male Wistar Rats

Key: 0.12(ns), 0.033(%), 0.002(%%), <0.001(%*%), <0.0001 (%),

Effect of Mixed Aqueous Extracts of Piper
guineense and Vernonia amygdalina on
Liver Function Biomarkers in Alloxan-
Induced Diabetic Male Wistar Rats.

The induction of diabetes using alloxan
monohydrate significantly elevated liver
enzymes—AST, ALT, ALP, and GGT—in the
negative control group, indicating hepatic
dysfunction. Treatment with mixed aqueous
extracts of Piper guineense and 1 ernonia anygdalina
at both 200 mg/kg and 400 mg/kg doses as
shown in figure 3 resulted in a significant
reduction in these enzyme levels (p = 0.002),
comparable to the metformin-treated group.
This finding suggests hepatoprotective effects
and aligns with previous studies demonstrating

the hepatoprotective and antioxidant activities of
V. amygdalina, which mitigates hepatic damage
through its antioxidant properties.

Furthermore, total protein and albumin levels,
which were decreased in the diabetic control
group, were significantly restored in the extract-
treated groups (p = 0.033), indicating improved
hepatic synthetic function. Total and conjugated
bilirubin levels, elevated in the diabetic control
group, were significantly reduced in the extract-
treated groups (p = 0.033), suggesting enhanced
bilirubin clearance and liver function. These
observations are consistent with the
hepatoprotective effects of 1. amygdalina and P.
guineense, which have been reported to restore liver
function markers in diabetic models.””
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Figure 3: Effect of Mixed Aqueous Extracts of Piper guineense and Vernonia amygdalina on Liver
Function Biomarkers in Alloxan-Induced Diabetic Male Wistar Rats.
Key: 0.12(ns), 0.033(%), 0.002(*¥%), <0.007 (***), <0.0007 (**+*),

Effect of Mixed Aqueous Extracts of Piper
guineense and Vernonia amygdalina on
Kidney Function Biomarkers and Serum
Electrolytes in Alloxan-Induced Diabetic
Male Wistar Rats is as shown in Figure 4.

Alloxan-induced diabetes led to significant
increases in renal biomarkers, with BUN and
creatinine levels elevated in the negative control
group as shown in figure 4. Treatment with the
mixed extracts resulted in a dose-dependent
decrease in these parameters (p = 0.002),
comparable to the metformin group, indicating
nephroprotective effects. These findings are
supported by studies showing that 1. amygdalina

and P. guineense possess nephroprotective
properties, reducing oxidative stress and

R . . . . . 22,23
improving renal function in diabetic models.

Electrolyte imbalances observed in the diabetic
control group, such as hyponatremia,
hyperkalemia, and hypochloremia, were
significantly corrected in the extract-treated
groups (p = 0.033), indicating improved renal
function and electrolyte balance. The ability of 1/
amygdalina and P. guineense to restore electrolyte
balance has been documented in previous studies,
highlighting their role in maintaining renal
homeostasis in diabetic conditions.””
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Figure 4: Effect of Mixed Aqueous Extracts of Piper guineense and Vernonia amygdalina on Kidney
Function Biomarkers and Serum Electrolytes in Alloxan-Induced Diabetic Male Wistar Rats.

Key: 0.12(ns), 0.033(%), 0.002(*%), <0.001 (%), <0.0001 (**¥).

Histopathological Examination of the Liver
and Kidneys of the Experimental rats

Photomicrograph 1 of the liver of the
experimental rats showed a normal appearance
of the liver tissues for the group 1 (Normal
control) with normal central veins, adjacent
sinusoids with hepatocytes. The negative
control group photomicrographs (2a and 2b)
revealed a disrupted morphology of the central
venules and hepatocyte degeneration implying
inflammation and second-degree distortion of
the liver tissues. Previous studies have reported a
distortion of the liver cells when exposed to
hyperglycemic conditions without treatment.”
The Positive control group treated with
metformin showed an ameliorating state of the
inflamed and distorted liver as shown in

Photomicrograph 3a and 3b. The liver tissues
showed mild distortion of the liver tissues while
the groups treated with 200mg/kg and 400mg/kg
extract revealed moderate distortion of the liver
tissues as shown in photomicrographs 4 and 5.
The amelioration of the inflamed liver tissues by
the mixed extract of Piper guineense and Vernonia
amygdalinais comparable to that of the metformin
treated groups. The potency of the mixed extract
could be associated with the phytochemicals
present in the plants extract with greater
These
phytochemicals have been associated with their
ability to inhibit or modulate the MAPK and NF-
kB pathways, thereby reducing inflammation of

efficiency when combined.”

. 26
tissues.
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Histopathological examination of the
kidney tissues of experimental rats

The kidney tissues of the experimental rats as
shown in photomicrograph 1a for the normal
control group had a normal appearance of the
kidney tissue evidenced by the presence of the
glomerulus, reduced podocytes and mild
lymphoctytic activities around the renal tubules.
Severe distortion, inflammation and
degeneration of the kidney tissues were
observed in the negative control group as shown
in Photomicrographs 2a&b. These effects could
be associated with the inflammation caused by
the inducement of hyperglycemia in the
experimental rats in this group using alloxan and
were not subjected to any form of treatment.’

Alloxan monohydrate in experimental rat models
has been reported to cause inflammation and
damage to the liver and kidney tissues.”
Treatment with metformin and the mixed
extracts of Piper guineense and Vernonia anygdalina
at 200mg/kg and 400mg/kg caused a reduced
inflammatory state of the kidney as seen in
Photomicrographs 3a&b, 4a&b, 5a&b for
metformin (Positive control), 200mg/kg and
400mg/kg mixed extract of Piper guineense and
Vernonia amygdalina Respectively. The use of plant
extract as therapeutics has been reported to be
comparable to the conventional antidiabetic
medications with even less side effects due to
their role in the metabolism of inflammation
markers such as TNF-alpha, 1L.-6, IL-1B, and
mcp-1.”"
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Conclusion

The present study demonstrates that mixed
aqueous extracts of Piper guineense and 1Vernonia
amygdalina exert significant antidiabetic,
hepatoprotective, and nephroprotective effects
in an alloxan-induced diabetic rat model. In
addition to normalizing elevated liver enzymes
and improving renal biomarkers and electrolyte
balance, the extracts significantly reduced
fasting blood glucose levels and improved
percentage body weight difference. These
findings indicate that the plant extracts not only
mitigate diabetes-induced organ dysfunction
but also support systemic metabolic recovery.
The therapeutic effects are likely attributable to
the phytochemical constituents with
antioxidant, anti-inflammatory, insulin-
modulating, and cytoprotective properties.
Collectively, these results validate the traditional
use of P. guineense and V. amygdalina in managing
diabetes and its complications, and provide a
scientific foundation for their further
pharmacological development.

Recommendation

Further research is recommended to validate the
efficacy and safety of P. guineense and 1.
anmygdalina extracts through comprehensive
toxicity studies, mechanistic evaluations, and
clinical trials. Investigations into their synergistic
mechanisms and formulation as standardized
antidiabetic herbal products could support their
integration into evidence-based complementary
therapy for diabetes mellitus and its systemic
complications.
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Subchronic toxicity of hydroethanolic extract of
Azanza garckeanafruitin Wistar rats

Akinsola AO"™, Ojezele MO', Eduviere AT', and Akpovwre coO'

Abstract

Introduction: The fruit of Azanza garckeana is widely consumed in tropical Africa and is traditionally
used to treat conditions such as dyslipidemia, oxidative stress, and infertility. Despite its established
ethnomedicinal value and promising pharmacological properties, the long-term safety profile of its
hydroethanolic extract (AZG-HE) remains insufficiently studied.

Materials and Methods: This study evaluated the safety of repeated oral administration of AZG-HE in
albino Wistar rats (n=84) across multiple dose levels over extended treatment periods. Hematological,
serum biochemical, and antioxidant parameters were assessed, including lipid profiles, renal and hepatic
function markers, and oxidative stress indicators in selected organs. A recovery phase followed treatment
to evaluate the reversibility of any observed effects.

Results: Administration of AZG-HE did not result in clinical signs of toxicity, even at the highest tested
dose over the longest treatment period. While minor and transient reductions in weight gain and feed
intake occurred at higher doses, these normalized by the end of the study. The extract significantly
improved lipid profiles in a dose-dependent manner and markedly enhanced antioxidant status,
increasing hepatic and renal glutathione and superoxide dismutase activity while reducing lipid
peroxidation. All biochemical and physiological changes were fully reversible upon discontinuation of
treatment.

Conclusion: Long-term oral administration of Aganza garckeana hydroethanolic extract (AZG-HE)
demonstrated a favorable safety profile, with no evidence of cumulative toxicity and complete
reversibility of transient effects. Its hypolipidemic and antioxidant activities supportits traditional use and
potential as a nutraceutical for managing metabolic and oxidative stress-related disorders. Further
histopathological and clinical investigations are recommended.

Keywords: Subchronic, chronic toxicity, Azanza garckeana, hypolipidemic, antioxidant, reversibility
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INTRODUCTION

The plant Azanza garckeana, also called Goron
Tula (in Hausa, Nigeria) and snot apple', is a
semi-deciduous shrub distributed across
tropical and southern Africa, including Nigeria,
Botswana, Kenya, Malawi, Mozambique, South
Africa, Sudan, Zambia, and Zimbabwe. >’ The
plant thrives in semi-arid woodlands and its

edible fruit pulp4, valued in rural communities, is
consumed fresh, dried, or processed due to its
high nutritional content.”

The extensive traditional use of A. garckeana parts
for ailments ranging from inflammation to sexual
dysfunction is underpinned by its rich
phytochemical profile including flavonoids,
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phenols, and alkaloids* which confers
antioxidant, antimicrobial, anti-inflammatory,
and hypolipidemic properties.’"*?

Various animal studies have validated several
traditional claims about Azanza garckeana uses,
demonstrating excellent zz-vitro and in vivo
activities, including radical scavenging, ferric
reducing power, antibacterial effects against
respiratory pathogens, analgesia, wound healing,
and the amelioration of diabetes-associated
dyslipidemia, nephropathy and hepatopathy.
P Notably, hypolipidemic properties of AZG
has been observed in diabetic models and
healthy animals, alongside enhancements in
antioxidant enzymes like glutathione peroxidase,
superoxide dismutase and reduced glutathione
in various tissue homogenates. 1

Despite the widespread ethnomedicinal claim
and favorable therapeutic potential exhibited by
Aganza garckeana fruit pulp, comprehensive
toxicological data on prolonged exposure
remain limited. Prior acute and short-term
subacute studies on fruit pulp, seed, or bark
extracts have generally indicated low toxicity
(Absence of any noticeable harmful effects even
at doses reaching 5000 mg/kg when
TP but extended
repeated-dose evaluations are essential to

administered acutely).

validate safety for ethnomedicinal uses o, as a
potential nutraceutical *, particularly given
emerging interests in the cardioprotective and
metabolic benefits of AZG fruit pulp.”

This study therefore investigated the sub-
chronic oral toxicity and reversibility of toxicity
of Azanza garckeana hydroethanolic fruit extract
(AZG-HE) in albino Wistar rats.

Methods
Plant Authentication
Azanza garckeana fruit was obtained from local

markets in Gombe State, Latitude 10.2894° N,
Longitude 11.1677° E Northeastern Nigeria. The
plant material was authenticated at the
Herbarium, Department of Botany, Faculty of
Science, Delta State University, Abraka, Delta

State, Nigeria. A voucher specimen was deposited
under the reference number DELSUH279.

Plant Preparation

Fruits of A. garkeana were air-dried (28-33 °C) to
constant weight. The air-dried fruits were ground
to a uniform powder using a milling machine.
One kilogram of the powdered material was
macerated in 20% distilled water + 80% ethanol
over a period of 72 hours, accompanied by
periodic agitation. Subsequently, the mixture was
passed through a layer of cotton wool for
filtration. followed by Whatman No. 1 filter paper
(110 mm). The filtrate was concentrated under
reduced pressure using a rotary evaporator
(BUCHI Rotavapor® R-215, Switzerland) at 37
°C and 70 rpm, then further dried on a water bath
at 40 °C. The resulting extract residue was
weighed, transferred to an airtight container, and
stored at4 °Cuntil use.

Ethical Approval

The ethical approval for the study was obtained
from the Ethics and Research Committee of
Faculty of Basic Medical Sciences, Delta State
University, Abraka, Nigeria (Reference No.:
RBC/FBMC/DELSU/25/971).

Experimental Animals

Eighty-four (84) Wistar rats, aged seven (7) weeks
and weighing between 150160 grams, were used
for this study. The rats were obtained from and
housed in the animal house of the Faculty of
Allied Health Sciences, Delta State University,
Abraka, Delta State. They were acclimatized for
14 days, cared for, and handled in accordance with
international best practices as outlined by the
National Institutes of Health Guide for the Care
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and Use of Laboratory Animals.

Treatment Groups

Experimental rats were divided into groups and
subgroups. Treatments were applied to each
subgroup as stated;

e Group A, A, and A, Distilled water
orally for 60, 90 and 105 days respectively,
while

* Group B and B: 200 mg/kg/day orally
AZG-HE for 60 and 90 days respectively.
While, B, received distilled water orally
for 14 days after termination of AZG-
HE treatments on the 90th day
(reversibility study),

*  Group C, and CII: 400 mg/kg/day orally
AZG-HE for 60 and 90 days,
respectively. While, C; received Distill
water orally for 14 days after termination
of AZG-HE treatments on the 90th day
(reversibility study),

*  Group D, and D,: 800 mg/kg/day orally
AZG-HE for 60 and 90 days respectively.
While, D, recetved Distill water orally for
14 days after termination of AZG-HE
treatments on the 90th day (reversibility
study).

Parameters evaluated in this study included body
weight changes, feed/fluid intake, serum lipid
profiles, haematology, hepatic and renal
function biomarkers, and tissue antioxidant/
pro-oxidant status, in alignment with
Organisation for Economic Cooperation and
Development guidelines for subchronic toxicity
testing. This study evaluates not only potential
toxicity effects but also the persistence or
reversibility of any observed changes, providing
critical data on safety margin of this
ethnomedicinally important plant.

Specimen Collection
Twenty-four (24) hours after AZG-HE
administration, the rats were euthanized and

blood taken via cardiac puncture for
haematological and biochemical assays.

Haematological assays

Blood dispensed into the EDTA-coated tubes
was carefully inverted to ensure adequate mixing
with anticoagulation and was then subjected to a
full blood count, including RBC, RDW-CV,
RDW-SD, Hb concentration, HCT, MCV,
MCHC, MCH, platelet count, PDW; plateletcrit,
and MPYV, using a haematology automated
analyzing machine (Sysmex KX-21N).

Serological tests

Serum was obtained from the clots by
centrifuging at 5000 revolutions per minute for 10
minutes. The separated serum was used for
subsequent biochemical assays (liver function
tests, renal function tests, lipid profile and
markers of oxidative stress),

Statistical Analysis

GraphPad Prism (version 10.0) was used for
statistical software. Results are presented as mean
+ SEM. Data were considered statistically
significant at p< 0.05 using one-way ANOVA
alongside Tukey's post-hoc test.

RESULTS

Effect of AZG-HE on body weight in rats
after 60 days oral treatment.

Figure 1 illustrates a significant variation in the
percentage weight across treatment groups. Daily
AZG-HE administration at varied doses of 800
and 400 mg/kg over a 60-day period elicited a
statistically significant response (p< 0.05) relative
to untreated group.
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Figure 1: Effect of AZG-HE on animal weight in rats after 60 days oral treatment

*p <0.05 in comparison to untreated group

Effect of AZG-HE on feed intake in rats
after 60 days oral treatment

Figure 2 illustrates a significant variation in the
percentage feed intake across treatment groups.

Daily AZG-HE administration at varied doses of
800 and 400 mg/kg over a 60 days period elicited
a statistically significant variation (p<0.05)
relative to untreated group,

Figure 3: Effect of AZG-HE on fluid intake in rats after 60 days oral treatment

p LJ0.05 in comparison to untreated group

Effect of AZG-HE on hematological
profiles in rats after 60 days oral treatment

Figure 4(a-e) illustrates no significant variation
in RBC, RDW-CV, HB, MCH and plateletcrit
level across treatment groups. AZG-HE at
varied doses of 800, 400 and 200 mg/kg over a
60 days period elicited no statistically significant
variation (p>0.05) relative to untreated group.

Figure 4(f-h) illustrates a significant variation in
hematocrit, MCV and MCHC across treatment
groups. AZG-HE at varied doses of 800,400 and
200mg/kg mg/kg over a 60 days days period
elicited a statistically significant decrease (p<0.05)
in hematocrit, MCV level, but increase in MCHC
relative to untreated group.
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Figure 4(i-j) illustrates a significant variation in Figure 4(k-1) illustrates a significant variation in
RDW-SD and PLT across treatment groups. PDW and MPYV across treatment groups. AZG-
AZG-HE at varied doses of 800 and 400 mg/kg HE at a varied dose of 800 mg/kg over a 60-day

over a 00-day period elicited a statistically period elicited a statistically significant decrease
significant decrease (p<0.05) in RDW-SD, but (p<0.05) in both mean PDW and MPV relative to
increase in PLT count relative to the untreated the untreated group.

group.

Figure 4: Effect AZG-HE on (a) RBC, (b) RDW-CV, (c) HB, (d) MCH and (e) PCT in rats after 60 days
oral treatment
P >0.05 in comparison to untreated group
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Figure 4: Eftect of AZG-HE on (f) hematocrit, (g) MCV (h) MCHC, (i) RDW-SD, (j) PLT, (k) MPV and
() PDW in rats after 60 days oral administration

p <0.05 in comparison to untreated group
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Effect of AZG-HE on serum lipid profiles in rats after 60 days oral treatment

Figure 5(a-c) illustrates a significant variation in triglycerides, VLDL and LDL levels across treatment
groups. AZG-HE 800, 400, and 200 mg/kg administered over a 60 days petiod elicited a statistically
significant decrease (p<<0.05) relative to untreated group,

Figure 5d illustrates a significant variation in HDL across treatment groups. AZG-HE 800, 400, and 200
mg/kg administered over 60 days period elicited a statistically significant increase (p<0.05) relative to
untreated group,

Figure 5e illustrates a significant variation in TC levels across treatment groups. AZG-HE 800, and 400
mg/kg administered over 60 days petiod elicited a statistically significant decrease (p<<0.05) relative to
untreated group,

Figure 5: Effect of AZG-HE on (a) TG, (b) TC, (c) HDL, (d) LDL, and (¢) VLDL level in rats after 60
days oral administration
*p <0.051in comparison to untreated group

Effect of AZG-HE onliver function indices in rats after 60 days oral treatment
Figure 6(a-g) illustrates no significant variation in AST, ALT, GGT, ALP, T.protein, T.bil, and D.bil levels
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across treatment groups. AZG-HE 800, 400 and 200 mg/kg administration over 60 days period elicited
no statistically significant variation (pL! 0.05) relative to untreated group,
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Figure 6: Effect of AZG-HE on (a) ALT level, (b) AST level, (¢) ALP level, (d) GGT level, (¢) T. protein
level, (f) T-billevel, (g) D.billevel in rats after 60 days oral administration
p >0.05 in comparison to untreated group

Effect of AZG-HE onliver antioxidant activity in rats after 60 days oral treatment

Figures 7(a and b) illustrates no significant variation in SOD and CAT levels across treatment groups.
AZG-HE 800,400 and 200 mg/kg administered over 60 days elicited no statistically significant variation
(p>0.05) relative to untreated group,

However, Figure 7(c and d) illustrates a significant variation in GSH and GPx levels across treatment

groups. AZG-HE 800, 400, and 200 mg/kg administered over 60 days elicited a statistically significant
increase (p<0.05) relative to untreated group.
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Figure 7: Effect of AZG-HE on (a) SOD level (b) CAT level (c) GSH level, and (d) GPx level in rats after

60 days oral administration
*p <0.05 in comparison to untreated group

Effect of AZG-HE onliver pro-oxidant activity in rats after 60 days oral treatment
Figures 8 (a and b) illustrates no significant variation in NO and MDA levels across treatment groups.

AZG-HE 800, 400 and 200 mg/kg) administered over 60 days elicited no statistically significant
variation in NO and MDA levels (p>0.05) relative to untreated group,
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Figure §: Effect of AZG-HE on (a) liver NO level and (b) liver MDA in rats after 60 days oral
administration
p >0.05 compared to untreated group

Effect of AZG-HE on kidney excretory function in rats after 60 days oral treatment

Figures 9(a and b) illustrates no significant variation in creatinine and BUN levels across treatment
groups. AZG-HE 800, 400 and 200 mg/kg administered over a 60 days petiod elicited no statistically
significant variation (p>0.05) relative to untreated group,

Figure 9: Effect of AZG-HE on (a) serum creatinine level and (b) BUN level in rats after 60 days oral
administration
p>0.051in comparison to untreated group

Effect of AZG-HE on kidney homeostatic function in rats after 60 days oral treatment

Figures 10(a-e) elicited no significant variation calcium bicarbonate, phosphate, sodium and potassium
levels across treatment groups. AZG-HE 800, 400 and 200 mg/kg administered over 60 days petiod
elicited no statistically significant variation (p>0.05) relative to untreated group,
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Figure 10: Effect of AZG-HE on (a) serum bicarbonate level, (b) serum Phosphate level, (c) serum
calcium level, (d) serum sodium level, and (e) serum potassium level in rats after 60 days oral
administration

p>0.051n comparison to untreated group

Effect of AZG-HE on kidney antioxidant parameters in rats after 60 days oral treatment

Figures 11(a-d) illustrates no significant variation in SOD, CAT, GSH, and GPx antioxidant across
treatment groups. AZG-HE 800, 400 and 200 mg/kg administered over a petiod of 60 days elicited
statistically significant variation (p>0.05) relative to untreated group,
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Figure 11: Effect of AZG-HE on (a) kidney SOD level, (b) on kidney CAT level, (c) kidney GSH level,
and (d) kidney GPxlevel in rats after 60 days oral administration
p>0.051n comparison to untreated group

Effect of AZG-HE on kidney pro-oxidant parameters in rats after 60 days oral treatment

Figures 12(a and b) illustrates no significant variation in NO and MDA levels across treatment groups.
AZG-HE 800, 400, and 200 mg/kg administered over a petiod of 60 days elicited no statistically
significant variation (p>0.05) relative to untreated group,

Figure 12: Bffect of AZG-HE on kidney (a) nitric oxide level and (b) Malondialdehyde level in rats after
60 days oral administration
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p>0.051n comparison to untreated group

Effect of AZG-HE on heart antioxidant in rats after 60 days oral treatment

Figures 13(a-d) illustrates no significant variation in SOD, CAT, GSH AND GPx antioxidant across
treatment groups. AZG-HE 800, 400, and 200 mg/kg administered over a period of 60 days elicited
produced no statistically significant variation (p>0.05) relative to untreated group,

Figure 13: Effect of AZG-HE on (a) heart SOD level, (b) heart CAT level, (c) heart GSH level, and (d)
heart GPxlevelin rats after 60 days oral administration
p >0.05in compatison to untreated group

Effect of AZG-HE on heart pro-oxidant parameters in rats after 60 days oral treatment

Figures 14(a and b) illustrate no significant variation in NO and MDA prooxidant across treatment
groups. AZG-HE 800, 400, and 200 mg/kg administered over a period of 60 days elicited no statistically
significant variation (p>0.05) relative to untreated group,
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Figure 14: Effect of AZG-HE on heart homogenate (a) NO level, and (b) MDA level in rats after 60 days
oral administration
p >0.05in comparison to untreated group

Effect of AZG-HE on body weight in rats after 90 days oral treatment.

Figure 15 illustrates a non-significant variation in the percentage change in weight across treatment
groups. Daily AZG-HE administration at varied doses of 800,400 and 200 mg/kg over a 90 days period
elicited no statistically significant variation (p>0.05) relative to untreated group,

Figure 15: Effect of AZG-HE on body in rats after 90 days oral administration
p>0.05 in comparison to untreated group

Effect of AZG-HE on feed intake in Wistar rats after 90 days

Figure 16 illustrates a non-significant variation in feed intake across treatment groups. Daily AZG-HE
administration at varied doses of 800, 400 and 200 mg/kg over a 90 days period elicited no statistically
significant variation (p>0.05) relative to untreated group,
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Figure 16: Effect of AZG-HE on feed intake in rats after 90 days oral administration
p >0.05 in comparison to untreated group

Effect of AZG-HE on fluid intake in rats after 90 days oral treatment

Figure 17 illustrates a non-significant variation in fluid intake across treatment groups. Daily AZG-HE
administration at varied doses of 800, 400 and 200 over a 90 days period elicited no statistically
significant variation (p>0.05) relative to untreated group,

Figure 17: Effect of AZG-HE on fluid intake in Wistar rats after 90 days
p >0.05 in comparison to untreated group

Effect of AZG-HE on haematological indices in rats after 90 days oral treatment

Figure 18(a-g) illustrates no significant variation in RBC, RDW-SD, hematocrit, MCV, PLT, PDW and
MPV across treatment groups. AZG-HE 800, 400 and 200 mg/ kg administered over a period of 90 days
elicited no statistically significant (p>0.05) difference relative to untreated group, while

Figure 18(h-k) illustrate a significant variation in RDW-CV, HB, MCH, and MCHC across treatment
groups. AZG-HE 800, 400 and 200 mg/kg administered over a period of 90 days elicited a statistically
significantincrease (p<<0.05) relative to untreated group and,

Figure 18lillustrate a significant variation in plateletcrit across treatment groups. AZG-HE 800, and 400

mg/kg administered over a period of 90 days elicited statistically significant increase (p<<0.05) in
plateletcrit relative to untreated group,
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Figure 18: Effect of AZG-HE on (a) RBC count, (b) RDW-SD, (c) hematocrit, (d) MCYV, (e) PLT count,
(£) MPV, (g) PDW in rats after 90 days oral administration
p >0.05 in comparison to untreated group
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Fignre 18: Effect of AZG-HE on (h) RDW-CYV, (i) HB level, (j) MCH levels, (k) MCHC and (1) PCT in rats
after 90 days oral administration
*p <0.051in comparison to untreated group

Effect of AZG-HE on serum lipid profiles in rats after 90 days oral treatment

Figure 19(a and b) illustrates a significant variation in TG and LDL levels across treatment groups. AZG-
HE 800, 400 and 200 mg/kg administered over a period of 90 days elicited a statistically significant
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decrease (p<0.05) relative to untreated group, while

Figure 19(c and d) illustrates a significant variation in TC and VLDL across treatment groups. AZG-HE
800 and 400 mg/kg administered over a period of 90 days elicited statistically significant variation
(p<0.05) decrease relative to untreated group and,

Figure 19e¢ illustrates a significant variation in HDL level across treatment groups. AZG-HE 800, 400
and 200 mg/kg administered over a period of 90 days elicited statistically significant increase (p<<0.05)
relative to untreated group,

Figure 19: Effect of AZG-HE on (a) TG level, (b) TClevel, (c) HDL]level, (d) LDLlevel, (¢) VLDLin rats
after 90 days oral administration
*p <0.051in comparison to untreated group
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Effect of AZG-HE onliver function indices in rats after 90 days oral treatment.

Figure 20(a-e) illustrates no significant variation AST, ALT, ALP, T.bil, and D.bil levels across treatment
groups. AZG-HE 800, 400 and 200 mg/kg administered over a 90 days period elicited no statistically
significant variation (pL] 0.05) relative to untreated group, while

Figures 20(f and g) illustrates a significant variation in Total protein and GGT levels. AZG-HE 800
mg/kg administered over 90 days period elicited a statistically significant increase (p<0.05) in GGT and
total protein relative to untreated group,

Figure 20: Effect of AZG-HE on (a) ALT, (b) AST, (c) ALP, (d) T.bil, and (e) D.bil levels in rats after 90
days oral
p >0.05in comparison to untreated group
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Figure 20: Effect of AZG-HE on (f) gamma-glutamyl transferase level and (g) total protein level in rats
after 90 days oral administration
*p <0.05in comparison to untreated group

Effect of AZG-HE onliver antioxidant activity in rats after 90 days oral treatment.

Figures 21(a and b) illustrates no significant variation SOD and CAT antioxidant levels across treatment
groups. AZG-HE 800, 400 and 200 mg/kg administered over 90 days period elicited no statistically
significant variation (p>0.05) relative to untreated group,

However, from figure 21(c and d), illustrates a statistically significant variation in GSH and GPx
antioxidant activity across treatment group. AZG-HE 800, 400 and 200 mg/kg administered over 90
days period elicited a statistically significantincrease (p<0.05) relative to untreated group,

Figure 21: Effect of AZG-HE on (a) liver SOD level, (b) liver CAT level in rats after 90 days oral
administration
p>0.05in comparison to untreated group
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Figure 21: Eftect of AZG-HE on (c) liver glutathione level, (d) liver glutathione peroxidase level in rats
after 90 days oral administration
*p <0.05in comparison to untreated group

Effect of AZG-HE onliver pro-oxidant activity in rats after 90 days oral treatment.

Figures 22(a and b) illustrates a significant variation in prooxidant levels across treatment groups. AZG-
HE (800 mg/kg) administered over 90 days period elicited a statistically significant increase (p<<0.05) in
NO levels relative to untreated group. However, AZG-HE 800, 400, and 200 mg/kg administered over
90 days period elicited a statistically significant decrease (p<<0.05) in MDA levels relative to untreated

group,

Figure 22: Effect of AZG-HE on (a) liver NO level, (b) liver MDA level in rats after 90 days oral
administration
*p <0.051in comparison untreated group

Effect of AZG-HE onkidney excretory indices in rats after 90 days oral treatment.

Figures 22(a and b) illustrates no significant variation in creatinine and BUN levels across treatment
groups. AZG-HE 800 and 400 mg/kg administered over 90 days period elicited no statistically
significant variation (p>0.05) in creatinine and BUN levels relative to untreated group,
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Figure 22: Effect of AZG-HE on (a) serum creatinine, (b) BUN level in rats after 90 days oral
administration
p >0.05 compared to untreated group

Effect of AZG-HE on kidney homeostatic function in rats after 90 days oral treatment.

Figures 23(a-e) illustrate no significant variation in bicarbonate, sodium, phosphate, calcium, and
potassium level across treatment groups. AZG-HE 800, 400 and 200 mg/kg administered over 90 days
period elicited no statistically significant variation (p>0.05) relative to untreated group,
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Figure 23: Effect of AZG-HE on (a) serum bicarbonate level, (b) serum Phosphate level, (c) serum
calcium level, (d) serum potassium level, (¢) serum sodium level in rats after 90 days oral administration
p >0.05in compatison to untreated group

Effect of AZG-HE on kidney antioxidant parameters in rats after 90 days oral treatment.

Figure 24a illustrate a significant variation in SOD antioxidant across treatment groups. AZG-HE 800
mg/kg administered over 90 days petiod elicited a statistically significant increase (p<<0.05) relative to
untreated group, while

Figure 24(b-d) illustrate no significant variation CAT, GSH and GPx antioxidant biomarkers across

treatment groups. AZG-HE 800, 400 and 200 mg/kg administered over 90 days petiod elicited no
statistically significant variation (p>0.05) relative to untreated group,

Figure24a: Eftect of AZG-HE onkidney SOD levelin rats after 90 days oral administration
* p <0.05 in comparison to untreated group
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Figure 24: Effect of AZG-HE on (b) kidney catalase level, (c) kidney reduced glutathione level, (d) kidney
glutathione peroxidase level in rats after 90 days oral administration
p >0.05 compared to untreated group

Effect of AZG-HE on kidney pro-oxidant activity in rats after 90 days oral treatment.

Figures 25a illustrates a significant variation in NO level across treatment groups. AZG-HE 800, 400 and
200 mg/kg administered over 90 days elicited a statistically significant increase (p<<0.05) in No level
relative to untreated group,

Figures 25b illustrates no significant variation in MDA level across treatment groups. AZG-HE 800, 400

and 200 mg/ kg administered over 90 days elicited no significant variation (p>0.05) in MDA level relative
to untreated group,
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Frgure25a: Effect of AZG-HE on kidney NO levelin rats after 90 days oral administration
*p <0.05 in comparison to untreated group

Figure25b: Effect of AZG-HE on kidney MDA level in rats after 90 days oral administration
p >0.05in comparison to untreated group

Effect of AZG-HE on heart antioxidant parameters in rats after 90 days oral treatment.

Figures 26(a and b) illustrates no significant variation in SOD, CAT AND GPx level across treatment
groups. AZG-HE 800, 400 and 200 mg/kg administered over 90 days period elicited no statistically
significant variation (p>0.05) relative to untreated group,

Figures 26d illustrates a significant variation in GSH antioxidant across treatment groups. AZG-HE 800,

400 and 200 mg/kg administered over 90 days period elicited statistically significant increase (p<<0.05) in
GSH levels relative to untreated group,
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Figure 26: Effect of AZG-HE on (a) heart SOD level, (b) heart CAT level, (c) heart GPx level in rats after
90 days oral administration
p >0.05 in comparison to untreated group

Figure26d: Effect of AZG-HE onheart GSH level in rats after 90 days oral administration
p >0.05in comparison to untreated group

Effect of AZG-HE on heart pro-oxidant activity in rats after 90 days oral treatment.

Figures 27(a and b) illustrates no statistically significant variation in NO and MDA prooxidant
biomarkers across treatment groups. AZG-HE 800, 400 and 200 mg/kg administered over 90 days
period elicited no statistically significant (p<<0.05) difference relative to untreated group,
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Figure 27: Effect of AZG-HE on (a) heart NO level and (b) heart MDA level in rats after 90 days oral
administration
p >0.05 in comparison to untreated group

Effect of 14 days of toxicity reversibility of Hydroethanolic Fruit Extract of Azanza garckeana
on body weight changes in rats

Figure 28 illustrates no significant variation in the percentage change in body weight across treatment
groups during a 14 days recovery period following 90 days oral administration. AZG-HE at varied doses
of 800, 400, and 200 mg/kg daily for 90 days, followed by a 14-day post-treatment observation petiod,
produced no statistically significant variation (p > 0.05) relative to untreated group,

Figure 28: Effect of 14 days of toxicity reversibility of AZG-HE onbody weight changes in rats
p >0.05 in comparison to untreated group

Effect of 14 days of toxicity reversibility of Hydroethanolic Fruit Extract of Azanza garckeana
on feed intake in rats

Figure 29 illustrates no significant variation in feed intake across treatment groups during a 14 days
recovery period following 90 days oral administration. AZG-HE at varied doses of 800, 400, and 200
mg/kg daily for 90 days, followed by a 14-day post-treatment observation petiod, produced no
statistically significant variation (p > 0.05) relative to untreated group,
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Figure 29: Effect of 14 days of toxicity reversibility of AZG-HE on feed intake in rats
p >0.05in comparison to untreated group

Effect of 14 days of toxicity reversibility of Hydroethanolic Fruit Extract of Azanza garckeana
on fluid intake in rats

Figure 30 illustrates no significant variation in fluid intake across treatment groups during a 14 days
recovery period following 90 days oral administration. AZG-HE at varied doses of 800, 400, and 200
mg/kg daily for 90 days, followed by a 14-day post-treatment observation petiod, produced no

statistically significant variation (p > 0.05) relative to untreated group,

Fignre 30: Effect of 14 days of toxicity reversibility of AZG-HE on fluid intake in rats

p >0.05in comparison to untreated group

Effect of 14 days of toxicity reversibility of
Hydroethanolic Fruit Extract of Azanza
garckeana on hematological parameters in
rats

Figure 31a illustrates a significant variation in
RBC count across treatment groups during a 14
days recovery period following 90 days oral
administration. AZG-HE at varied doses of 800
and 400 mg/kg daily for 90 days, followed by a
14-day post-treatment observation period,
produced a statistically significant increase (p

<0.05) relative to untreated group,

Figure 31b illustrates a significant variation in
RDW-CV across treatment groups during a 14
days recovery period following 90 days oral
administration. AZG-HE at varied doses of 800,
400 and 200 mg/kg daily for 90 days, followed by
a 14-day post-treatment observation period,
produced a statistically significant decrease (p
<0.05) relative to untreated group.
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Figure 31c illustrates a significant variation in
RDW-SD across treatment groups during a 14
days recovery period following 90 days oral
administration. AZG-HE at varied doses of 800
and 400 mg/kg daily for 90 days, followed by a
14-day post-treatment observation period,
produced a statistically significant decrease (p
<0.05) relative to untreated group,

Figure 31d illustrates a significant vatiation in
hematocrit across treatment groups during a 14
days recovery period following 90 days oral
administration. AZG-HE at varied doses of
800, 400 and 200 mg/kg daily for 90 days,

followed by a 14-day post-treatment observation
period, produced a statistically significant
increase (p <0.05) relative to untreated group,

Figure 31(e-I) illustrates no significant variation in
MCV, HB, MCH, MCHC, PLT count, MPV,
PDW, and PCT across treatment groups during a
14 days recovery period following 90 days oral
administration. AZG-HE at varied doses of 800,
400 and 200 mg/kg daily for 90 days, followed by
a 14-day post-treatment observation period,
produced no statistically significant variation (p >
0.05) relative to untreated group,

Figure 31: Effect of 14 days of toxicity reversibility of AZG-HE on (a) RBC count, (b) RDW-CV, (c)

RDW-SD, (d) hematocritin rats
*p<0.05in comparison to untreated group
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Figure 31: Effect of 14 days of toxicity reversibility of AZG-HE on (e) MCV, (f) HB level, (g) MCH, (h)
MCHC, (i) PLT count, (j) MPV, (k) PDW, and (I) PCT in rats

p>0.051n comparison to untreated group

Effect of 14 days of toxicity reversibility of
Hydroethanolic Fruit Extract of Azanza
garckeana on serum lipid profiles in rats
Figure 32a illustrates a significant variation in
triglycerides level across treatment groups
during a 14 days recovery period following 90
days oral administration. AZG-HE at varied
doses of 800, and 400 mg/kg daily for 90 days,
followed by a 14-day post-treatment
observation period, produced a statistically
significant decrease (p <0.05) relative to
untreated group.

Figure 32b illustrates a significant variation in
LDL level across treatment groups during a 14

days recovery period following 90 days oral
administration. AZG-HE at varied doses of 800,
and 400 mg/ kg daily for 90 days, followed by a 14-
day post-treatment observation petiod, produced
a statistically significant decrease (p <0.05)
relative to untreated group.

Figure 32(c-¢) illustrates no significant variation
in TC, HDL and VLDL level across treatment
groups duringa 14 days recovery period following
90 days oral administration. AZG-HE at varied
doses of 800, 400 and 200 mg/kg daily for 90
days, followed by a 14-day post-treatment
observation period, produced a statistically
significant variation (p >0.05) relative to
untreated group,

Figure 32: Effect of 14 days of toxicity reversibility of AZG-HE on (a) TG levels and (b) LDL in rats

*p <0.05 in comparison to untreated group
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Figure 32: Effect of 14 days of toxicity reversibility of AZG-HE on (c) TClevels, (d) HDL levels, and (e)

VLDLlevelin rats
p >0.05in comparison to untreated group

Effect of 14 days of toxicity reversibility of
Hydroethanolic Fruit Extract of Azanza
garckeana on liver function parameters in
rats

Figure 33(a-g) illustrates no significant vatriation
in ALP, ALT, GGT, AST, T.protein, T.bil, and
Dubil across treatment groups during a 14 days

recovery period following 90 days oral
administration. AZG-HE at varied doses of 800,
400, and 200 mg/kg daily for 90 days, followed by
a 14-day post-treatment observation period,
produced no statistically significant variation (p >
0.05) relative to untreated group,
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Fignre 33: Eftect of 14 days of toxicity reversibility of AZG-HE on (a) ALT, (b) AST, (c) ALP, (d) GGT,

(e) T.protein, (f) T.bil, and (g) D.bil levels in rats
p >0.05 in comparison to untreated group

Effect of 14 days of toxicity reversibility of
Hydroethanolic Fruit Extract of Azanza
garckeana on liver antioxidant activity in rats
Figure 34(a-d) illustrates no significant variation
in SOD, CAT, GSH, and GPx antioxidant levels
across treatment groups during a 14 days

recovery period following 90 days oral
administration. AZG-HE at varied doses of 800,
400, and 200 mg/kg daily for 90 days, followed by
a 14-day post-treatment observation period,
produced no statistically significant variation (p >
0.05) relative to untreated group,
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Figure 34: Effect of 14 days of toxicity reversibility of AZG-HE on (a) liver SOD level, (b) liver catalase

level, (c) liver GHS level, (d) liver GPx level in rats

p >0.05 in comparison to untreated group

Effect of 14 days of toxicity reversibility of
Hydroethanolic Fruit Extract of Azanza
garckeana on liver pro-oxidant activity in
rats

Figure 35(a and b) illustrates no significant
variation in NO and MDA prooxidant levels
across treatment groups during a 14 days

recovery period following 90 days oral
administration. AZG-HE at varied doses of 800,
400, and 200 mg/kg daily for 90 days, followed by
a 14-day post-treatment observation period,
produced no statistically significant variation (p >
0.05) relative to untreated group,

Figure 35: Effect of 14 days of toxicity reversibility of AZG-HE on (a) liver NO level and (b) liver MDA

inrats
p >0.05 in comparison to untreated group

Effect of 14 days of toxicity reversibility of
Hydroethanolic Fruit Extract of Azanza
garckeana on kidney excretory function
parameters in rats

Figure 36(a and b) illustrates no significant
variation in creatinine and BUN levels across
treatment groups during a 14 days recovery

period following 90 days oral administration.
AZG-HE at varied doses of 800, 400, and 200
mg/kg daily for 90 days, followed by a 14-day
post-treatment observation period, produced no
statistically significant variation (p > 0.05) relative
to untreated group,
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Figure 36: Effect of 14 days of toxicity reversibility of AZG-HE on (a) serum creatinine level and (b)

BUN levelin rats
p >0.05 in compared to untreated group

Effect of 14 days of toxicity reversibility of
Hydroethanolic Fruit Extract of Azanza
garckeana on kidney regulatory
(homeostatic) function in rats

Following 90 days of AZG-HE treatment (200,
400, and 800 mg/kg/day), a 14-day recovery

period demonstrated full reversibility, with no
statistically significant alterations (p > 0.05) in key
serum electrolytes (bicarbonate, phosphate,
calcium, potassium, sodium) compared to the
untreated group (Figure 37a—c)
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Figure 37: Effect of 14 days of toxicity reversibility of AZG-HE on (a) serum bicarbonate level, (b)
serum Phosphate level, (c) serum calcium level, (d) serum potassium level, and (¢) serum sodium level in

Wistar rats after 105 days
p >0.05 in comparison to untreated group

Effect of 14 days of toxicity reversibility of
Hydroethanolic Fruit Extract of Azanza
garckeana on kidney antioxidant
parameters in rats

Figure 38(a-d) illustrates no significant variation
in SOD, CAT, GSH and GPx level across
treatment groups during a 14 days recovery

period following 90 days oral administration.
AZG-HE at varied doses of 800, 400, and 200
mg/kg daily for 90 days, followed by a 14-day
post-treatment observation period, produced no
statistically significant variation (p > 0.05) relative
to untreated group,
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Figure 38: Effect of 14 days of toxicity reversibility of AZG-HE on (a) kidney SOD level, (b) kidney
CAT level, (c) GSH level, and (d) kidney GPxlevel in rats

p >0.05 in comparison to untreated group

Effect of 14 days of toxicity reversibility of
Hydroethanolic Fruit Extract of Azanza
garckeana on kidney pro-oxidant
parameters in rats

Figure 39(a and b) illustrates no significant
variation in NO and MDA levels across
treatment groups during a 14 days recovery

period following 90 days oral administration.
AZG-HE at varied doses of 800, 400, and 200
mg/kg daily for 90 days, followed by a 14-day
post-treatment observation period, produced no
statistically significant variation (p > 0.05) relative
to untreated group,
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Figure 39: Effect of 14 days of toxicity reversibility of AZG-HE on (a) kidney NO level and (b) kidney

MDA levelin rats
p >0.05 in comparison to untreated group

Effect of 14 days of toxicity reversibility of
Hydroethanolic Fruit Extract of Azanza
garckeana on Heart antioxidant parameters
inrats

Figure 40(a-d) illustrates no significant variation
in SOD, CAT, GSH, and GPx across treatment
groups during a 14 days recovery period

following 90 days oral administration. AZG-HE
at varied doses of 800, 400, and 200 mg/kg daily
for 90 days, followed by a 14-day post-treatment
observation period, produced no statistically
significant variation (p > 0.05) relative to
untreated group,
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Figure 40: Effect of 14 days of toxicity reversibility of AZG-HE (a) heart SOD level, (b) heart CAT
level, (c) heart GSH level, and (d) heart GPxlevelin rats

p >0.05 in comparison to untreated group

Effect of 14 days of toxicity reversibility of
Hydroethanolic Fruit Extract of Azanza
garckeana on heart pro-oxidant parameters
inrats

Figure 41(a and b) illustrates no significant
variation in NO and MDA level across treatment
groups during a 14 days recovery period

following 90 days oral administration. AZG-HE
at varied doses of 800, 400, and 200 mg/kg daily
for 90 days, followed by a 14-day post-treatment
observation period, produced no statistically
significant variation (p > 0.05) relative to
untreated group,

Figure 41: Effect of AZG-HE on (a) heart NO level and (b) heart MDA in Wistar rats 15 days post

administration
p >0.05 in comparison to untreated group
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DISCUSSION

In many countries around the world, especially
in developing countries across Africa (Ghana,
Nigeria, Kenya, Ethiopia, South Africa, Zambia)
and Asia (India, China, Sri Lanka, Indonesia),
herbal medicine is often the primary or first-line
therapy due to affordability, accessibility, and
cultural trust. * Generally, Herbal remedies
commonly applied in conventional
ethnomedicine contain phyto-chemical
compounds that may have therapeutic effects.

23,24 .
However, studies have revealed that some of

these plants also contains toxic components.
This study therefore examined the sub-chronic
oral doses of Azanza garckeana hydroethanolic
fruit extract in Wistar rats over 60 and 90 days at
doses of 800, 400, and 200 mg/kg body weight,
vis-a-vis the reversibility of the toxicity 14 days

post-administration.

Body weight, fluid consumption and food intake
are key indicators of overall health in toxicity
testing, © At 60 days, higher doses (800 and 400
mg/kg) of AZG-HE caused noticeable changes
in weight gain and food intake compared to
controls, possibly indicating mild appetite
suppression or metabolic adjustments.
However, these effects did not persist at 90 days
and 105 days (15 days post administration), as no
significant differences were observed. This
transient response aligns with typical adaptive
responses in toxicity studies, indicating no
ongoing impairment of growth or nutrition.”
While certain phytochemicals can influence
appetite and weight, tannins and flavonoids may
suppress feed intake or promote weight loss
through various mechanisms.”” The absence of
significant alteration in these parameters aligns
with the established phytochemical profile of
Aganza garckeana, which is rich in flavonoids,
tannins, saponins, phenols, alkaloids, and other
secondary metabolites such as carotenoids and

. . 31,32
vitamin C.

Haematological parameters showed variable
changes, none of which were indicative of
toxicity. At 60 days, AZG-HE caused decreases in
haematocrit and MCV, along with increases in
MCHC and platelet-related parameters at higher
doses. By 90 days (end of dosing), the profile
showed signs of erythrocytic enhancement
characterized by significant increases in Hb,
MCH, and MCHC across doses; decreased RDW-
CV; normalized HCT and MCV; and increased
PCT) at higher doses, with no changes in PLT,
MPV, or PDW. * While, in the 15-days recovery
period (105 days), many treatment-related
changes observed in 60 and 90 days of AZG-HE
administration were reversed or stabilized toward
beneficial outcomes. That is, increases in RBC
(400 and 800mg/kg) and HCT (800, 400 and
200mg/kg); persistent decreases in RDW-CV and
RDW-SD (indicating reduced anisocytosis); and
normalization of Hb, MCH, MCHC, and all
platelet parameters to control levels. This
ascertain that AZG-HE demonstrates reversi-
bility upon discontinuation, a hallmark of non-
adverse, adaptive responses rather than persistent
toxicity.”” These observations align with
published toxicity studies on different solvent
extract of various parts of _Azanza garckeana.
Acute and subacute evaluations of methanol or
aqueous fruit pulp/seed extracts of Azanza
garckeana reported no adverse haematological
changes, with parameters often remaining within
normal ranges even at doses up to 1600-5000
mg/kg " Liver function assay (ALT, ALP, GGT,
AST, total protein, bilirubin) remained mostly
unchanged throughout the study, except for a
temporary increase in GGT and total protein
levels in rats receiving 800 mg/kg for 90 days.
This increase was reversed within 14days after
stopping administration (reversibility study),
indicating no liver toxicity even at the highest dose
and longest exposure. Alanine aminotransferase
(ALT), predominantly localized in the hepatic
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cytoplasm, and alkaline phosphatase (ALP),
primarily expressed in the cells lining the hepatic
biliary ducts, serve as critical biomarkers for
assessing liver injury.” Elevations in these
enzymes are commonly observed in conditions
of hepatotoxicity, reflecting hepatocellular
damage (ALT), cholestatic or biliary impairment
(ALP and AST).”™ The non-significant
alterations in serum levels of ALT, ALP, and
AST underscore the hepatic safety of Azanza
garckeana hydroethanolic fruit extract. This
finding is especially reassuring, given the liver
role in metabolizing foreign substances.”"
Minor increases in GGT and total protein at 90
days with 800 mg/kg alone is usually not
considered sufficient to indicate clinically
relevant liver injury.”

Creatinine and BUN are established indicators
of glomerular filtration rate and overall kidney
function™”, with elevations typically signaling
tubular damage, or nephrotoxicity.™" Similarly,
disruptions in electrolytes (e.g., sodium,
potassium, chloride) reflect impaired tubular
reabsorption or acid-base balance.” The
absence of significant alterations in key renal
function markers such as serum creatinine,
blood urea nitrogen (BUN), and electrolytes
following 60 and 90 days of administering
different doses of AZG-HE strongly indicates a
favourable renal safety profile. This finding
contradicts other short-term safety studies of
Agzanza garckeana. For example, aqueous extracts
and methanolic extracts of Azanza garckeana
administered at doses up to 500 mg/kg for 14 to
28 days showed significant differences in kidney
function indices (urea, creatinine, electrolytes)
compared to controls”” with emphasis on
increasing dose as a link to increasing toxicity. In
protective models (e.g., alloxan-induced diabetic
nephropathy), solvent fractions from Azanza
garckeana preserved renal integrity by
normalizing elevated urea, creatinine, and

electrolytes . These observations are consistent
with the current results, reinforcing that mild or
absent changes likely reflect physiological
tolerance rather than toxicity, especially in healthy
models over extended periods.

The safety profile of AZG-HE on vital organs
such as the kidney, liver, and heart are further
supported by its strong antioxidant properties
observed in this study. Administration of AZG-
HE over 60 and 90 days resulted in significant
increases in hepatic levels of GSH and GPx at
both time points (60 and 90 days) across all doses.
Additionally, delayed (90 days study) but
noticeable increases in SOD and GSH levels were
observed in heart and kidney tissues. Meanwhile,
markers of oxidative damage, like malondial-
dehyde (MDA) remained stable or decreased,
indicating effective reduction of lipid
peroxidation. ™ These findings highlight AZG-
HE ability to enhance natural antioxidant systems
while reducing pro-oxidant activity, thus helping
to protect organs during long-term exposure.
Oxidative stress plays a crucial role in the
development of organ problems, especially in the
liver, heart, and kidney, where reactive oxygen
species (ROS) can cause cellular damage through
lipid peroxidation, protein damage, and DNA
injury.” The observed increase in GSH
(neutralizes ROS and helps regenerate other
antioxidants) and GPx, which specifically breaks
down hydrogen peroxide, supports a liver-
protective mechanism that maintains redox
balance.” Similarly, increased SOD activity in
heart and kidney tissues indicates improved
breakdown of superoxide radicals, a type of ROS
involved in blood vessel and kidney cell
dysfunction.” The stability or reduction of MDA
and NO levels further suggests that AZG-HE
does not induce pro-oxidant effects but instead
decreases existing oxidative stress”, potentially
preventing hidden damage during prolonged use.
The absence of mortality, clinical signs of toxicity,
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or significant organ dysfunction at doses up to
800 mg/ kg over 90 days indicates a substantial
safety margin for AZG-HE. Furthermore, the
15-day post-administration recovery phase
revealed no evidence of delayed or persistent
toxicity in any examined organ, with previously
observed transient changes fully reversible and
oxidative stress parameters normalized to
control levels. These findings from an extended
repeated-dose study align with OECD
guidelines for sub-chronic oral toxicity testing
(OECD 408) and provide robust preclinical
evidence supporting the safety of .Aganza
garckeana. The results reinforce its long-standing
traditional use across Africa as a safe edible and
medicinal plant for managing dyslipidemia,
oxidative stress-related conditions, and general
health promotion, while highlighting its
potential for further development as a
therapeutic agent.

Conclusion

In summary, repeated oral doses of AZG-HE
appear safe in Wistar rats under the tested
conditions, with notable lipid-lowering and
antioxidant effects that merit further research
for therapeutic use, including in metabolic
syndrome and heart health. Future investiga-
tions should include tissue examinations,
longer-term toxicity studies, and clinical trials to
better understand its safety and benefits in
humans.
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Beliefs And Perceptions Of Hypertensive Patients
Regarding Socio-cultural factors On Blood Pressure
Control In Two Rural Communities Of Ekiti State: An
Exploratory Qualitative Study

" Ibrahim AO, ‘Udonwa N' ’Oku AO, 4Archibong F, 5Adewoye KR, ‘Musbau OO, 7Oguntoye OA,
*Alabi A K, "bello IS, “Ajani GO, Erinomo O, * Afolayan OF

ABSTRACT

Introduction: Achieving optimal blood pressure control remains a challenge, especially in rural setting
and could be due to sociocultural factors influencing patient's beliefs and biomedical understanding of
blood pressure control. Hence, this study explored hypertensive patient's beliefs and perceptions
regarding blood pressure control in two rural communities of Ekiti State, Southwest Nigeria.

Materials and Methods: This cross-sectional qualitative study explored four focus group discussions
with open ended questions on 16 hypertensive patients who were purposively recruited. All the
conversations were audio-recorded, transcribed verbatim and thematically analyzed.

Results: The only theme was participants' perceptions of sociocultural factors influencing their blood
pressure and five sub-themes including access to healthcare services, health literacy, dietary and lifestyle
behaviors, medication adherence, family and social support. Majority of participants claimed they have
unlimited access to healthcare facility, could read the information on hypertension, and were aware of
dietary food for optimal blood pressure but cost, long waiting time, unavailability of drugs at healthcare
facility, lack of information and certain cultural practices and traditional food during social events were
barriers to achieving optimal blood pressure.

Conclusion: Misconceptions of certain sociocultural factors were influencing management of
hypertension in rural communities of Ekiti State. Therefore, it is important to institute measures to
overcome these misconceptions and barriers and facilitate consistent adherence to biomedical treatment
to improve blood pressure control.

Key words: Qualitative research, Perceptions, Focus Groups, High Blood Pressure, Rural Nigeria
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INTRODUCTION

Hypertension or high blood (BP) pressure is the
most prevalent and modifiable risk factors for
cardiovascular diseases such as strokes and heart
attacks.” It accounts for a global population of
one billion and predicted to rise to 1.56 billion by
2025." Previous reports suggest that over the
past decade, the prevalence of hypertension has
increased globally with higher burden recorded
in low- and middle income countries.”’ In
Nigeria, a recent study estimated the crude
prevalence of hypertension to be between 2.1 to
47.2% depending on the BP cut-off point,
setting, sex and ethnic group being assessed.’
However, despite the increased advancement in
hypertension diagnosis and availability of
antihypertensive medications, achieving optimal
BP remains a challenge, especially in rural
setting,

A possible reason for this could be difference
between patient's beliefs and biomedical
understanding of sociocultural factors
contributing to BP control.” Kleinman in his lay
explanatory model proposes that people's
understanding of their illness often differs from
biomedical understanding of diseases and these
differences could influence treatment
of  blood
pressure control have been different due to

outcomes.” Patients' perceptions

differences in sociocultural factors such access
to healthcare, low health literacy, * unhealthy
dietary and lifestyle behaviors,' poor medication
adherence,” and low availability of social
support.10

Health literacy helps patient to obtain the
necessary information about high BP, and
empowering them to make a better decision on
best way to manage their BP . 12Irnproving
health literacy is one of the most cost- effective
interventions to reduce the incidence of non-
communicable diseases.”

Previous studies on perceptions of hypertensive
patients towards healthy dietary consumptions to
improve BP control have recently been
documented." " A recent study targeting dietary
changes for BP control has focused on providing
advice on diet that is usually not affordable or not
acceptable by the rural dwellers.”

Medication adherence is another important
componentof BP control.” However, perception
of side effects of medications often lead to poor
. . 6
adherence resultingin poor BP control.

In addition to perceptions of medication usage
for BP control, family and social support has also
been identified as an important sociocultural
factor in BP management.” " Strong family and
social networks and support systems can
encourage medication adherence, promote
healthy lifestyle behaviors, and provide emotional
and practical assistance to individuals with

9,10,17

hypertension.™

Previous studies on sociocultural factors
influencing BP controlin sub-Sahara Africa (SSA)
are either quantitative approach or conducted in
urban settings. To the best of our knowledge, this
is the first qualitative study on hypertensive
patients' beliefs and perceptions regarding
sociocultural factors on BP control in rural
communities of Ekiti State. Given the high
burden of hypertension, low rate of BP controlin
SSA, this study is crucial to provide targeted
interventions that could influence individuals'
actions towards theitr BP control.

MATERIALS AND METHODS

Study area: The study areas were llogbo and
Igbole rural communities which are located in
Ido-Osi local government area of the Northern
Senatorial district of Ekiti State, Nigeria.mlgbole
and Ilogbo rural communities were purposively
selected because of their rich cultural and socio-
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economic characteristics.

Study population: This was the population of
individuals diagnosed with hypertension who
were permanent resident of llogbo and Igbole
rural communities.

Study design: The study involved a qualitative
approach using an explanatory model design.
The explanatory model was Kleinman's
Explanatory Model."

Selection criteria: Participants for this study
were recruited from November 2024 to
February 2025. Inclusion criteria were patients
diagnosed with hypertension, aged 18 years and
above, who were permanent resident of the
communities, and being on antihypertensive
medication for at least six months. Exclusion
criteria were patients with secondary
hypertension, with other co-morbidities,
pregnant and lactating women and those with
known glaucoma on treatment.

Instrument and procedure for qualitative
data collection

A semi structured interview and Focus Group
Discussion (FGDs) were the research
instrument while the principal investigator
served as the interviewer and coordinator of the
discussion. A trained research assistant served as
recorder using a tape recorder, note pads, and a
camera.”

Ethical Consideration:

Ethical approval was obtained from the
Institution Review Board of Federal Teaching
Hospital Ido-Ekiti with approval number
(ERC/2024/10/30/1207A) before the study
was conducted.

Permissions for the study was obtained from the
traditional leaders of the autonomous
communities.

Operational definition

Focus group discussions (FGDs): This is a
valuable tool used to generate insights into
people's experiences, attitudes, perceptions,
values, and opinions about a defined area of
interest.

Selection of participants, validation and
reliability of Research Instrument and
procedure for data collection:

Prior to the study, the records of hypertensive
patients attending the comprehensive health
center (CHC) in the two rural communities were
assessed and 18 participants identified with
uncontrolled blood pressure were selected using a
purposive sampling technique and were invited to
participate in the survey after their consent has
been taken.” In order to achieve the objectives of
FGD, the content of semi-structured interview
was developed based on the English literatures
which have highlighted the global hypertension

9, 21 , 22
management.

The questionnaires were
developed in English and translated into Yoruba
and later backward translation to English
language by a competent translator to ensure
quality control. The questions were prepared in
an opened ended format and were pre-tested for
content validity, face validity, and clarity by two
cardiologists and one community health
physician with vast experience in hypertension
management research and were further adjusted
after pilot study with six hypertensive patients in
another rural community who were not part of
the study target population. Initially, 18
participants were invited to participate in the
FGD, but two participants did not attend due to
their time constraint. Eventually a total of 16
participants attended which were divided into
four groups (with two groups each from Ilogbo
and Igbole communities respectively) which
followed the standard guideline.” A FGD of 4-8
people are usually recommended as group more
than eight participants are difficult to control.”””
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FGDs were grouped by sex because previous
research suggests that due to the socio-cultural
context, women may not actively participate in

. . . 6,9,24
discussions in the presence of men.

Prior to the FGD, participants were told to be
seated for at least five minutes before their BP
were being measured. A BP monitoring
apparatus (Brand: Omron® with model HEM-
7080) was used to monitor participants' BP
level. The participants were enjoyed to interact
freely with each other, exchange ideas based on
their experiences, and consider no individual
contribution as right or wrong." Information
sheet was explained and informed written,
thumb-printed and verbal consent was obtained
from each participant. The researcher assumed
the role of moderator and was assisted by local
community extension officer. Prior to the FGD,
moderator introduced himself, his background
and qualification. He then briefed the
participants about the general objectives of the
study. He encouraged them to freely participate
in the discussion by giving several probes and
the discussion was conducted in their local
language. The conversations and discussions
were audio-recorded and field notes were
utilized when necessary during FGD. Four
FGDs were conducted until saturation of the
content which ranged from one hour to one
hour and 30 minutes. When there were no new
theme identified, a conclusion was made at this
saturation point. The study was in accordance
with strengthening the COnsolidated criteria for
REporting Qualitative research (COREQ).”

Data Analysis:

After the FGDs, all the conversations and
interviews were transcribed verbatim from
Local Language directly to English language by
two appointed translators from the local
communities while listening to the audio
recording played by the research assistant in the

presence of the researcher who also
counterchecked the data for quality. Because
some of the participants could not read, write, or
speak English, transcripts were not returned to
the participants for cross-checking. Using
thematic approach to data analysis, textual data
were explored and read several times by the
researcher to identify themes and sub-themes
(categories). The coding framework generated by
the researcher involved initial pre-identified codes
derived from previous studies on hypertension in
Ghana." ” Open ended inductive codes were
generated based on socio-cultural context of the
study areas.”’ Codes were reviewed and active data
coding of transcripts begins. Checking was done
by the researcher where the transcription was
compared to ensure correctness and the text data
were coded thematically and analyzed deductively
and inductively using Nvivo* version 12 pro
which is a qualitative software for data storage,
coding, and theme development. The researcher
analysed all transcripts in constant comparison in
QRS NVivo 12 pro.

RESULTS

In this study, 16 hypertensive patients were
recruited. The age of participants ranged from
21-72 years, and most of the participants were
traders (31.7%) and 6.3% had no formal
education and majority of the participants were
Christians (75.0%). In terms of their blood
pressure, only one- quarter (25.0%) of the
participants had their BP control. The
demographics and clinical findings of the
participants are shown in Table 1.
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Table 1: The demographics and clinical findings of the participants

Variables Frequency Percentage

Age in years

21-39 3 18.8
40-59 8 50.0
60 & above 5 31.2
Gender
Male 8 50.0
Female 8 50.0
Occupation
Farmer 4 25.0
Trader 5 31.3
Artisan 3 18.7
Civil Servant 2 12.5
Housewife/unemployed 2 12.5
Education
None 1 6.3
Primary 5 31.2
Secondary 9 56.2
Tertiary 1 6.3
Religion
Christianity 10 62.5
Islam 4 25.0
Traditional 2 12.5
Blood Pressure Level
Controlled BP 6 37.5%
Uncontrolled BP 10 62.5%

One theme was developed via the thematic content analysis namely, sociocultural factors influencing BP
control and five subthemes as shown in Table 2.

Theme and sub-themes of sociocultural factors influencing BP control

Theme: Sociocultural beliefs and practices influencing BP control.

Five subthemes were identified which were; (1) accessibility, affordability, and availability of
hypertension care services, (2) Health literacy, (3) diets and lifestyle behaviors, (4) medication adherence
and (5) family support.
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Table 2: Sociocultural factors influencing blood pressure control

Theme: Sub-themes:

Sociocultural  2.1: Accessibility
factors and affordability of
influencing  healthcare services
blood

pressure

control

2.2: Participants’
health literacy

2.3: Diets and
Lifestyle
behaviors/practices

Categoties/quotes:

2.1: “My house is not too far from government facility, so, 1
visit government facility anytime I want” (n=14)

“My house is very far from government facilities but I have a
motorcycle that I used to ride whenever I want to go and treat
myself” (n=3)

“My problem is not about going to government  facilities but
the cost of drugs is too expensive for me” (n=17)

“At times, I will get to government facility and the nurse will
tell me that the type of drugs that is good for my BP has
finished” (n=5)

“The last time I went to the government facility, the y told me
that doctor was not around” (n=4)

“I prefer going to Pharmacy shop close to my house because
pharmacists are drug expert” (n=11)

2.2: “Emm. ... For me, I have read the flyer pasted on the
clinic wall before, but I couldn’t understand the content
written there” (n=10)

“Am a pastor, I can read, write, and speak English very
well”’(n=18)

“Emm...We are Ekitis, the Fountain of knowledge” (with
chorus “yesoooo0” and “claps” from majority of
participants).n=0)

2.3: “I have since stopped adding salt to m y food for over a
year now because doctor told me that it is risk for my life”
(n=4)

“Emm... for me I still use salt but very small” (n=2)

“Why would I not add salt to my food? food without salt is
tasteless” (n=2)

“I have taken alcohol before but since doct or told me that my
BP was high, have been running away from alcohol” (n=5)
“Emm... for me, I take alcohol but not much to intoxicate
me” (n=1). One man nodded his head in agreement.

“I was told in the clinic that I should take bitter kola instead of
cigarette smoking” (n=1)

“Hmm...doctor (referring to the moderator) you live in city.
Car takes you to all places” (n=1)

Another participant chipped in” from air conditional car to air
conditional office and air conditional room” there was
laughter.

“Going up and do wn in the house, trekking to farm, church
and market in this town is even more than any exercise” (n=2).
“Yeah, I do not need any other exercise” (n=12)
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Theme: Sub-themes:

2.4: Medication
adherence

Categoties/quotes:

“I go with my drugs anywhere I travel to” (n=5)
“I take my drugs everyday” (n=12)

“Em.. as for me, I didn’t like taking the drug every day. So, at
times, 1 missed them for 2-3 days” (n=4)

“I stopped taken the drug when my BP is normal” (n=3)

“I skipped taking the drug when I have no money to buy them”

(0=2)

“Am bored of taking too much medications every day” (n=3)
“I stopped taken the drugs because it affects my sexual
performance” laughter (n=1)

“I only take the drug when I felt uncomfortable with serious
headache or poor sleep” (n=1)

2.5: Family and
Social Support

“I didn’t enjoy the support of my family in the management of
my high” ( n=0)

“Anytime I asked my brother to send me money for my BP, he
would say that I should stop thinking too much (laughter)”

(n=2)

“My husband is really supporting me. He provides the money

and would not allow me to sleep at night until I take my dr ugs’

(n=2)

>

“I don’t know what our government is doing for us? Please
doctor, help us tell our governor to subsidize the cost of these
drugs for us” (n=0)

DISCUSSION

This qualitative study provides in-depth insights
on participants' perceptions regarding BP and it
explores the sociocultural beliefs and practices
influencing BP control in two rural communities
of Ekiti State, Nigeria, a relative grey area of
research. This study is the first of its kind in
Ekiti State, Southwest Nigeria, highlighting the
sociocultural factors influencing BP control.

In this study, despite participants' recognition of
easy access to health care facility, barriers such as
cost, unavailable of medications and long
waiting time due to inadequate physicians were
the contributing socio-economic factors to
achieving better BP control. This findings was

consistent with previous study where financial

constraint is the major reason for not adherence
. . . . 26

to antihypertensive medications.

The health literacy of majority of hypertensive
patients in this study is inadequate, making
opinions on the information regarding high BP to
be low. This is consistent with recent research in
Indonesia which reported that health literacy is
not limited to measuring patient skill in reading
health-related words or numbers, but instead
focuses more on how written materials can
changes patients' beliefs and actions, and how
patients understand medical instruction.”
Inadequate health literacy which was explored in
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this study can cause patients to be misinformed
and to have difficulty following medical
instructions, and is associated with BP control.
However, despite the inadequate health literacy
explored in this study, eagerness for controlling
BP was portrayed through the concerns raised
by hypertensive patients as they perceived high
BP as a dangerous and fast killer. This finding is
consistent with the study by Mgbahurike ez
al,’where participants in agreed that
hypertension is a serious health concern.”
Tailored intervention strategies to improve
understanding of health information relating to
BP control is advocated in rural setting to
improving their health literacy.

Furthermore, with regards to lifestyle practices
of the participants, proven biomedical risk
factors such as smoking, alcohol consumption,
and inadequate exercise were believed by the
participants as contributing to uncontrolled BP.
This is comparable with several other studies in
Nigeria.4' ** Also, other studies in SSA were in
agreement with finding in this study.""” The idea
that -household and workplace chores are
equally regarded as adequate exercise has not
been reported in other studies and may give false
impression to the patients that they are
compliance with recommended activities
leading to poor BP control. Dietary approaches
to stop hypertension (DASH) is a globally
recommended strategy for patients with high
BP which has been implemented for over three
decades.” The DASH approach emphasized
varieties of fruits and vegetables, however, the
daily diet consumed by the participants in this
study indicates lack of different types of foodin
their local market. This barrier of availability of
variety of fruits and vegetables highlights the
significant of considering the local market
context when designing culturally acceptable
dietary interventions for the control of high BP
in rural areas. Charlton and colleagues in their

study posited that sometimes the DASH diet is
not feasible and sustainable to people living in
rural settings due to high poverty rate and poor
knowledge of complications of uncontrolled
BP.” They recommend that in order to control BP
in the rural area, people may not need to change
what they eat, but instead be making small
adjustments to current daily salt intake.” This
recommendation is important to adopt as it has
proven to be effective in other similar settings.’

With regards to medication adherence, a
significant numbers of participants were not
adherence to their medications and this is not
unique to this study. Non adherence to
antihypertensive medications has been the most
important contribution to poor BP control
particularly in rural setting and has been reported
by several studies.” * While several reasons may
contribute to poor adherence to antihypertensive
medications, the reasons explore in this study
include high cost of drugs and taken too many
drugs on daily basis, which are similar to findings
of other studies on hypertension and other
chronic diseases.”” Another barrier to medication
adherence and subsequently poor BP control was
the fear of sexual dysfunction as experienced by
few participants in this study. This finding is in
line with previous studies by Tan et al, * and
Kretchy et al, ” which have reported side effects
of antihypertensive medications as contributing

" Health interventions

to poor BP control. ”
therefore need to take these perceptions into
consideration in designing appropriate and
culturally sustained methods of addressing these

challenges.

Furthermore, it appears that while many
participants in this study recognized the role of
family and social support to improving their
compliance to medication adherence and
subsequently BP control, there are sociocultural
and economic barriers that impede family and
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other social support groups' inability to
adequately support people with high BP.
Barriers explored in this study include failure of
participants to disclose their diagnosis to their
relations, perceptions of family members on the
etiology of hypertension, poverty within family
members and lack of support from
government. Studies have shown that social
support contributes significantly to improving
health outcomes.” " Therefore, targeted
interventions involving stakeholders from
communities and government circles are needed
to promote family and social support for
patients with high BP.

CONCLUSIONS

It is evident that hypertensive patients
experienced several sociocultural factors and
barriers that influence their management of BP
in the study areas. These socio-cultural bartiers
often delayed or discouraged the use of
biomedical treatments which are essential in
ensuring adequate control of BP. Itis important
to institute measures to overcome these barriers
and facilitate consistent adherence to
biomedical treatment and lifestyle behaviors
especially in rural areas to improve rate of BP
control.

Limitations:

The dominant voice from the vocal participants
would override other voices in the method of
FGDs." Also, limiting the FGD size to four
participants at a time would reduce the diverge
range of information compared to when there is
increased numbers of participants in the FGDs.
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Prevalence, Perception And Management Practices of
Dysmenorrthea Among Students of Delta State
University, Abraka, South-south Nigeria

Omogbiya IAl,Orovwigho O', Moke EG', Demaki W', Oboh M", Emudainohwo JOTl,
Okoro OF’, Jewo AO’, Chidebe E', Otah O]1

Abstract

Introduction: Dysmenorrhea is a common gynaecological disorder among women of reproductive age
worldwide. Undergraduate students may be particularly affected, as dysmenorrhea may negatively affect
academic engagement and quality of life. This study assessed the prevalence and management of
dysmenorrthea among DELSU undergraduates, and explored its self-reported association with
examination stress and academic performance.

Materials and Methods: A descriptive cross-sectional survey design was conducted among 400 female
undergraduate students recruited from all faculties of DELSU using a convenience sampling technique.
Data were collected using a structured questionnaire and summarised using frequency/percentage
distribution and Spearman rho to determine association with academic performance. Statistical
significance was setat p<<0.05.

Results: The prevalence rate of dysmenorrhea was 78.9%. Onset occurred at menarche in 53.6%, and
54.9% reported a family history. Lower abdomen was the commonest pain site (67.2%). Common
associated symptoms were headache (30.1%), loss of appetite (19.8%), and vomiting (13.5%). Rest
(40.9%) and drug use (22.6%) were the main management approaches, with piroxicam and paracetamol
mostly used; 72.6% of drug users self-medicated. No significant correlation was found between
dysmenorrhea and examination stress (t=-0.013, p=0.804) or self-reported academic performance (r=-
0.061,p=0.254).

Conclusion: Dysmenorrhea is highly prevalent among DELSU undergraduates, and management
remains largely non-pharmacological or informal, with substantial self-medication. No significant
correlation was found between dysmenorrhea and self-reported examination stress or academic
petformance in this sample, although a considerable proportion of respondents reported dysmenorrhea-
related absenteeism and reading difficulty.

Keywords: Dysmenorrhea; Prevalence, Management; Undergraduate students; Academic Performance
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INTRODUCTION

Painful menstruation, or dysmenorrhea, has
been described as a gynecologic problem
characterized by cramping pain experienced
around the lower abdomen at the onset or
during menstrual bleeding, constituting one of
the most commonly observed gynecological
problems in reproductive age women."” This
medical term has been categorized into two
broad classes of primary dysmenorrhea and
secondary dysmenorrhea. The former is caused
by higher levels of prostaglandin production
and not related to any underlying pelvic
pathologies while the latter is caused by pelvic
disorders, such as endometriosis and
adenomyosis.™

Internationally, the prevalence rate of
dysmenorrhea among adolescents and young
women is estimated between 45% and 90%, and
this has earned its name as the most common
gynecological problem for this demographic
group. The health condition is the leading cause
of school and work absenteeism among women
of reproductive age in this population. Apart
from causing physical discomfort, menstrual
pain has been associated with poor
concentration and performance in academics,
poor sleep, social isolation, and reduced health-
related quality of life.”” One particular study
conducted in Nigeria among female students
corroborated the effect of dysmenorrhea on
academic performance.’

Prevailing prevalence statistics for Nigeria
include varying levels of prevalence rates which
are between 25% and 83%. The variation results
from differences in methodology, sample
population and criteria used for diagnosing the
condition.”” This is further corroborated by
findings from south-western Nigeria and from
Ethopia which reported increased prevalence of
dysmenorrhea and strong association with an

increased proportion of student's absenteeism
from classes due to the pain associated with
" With all these problems
associated with dysmenorrhea among female

. 3,
menstruation.

students, Nigerians inclusive, many lack
knowledge about treatment options and use self-
medication techniques that are harmful to
them.™""”

The burden of dysmenorrhea, its perception and
management strategies among students in the
Delta State University, Abraka, a major public
institution of higher learning in South-South
Nigeria, was never explored before this project.
No literature had identified the association
between dysmenorrhea prevalence and academic
pressure, which is known as a causative factor of
menstrual irregularities.™" It is worth noting that
there is a considerable level of coincidence
between dysmenorrhea peak prevalence period
and period when females study in higher
institutions of learning,

The study was therefore geared towards:
identifying the prevalence rate of dysmenorrhea
among students of DELSU, investigating the
perception and knowledge of students on the
disease, describing the present management
measures and finding out the connection between
examination stress, dysmenorrhea, and academic
achievement.

MATERIALSAND METHODS

Study Design and Setting

This was a descriptive cross-sectional study
conducted at Delta State University (DELSU),
Abraka, Delta State, Nigeria (approximately
5.79°N, 6.10°E). DELSU is a public tertiary
institution comprising of the following faculties:
Faculty of Arts, Social sciences, Basic Medical
sciences, Management sciences, Agriculture,
Engineering, Science, Education, Law and
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Pharmacy.

Study Population and Sampling

All female undergraduate students of DELSU
constituted the target population. Convenience
(quota) sampling technique was adopted. Forty
questionnaires were distributed randomly to
female students in each faculty of the institution
giving a target sample size of 400 participants.
Students from 100 level to final year were
eligible. Of the 400 questionnaires distributed,
399 were retrieved and analysed (99.75%
response rate). This is a non-probability
sampling approach rather than random or
stratified random sampling, and self-selection/
convenience bias is acknowledged as a
limitation; findings may not be fully
generalisable to the entire DELSU female
student population.

Sample size was determined using the Cochran's
formula as previously described [15] and
expressed herein:

n=7Z*pq/e?

Where Z = 1.96 (95% confidence level), p = 0.5
(assumed prevalence, used for maximum variability in
the absence of a prior DELSU-specific estimate), g = 1-
p=0.5,ande=0.05 (5% margin of error).

This gives a minimum required sample size of n
= 384, which was rounded up to 400 to allow for
non-response, in proportion to DELSU's
estimated undergraduate population of over
20,000 students across the different faculties.

Inclusion and Exclusion Criteria

Inclusion criteria included; (i) Female
undergraduate student of DELSU, (ii) Female
Undergraduate of adult age (18 years and
above), and (iif) Willingness to participate
voluntarily. Male students and those unwilling to

participate were excluded.

Instrument for Data Collection
An instrument comprising a structured, self-
administered questionnaire containing 37
questions (36 closed-ended and 1 open-ended)
was developed by the researchers after an
extensive literature review, and was reviewed for
face and content validity by the study supervisor.
The questionnaire was not adapted from a
previously published, externally validated
instrument, and no reliability coefficient (e.g
Cronbach's alpha) was computed prior to
administration; this is acknowledged as a
methodological limitation. Dysmenorrhea itself
was assessed as a self-reported binary experience
("Do you experience painful menstruation?
Yes/No") rather than through a validated pain-
severity scale such as the Visual Analogue Scale
(VAS) or Numeric Rating Scale (NRS);
consequently, prevalence estimates in this study
reflect self-reported occurrence of menstrual
pain rather than a clinically graded diagnosis, and
severity was not systematically scored. The
questionnaire also did not include items to
exclude secondary dysmenorrhea (e.g.
endometriosis, adenomyosis, pelvic inflammatory
disease); reported family history and menarche-
onset patterns are therefore suggestive of, but
cannot confirm, a primary dysmenorrhea
actiology in this sample. The questionnaire had
five sections as follows:
Section A: Demographic information
(age, marital status, religion, and faculty).
Section B: Incidence and characteristics of
dysmenorrhea (nature of pain, when it
started, how often it occurred, where it
was felt, what other symptoms it was
accompanied by, and menstrual history).
Section C: Perceptions about
dysmenorrhea (knowledge, awareness,
perception, attitude, and whether anyone
in their family suffers from
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dysmenorrhea).
Section D: Dysmenorrhea management
(treatment used, drug type,
pharmacological and non-
pharmacological methods, and seeking
medical care).
Section E: Influence of stress on
dysmenorrhea and academics (ability to
read, absenteeism in classes,
examination results).
The questionnaires were distributed to students
face-to-face after being informed about the
study.

Ethical Approval and Reporting Guideline:
The study was conducted in compliance with
regulations approved by the Ethical Committee
on Human and Animal Research of the Faculty
of Basic Medical Sciences, Delta State
University, Abraka, Delta State (Approval No:
RBC/FBMC/DELSU/18/0974). Written/
verbal informed consent was obtained from all
participants prior to administration of the
questionnaire. Participants were informed of
the study's purpose, that participation was
voluntary, that responses would be anonymised,
and that they could withdraw at any point
without penalty. Only students who provided
consent were included in the study. Moreover,
the study is reported in line with the STROBE
(Strengthening the Reporting of Observational
Studies in Epidemiology) checklist for cross-
sectional studies.

Data Analysis

The data were coded, inputted, and analyzed
statistically using SPSS v.23.0 and Microsoft
Excel. Frequency and percentage distributions
were employed to characterize participants'
demographics and the outcome variables.
Spearman's rho was used to investigate the
hypotheses on the correlations between (i) exam
stress and dysmenorrhea; and (if) dysmenorrhea
and academic achievement. The significance level
was considered at p < 0.05.

RESULTS

Demographic Characteristics of Study
Participants

The demographics characteristics of the study
participants is presented in Table 1. From a total
of 399 questionnaires analysed, a large
proportion of participants (58.9%) were within
the age range of 21-25 years, while 30.8% were
within the age range of 15-20 years. The vast
majority of participants were single (96.0%) and
Christian (99.5%). The sample was highly
homogeneous with respect to religion (99.5%
Christian) and marital status (96.0% single),
which likely reflects the demographic
composition of the university's undergraduate
population and/or the convenience sampling
method used, rather than deliberate stratification
by these variables. This limits the generalisability
of findings to more religiously or maritally diverse
student populations, and the possibility of non-
response bias among under-represented
subgroups (e.g. Muslim or married students)
cannot be excluded.
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Table 1. Demographic characteristics of study participants (N = 399)

Variable
Age (years)

Category
15-20
21-25

26-30
31-35
3640
Single
Married
Divorced

Christian
Muslim

Marital Status

Religion

Prevalence and Pain Characteristics in
Patients with Dysmenorrhea

Table 2 shows details on prevalence and pain
characteristics in students experiencing
dysmenorrhea. The prevalence rate of
dysmenorrhea among the subjects was 78.9% (n
= 315). The onset of dysmenorrheal pain
occurred during menarche in 53.6% of patients
whereas 41.6% experienced dysmenorrhea

Frequency (n)  Percentage (%)
123 30.8
235 58.9
36 9.0

4 1.0
1 0.3
383 96.0
13 33
3 0.8
397 99.5
2 0.5

during later stages of their lives. Among those,
30.3% of respondents experience it regularly
whereas 50.6% experience it occasionally.
Abdomen was the most common site for pain in
67.2%, followed by lower back (8.8%), hips
(3.0%), and thighs (1.8%). In total, 54.9% of
respondents had a family history of
dysmenorrhea.

Table 2. Prevalence and pain characteristics of dysmenorrhea (N = 399)

Characteristic Category Frequency (n)  Percentage (%)
Experience painful menstruation Yes 315 78.9
No 84 21.1
Age at menarche (years) 10-15 214 53.6
16-20 132 33.1
Onset of pain At first period (menarche) 156 39.1
Later in life 166 41.6
Frequency of pain Always 121 30.3
Sometimes 202 50.6
Pain location Lower abdomen 268 67.2
Lower back 35 8.8
Hip 12 3.0
Thigh 7 1.8
Family history of dysmenorrhea Yes (not the only one in family) 219 54.9
Heavy menstrual flow Yes 183 459
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Symptoms associated with dysmenorrhea

As shown in Table 3, headache (30.1%) was the
most frequently reported symptom associated
with dysmenorrhea, followed by loss of appetite
(19.8%), vomiting (13.5%), other symptoms
(11.0%), and nausea (5.8%). This table reflects

the 320 respondents who reported at least one
associated symptom (a subset of the 315
respondents who experienced dysmenorrhea, as
some respondents skipped this item or the item
allowed limited multiple responses); percentages
are calculated on valid responses to this item.

Table 3. Symptoms associated with dysmenorrhea (N = 320)

Symptom Frequency (n) Percentage (%)
Headache 120 30.1
Loss of appetite 19.8
Vomiting 54 13.5
Other symptoms 44 11.0
Nausea 5.8

Perception of Dysmenorrhea among
Undergraduate Students of DELSU

As shown in Table 4, Familiarity with the term
'dysmenorthea’ was indicated by 45.9% of
participants, with 39.6% having never heard
about dysmenorrhea. Of those familiar with
dysmenorrhea, the main sources of their
knowledge included classroom learning (35%),
social networking sites (30%), various sources
(25%), and friends (10%). The majority of

respondents (60.7%) were comfortable speaking
freely about the topic, whereas 23.6% did not feel
at ease. With regard to perceived causes of
dysmenorrhea, the highest number mentioned
excessive sugar consumption (45.4%), followed
by stress (18.0%), infection (7.3%), genetic
predisposition (6.8%), prostaglandins (5.0%), and
nutrition (1.5%). Majority (59.9%) thought
dysmenorrhea can be treated.

Table 4. Perception and awareness of dysmenorrhea (N = 335)*

Variable
Heard of dysmenorrhea: Yes
Comfortable discussing: Yes
Perceived cause: Excess sugar
Perceived cause: Stress
Perceived cause: Infection
Perceived cause: Genetics
Perceived cause: Prostaglandins
Believes dysmenorrhea is treatable
Believes diet plays a role
Positive family history

Feel anxious before period

Frequency (n) Percentage (%)
183 45.9
242 60.7
181 45.4

72 18.0
29 7.3
27 6.8
20 5.0
239 59.9
199 49.9
219 54.9
210 52.6

*Table reflects 335 valid responses to perception items; N differs from the total sample of 399 due to item non-response
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Management Practices of Dysmenorrhea
among Undergraduate Students of DELSU
Tables 5 and 6 respectively, depicts the self-
reported responses by study participants as
regards the different methods employed in
managing their episodes of dysmenorrhea.
Table 5 shows the different self-reported
management practices employed by
undergraduate students of DELSU against
dysmenorrhea (N=348 valid responses to this
item; N differs from the total sample due to item
non-response or skip logic for students who
reported no management practice). As shown,
resting was the most frequently employed
method in dealing with menstrual pain (40.9%),
followed by drug-taking (22.6%), warm bath

(13.5%), massage (6.5%), and exercise (3.8%).
Additionally, Table 6 shows the specific drugs
used among the 208 respondents who reported
taking medication; piroxicam (brand name:
Felvin; 17.5%) and paracetamol (17.0%) were the
most frequently used, followed by ibuprofen
(10.0%), diclofenac (3.3%), other drugs (2.5%),
and herbal preparations (1.8%). Piroxicam and
paracetamol are two distinct medications with
similar (but not identical) usage rates in this
sample; this is not a double-count. The largest
proportion of drug users (34.3%) took
medication during menstrual bleeding, while
17.8% took medication prior to onset of the
period. Self-medication was practiced by 72.6%
of drug-taking respondents

Table 5. Management practices for dysmenorrhea (N = 348)*

Management Method
Rest
Drugs
Warm bath
Massage

Exercise

Frequency (n)

Percentage (%)

163 40.9
90 22.6
54 13.5
26 6.5
15 3.8

*IN=348 valid responses to this itens; N differs from the total sample due to item non-response
or skip logic for students who reported no management practice

Table 6. Drugs used for dysmenorrhea management (N = 208)*

Drug
Felbinac (Felvin)
Paracetamol
Ibuprofen
Diclofenac
Other drugs

Herbal preparations

Frequency (n)

Percentage (%)

70 17.5
68 17.0
40 10.0
13 3.3
10 2.5
7 1.8

*IN=208 valid responses to this items; N differs from the total sample due to item non-response or
skip logic for students who reported specific drug used to manage pain during dysmenorrbea
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Associative Effect of Stress and
Dysmenorrhea on Academic Performance

These findings are shown in Table 7. In terms of
self-reported effects on academics, 30.6% of
participants stated that they could not read while
menstruating, 31.8% reported that they could
read, and 23.8% could sometimes read. Of
those who could read, 21.6% rated their
assimilation as low, 43.4% average, and 4.8%
high. School absence due to dysmenorrhea was
reported as always occurring by 14.5% of
respondents, sometimes by 22.3%, while 49.9%
reported no absenteeism. 9.8% believed
dysmenorrhea definitely affects their academic
performance, 63.2% said it does not, and 13.8%
said it sometimes does. Nearly half of
respondents (47.4%) felt they performed well in
examinations despite dysmenorrheic pain. All
academic-performance items in this section
were self-reported perceptions; no objective

measure such as GPA/CGPA or examination
scores was collected.

The perceived effect of stress on dysmenorrhea
was reported as “yes” by 46.4% of participants
(sometimes: 25.6%; no: 17.5%). Spearman's
correlation between perceived examination stress
and frequency of dysmenorrhea produced a
negligible, non-significant coefficient (r = -0.013,
p = 0.804), indicating essentially no linear
association rather than merely a lack of statistical
significance. Similarly, the correlation between
dysmenorrhea and self-reported academic
performance was negligible and non-significant (r
= -0.061, p = 0.254). It should be noted that
Spearman's rho is not the ideal test for these
largely categorical/ordinal variables; a chi-square
test of association or ordinal logistic regression
may have been more appropriate and is
recommended for future analyses of this dataset.

Table 7. Spearman's correlation between stress, dysmenorrhea, and academic performance

Correlation Rho (1) p-value Significance
Exam stress vs. dysmenorrhea -0.013 0.804 Not significant
Dysmenorrhea vs. academic -0.061 0.254 Not significant
performance
DISCUSSION The fact that 53.6% of participants started

Prevalence of Dysmenorrhea

In the current study, the prevalence of
dysmenorrhea was 78.9%, reflecting the high
prevalence that is reported amongst Nigerian
and African universities. In Nigeria, Esan et al.
(2024) recorded prevalence of 76.4% amongst
female university undergraduate students’,
whereas in Ethiopia, a prevalence of 74.7% was
reported among students of Haramaya
University in 2022", while a 2023 study reported
prevalence up to 80.2% in Ghana." These
results corroborate the world prevalence range
of 60-93%. "

suffering from dysmenorrhea at menarche and
54.9% of participants have a family history of the
condition corroborate the current scientific
literature on the association between eatly onset
of menstrual cramps and the genetic factor, as
well as prostaglandins.™ In this way, these results
further emphasise the contribution of genetics to
the etiology of the problem and prove the
possibility of using family health education for its
prevention. The dominance of the lower
abdominal pain site (67.2%) coincides with the
findings in Iran”, Ethiopia", and South East
Nigeria.”
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The most frequently associated symptom
among participants (30.1%) was headache,
which is an observation different from what is
found in the larger literature wherein fatigue and
irritability are more frequent.”” Nevertheless,
such an observation is particularly relevant
considering the established link between
prostaglandin-induced vasospasm and the
development of headaches.” Other symptoms
frequently observed were lack of appetite
(19.8%) and vomiting (13.5%), which align with
the established role of prostaglandins in the
digestive tract." Lastly, 52.6% of the
respondents felt anxious prior to the
commencement of menstruation, which is
consistent with studies that have qualitatively
analysed the psychological impact experienced
by university students in Ethiopia' and
Australia.

Perception and Awareness

Awareness of the term "dysmenorrhea" was
found to be relatively low at only 45.9%. The
lack of knowledge about the condition that
nearly all females suffer from corresponds to
results reported by researchers in Nigeria and
sub-Saharan Africa."” Moreover, excess sugar
intake was perceived as the reason for the
development of this problem by 45.4% of the
participants. Such an opinion contradicts
medical literature where the increased
production of prostaglandins during the late
luteal phase is recognised to be the principal
mechanism of dysmenorrhea."”” At the same
time, 18.0% mentioned stress and only 5.0%
correctly identified prostaglandins, indicating a
limited understanding of the underlying
hormonal mechanism. This knowledge gap
plausibly links to the high rate of self-
medication observed in this study (72.6% of
drug users): students who misattribute
dysmenorrhea to diet rather than to a treatable,
prostaglandin-mediated process may be less

likely to seck evidence-based pharmacological
management or professional advice, and more
likely to rely on informal remedies. Lack of
accurate information on the condition may lead
students toward inappropriate self-management
rather than evidence-based care. However, a
relatively large number of respondents (60.7%)
felt that they could comfortably discuss their
condition compared to respondents from other
studies conducted among public universities in
southern Ethiopia and Ireland, who felt that
stigma prevented them from seeking help.””

Management Practices

Non-pharmacological strategies formed the
majority of management practices, with rest
being the most common (40.9%). This is similar
to findings from previous studies in Nigeria,
Ghana, Turkey, and Ireland™""*** where rest,
heat, and bathing were popular self-management
approaches. Overall, 67.7% of respondents
reported using some form of management (rest
and/or drugs), indicating that utilisation of
management strategies was not itself low; rather,
the appropriateness of the strategies used is of
concern, since rest alone only temporarily relieves
pain and does not address the prostaglandin-
mediated pathway underlying primary
dysmenorrhea. Furthermore, repeated reliance
on rest across multiple cycles may itself
contribute to increased absenteeism among
students.

Regarding medication use, NSAIDs used by
respondents included ibuprofen (10.0%),
diclofenac (3.3%), and piroxicam (brand name:
Felvin; 17.5%), alongside paracetamol (17.0%), a
non-NSAID analgesic/antipyretic. NSAIDs
remain a first-line pharmacological option for
dysmenorrhea because of their dual mechanism
of prostaglandin-synthesis inhibition and
analgesia.”**”. This is supported by the Cochrane
review by Marjoribanks et al., as well as a study
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from Ireland which found NSAIDs more
effective than placebo for dysmenorrhea-related
pain.”” The relatively high combined use of
paracetamol and piroxicam relative to other
NSAIDs such as ibuprofen may reflect
availability, cost, and habit rather than adherence
to a specific evidence-based first-line
recommendation, and suggests a need for
pharmacist- or clinician-led counselling on
optimal NSAID choice, dosing, and timing
(started before or at the onset of pain) for
dysmenorrhea management.

Crucially, 72.6% of drug users self-medicated,
while only 9.5% sought medical advice. This
high prevalence of self-medicating among drug
users is consistent with a systematic trend seen
among African university communities”"™”,
which can be explained by factors such as lack of
accessibility to health facilities at universities,
economic concerns, stigma around
menstruation, as well as the idea that
dysmenorrhea is a 'normal' phenomenon that
does not require medical assistance.” The 2024
study conducted in Nigeria by Esan et al. came
to very similar conclusions regarding over-the-
counter painkiller use and lack of healthcare
seeking behaviors.’ The persistent focus of the
WHO on menstrual health care services which
are accessible and evidence-based in educational
institutions” highlights the importance of
tackling such structural issues.

Academic Performance and Exams Stress

Unlike several previous studies, there were no
statistically significant correlations observed
between dysmenorrhea and exam stress (r = -
0.013, p = 0.804) or self-reported academic
performance (r = -0.061, p = 0.254) in this
sample; both coefficients are close to zero,
indicating negligible linear association rather
than a borderline non-significant one. The
relationship between dysmenorrhea and

academic performance is not uniformly reported
across student populations, with variation across
study designs and institutional contexts.”
Individual coping mechanisms, resilience, and
study practices may play a role, and the near-zero
correlation may also partly reflect a mismatch
between the largely dichotomous/ordinal
outcome measures used here and the continuous
assumptions of Spearman correlation, rather
than a true absence of any relationship. This is
therefore acknowledged as a key limitation of the
current study null hypothesis interpretation.

Nevertheless, the descriptive data tell a different
story altogether: 30.6% could not read when on
their period; 14.5% would always miss class
because of pain; and 22.3% would do so
sometimes. Furthermore, 9.8% reported
perceiving dysmenorrhea as having a negative
impact on their school work, while 13.8%
experienced such a situation sometimes.
Collectively, all these data show that while there
may be no statistical significance when it comes to
overall impact, especially given the diversity in
pain intensity and coping abilities among
individuals, there remains a significant number of
students affected academically.

The findings have mostly been confirmed
through multiple-site studies carried out in
Nigeria™ Ethiopia”, Turkey”, and Ireland™,
where the challenges related to dysmenorrhea
involved absenteeism, inability to focus, and
decreased academic involvement. A study by
Bolado et al. using the qualitative approach on
university students enrolled at publicly funded
institutions in southern Ethiopia in the year 2025
revealed that dysmenorrhea posed several
challenges for the participants, which were
portrayed through a first-person account where
the participants had trouble concentrating on
classwork, missing practical sessions, and test
anxiety due to their menstrual period.”
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CONCLUSION AND
RECOMMENDATIONS

Dysmenorrhea is highly prevalent (78.9%)
among female undergraduate students of Delta
State University, Abraka, but awareness of its
underlying mechanism remains limited, and
management relies predominantly on rest and
informal or self-medicated drug use rather than
evidence-based pharmacological care. Most
respondents did not correctly identify
prostaglandins as the principal cause of primary
dysmenorrhea. No statistically significant
correlation was found between dysmenorrhea
and self-reported examination stress or self-
reported academic performance in this sample;
however, descriptive findings indicate that a
substantial proportion of students experience
dysmenorrhea-related absenteeism, reading
difficulty, and perceived academic impact,
suggesting this remains an area of concern
despite the null correlation. These findings
should be interpreted in light of the study's
cross-sectional, non-probability-sampled design
and self-developed, non-validated instrument.
On this basis, the following recommendations
are proposed:

1. Dysmenorrhea-related health education
programmes which discuss its etiopathogenesis,
evidence-based management and treatment
options need to be introduced in university
orientation programmes as well as promoted
through social media platforms due to their
widespread use as a source of information.

2. Gynaecological health care must be provided
at universities where it is affordable and
accessible. It will also be necessary to facilitate
the accessibility of NSAIDs.

3. Accommodating academic policies such as
extended deadlines for assignments during
menstruation should be considered.

4. Further research must use longitudinal studies
along with pain assessment tools to evaluate the
differential effect of dysmenorrhea among

Nigerian university students.

5. Education regarding menstrual problems
needs to be included in high school science
programmes.
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Determination of LD,, of Naja ashe; Venom and its Effects
on the Heart and Serum Electrolytes in BALB/c Mice
through Intraperitoneal, Subcutaneous and
Intramuscular Routes

"Wafula E,'Gikunju J, “‘Kamanja I, *Shiundu BM.

Abstract

Introduction: Naja ashei envenomation causes severe local and systemic toxicity, yet experimental
evidence on route-dependent lethality, electrolyte disturbances, and cardiotoxicity remains limited. This
study determined the median lethal dose (LD,) of Nagja ashei venom in BALB/c mice after
intraperitoneal, intramuscular, and subcutaneous administration and evaluated electrolyte imbalance and
cardiac injury.

Materials and methods: Fresh Naja ashei venom was collected, lyophilized, and characterized. One
hundred BALB/c mice received venom doses through intraperitoneal, intramusculat, ot subcutaneous
routes. LD, values were calculated using the Reed-Muench method and confirmed by probit and dose-
response analyses. Cardiac injury was assessed using creatine kinase-MB and troponin assays, while
histopathological examination of cardiac tissue confirmed venom-induced myocardial damage.

Results: Venom profiling showed predominance of three-finger toxins (~69%) and phospholipase A,
(~27%), consistent with cytotoxic and systemic activity. Toxicity was route dependent, with
intraperitoneal administration producing the lowest LD, (0.70 mg/kg), followed by intramuscular (2.36
mg/kg) and subcutaneous (2.69 mg/kg) routes. Envenomation caused severe hyperkalemia (mean 7.8
mmol/L) with hyponatremia. Mean troponin-I reached 11.7 * 5.6 ng mL1, while creatine kinase-MB
averaged 917 + 1222 U L1, indicating myocardial injury. Histology revealed myocardial necrosis,
interstitial edema, and vascular congestion.

Conclusion: Naja ashei venom exhibits high lethality and produces electrolyte imbalance and myocardial
injury in a route-dependent manner. These findings support antivenom administration, electrolyte
correction, intensive cardiac monitoring, and inclusion of Naja ashe;venom in antivenom development to
improve clinical outcomes.

Keywords: Naja ashei; S nake-venomy; 1D, -toxicity; Cardiotoxicity; mice
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INTRODUCTION

Snakebite envenoming remains a major but
persistently neglected public health challenge,
particularly in low- and middle-income
countries where environmental exposure,
agricultural livelihoods, and limited access to

healthcare increase the risk of human-snake
interactions. Globally, snakebite envenoming is
responsible for an estimated 2.7 million cases
each year, resulting in approximately 81,000-
138,000 deaths and a substantial number of
survivors living with permanent disability and
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socioeconomic consequences.” In recognition
of this significant burden, the World Health
Organization classified snakebite envenoming
as a Category A neglected tropical disease in
2017 and subsequently launched a global
strategy aimed at reducing snakebite-related
mortality and morbidity by 50% by the year
2030."

Sub-Saharan Africa bears a substantial
proportion of the global snakebite burden, with
an estimated 435,000 to 580,000 snakebite
envenoming cases and approximately 20,000-
32,000 deaths occurring annually across the
region.” In Kenya, snakebite envenoming
remains a significant public health concern,
particularly in rural and arid regions where
access to antivenom and specialized healthcare
services is limited. Current estimates suggest
that Kenya records between 15,000 and 20,000
snakebite cases annually, resulting in
considerable mortality, disability, and
socioeconomic burden.” These figures likely
underestimate the true burden due to
underreporting, poor surveillance systems, and
reliance on traditional remedies in many affected
communities

One of the medically important snake species
implicated in cobra envenomation in Kenya is
Naja ashei, commonly known as the large brown
spitting cobra. This species is widely distributed
in open, arid, and semi-arid regions of East
Africa and is responsible for a substantial
proportion of spitting cobra bites." African
spitting cobras are classically associated with
severe local cytotoxic effects, including tissue
necrosis, blistering, and permanent
disfigurement, largely mediated by cytotoxins
and phospholipase A, enzymes.” Although
neurotoxicity is less prominent compared to
non-spitting cobras, emerging evidence
indicates that spitting cobra venoms may also

induce clinically significant systemic effects
including cardiotoxicity, electrolyte imbalance,
and inflammatory injury that have not been

adequately characterized. ™"

The primary intervention for snakebite
envenoming is the administration of antivenom,
which neutralizes circulating venom toxins and
reduces the risk of mortality and severe
complications when given promptly.” Preclinical
evaluation of venom toxicity and antivenom
efficacy remains central to improving clinical
outcomes and guiding antivenom development.
Such evaluations typically rely on standardized
animal models, with mice being the most
commonly used experimental species due to their
genetic uniformity, reproducibility, and well-
characterized physiological responses.”

Determination of the median lethal dose (LDy) is
a cornerstone of venom toxicology, providing
quantitative estimates of venom potency and
enabling comparisons across different routes of
exposure.’  Prior investigations into N. ashei
venom toxicity have primarily focused on the
intraperitoneal route, leaving important gaps
regarding route-dependent variations in lethality
that are relevant to real-world envenomation
scenarios, where venom is typically delivered via
subcutaneous or intramuscular deposition.” In
the present study, LD;, values were determined
for N. ashe venom using intraperitoneal,
subcutaneous, and intramuscular routes in mice,
thereby providing a more comprehensive
toxicological profile of the venom."

In addition to lethality, snake venoms are known
to cause systemic biochemical and physiological
disturbances, particularly involving electrolyte
homeostasis and cardiovascular function.
Alterations in serum electrolytes may contribute
to neuromuscular dysfunction and cardiac
instability, while cardiotoxic venom components
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can lead to myocardial injury, arrhythmias, and
circulatory compromise.” In this study, serum
electrolyte levels and cardiac biomarkers were
measured following envenomation, and
histopathological examination of cardiac tissue
was performed to evaluate venom-induced
myocardial damage.

Furthermore, concerns remain regarding the
effectiveness of currently available polyvalent
antivenoms against Naja ashei venom. In Kenya,
the currently available antivenoms include
AFRIVEN® and PANAF-Premium®, which
are primarily developed using immunizing
venom mixtures from selected African snake
species and may provide limited specific
coverage against Nagja ashei venom.' Previous
studies have demonstrated partial neutralization
of certain venom components using
heterologous antivenoms; however, data
regarding their effectiveness in counteracting
lethality, cardiotoxicity, and systemic toxicity in
mammalian models remain limited."

This study therefore presents a comprehensive
toxicological evaluation of Ngja ashei venom
based on experimentally generated data. By
characterizing route-specific LDy, values and
documenting associated electrolyte
disturbances and cardiac effects, the study
provides evidence that is directly relevant to
clinical management, antivenom selection, and
future antivenom development. The findings
contribute to closing critical knowledge gaps
and offer a scientific basis for improving
outcomes of IN. ashei envenomation in Kenya
and across sub-Saharan Africa.

MATERIALSAND METHODS

Study Site
This study was conducted at the Small Animal
Facility for Research and Innovation (SAFARI)

at Jomo Kenyatta University of Agriculture and
Technology (JKUAT), Juja Town, Kenya. The
facility is equipped with standardized animal
housing units, biosafety laboratories, and
analytical infrastructure suitable for toxicological
and biomedical research involving laboratory
animals.

Study Design

A controlled laboratory-based experimental study
was conducted in two sequential phases. Phase 1
involved determination of Chemical and physical
properties of lethal dose (LDs) of Naja ashei
venom in mice using three routes of
administration: intraperitoneal (I.P.),
intramuscular (ILM.), and subcutaneous (S.C.).
The Reed and Muench interpolation method
(1938) was employed for LD, estimation. Phase
II assessed sub-lethal systemic effects of the
venom, including electrolyte disturbances, cardiac
injury biomarkers, and myocardial
histopathological changes, following
administration of 0.5XLDy, doses via each route.
The study design incorporated random allocation
of animals, blinded outcome assessment, and
predefined humane endpoints in accordance with
ethical guidelines.

Animal Model

Ninety male and female BALB/c mice (45 male
and 45 female) aged 2-3 months and weighing
between 18 and 40 g were used. Animals were
acclimatized for five days prior to
experimentation under controlled environmental
conditions (22 £ 2 °C, 55 * 10% humidity, 12-
hour light/dark cycle). Mice were housed in
polycarbonate cages with wood-chip bedding,
provided with nesting materials for
environmental enrichment, and had ad /lbitum
access to commercial pelleted feed and water.
Bedding was changed twice weekly. Only healthy
mice within the target weight range were included
in the study, while animals showing signs of
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illness, pregnancy, or prior experimental
exposure were excluded. All procedures were
approved by the JKUAT Institutional Animal
Care and Use Committee and complied with
international guidelines for laboratory animal
welfare.

Venom Source, Handling, and Protein
Standardization

Crude venom was obtained from six adult Naja
ashei specimens maintained at Bio-Ken Snake
Farm, Watamu, Kenya, and milked by accredited
herpetologists. The snakes were housed in
secure species-specific enclosures under
controlled environmental conditions with
regulated temperature, humidity, feeding
schedules, hydration, and routine veterinary
monitoring in accordance with institutional
animal welfare and biosafety guidelines.” Bio-
Ken Snake Farm is a recognized snake
conservation and venom research facility
licensed by the Kenya Wildlife Service (IKWS)
for handling venomous reptiles and venom
extraction activities.

Venom extraction was performed using
standardized manual milking procedures as
previously described for venomous snakes.”
Briefly, individual snakes were gently restrained
using snake hooks and secure handling
techniques, after which venom was collected by
allowing the snake to bite onto a sterile parafilm-
covered collection vessel. The extracted venom
was immediately transferred into sterile
containers maintained on ice to preserve protein
integrity. Venom samples from all snakes were
pooled to minimize inter-individual venom
variability, flash-frozen in liquid nitrogen,
lyophilized, transported on dry ice, and stored at
-20°Cuntil use.

Prior to experimentation, venom was
reconstituted in sterile phosphate-buffered

saline (PBS, pH 7.4), vortexed, centrifuged to
remove particulates, and serially diluted. Protein
concentration was quantified using a
bicinchoninic acid (BCA) assay with bovine
serum albumin as the standard according to the
manufacturer's instructions (Thermo Fisher
Scientific, USA). All dosing calculations were
normalized to the measured protein
concentration. Venom-contaminated materials
were chemically inactivated and disposed of
through incineration according to institutional
biosafety guidelines .

Precautions While working with venomous
Snakes and Venom Samples

All snake specimens were taxonomically verified
and handled exclusively by experienced snake
handlers and licensed reptile veterinarians.
Laboratory personnel received training on venom
handling and biosafety procedures. Personal
protective equipment, including laboratory coats,
eye protection, and double gloves, was always
used, and venom preparation was conducted
within a biosafety cabinet. Standard operating
procedures for accidental exposure were strictly
followed.

LD,,Determination

Ninety BALB/c mice were randomly assigned to
three groups corresponding to intraperitoneal
(L.P), intramuscular (I.M.), and subcutaneous
(8.C.) administration routes (n = 30 per group).
The sample size was determined based on the
World Health Organization guidelines for
preclinical venom toxicity testing and previously
published LD,, studies utilizing the
Reed—Muench method, which recommend a
minimum of five dose levels with multiple
animals per dose group to ensure reliable
mortality estimation and statistical validity.””
Each group was subdivided into five dose
subgroups (n = 6 per dose). Venom doses were
selected based on preliminary range-finding
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studies and administered in fixed volumes
appropriate for each route. Animals were
observed for 24 hours post-injection, and
mortality was recorded at predefined intervals.
LD;, values were calculated using the
Reed—Muench method as previously described
by Reed and Muench and recommended for
venom lethality studies.””, while probit analysis
was employed to confirm estimates and
generate 95% confidence intervals.

Sub-lethal Dosing and Clinical Observation
Separate cohorts comprising a total of eighteen
BALB/c¢ mice were used for sub-lethal toxicity
assessment, with six mice assigned to each
administration route (intraperitoneal,
intramuscular, and subcutaneous). Animals
received 0.5XLDso doses to assess sub-lethal
systemic effects, as previously described in
experimental venom toxicology studies
evaluating biochemical and cardiotoxic

10,11 .
Animals were

alterations in murine models.
monitored for clinical signs including body
weight changes, temperature, posture,
locomotion, piloerection, respiratory distress,
and responsiveness at regular intervals up to 72
hours post-envenomation. Humane endpoints
triggered immediate euthanasia using isoflurane
overdose followed by cervical dislocation in
accordance with international laboratory animal

welfare guidelines.

Blood and Serum Collection

Blood samples were collected from the lateral
tail vein under brief anesthesia at 6-,24-, and 48-
hour post-envenomation. Samples were
processed to obtain serum, which was either
analyzed immediately or stored at -80 °C
pending analysis.

Serum Electrolyte and Cardiac Biomarker
Assays
Serum sodium and potassium concentrations

were measured using an automated clinical
chemistry analyzer (Humastar 200, HUMAN
Diagnostics, Wiesbaden, Germany) following the
manufacturet's protocols and standard laboratory
quality control procedures. Cardiac injury
biomarkers, including troponin I and creatine
kinase-MB (CK-MB), were quantified using
commercially available enzyme-linked
immunosorbent assay (ELISA) kits (Elabscience
Biotechnology Inc., Houston, TX, USA)
according to standardized immunoassay
procedures previously applied in venom
cardiotoxicity studies.””" All analyses were
performed in accordance with manufacturer
instructions, and internal quality control samples
were included in each analytical run to ensure
assay accuracy and reliability.

Gross Necropsy and Cardiac Histopathology
Following the final observation period, animals
were perfused with cold phosphate-buffered
saline (PBS), and the hearts were carefully excised,
examined grossly, weighed, and fixed in 10%
neutral-buffered formalin. Histopathological
processing and hematoxylin and eosin (H&E)
staining were performed according to standard
procedures previously described in experimental
venom cardiotoxicity studies.’ Briefly, fixed
cardiac tissues were dehydrated through graded
alcohol concentrations, embedded in paraffin
wax, sectioned at 5 um thickness using a rotary
microtome, and stained with hematoxylin and
eosin for microscopic evaluation. Tissue sections
were examined by a blinded veterinary
pathologist

Protein Electrophoresis

Venom protein composition was analyzed using
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) under reducing
conditions as previously described in venom
proteomic studies.” Briefly, lyophilized Ngja
asher venom was reconstituted in phosphate-
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buffered saline (PBS, pH 7.4), and protein
concentration was determined using a
bicinchoninic acid (BCA) assay prior to
electrophoresis. A total of 20 pg of venom
protein mixed with Laemmli sample buffer
containing 5% B-mercaptoethanol was loaded
into each gel well. Samples were heated at 95 °C
for 5 minutes to ensure complete protein
denaturation before loading,

Electrophoresis was performed using 12%
polyacrylamide resolving gels with a 4%
stacking gel at a constant voltage of 120 V for
approximately 90 minutes alongside a pre-
stained molecular weight protein marker
(Thermo Fisher Scientific, USA). Following
separation, gels were stained with Coomassie
Brilliant Blue R-250 for 1 hour and subsequently
destained using a methanol-acetic acid solution
until clear protein band visualization was
achieved. Gel images were captured using a Gel
Doc imaging system (Bio-Rad Laboratories,
Hercules, CA, USA), and densitometric analysis
was performed using Image] software (National
Institutes of Health, USA) to estimate the
relative abundance of major toxin protein
families based on molecular weight distribution

14,15
patterns.

Data Handling and Statistical Analysis

Data were analyzed using GraphPad Prism
version 9.0 (GraphPad Software Inc., San Diego,
CA, USA) and Statistical Package for the Social

Sciences (SPSS) version 26.0 (IBM Corp.,
Armonk, NY, USA). Continuous variables were
expressed as mean * standard deviation (SD).
Data was presented using tables, graphs, and
descriptive summaries to illustrate variations in
venom toxicity, electrolyte disturbances, and
cardiac biomarker levels across the different
administration routes. Group comparisons were
performed using one-way analysis of variance
(ANOVA) followed by Tukey's post hoc test for
multiple comparisons. Statistical significance was
setatp <0.05.

Biosafety and Waste Disposal

All experimental waste was handled according to
Jomo Kenyatta University of Agriculture and
Technology biosafety policies and National
Environment Management Authority (NEMA)
regulations. Personal protective equipment was
used throughout, and hazardous waste was
disposed of through approved institutional
channels.

Ethical approval

Ethical approval of this study was granted by
Jomo Kenyatta University of Agriculture and
Technology (JKUAT) Institutional Scientific and
Ethics Review committee (Approval number:
JKU/ISERC/0216/1712) and data collection
permit sought from National Commission for
Science, Technology and Innovation -
NACOSTI- (License No: NACOSTI/P/
25/4174280). The study data privacy and
confidentiality were adhered to.
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RESULTS

Table 1: Physical attributes of crude Naja ashei venom measured in this study and contextualized against published data
for African Naja species

Parameter

This study

Comparative data in Ngjz spp.

Appearance and

colour
pH (25 °C)

Total protein (mg
mL")

Dynamic viscosity
(mPa-s, 100 s’ 25
°C)

Density (specific
gravity)

Clear, pale-yellow,
viscous fluid

6.3 % 0.1 (fresh); 6.8

+ 0.1 (after
lyophilization)
634127 (n=4
Bradford assay)

46 £5

1.03+0.01¢g ml.*

Similar description reported for other
African spitting cobras

Mean 5.77 (range: 5.49—6.02) across 10 Ngja
venoms (Avella et al., 2021).

51-159 mg mL." (mean =133 mg mL") in
African Naja spp. (Avella et al., 2021).
44-151 mPa-s for Naja pallida venom,
representative of African spitting cobras
(Avella et al., 2021).

1.084 g mL" reported for Naja pallida venom
(Avella et al., 2021).

Figure 1: Sodinm dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) pattern of Naja ashez venom proteins
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Table 2 : demonstrates that Naja ashei venom is predominantly composed of three-finger toxins and
phospholipase A, enzymes

Relative
Typical abundance
Protein family MW range (% of total Principal biological activity
(kDa) protein)
Three-finger toxins (3FTX) 6-9 and 69.0 Cytolytic acavity and -
12-24 postsynaptic neurotoxicity
Phospholipase A, (PLA,) 13-15 27.0 Phospholipid hydrolysis;
myotoxic and cytotoxic synergy
PIII snake venom metalloproteinases 6090 21 Extracellular matrix degradation
(SVMP) ’ and local haemorrhage
- Neurotrophic signalling and
Venom nerve growth factor (VNGF) =13 1.0 metalloproteinase inhibition
Cysteine-rich secretory proteins .
(CRISP) 20-25 0.7 Ton-channel modulation
Cobra venom factor (CVF) 150-200 0.12 Complement C3 depletion
5'Nucleotidase 55-60 0.014 Adenosine generation and

hypotension

Table 3: Mortality profile and 1.Dy,, estimation of Naja ashei venom following intraperitoneal ronte administration in
BAIB/ ¢ mice.

Dose (mg  Dead Alive \ro ity (%) Cumulative % Dead (J)  Cumulative % Survival (1)

kg")
050 0 6 0.0 50.0 100.0
070 1 5 16.7 62.5 91.7
090 3 3 50.0 77.8 77.8
110 5 1 83.3 91.7 62.5
130 6 0 100.0 100.0 50.0

Table4: Mortality profile and 1D, estimation of Naja ashei venom following intramuscular administration in BALB/ ¢

nice.

Dose (mg Dead Alive Mortality = Cumulative % Dead Cumulative % Survival

kg') (o) ) M

0.50 0 6 0.0 53.3 100.0
1.00 1 5 16.7 66.7 91.7
1.50 4 2 66.7 83.3 72.2
2.00 5 1 83.3 91.7 58.3
2.50 6 0 100.0 100.0 46.7
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Table 5: Mortality profile and 1.D, estimation of Naja ashei venom following subcutaneons administration in BALB/ ¢

nice.

Dose (mg Dead Alive Mortality Cumulative % Dead Cumulative % Survival

kg™) %) ) M
.00 0 6 0.0 56.7 100.0
150 2 4 33.3 70.8 83.3
200 4 2 66.7 83.3 66.7
250 5 1 83.3 91.7 54.2
300 60 100.0 100.0 433

Table 6: Comparative 1D, values of Naja ashei venom across different administration routes in BALB/ ¢ mice.

Route Ld,, (mgkg') Relative to Intraperitoneal (I.P.)
LP. 0.70 1%

IM. 236 3.4X higher

S.C. 2.69 3.8% higher

Table 7: Serum electrolytes and cardiac biomarkers (n = 20 BAIB/ ¢ mice, 0.5X1.D;,)

Analyte (mouse reference range) Mean £ SD  Range Abnormal results (%)
Na' (135-155 mmol L") 144+ 94 133-167 20% >155

K" (3.5-6.0 mmol L") 707+22 3.9-10.0 65% >6

Troponin-I (<0.05 ng mL") 11.7£5.6 2.0-23.0 100% elevated

CK-MB (100-400 U L") 917 £ 122.2 568—>1000 100% elevated

Table 8: Integrated toxicological, biochemical, and histopathological findings following sub-lethal Naja ashei envenomation
in BAILB/ ¢ niice

Variable Intraperitoneal LDso Benchmark Sub-lethal Exposure
Cytotoxin/PLA, 0.70 mg kg™ kills 50% of mice 0.25-0.35 mg kg'  used in this
load (rapid uptake) study
Serum K’ - 7.8 2.3 mmol L'

Troponin-I - 11.7 + 6.1 ngmL’

Heart (cardiac Myocardial necrosis and

tissue) interstitial oedema
DISCUSSION dependent lethality, and systemic cardiotoxic
This study elucidates the toxicological profile of effects in a mouse model. The evidence positions
Naja ashei venom by integrating biochemical NN. ashei within the wider context of elapid toxins
characterization, proteomic profiling, route- and provides comparative insights with other
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. 14,15,16,17
cobra species.

The physical properties
observed for N. ashe; venom clear, pale-yellow
fluid with mildly acidic pH and moderate
viscosity agree with proteomic reports for
African spitting cobras and other Nagja species in
which low-molecular-weight toxins
predominate.”’ The measured venom pH in this
study is similar to previously reported profiles,
and slight increases after lyophilization are
consistent with loss of labile acidic components
rather than substantive chemical changes.
Protein concentration (~63 mg/mlL) is modest
relative to some Naja venoms but falls within
reported ranges for African spitting cobras,
where proteomic studies show dominance of
three-finger toxins and phospholipase A,
enzymes .  Similar rheological measures,
including viscosity and density, have been
observed in Naja pallida venom, suggesting
shared physical properties among African
spitting cobras that may facilitate rapid tissue
invasion and toxin dissemination.”

Proteomic profiling revealed that low-
molecular-weight three-finger toxins account
for the vast majority of venom proteins,
consistent with N. ashe/ and related species.”"”
This pattern aligns with other African spitting
cobra venoms in which three-finger toxins
typically constitute 65-75% of the proteome,
with phospholipase A, as the second most
abundant toxin family'. The predominance of
three-finger toxins explains the potent
cytotoxicity and membrane-disrupting effects
observed experimentally and clinically, as these
toxins form pores in cellular membranes leading
to lysis and necrosis." Phospholipase A,
enzymes, though less abundant, act
synergistically by destabilizing phospholipid
bilayers and facilitating deeper toxin
penetration.” The comparatively low abundance
of snake venom metalloproteinases aligns with
clinical observations that N. ashe/ envenomation

typically results in marked cytotoxicity with
limited hemorrhagic effects compared with

. . . 16,23
viperid envenomation.

A key finding is the significant variation in LD,
values across administration routes:
intraperitoneal (0.70 mg/kg), intramusculat (2.36
mg/kg), and subcutaneous (2.69 mg/kg). This
sequence (I.P. <L.M. <S.C)) reflects differences in
venom absorption kinetics, where more
vascularized compartments facilitate faster
systemic access and greater toxicity at lower
doses. Similar route-dependent differences have
been reported in other snake toxicity studies,
including Chinese elapids, where intraperitoneal
and intravenous routes consistently yielded lower
LD,, values than subcutaneous routes". These
findings reinforce that LDy, is not an intrinsic
fixed property of venom but is influenced by

- . . . 1819
administration contextand tissue vascularity.

Clinically, bites delivering venom into muscle or
highly vascular tissues may lead to faster systemic
envenoming and more severe early effects
compared with superficial dermal bites,
corroborating reports that route and depth of
envenomation contribute significantly to clinical
severity and should be considered in venom

pharmacokinetic modelling, ™"

Sublethal envenomation resulted in prominent
hyperkaliemia in the majority of mice, whereas
serum sodium remained largely unaffected. This
selective potassium elevation suggests direct
membrane disruption and ion efflux rather than
dehydration or renal dysregulation. Cobra
cytotoxins form non-selective pores in cell
membranes, leading to efflux of intracellular
cations, including potassium, a mechanism likely
underlying the observed hyperkaliemia."
Comparable electrolyte imbalances have been
described in other toxin-mediated injuries where
pore-forming agents induce potassium shifts that
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increase arrhythmogenic risk.” Such findings are
clinically important, as hyperkaliemia exceeding
6.0 mmol/L is associated with cardiac
conduction disturbances and potential sudden

. 12,13
cardiovascular collapse.

This study provides clear evidence of venom-
induced cardiotoxicity. Elevated cardiac
biomarkers troponin I and creatine kinase-MB
were accompanied by histopathological lesions,
including myofiber necrosis and interstitial
oedema. These findings align with broader
venom research showing that elapid venom
components, particularly cardiotoxins and
phospholipase A,, directly impair
cardiomyocyte integrity and function.™”
Although cardiotoxicity has been under-
recognized in snakebite pathophysiology,
clinical reports document electrocardiographic
abnormalities following envenomation,
including conduction disturbances and
arrhythmias, indicating significant
cardiovascular involvement in severe cases.””"”'
The combination of direct membrane injury
and electrolyte imbalance creates a pro-
arrhythmic environment that likely contributes
to the profound myocardial injury observed in
this model.

While this study did not include coagulation
assays, existing evidence indicates that PLA,
toxins in cobra venoms can exert anticoagulant
effects by interfering with factor Xa and
prothrombinase activity, contributing to
systemic pathophysiology when venoms reach
the circulation. The combined effects of
cytotoxicity, cardiotoxicity, and anticoagulation
provide a coherent mechanistic framework
explaining the patterns of tissue damage and
systemic failure observed in severe
envenomation's.

CONCLUSION

This study demonstrates that Naja ashei venom
possesses a highly potent and complex
toxicological profile capable of causing severe
local and systemic effects. Proteomic analysis
confirmed that the venom is predominantly
composed of three-finger toxins and
phospholipase A2 enzymes, accounting for its
marked cytotoxicity and systemic toxicity.
Lethality was shown to be strongly dependent on
the route of venom administration, with
intraperitoneal exposure producing the lowest
LD50, followed by intramuscular and
subcutaneous routes, indicating that deeper tissue
or internal exposure results in significantly higher
toxicity. Envenomation also induced pronounced
electrolyte disturbances, particularly
hyperkalemia and mild hyponatremia, consistent
with extensive muscle damage and cellular
disruption. In addition, clear cardiotoxic effects
were observed, evidenced by myocardial necrosis,
edema, vascular congestion, and elevated cardiac
biomarkers, confirming direct venom-induced
cardiac injury. Collectively, these findings
highlight the potential for rapid cardiovascular
compromise following N. ashei envenomation
and emphasize the need for prompt, aggressive
clinical management, even in cases initially
presenting with predominantly local tissue
involvement.

Limitations of the study

This study was conducted in a murine model, and
while BALB/c mice provide a standardized and
reproducible system for venom toxicology,
extrapolation of the findings to human
envenomation should be made with caution due
to interspecies physiological differences. Venom
effects were assessed over a limited observation
period, which may not fully capture delayed or
chronic cardiotoxic and systemic outcomes.
Electrocardiographic monitoring and
coagulation parameters were not evaluated,
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limiting comprehensive cardiovascular and
hemostatic assessment. In addition, the study
did not assess antivenom neutralization efficacy
against Naja ashe venom, which would have
strengthened translational relevance to clinical
management.
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D-Ribose-L-Cysteine Mitigates Hepato-Renal
Dysfunctionin a STZ + HFD Rat Model of Diabetes.

'Isibor H, 'Eduviere AT, 1’2Akpovwre CO, 'Ben-Azu B.

Abstract

Introduction: Diabetes mellitus is a major global health concern often associated with oxidative
stress—induced organ complications, particularly in the liver and kidneys. D-ribose-L-cysteine (DRLC), a
cysteine prodrug and glutathione precursor, has been suggested as a potential antioxidant therapy. This
study investigated the ameliorative effects of DRLC on hepato-renal dysfunction in HFD-fed, and
Streptozotocin (STZ)-induced diabetic rats.

Materials and Methods: Male Wistar rats were randomly assigned to five groups. For 28 days, the
expetrimental groups wete treated orally with either HFD+STZ, metformin (100 mg/kg), or DRLC at
doses of 150 mg/kg and 300 mg/kg. Biochemical patameters, including oxidative stress biomarkers, liver
function indices like Alanine Aminotransferase (ALT), Alkaline Phosphatase (ALP), Aspartate
Aminotransferase (AST), and Gamma-Glutamyl Transferase (GGT), renal markers, proteins (albumin,
total protein, globulin), and electrolytes were evaluated.

Results: HFD+STZ significantly increased MDA, MPO, NO, liver enzymes, creatinine, urea, and
bilirubin, while markedly reducing SOD, CAT, GSH, GST, GPx, albumin, globulin, total protein, and
electrolytes (p < 0.05), indicating hepato-renal dysfunction. These alterations were significantly mitigated
(p<0.05) following DRLC treatment, with effects comparable to metformin. DRLC decreased pro-
oxidant biomarkers, enhanced antioxidant defense, normalized serum proteins, and restored electrolyte
balance.

Conclusion: DRLC effectively attenuated oxidative stress and improved liver and kidney function in
HFD+S8TZ-induced diabetic rats, suggesting its therapeutic potential as an antioxidant-based
intervention against diabetes-associated organ complications.

Keywords: D-Ribose-L-Cysteine, Diabetes Mellitus, High-Fat Diet, Streptozotocin
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INTRODUCTION hyperglycemia, insulin resistance, dyslipidemia,
Metabolic diseases, such as diabetes, represent a and oxidative stress.”. This model posits
major public health challenge. The combination oxidative stress as a key mediator of hepato-renal
of a high-fat diet (HFD) and low-dose impairment in diabetes. An overproduction of
streptozotocin (STZ) in rodents serves as a reactive oxygen species (ROS) depletes
validated model for type 2 diabetes, effectively endogenous antioxidant capacity, triggering lipid
mimicking key clinical features including peroxidation and resulting in organ dysfunction™.
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The liver, central to metabolic regulation and the
kidneys which both manifest and exacerbate
metabolic disturbances via glycosuria, oxidative
stress, and advanced glycation end-product
(AGE) formation are critically impacted™. In
diabetes, both the liver and kidneys undergo
profound metabolic disturbances that
contribute to disease progression and
complications’ ",

The sustained metabolic and hydraulic stress of
diabetes inflicts severe structural damage to the
glomerulus. This includes thickening of the
glomerular basement membrane (GBM),
podocyte injury and loss, and mesangial matrix
expansion, which collectively lead to
glomerulosclerosis and capillary loss. This
structural decline manifests clinically as
progressive diabetic nephropathy, beginning
with microalbuminuria and advancing through
proteinuria to a falling glomerular filtration rate
(GFR), culminating in end-stage renal disease
(ESRD)B—]‘).

D-Ribose-L-cysteine (DRLC), a cysteine
prodrug and glutathione precursor, has recently
garnered attention as a potent antioxidant
intervention. Unlike N-acetylcysteine, DRLC
provides cysteine in a stable, bioavailable form
while simultaneously supplying ribose to
support cellular metabolism”. Preclinical studies
demonstrate that DRLC elevates intracellular
GSH levels, enhances antioxidant enzyme
activities, and reduces oxidative stress in models
of heavy metal toxicity, high-fat feeding, and
neurotoxicity” . Moreover, DRLC admini--
stration has been shown to improve liver
histology, mitigate renal oxidative injury, and
normalize serum markers of hepatic and renal
function™”'. These findings underscore its
therapeutic potential in metabolic disease—
related organ dysfunction.

Despite this evidence, limited data exists on the
integrated effect of DRLC on hepato-renal
parameters in a combined STZ and HFD model
of type 2 diabetes, particularly encompassing liver
oxidative indices, renal oxidative markers, liver
function tests, and electrolyte profiles. Addressing
this gap is crucial for understanding whether
glutathione restoration translates into measurable
biochemical and functional protection.
Therefore, this study investigates the effect of D-
ribose-L-cysteine on a comprehensive panel of
hepato-renal biomarkers including oxidative
parameters, functional indices, and electrolyte
balance in male Wistar rats exposed to STZ and
HFD.

MATERIALS AND METHODS

Drugs and Chemicals

DRLC and STZ (Sigma-Aldrich, St. Louis, MO,
USA), Antioxidant enzyme assays were
conducted using the following kits: Superoxide
Dismutase (SOD) Activity Assay Kit from Sigma-
Aldrich (catalog no. 19160; St. Louis, MO, USA),
Catalase (CAT) Activity Assay Kit from Abcam
(catalog no. ab83464; Cambridge, UK),
Glutathione (GSH) Assay Kit from Sigma-
Aldrich (catalog no. CS0260; St. Louis, MO,
USA), Glutathione S-Transferase (GST) Activity
Assay Kit from Abcam (catalog no. ab653206;
Cambridge, UK), and Glutathione Peroxidase
(GPx) Activity Assay Kit from Sigma-Aldrich
(catalog no. CGP1; St. Louis, MO, USA).
Malondialdehyde (MDA) assay reagents,
including thiobarbituric acid (TBA) and
trichloroacetic acid (TCA), were sourced from
Sigma-Aldrich (St. Louis, MO, USA; catalog no.
MAKO85). Myeloperoxidase (MPO) activity was
measured using a Myeloperoxidase Activity Assay
Kit from Abcam (Cambridge, UK; catalog no.
ab1051306).
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Animal care

Experimental animals were obtained from the
Laboratory Animal Centre, College of Health
Science, Delta State University, Abraka, Nigeria.
The animals were maintained under standard
laboratory conditions and acclimatized for a
period of ten days before experimentation.
Throughout the study, they were provided with
unrestricted access to standard feed and clean
watet. Ethical approval (RBC/FBMC/ DELSU
/25/655) for the study was granted by the
Animal Care and Use Research Ethics
Committee of the Faculty of Basic Medical
Sciences, Delta State University, in accordance
with the National Institutes of Health (NIH)
Guide for the Care and Use of Laboratory
Animals.

Experimental Diet

Purchase of Animal Feeds

Groundnut seeds were obtained from a local
market in Abraka Latitude: 5.7917° N
Longitude: 6.1043° E Delta State, while
commercial pelleted feed was sourced from
Rainbow Top Feed Company, Amukpe,
Latitude: 5.5099° N Longitude: 5.7508° E

Sapele, Nigeria.

Identification

Groundnut seeds were identified and
authenticated in the Department of Botany,
Faculty of Science, Delta State University,
Abraka, Nigeria, by Mr. Michael O.E

Preparation of High-Fat Diet

The groundnut diet was prepared according to
the method of Ossai et al. (2024)”. Seeds were
cleaned, air-dried, and milled using a manual
grinder. The feed was stored under hygienic
conditions to prevent pest and mold
contamination. To preserve nutrient integrity,
fresh diets were prepared weekly.

Composition of High-Fat Diet

Eighty grams (80 g) of the milled Groundnut
were added to 20 g of the normal commercial
animal pellet to make a High Fat Diet.

Nutritional composition

Eighty grams (80 g) of the milled Groundnut
were added to 20 g of the normal commercial
animal pellet to make a high-fat diet of nutrient
composition below

Nutrients Composition of groundnut ~ Composition of groundnut
in80 g in20g

Fat 39.1 15.9

Carbohydrate 19.0 2.1

Protein 21.9 2.0

Experimental Design

Animals were maintained on a high-fat diet
(HFD) for four weeks. On the 14th day of the
protocol, they received an intraperitoneal
injection (i.p) of streptozotocin (STZ) at 40
mg/kg, followed by a second dose on day 28.
The onset of DM was confirmed by measuring
fasting blood glucose, with rats classified as
diabetic when postprandial glucose levels were

2288 mg/dL. Male Wistar rats (200-250 g) were
randomly assigned to five groups (n = 6). The
control group received a standard rodent diet,
while the second group was maintained on HFD-
STZ only. Groups 3 and 4 were given HFD-STZ,
along with oral doses of D-ribose-L-cysteine
(DRLC) at 150 mg/kg and 300 mg/kg,
respectively. Group five was treated with HFD-
STZ and the standard drug, metformin (100
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mg/kg body weight)”. DRLC was prepared by
dissolving 125 mg in 12.5 mL of distilled water
to yield a stock solution of 10 mg/mlL. The
doses of STZ and HFD composition were
adapted from an earlier study”. Treatments were
continued for four weeks, and DRLC was
administered orally.

Sample Collection

At the end of the experimental protocol,
animals were euthanasia under ketamine
anesthesia. Blood and serum were collected and
stored. Liver and kidney were also isolated on an
ice trail, homogenized, centrifuged (10000 rpm

for 10 min at 4°C in a phosphate buffer, PBS), and
supernatants were stored at -20 °C for analysis of
biochemical levels as previously described by
Akpovwre etal. (2024)”.

Liver oxidative parameters (GSH, SOD, CAT,
GPx, GST, MDA, MPO, NO ), liver function test
parameters (ALT, ALP, AST, and GGT), renal
oxidative stress parameters (GSH, SOD, CAT,
GPx, GST, MDA, MPO, NO ) renal function
markers (creatinine, urea, bilirubin, albumin, and
globulin) and serum electrolyte (Na', K, CI,
HCO") were all assayed for.

Scheme 1: experimental design of the study

Determination of reduced glutathione
(GSH), glutathione-s-transferase (GST),
glutathione peroxidase (GPx)
concentration

Aliquots of liver and kidney supernatants of rat
in the respective treatment groups were taken,
and reduced glutathione (GSH), glutathione-s-

transferase (GST), and glutathione peroxidase
(GPx) concentration was determined using the
Moron' method™.

Determination of superoxide dismutase
(SOD) activity
The level of SOD activity was determined liver
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and kidney supernatants of rat in the respective
treatment groups by the method of Misra and
Fridovich”.

Estimation of catalase activity
Catalase activity in liver and kidney tissues was
determined according to the method previously

described by Sinha™.

Estimation of brain level of
malondialdehyde (MDA)

The liver and kidney levels of MDA, a
biomarker of lipid peroxidation, was estimated
according to the method of Adam-Vizi and
Seregi’.

Determination of brain myeloperoxidase
(MPO) activity

The myeloperoxidase activity in liver and kidney
tissues of ratin the respective treatment groups
was determined according to the method
previously described by Bradley™”.

Estimation of brain nitrite level

Liver and kidney nitrite concentration was
estimated using Greiss reagent, which serves as
anindicator of nitric oxide production.

Determination of Alanine
Aminotransferase (ALT) and Aspartate
Aminotransferase (AST)

ALT and AST activities are commonly
determined using the Reitman and Frankel
colorimetric method™.

Determination of Alkaline Phosphatase
(ALP)

ALP was assayed using a colorimetric method
based on its ability to hydrolyze p-nitrophenyl
phosphate into p-nitrophenol and phosphate in
an alkaline medium. The liberated p-
nitrophenol produces a yellow color, measured
spectrophotometrically at 405 nm. Enzyme

activity is proportional to the rate of color
formation™.,

Determination of Gamma-Glutamyl
Transferase (GGT)

GGT activity is determined by its transfer of the
y-glutamyl group from the substrate y-glutamyl-
p-nitroanilide to glycylglycine, releasing p-
nitroaniline. The formation of p-nitroaniline is
monitored spectrophotometrically at 405 nm,
with activity expressed in IU/L. This assay is
highly sensitive for hepatobiliary dysfunction™.

Determination of Creatinine, Urea,
Bilirubin, Albumin, Total protein, And
Globulin

The biochemical parameters were determined
using standard spectrophotometric and
enzymatic methods. Serum creatinine was assayed
based on the Jaffe reaction”. Urea concentration
was determined by the urease—Berthelot
method”. Serum bilirubin was estimated by the
diazo method”. Albumin concentration was
measured by the bromocresol green (BCG) dye-
binding method, and globulin concentration was
calculated as the difference between total serum
protein and albumin levels .

Determination of serum electrolyte (Na',
K', CI, HCO")

Electrolyte estimation was performed using an
ion-selective electrode method. Sodium,
potassium, and chloride ions were measured
directly by their respective electrodes and
reported in mmol/I.. Serum bicarbonate (HCO™)
was estimated as total CO’ by enzymatic methods,
with values reflecting the principal buffer base in
plasma”.
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RESULTS

Effect of D-ribose-L-cysteine on Liver
oxidative biomarkers in rats exposed to STZ
and HFD

The effect of D-Ribose-L-Cysteine given daily
for 28 days on liver oxidative biomarkers is
shown in Figures 1(A-H), respectively. One-
way ANOVA from figures 1A-C showed that
there was significant difference between
treatment groups. Post hoc analysis using
Tukey's post hoc test revealed that the high fat
diet and streptozotocin (HFD + STZ) group
showed a significant (p<0.05) increase in
prooxidant biomarkers (MDA, MPO and NO)
when compared to the control group, while
DRLC (150, 300 mg/kg), metformin

100mg/kg, given daily for 28 days produced a
significant (p<0.05) decrease in prooxidant
biomarkers (MDA, MPO and NO) when
compared with the (HFD+ STZ) group only.

Post hoc analysis using Tukey's post hoc test from
figure 1D-H revealed that the high fat diet and
streptozotocin (HFD + STZ) group showed a
significant (p<0.05) decrease in antioxidant
biomarkers (SOD, CAT, GSH, GST, GPx) when
compared to the control group, while DRLC
(150, 300 mg/kg), metformin 100mg/kg, given
daily for 28 days produced a significant (p<<0.05)
increase in prooxidant biomarkers (SOD, CAT,
GSH, GST, GPx) when compared with the
(HFD+ STZ) group only.
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Figure 1: Effect of D-ribose-L-cysteine on liver (A) malondialdehyde (MDA), (B)
myeloperoxidase (MPO), (C) nitric oxide (NO), (D) superoxide dismutase (SOD), (E) catalase
(CAT), (F) reduced glutathione (GSH), (G) glutathione peroxidase (GPx), (H) glutathione-S-
transferase (GST) in rats exposed to STZ and HFD

Values represent the mean + S.E.M for 5 animals per group
# p<0.05 compared to the control group (ANOVA followed by Tukey's post hoc test).
*p<0.05 compared to the pathologic group (ANOVA followed by Tukey's post hoc test).

Effect of D-ribose-L-cysteine on Renal shown in Figures 2A-H, respectively. One-way
oxidative biomarkers in rats exposed to STZ ANOVA from figures 2A-C showed that there
and HFD was significant difference between treatment

The effect of D-Ribose-L-Cysteine given daily groups. Post hoc analysis using Tukey's post hoc
for 28 days on renal oxidative biomarkers is test revealed that the high fat diet and
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streptozotocin (HFD + STZ) group showed a
significant (p<0.05) increase in prooxidant
biomarkers (MDA, MPO and NO) when
compared to the control group, while DRLC
(150, 300 mg/kg), metformin 100mg/kg, given
daily for 28 days produced a significant (p<0.05)
decrease in prooxidant biomarkers (MDA, MPO
and NO) when compared with the (HFD+
STZ) group only.

Post hoc analysis using Tukey's post hoc test from
figure 2D-H revealed that the high fat diet and
streptozotocin (HFD + STZ) group showed a
significant (p<0.05) decrease in antioxidant
biomarkers (SOD, CAT, GSH, GST, GPx) when
compared to the control group, while DRLC
(150, 300 mg/kg), metformin 100mg/kg, given
daily for 28 days produced a significant (p<<0.05)
increase in prooxidant biomarkers (SOD, CAT,
GSH, GST, GPx) when compared with the
(HFD+ STZ) group only.
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Figure 2: Effect of D-ribose-L-cysteine on kidney (A) malondialdehyde (MDA), (B)
myeloperoxidase (MPO), (C) nitric oxide (NO), (D) superoxide dismutase (SOD), (E) catalase
(CAT), (F) reduced glutathione (GSH), (G) glutathione peroxidase (GPx), (H) glutathione-S-
transferase (GST) in rats exposed to STZ and HFD

Values represent the mean + S.E.M for 5 animals per group

# p<0.05 compared to the control group (ANOVA followed by Tukey's posz hoc test).

* p<0.05 compared to the pathologic group (ANOVA followed by Tukey's posz hoc test).

Effect of D-ribose-L-cysteine on liver shown in Figure 3A-D respectively. One-way
function test in rats exposed to STZ and ANOVA from figure 3A-D showed that there was
HFD significant difference between treatment groups.

The effect of D-Ribose-L-Cysteine given daily Post hoc analysis using Tukey's post hoc test
for 28 days liver function test parameters was revealed that the high fat diet and streptozotocin
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(HFD + STZ) group showed a significant 28 days produced a significant (p<<0.05) decrease
(p<0.05) increase in liver function parameters in liver function parameters ALT, ALP, GGT, and
(ALT, ALP, GGT, and AST) when compared to AST) when compared with the (HFD+ STZ)
the control group, while DRLC (150, 300 group only.

mg/kg), metformin 100mg/ke, given daily for

Figure 3: Effect of D-ribose-L-cysteine on (A) Alanine Aminotransferase, (B) Alkaline
Phosphatase, (C) Gamma-Glutamyl Transferase, (D) Aspartate Aminotransferase in rats
exposed to STZ and HFD

Values represent the mean * S.E.M for 5 animals per group

# p<0.05 compared to the control group (ANOVA followed by Tukey's posz hoc test).

*p<0.05 compared to the pathologic group (ANOVA followed by Tukey's post hoc test).
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Effect of D-ribose-L-cysteine on
Creatinine, Urea, Bilirubin, Albumin, Total
protein And Globulin in rats exposed to
STZ and HFD

The effect of D-Ribose-L-Cysteine given daily
for 28 days on liver function test parameters was
shown in Figures 4A-F, respectively. One-way
ANOVA from figures 4A-C showed that there
was significant difference between treatment
groups. Post hoc analysis using Tukey's post hoc
test revealed that the high fat diet and
streptozotocin (HFD + STZ) group showed a
significant (p<0.05) increase in Creatinine, Urea,
Bilirubin when compared to the control group,
while DRLC (150, 300 mg/kg), metformin

100mg/kg, given daily for 28 days produced a
significant (p<<0.05) decrease in Creatinine, Urea,
Bilirubin when compared with the (HFD+ STZ)
group only.

Post hoc analysis using Tukey's post hoc test from
4D-T revealed that the high fat diet and
streptozotocin (HFD + STZ) group showed a
significant (p<0.05) decrease in Albumin, Total
protein And Globulin when compared to the
control group, while DRLC (150, 300 mg/kg),
metformin 100mg/kg, given daily for 28 days
produced a significant (p<0.05) increase in
Albumin, Total protein And Globulin when
compared with the (HFD+ STZ) group only.
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Figure 4: Effect of D-ribose-L-cysteine on (A) creatinine, (B) urea, (C) bilirubin, (D)
Albumin, (E) globulin, (F) total protein in rats exposed to STZ and HFD

Values represent the mean + S.E.M for 5 animals per group

# p<0.05 compared to the control group (ANOVA followed by Tukey's posz hoc test).

* p<0.05 compared to the pathologic group (ANOVA followed by Tukey's post hoc test).

Effect of D-ribose-L-cysteine on Serum
Electrolytes in rats exposed to STZ and
HFD

The effect of D-Ribose-L-Cysteine given daily
for 28 days on liver function test parameters is
shown in Figures 5A-D, respectively. One-
way ANOVA from figures 5 A-D showed that
there was significant difference between
treatment groups. Post hoc analysis using

Tukey's post hoc test revealed that the high fat
diet and streptozotocin (HFD + STZ) group
showed a significant (p<<0.05) decrease in serum
electrolyte when compared to the control group,
while DRLC (150, 300 mg/kg), metformin
100mg/kg, given daily for 28 days produced a
significant (p<0.05) increase in serum
electrolytes when compared with the (HFD+
STZ) group only.
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Figure 5: Effect of D-ribose-L-cysteine on (A) potassium ion, (B) sodium ion, (C) chloride
ion, (D) biocarbonate ion in rats exposed to STZ and HFD

Values represent the mean + S.E.M for 5 animals per group

# p<0.05 compared to the control group (ANOVA followed by Tukey's post hoc test).

* p<0.05 compared to the pathologic group (ANOVA followed by Tukey's post hoc test).

DISCUSSIONS

The present findings show that combined High-
Fat Diet (HFD) and Streptozotocin (STZ)
produced a clear hepato—renal oxidative and
functional derangement characterized by
increased lipid peroxidation and pro-oxidant
activity (MDA, MPO, NO), suppression of
enzymatic and non-enzymatic antioxidants
(SOD, CAT, GSH, GST, GPx), and concurrent
impairment of liver and kidney function
(elevated ALT, AST, ALP, GGT, creatinine, urea,
bilirubin; reduced albumin, total protein, and
globulin, and disturbed electrolytes). These
changes are consistent with an imbalance
between reactive oxygen/nitrogen species
generation and endogenous antioxidant
defenses induced by metabolic stress and $-cell
toxin exposure, and they mirror what has been
reported in a diet- and toxin-induced model of
metabolic and oxidative injury”. Administration
of D-ribose-L-cysteine (DRLC) at both 150 and

300 mg/kg for 28 days, and metformin (100
mg/kg), substantially reversed these pathological
alterations: DRLC lowered pro-oxidant markers,
restored antioxidant enzyme activities in liver and
kidney, reduced markers of hepatocellular and
renal injury, and improved serum protein and
electrolyte profiles. The effect of DRLC on pro-
oxidant and antioxidant markers is similar to the
effect seen in Ejiro et al. (2025)", where
coadministration of lead with DRLC led to
significantly (p<0.05) reduced MDA levels when
compared to the negative control group, and
significantly (p<0.05) improved antioxidant
defense in the kidneys of the mice exposed to lead
foraperiod of 21 days. Taken together, these data
indicate that DRLC exerts a multifaceted
protective effect on hepato-renal systems in the
HFD+STZ model.

Mechanistically, the protective profile observed
here is biologically plausible because DRLC is a
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cysteine-donor pro-drug that supports
intracellular glutathione (GSH) synthesis”,
thereby replenishing the major cellular thiol
buffer and enabling recovery of downstream
antioxidant enzyme activities and redox-
sensitive pathways. Several recent preclinical
DRLC
or riboceine supplementation increases tissue
GSH, reduces MDA and nitrosative stress, and
attenuates pro-inflammatory cytokines in

24,42
reports show comparable patterns

models of heavy-metal”, xenobiotic or diet-
induced oxidative injury”, supporting the fact
that enhanced GSH biosynthesis underpins the
observed normalization of antioxidant indices
and reduced lipid peroxidation. The parallel
benefit of metformin in the current experiment
provides a useful comparator: metformin's
protective effects in metabolic disease models
have been attributed in part to reductions in
mitochondrial ROS generation and indirect
enhancement of cellular antioxidant
responses“, so the similar direction of effect
seen with DRLC suggests complementary,
perhaps synergistic, mechanisms — metformin
improving metabolic flux and mitochondrial
redox tone, and DRLC directly increasing the
glutathione pool and thiol-dependent
detoxification. This idea is consistent with
broader recent hypotheses arguing that
bolstering glutathione and its precursors is a
rational strategy to prevent or reduce tissue
damage in conditions of metabolic stress and
early diabetes™. Also, restoration of serum
proteins and reduction in transaminases after
DRLC indicate not only reduced oxidative
injury but also partial recovery of synthetic and
metabolic liver function — an important
translational signal when considering hepato-
Thirdly, the renal
improvements (electrolyte normalization, lower

. 47
renal protection .

creatinine/urea) suggest DRLC protects not
just by systemic antioxidant replenishment but
also by preserving tubular and glomerular

integrity in the context of metabolic-toxic stress.
In summary, the data supports that DRLC
ameliorates HFD+S8TZ-induced oxidative stress
and associated hepato-renal dysfunction, most
likely through augmentation of glutathione-
dependent antioxidant defenses and suppression
of pro-oxidant and pro-inflammatory cascades.
These findings align with recent preclinical work
showing DRLC/riboceine raises tissue GSH,
lowers lipid peroxidation and inflammatory
mediators, and improves organ-specific
functional endpoints, and they fit within a
growing conceptual framework that glutathione
precursors can be protective in eatly metabolic
disease. Taken together, DRLC merits further
mechanistic and translational study as a candidate
adjunctive strategy to reduce oxidative injury and
preserve liver and kidney function in metabolic
and toxin-related disease models.
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ABSTRACT

Introduction: Globally, Non-Communicable Diseases are responsible for 41 million Deaths each year,
which contribute to 74% of all death. Furthermore, 17 million people die before they reach age 70, and
86% of these premature deaths occurs in low to middle income countries like Nigeria. This Systematic
review aimed at studying the status of Non-communicable disease in Nigeria, a nine year review, from
January 2015 to December 2024.

Materials and Methods: A relevant studies via systematic searched of PubMed and Google scholar
using the terms prevalence, non-communicable diseases and Nigeria. The search was limited to studies
published between January 1st, 2015 and December 1st, 2024.

Results: The total sample size of all studies included in the meta-analysis was 138,818 subjects. The
overall prevalence of non-communicable disease in the Nigeria was estimated to be 12.9 % (95 % CI: 9.3
% - 17.6 %). The subgroup analysis illustrated that the highest prevalence rate of non-communicable
disease in Nigeria was related to the south-south zone with 19.3 % (95% CI: 1.0 — 33.9%), followed by
south west 18.3% (95% CI: 1.22—26.7%) , north west 11.0%(95% CI: 5.4 —21.1%)), south east 8.4% (95%
CI:3.3-19.9%), north central 4.5% (95% CI: 1.9 —10.2%) and north east 1.1% (95% CI: 1.0 — 1.3%).

Conclusion: The pooled prevalence of Non-communicable disease in our study was found to be 12.9%,
with South-south having the highest prevalence of 19.3% and while the North-east having the least
prevalence of 1.1%, which underscores the surge of Non-communicable diseases in Nigeria.
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INTRODUCTION

Non-Communicable Diseases are increasingly
becoming major causes of morbidity and
mortality in Nigeria. Based on the 1990-1992
national survey, the prevalence of hypertension
was 11.2% (4.3 million Nigerians aged 15 years

and above) while that of diabetes mellitus was
2.7% (1.05 million Nigerian 15 years and above).
However, with the shift in paradigm using a cut-
off point of 140/90 mmHg in 1999 by World
Health Organization and International Society
for Hypertension, the prevalence of hypertension
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now exceed 20%."

Non-communicable disease include
hypertension, diabetes mellitus, cardiovascular
diseases, mental illness, chronic respiratory
diseases, chronic kidney diseases, cancers.
Globally, NCD are responsible for 41 million
Deaths each year, which contribute to 74% of all
death. Furthermore, 17 million people die
before they reach age 70, and 86% of these
premature deaths occurs in low to middle
income countries like Nigeria.”

Non-communicable diseases pose a threat
towards the 2030 Agenda for Sustainable
Development, which include targets of
reducing probability of death from any of the
NCDs between ages 30 and 70 years by one-
third by 2030.” In low to lower-middle income
countries where most of the payment of
healthcare is out-of-pocket or by donors.
Healthcare cost of Non-communicable disease
casily deplete houschold resources with
deleterious consequences. The exorbitant cost
of managing NCDs plunge millions of people
into poverty.’

In Nigeria, NCDs have taken a bigger share of
diseases due to numerous reasons including
Globalization, urbanization, life style, and socio-
economic issues. Nigeria is among the countries
that are expected to have a surge of this NCDs
as a percentage of disease burden, but they
spend less than expected even after including aid
from external donors.’ In Nigeria about 30% of
all death are due to NCDs." The risk of
premature death from NCDs is quite substantial
to 22%." They accounted for 567
deaths/100,000 (age standardized) in 2019,
overtaking the previous predominant causes:
communicable, maternal, neonatal and
nutritional. Specifically, CVD as a group account
for 10% of death and 3.8% of disability-

adjusted life years (DALYs). The DALY loss to
NCDs in general increases tremendously by
approximately 21.3% from 24,987 in 2010 to
30,3006 in 2019 compared to 6.5% DALY lost to
infectious disease over the same period.” This
scenario presents an opportunity for intervention
at many levels, from the primary healthcare level
up to the tertiary centers in the country, with
adequate training of healthcare staff the surge of
NCDs can be mitigated and its financial burden to
the individual and country can be reduce
significantly.”

Nigeria is undergoing epidemiological transition,
with emergences of NCDs, adding to the burden
of diseases in the country, people due to
urbanization often engage in sedentary life style,
consumption of unhealthy diet, use of tobacco
products. These risk factors as well as rapidly
growing and aging population are increasing the
speed of the change from communicable
diseases, maternal, neonatal and nutritional
diseases to Non-communicable diseases."”

The major risk factors of CVDs include physical
inactivity, hypertension, obesity, tobacco use,
diabetes mellitus, and hyperlipidemia.
Hypertension provide unique opportunity for
intervention, because of its ease of diagnosis, but
yet it prevalence in Nigeria is as high as 30.6%
with only 29.0% being aware of their
hypertension, 12.0% receiving treatment, and
2.8% at-goal blood pressure in 2020." Nigeria
contributed 15% to the estimated 681,000 new
cases of cancer that occurred in Africa in 2008."
Diabetes has an estimated prevalence of 5.8% in
Nigeria.” Nigeria has the highest prevalence of
asthma in Africa with an estimated 13 million
Nigerians suffer from clinical asthma with age
adjusted death rate of about 10 per 100,000
population.” Chronic kidney disease has as high
as 15% prevalence in Nigeria.17 The pooled crude
prevalence of dementia in Nigeria 4.9% in 2019."
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Schizophrenias, Manic illness and organic
psychosis affect about 1% of the population.”
Depression, Anxieties and Somatoform
disorders are far more prevalent. Atleast 10% of
the population will be suffering from those
poorly identifiable disorders. These conditions
run a chronic course and are responsible for
more morbidity. There is evidence that
depression is particularly common among
Nigerian elderly, with over 7% reporting major
depressive disorder in a 12-month period and
over 25% reporting same in the course of a
lifetime.”

Globalization and urbanization has
tremendously affect the life style of Nigerians
predisposing them to risk of developing NCDs,
the prevalence is soaring and the surge need to
be mitigated to prevent premature deaths in
Nigeria.

MATERIALS AND METHODS

Formulating a Research Question

The group of reviewers (10 participants) had a
group discussion to arrive at a research question
as the pooled prevalence of Non-Communi-
cable Diseases (NCDs) in Nigeria reported
from clearly defined studies where both the
numerator and the denominator for computing
the prevalence were discernible.

Study Design

This was systematic review that was conducted
following the Preferred Reporting Items for
Systematic Review and Meta-Analysis Protocol
(PRISMA-P 2015).”

Study Protocol and Registration
The study was registered with the Pan African
Clinical Trials Registry (PACTR). *”

Search Strategy

We retrieved potentially relevant studies via
systematic search of PubMed and Google scholar
using the terms 'prevalence, non-communicable
diseases and Nigeria' as well as 'hypertension,
diabetes, chronic kidney disease, cardiovascular
disease, chronic respiratory disease (asthma and
chronic obstructive pulmonary disease),
neurological disease, cancers, obesity, dementia,
depression, schizophrenia, epilepsy, and learning
disorders'. Boolean operators 'and' 'ot' and 'not’
were used to join and construct various search
terms. Further review was made from the
reference list of the identified articles and related
articles from the search results. The review was
carried out by nine of the participants to avoid
havinga tie vote. The search was limited to studies
published between Jan 1st, 2015 and December
1st,2024.

Effort was made to identify not only complete
articles but also published abstracts that
contained the ingredient data required to
compute pooled prevalence of NCDs in Nigeria.
However, ongoing studies and studies awaiting
publication or studies that do not contained the
ingredients data were excluded. Among the
studies retrieved in the search, the reviewers
remove duplicate studies using Endnote, select
studies that meet the inclusion criteria based on
the abstracts and then make the final selection of
studies based on their full text. In order to
maintain transparency and objectivity throughout
this process, study selection is conducted
independently by at least two investigators.
Disagreement was resolved via voting by nine of
the reviewers and simple majority was used. The
group leader was excluded from voting. For all
studies that were excluded, the reason for
exclusion were given in the PRISMA-P flow
chart. A total of eighty two abstract were
identified, only fifty two abstract were included.
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Study Selection and Eligibility Criteria
Studies of any design that reported the
prevalence of any NCD in Nigerian population
published in English language were included.
Studies must have clear number of cases
included, number analyzed, as well as the
denominator used for computing the prevalence
were included. We excluded letters to the editor,
narrative reviews, systematic reviews as well as
studies not published in or studies reporting
secondary data.

Assessment of Quality of Publication

The quality of the included studies was assessed
using the Joanna Briggs Institute (JBI) critical
assessment checklist for prevalence data.” This
checklist assesses nine items: (1) appropriate
sampling frame, (2) proper sampling techniques,
(3) adequate sample size, (4) study subject and
setting description, (5) sufficient data analysis (0)
use of valid methods for the identified
conditions, (7) valid measurement for all
participants, (8) using appropriate statistical
analysis and (9) adequate response rate. Yes, no,
unclear, or not applicable is assigned to each
item. The ‘yes’ response received a 1 score,
whereas the ‘no’ and ‘unclear’ responses
received 0 scores. Finally, the average score for
the studies was determined. The quality of
studies with scores below and above the average
was then classified as bad and good,
respectively.”

Data Extraction

Using a standard pro-forma, one reviewer
extracted relevant data from each of the
included articles and an independent reviewer
for each subheading verify all the data.
Discrepancies were discussed and solved by
consensus or voting by simple majority in
similar manner as above.

We extracted the following data from individual

studies: general information about the paper
authors, journal and year of publication, type of
NCD reported, the prevalence, the numerator
and denominator used as well as the 95%
confidence interval of each of the prevalence.
Region of Nigeria where the study was done and
state was also extracted.

Data Analysis

The summary of the quality of all the studies
included in the review was reported. Data was
entered into SPSS version 26. Forest plot was
used to determine the pooled prevalence of
NCDs in Nigeria while 12 static was used to
report the level of heterogeneity of the included
studies. P-values of less than 0.05 was considered
statistically significant.

RESULTS

Data Review

The total sample size of all studies included in the
meta-analysis was 138,818 subjects. The
maximum and minimum sample size were related
to the study of amanc et al, 2023. With 21,369
subjects and the study of Maarten C et al, 2021.
With 40 subjects, respectively. The oldest study
was done in 2015 and the most recent study in
2024. A large number of studies were conducted
in the south west with twenty six (26) articles.
Below table indicates the characteristics and data
of studies included in the systematic review and
meta-analysis (table 1).

Statistical analysis and result presentations

The present study estimated the prevalence rate
of non-communicable disease in the Nigeria and
the prevalence rate or relative frequency of non-
communicable disease in each study was
employed to combine the results of different
studies. Heterogeneity among studies was
checked using I’ index and considering the high
heterogeneity between the results of the studies
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included in the meta-analysis (I' > 75 %), the
random effects model was used, which
calculates the parameter changes between
studies. Therefore, the results of random effects
model in heterogeneous conditions are more
generalizable than those of fixed effect model.
Funnel plot were used to assess the publication
bias. Further, the meta-regression was applied to
examine the relationship between the
prevalence rate of stroke in the elderly and
sample size, year of publication, and mean age
of elderly. The subgroup analysis was
performed based on the different political zones
in Nigeria (North Central, North East, North
West, South-South, South East, South West).
The comprehensive meta-analysis software
(version 4) was used for meta-analysis and P-
value <0.05 was considered as statistically
significant.

Meta-analysis of the overall prevalence rate
of non-communicable disease in Nigeria

Considering that the result of I test for the
overall prevalence of non-communicable
disease in the Nigeria demonstrated a significant
heterogeneity among studies (I' = 99.73), the
data were analyzed using a random effects
model (table 2). The results of Egget's

regression intercept revealed no publication bias
in the studies at the level of 0.1 (P = 0.000). After
combining the all results of studies included in
the meta-analysis, the overall prevalence of non-
communicable disease in the Nigeria was
estimated to be 12.9 % (95 % CI: 9.3 % - 17.6 %)
based on the random effects model. The black
square illustrates the prevalence rate, the length
of the line segment displays the 95 % Cl in each
study (table 3 &4). The results of sensitivity
analysis demonstrated that the pooled estimation
did not change significantly by eliminating each
of the studies.

Sub grouped analysis

Given the high heterogeneity among the studies
(I'=99.73), subgroup analysis was reported based
on the different in to six geopolitical zones
(north central, north east, north west, south-
south, south east, south west) . The results of the
subgroup analysis illustrated that the highest
prevalence rate of non-communicable disease in
Nigeria was related to the south-south zone with
19.3 % (95% CI: 1.0 — 33.9%), followed by south
west 18.3% (95% CI: 1.22 — 26.7%) , north west
11.0%(95% CI: 5.4 — 21.1%), south cast 8.4%
(95% CI: 3.3 — 19.9%), north central 4.5% (95%
CI:1.9-10.2%) and north east 1.1% (95% CI: 1.0
—1.3%). Respectively (table 5)
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Table 1: Distribution of characteristics of the data studies included in the
Systematic review and meta-analysis on Non-communicable disease

Author and Year Pé%iﬁiecal Sample size (n) Prevalence (%) NCD types
fasanmade et al, 2015 SW 416 21.4 Obesity
Adetola et al, 2021 SW 1059 58.9 Obesity
Boma oyan et al, 2023 SS 204 36.6 Obesity
Nkenditin et al, 2021 SE 450 38.9 Obesity
fasanmade et al, 2021 SW 1059 374 HTN
Njideku et al, 2019 SW 5365 55.0 HTN
Ajayi et al, 2016 SW 806 33.1 HTN
A.U.owolabi et al, 2015 SW 324 20.1 HTN
Njideku et al, 2021 SW 1059 18.9 DM
AA sabir et al, 2017 NW 280 4.3 DM
BO bello ovosi et al, 2018 NW 181 23.3 DM
Ezeani et al, 2020 SE 1680 33 DM
CO. Eze et al, 2024 SW 172 15.2 Stroke
Akin O et al, 2020 SW 150 52.0 Stroke
C.Eze et al, 2019 SW 983 20.0 Stroke
G.O osagbowo et al, 2015 NC 2398 4.3 Stroke
amanc et al, 2023 SW 21369 1.6 CAD
O samuel et al,2023 SW 567 30.8 CAD
Victor M et al, 2016 SW 211 1.9 CAD
Dike Ojji et al, 2015 NC 2398 0.3 CAD
amanc et al, 2023 SW 21369 36.2 HF
Dike Ojji et al, 2015 NC 2398 22.6 HF
O Adebayo et al, 2023 SW 160 83.8 HF
Oloseyi et al, 2018 SW 90 54.4 HF
Dike Ojji et al,2015 NC 2398 1.1 CKD
T.Olusegun et al, 2020 NC 1353 12.0 CKD
1. Tjezie et al, 2019 SW 165 7.5 CKD
Okwuonu et al,2017 SE 328 7.8 CKD
Boni M et al,2022 SS 4234 9.2 COPD
OB Ojuawo et al,2022 NC 338 24.3 COPD
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Akinrami et al, 2015 SW 211 4.7 COPD
Adeniyi B et al,2016 SW 914 9.0 COPD
O Deselu et al, 2020 NC 870 2.1 Asthma
O Ozoh et al, 2019 SW 20063 8.0 Asthma
O Ozoh et al, 2019 NC 20063 1.1 Asthma
A Oyemomi et al, 2023 SW 124 4.8 Asthma
Maarten C et al, 2021 SW 40 8.8 Cancers
CC Nwafor et al, 2018 SS 1186 11.1 Cancers
yusuf et al, 2017 NW 6548 10.9 Cancers
Onwusah DO et al,2017 SS 782 26.3 Cancers
B Adikaibe et al, 2016 SE 8228 6.0 Epilepsy
West BA et al, 2019 SS 298 51.0 Epilepsy
P Obemeke et al, 2019 SE 1802 52 Epilepsy
C donald et al, 2019 SS 2283 6.5 Epilepsy
A Ogunniyi et al, 2016 SW 613 2.9 Dementia
Akin O et al, 2021 SW 150 6.2 Dementia
Abolagade et al, 2020 SW 532 25.4 Dementia
JO yaria et al, 2016 SW 142 22.1 Dementia

Note: SW= south west, SE= south East, SS=South South, NC= North Central, NE= North East, NW= North West,
CKD= Chronic Kidney Disease, HTN= Hypertension, DM= Diabetes Mellitus, COPD= Chronic Obstructive
Pulmonary Disease, HF= Heart Failure.

Table 2: the result of fixed and random effect model on meta-analysis of prevalence of Non
-Communicable disease

Model Number Point Lower  Upper Tau Tau? Q-value df P- 12 (%)
Studies  estimate limit limit Q) value

effect

Fixed 48 0.224 0.221 0.227 1.286 1.654 17728.08 47 0.000  99.73488

Random 48 0.129 0.093 0.176
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Figure 1: funnel plot of the result of the overall estimate of the prevalence rate of non-
communicable disease in Nigeria

African Journal of Tropical Medicine and Biomedical Research Vol 9 No. 1 July 2026



Prevalence of Non-Communicable Diseases in Nigeria; a Nine Year Systematic Review 139

Table 3: Distribution of the overall estimate of the prevalence rate of Non-communicable
disease in Nigeria

Statistics for each study

95% Confidence interval

Study name Rate Lower limit Upper limit P-Value
fasanmade et al, 2015 0.214 0.177 0.256 0.000
Adetola et al, 2021 0.589 0.559 0.618 0.000
Boma oyan et al, 2023 0.366 0.303 0.434 0.000
Nkenditin et al, 2021 0.389 0.345 0.435 0.000
fasanmade et al, 2021 0.374 0.345 0.404 0.000
Njideku et al, 2019 0.550 0.537 0.563 0.000
Ajayi et al, 2016 0.331 0.299 0.364 0.000
A.Uowolabi et al, 2015 0.201 0.161 0.248 0.000
Njideku et al, 2021 0.189 0.167 0.214 0.000
AA sabir et al, 2017 0.043 0.025 0.074 0.000
BO bello ovosi et al, 2018 0.233 0.177 0.300 0.000
Ezeani et al, 2020 0.033 0.025 0.043 0.000
CO. Eze et al, 2024 0.152 0.106 0.214 0.000
Akin O et al, 2020 0.520 0.440 0.599 0.000
C.Eze et al, 2019 0.200 0.176 0.226 0.000
G.O osagbowo et al, 2015 0.043 0.036 0.052 0.000
amanc et al, 2023 0.016 0.014 0.018 0.000
O samuel et al,2023 0.308 0.271 0.347 0.000
Victor M et al, 2016 0.019 0.007 0.049 0.000
Dike Ojji et al, 2015 0.003 0.001 0.006 0.000
amanc et al, 2023 0.362 0.356 0.368 0.000
Dike Ojji et al, 2015 0.226 0.210 0.243 0.000
O Adebayo et al, 2023 0.838 0.773 0.887 0.000
Oloseyi et al, 2018 0.544 0.441 0.644 0.000
Dike Ojji et al,2015 0.011 0.008 0.016 0.000
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T.Olusegun et al, 2020 0.120 0.104 0.138 0.000
I. Tjezie et al, 2019 0.075 0.043 0.126 0.000
Okwuonu et al,2017 0.078 0.053 0.112 0.000
Boni M et al,2022 0.092 0.084 0.101 0.000
OB Ojuawo et al,2022 0.243 0.200 0.292 0.000
Akinrami et al, 2015 0.047 0.025 0.085 0.000
Adeniyi B et al,2016 0.090 0.073 0.110 0.000
O Deselu et al, 2020 0.021 0.013 0.033 0.000
O Ozoh et al, 2019 0.080 0.076 0.084 0.000
O Ozoh et al, 2019 0.011 0.010 0.013 0.000
A Oyemomi et al, 2023 0.048 0.022 0.103 0.000
Maarten C et al, 2021 0.088 0.031 0.224 0.000
CC Nwafor et al, 2018 0.111 0.094 0.130 0.000
yusuf et al, 2017 0.109 0.102 0.117 0.000
Onwusah DO et al,2017 0.263 0.233 0.295 0.000
B Adikaibe et al, 2016 0.060 0.055 0.065 0.000
West BA et al, 2019 0.510 0.453 0.566 0.000
P Obemeke et al, 2019 0.052 0.043 0.063 0.000
C donald et al, 2019 0.065 0.056 0.076 0.000
A Ogunniyi et al, 2016 0.029 0.018 0.046 0.000
Akin O et al, 2021 0.062 0.033 0.114 0.000
Abolagade et al, 2020 0.254 0.219 0.293 0.000
JO yaria et al, 2016 0.221 0.160 0.297 0.000
Overall prevalence 0.129 0.093 0.176 0.000
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Table 4: Distribution of the overall estimate of the prevalence rate of Non-communicable
disease in Nigeria based on the random effects model

Statistics for each study

95% Confidence interval

Study name Point Lower limit Upper limit P-Value

fasanmade et al, 2015 0.127 0.091 0.175 0.000
Adetola et al, 2021 0.123 0.088 0.169 0.000
Boma oyan et al, 2023 0.125 0.090 0.172 0.000
Nkenditin et al, 2021 0.125 0.090 0.172 0.000
fasanmade et al, 2021 0.125 0.089 0.172 0.000
Njideku et al, 2019 0.124 0.089 0.169 0.000
Ajayi et al, 2016 0.126 0.090 0.173 0.000
A.Uowolabi et al, 2015 0.127 0.091 0.175 0.000
Njideku et al, 2021 0.127 0.091 0.175 0.000
AA sabir et al, 2017 0.131 0.094 0.180 0.000
BO bello ovosi et al, 2018 0.127 0.091 0.174 0.000
Ezeani et al, 2020 0.132 0.095 0.181 0.000
CO. Eze et al, 2024 0.128 0.092 0.176 0.000
Akin O et al, 2020 0.124 0.089 0.170 0.000
C.Eze et al, 2019 0.127 0.091 0.175 0.000
G.O osagbowo et al, 2015 0.132 0.095 0.180 0.000
amanc et al, 2023 0.134 0.099 0.180 0.000
O samuel et 21,2023 0.126 0.090 0.173 0.000
Victor M et al, 2016 0.133 0.096 0.182 0.000
Dike Ojji et al, 2015 0.138 0.099 0.188 0.000
amanc et al, 2023 0.125 0.088 0.176 0.000
Dike Ojji et al, 2015 0.127 0.090 0.175 0.000
O Adebayo et al, 2023 0.120 0.086 0.165 0.000
Oloseyi et al, 2018 0.124 0.089 0.170 0.000
Dike Ojji et al,2015 0.135 0.097 0.184 0.000
T.Olusegun et al, 2020 0.129 0.092 0.177 0.000
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1. Tjezie et al, 2019
Okwuonu et al, 2017

Boni M et al,2022

OB Ojuawo et al, 2022
Akinrami et al, 2015
Adeniyi B et al,2016

O Deselu et al, 2020

O Ozoh et al, 2019

O Ozoh et al, 2019

A Oyemomi et al, 2023
Maarten C et al, 2021
CC Nwafor et al, 2018
yusuf et al, 2017
Onwusah DO et al,2017
B Adikaibe et al, 2016
West BA et al, 2019

P Obemeke et al, 2019
C donald et al, 2019

A Ogunniyi et al, 2016
Akin O et al, 2021
Abolagade et al, 2020
JO yaria et al, 2016

Pooled prevalence rate
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0.094

0.094

0.095

0.094
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0.091

0.093

0.178

0.178

0.178

0.174

0.180

0.178

0.182

0.178

0.182

0.179

0.177

0.177

0.178

0.174

0.179

0.170

0.179

0.179

0.181

0.179

0.174

0.174

0.176

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000
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Table 5: The subgroup analysis of estimating the prevalence rate of non-communicable

disease in Nigerian by political zones.

Model Number Point Lower Upper Tau  Tau? Q-value df P- 12 (%)
Studies  estimate limit limit (Q) value

North 7 0.045 0.019 0.102 1.184  1.401 707.480 6 0.000  99.152
Central
North 1 0.011 0.010 0.013 0.000  0.000 0.000 0 1.000 0.000
East
North 3 0.110 0.054 0211 0.657 0.431 37.849 2 0.000  94.716
West
South 5 0.084 0.033 0.199 1131 1.279 533.377 4 0.000  99.250
East
South 6 0.193 0.100 0.339 0.954  0.910 613.769 5 0.000  99.185
South
South 26 0.183 0.122 0.267 1.241  1.539 10374.135 25 0.000  99.759
West

DISCUSSION and also provide room for necessary

The present study aimed at estimating the
prevalence of Non-communicable disease in
Nigeria using systematic review and meta-
analysis. After combining the data collected
from 48 articles included in the meta-analysis
with a sample size of less than one million
people, the overall prevalence of Non-
communicable disease in Nigerian was
estimated to be 12.9%.

The prevalence of Non-communicable disease
was found to be higher is south-south zone of
the country and lowest in the North-east with
prevalence of 19.3% and 1.1% respectively, this
might be attributed to paucity of data, and
where the data analyzed from North-east was
only one, while the one from south-south six
publications were used.

CONCLUSION

The pooled prevalence of Non-communicable
disease in our study was found to be 12.9%, with
South-south having the highest prevalence of
19.3% and while the North-east having the least
prevalence of 1.1%, which underscores the
surge of Non-communicable diseases in Nigeria

interventions especially where the prevalence was
high to mitigate the soaring prevalence of Non-

communicable disease in Nigeria.

Limitations of the Study

o There was a paucity of prevalence studies
in some partof the country.

o There is paucity of recent studies for
Non-communicable diseases in Nigeria.
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Pharmacotherapy of Hypertension and Diabetes Co-
morbidity in the Elderly: A Narrative Review
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Abstract

Introduction: Ageing is a normal physiological process, and with improving healthcare and standard of
living, the eldetly population is projected to increase substantially over time. Hypertension occurs in up to
80% of type 2 diabetes cases, and co-morbidity between the two conditions is common among the elderly,
posing significant challenges in clinical management. If not adequately addressed, this co-morbidity can
lead to increased mortality and complications such as retinopathy, neuropathy and nephropathy.

Materials and Methods: This narrative review searched Google Scholar, ResearchGate, PubMed and
Scopus for literature on the pharmacotherapy of hypertension and diabetes co-morbidity published up to
May 2025. A total of 117 articles meeting the inclusion criteria were selected and analysed.

Results: The review describes the pathophysiology of and interactions between hypertension and
diabetes, the complications arising from their co-morbidity, and the clinical guidelines and
pharmacological strategies used in their management. Treating elderly patients with both conditions
requires a nuanced, multidisciplinary approach, as age-associated alterations in drug metabolism,
polypharmacy, frailty and comorbid conditions must all be considered to avoid adverse outcomes and
promote adherence while ensuring optimal efficacy.

Conclusion: Effective management of hypertension and diabetes co-morbidity in the eldetly requires
individualised, multidisciplinary care guided by current clinical guidelines, with emerging approaches such
as personalised medicine and telemedicine offering promise for improving outcomes in this population.

Keywords: ageing, co-morbidity, diabetes, hypertension, pharmacotherapy
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INTRODUCTION was amounted to 13.4% of the whole human
All people will experience and cope with the population in 2013, and this percentage was
ageing process at some point in their life; it is a estimated to be doubled up to 25.3% in 2050, in
natural and unavoidable phenomenon. Being which 8% of these elderly people live in Asia.”
thirty years old indicates that a person has Two alterations in the natural/physiological
experienced all of the stages of life, including functioning of the body's systems and vatious
newborn, toddler, preschool, adolescent, adult organs will occur gradually in the aged. As a result
and elderly. These different stages of life begins of biological changes, older people will
both biologically and psychologically.' In the experience a variety of physical issues, including
world, people who aged more than 60 years old the occurrence of chronic illnesses, sometimes
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known as non-communicable diseases (NCDs).
NCD is a long-lasting condition that typically
progresses slowly and cannot be spread from
person to person. The four main types of NCD
are cardiovascular disease (e.g. hypertension),
cancer, chronic respiratory disease, and diabetes
mellitus (DM). Almost three quarters of NCD
deaths (28 million) occur in low- and middle-
income countries; 16 million NCD deaths occur
before the age of 70; 82% of these "premature”
deaths occurred in low- and middle-income
countries.’

There are several physiological similarities
between diabetes and hypertension, including
increased body fluid, increased arterial stiffness,
and impaired insulin regulation. Similar
symptoms, including as increased body mass,
excessive fat and processed sugar intake, and
decreased physical activity, may be seen in
patients. It's likely that either can result in the
other.

Hypertension occurs in up to 80% of type 2
diabetics." Among the elderly, the probability
of exhibiting co-morbidities is common,
although rates vary significantly by countries
(Netherlands, Sweden, Spain, Australia, US,
Canada), where prevalence ranges from 55% to
98%": the highest rates always occur among
older people, women and individuals in lower
socio-economic classes. Co-morbidity
significantly complicates medication
management in the aged, as health care
practitioners currently lack a systematic method
to integrate age-related complexities into
standard clinical practice.”

A literature search was conducted across major
scientific databases, including Google Scholar,
ResearchGate, PubMed and Scopus, covering
publications up to May 2025. Articles that
directly addressed the pharmacological

treatment of hypertension and diabetes co-
morbidity were identified and analysed for
inclusion in this review. Only 117 articles were
adapted for this review. Excluded articles included
those outside the scope of this study, not in
English, or whose full texts were unavailable and
not retrievable. The keywords that directed our
literature searches included: hypertension,
diabetes, ageing, co-morbidities of hypertension
and diabetes, and pharmacotherapy.

Prevalence of hypertension and diabetes co-
morbidity in elderly populations

Several epidemiologic studies have indicated that
the prevalence of hypertension in patients with
diabetes mellitus is approximately 1.5 to 2.0 times
greater than in a suitably matched non-diabetic
population.” In individuals with insulin-
dependent diabetes mellitus (IDDM),
hypertension is typically absent at the time of
diagnosis." As renal insufficiency progresses,
blood pressure increases, potentially accelerating
the transition to end-stage renal failure. In non-
insulin-dependent diabetes mellitus (NIDDM),
numerous patients exhibit hypertension at the
time of diagnosis. The prevalence of
hypertension in NIDDM correlates with the
extent of obesity, advanced age, and significant
atherosclerosis commonly observed, likely
encompassing many individuals with essential
hypertension.

Multiple supplementary pathophysiological
mechanisms contribute to the initiation and
maintenance of hypertension in individuals with
diabetes. Hyperglycaemia and elevated total body
exchangeable sodium may result in extracellular
fluid buildup and plasma volume expansion. In
certain cases, modifications in the functionality of
the renin-angiotensin-aldosterone system and
vascular responsiveness to vasoactive hormones
may also contribute. Recent suggestions indicate
that hyperinsulinaemia and insulin resistance may
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contribute to sustained increased blood
pressure, as insulin is recognised for promoting
salt retention and augmenting sympathetic
nervous system activity. However, the
pathogenetic relationship between these two
common disorders remains elusive. The
investigation of the complex interaction
between hypertension and diabetes has
proceeded along two distinct but interrelated
lines. Physicians whose primary area of
investigation was hypertension observed a high
frequency of diabetes or abnormal glucose
tolerance among their hypertensive patients and
suggested that hypertension was a prediabetic
state." Conversely, diabetologists focused on the
heightened incidence of hypertension in their
patients and its potential adverse effects on the
long-term microvascular and macrovascular
complications of diabetes.” Recently, these two
lines of inquiry have merged to discover a
common pathophysiologic underpinning for
both disorders.

The incidence of hypertension and diabetes
markedly escalates with advancing age. The
World Health Organization (WHO) reports that
around 1.28 billion adults globally are affected
by hypertension, with a significant increase in
prevalence among individuals aged 60 years and
older.” Diabetes impacts over 537 million adult
individuals worldwide, with the statistics
expected to project to 643 million in the next
five years, with significant prevalence among the
elderly population.”"”

In several elderly folks, these two illnesses
frequently coexist. Research demonstrates that
more than 70% of elderly individuals with
diabetes also suffer from hypertension.’ This co-
morbidity is especially concerning because of
the cumulative impact these diseases have on the
cardiovascular system, significantly increasing
the risk of myocardial infarctions,

cerebrovascular accidents, and renal failure.”

Older persons are more likely to have both

illnesses due to the cumulative effects of ageing,

extended exposure to cardiovascular risk factors,
. 17

and sedentary lifestyles.

Physiological changes in ageing and their
impact on risk for hypertension and diabetes
As individuals age, numerous physiological
alterations transpire that elevate the risk of
obtaining hypertension and diabetes. These will
include:

. Vascular stiffening: As individuals age, arteries
often become rigid, resulting in a loss of
clasticity and suppleness. This vascular
stiffening enhances peripheral resistance,
resulting in higher blood pressure levels.
Older persons also have a decrease in the
sensitivity of baroreceptors, which regulate
blood pressure.”” This may result in
inadequate blood pressure regulation, hence
exacerbating hypertension.

. Insulin resistance: Ageing correlates with a
decline in insulin sensitivity. The body's cells
exhibit diminished sensitivity to insulin,
leading in a less efficient removal of glucose
from the bloodstream. The reduction in
insulin sensitivity, exacerbated by
diminished physical activity and alterations
in body composition (including increased
fat mass and reduced muscle mass),
heightens the chance of developing Type 2
diabetes.”

ui. Decline in pancreatic function: The pancreas,
responsible for producing insulin, also
undergoes functional decline with age.”

This reduction in pancreatic beta-cell
function means that even if insulin is
produced, it may not be enough to regulate
blood sugar levels effectively, contributing
to the onset of diabetes.

2. Kidney function decline: Both hypertension and
diabetes exert pressure on the kidneys." The
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age-related deterioration of renal function
renders elderly patients more sensitive to
the detrimental effects of hypertension
and hyperglycaemia, hence hastening the
advancement of bothillnesses.

Importance of managing co-morbidities in
the elderly

The simultaneous presence of hypertension and
diabetes in elderly adults poses distinct obstacles
regarding treatment and management.” The
cumulative impact of these disorders hastens
the decline of the cardiovascular system,
kidneys, and other essential organs.” Moreover,
geriatric individuals are predisposed to other
chronic conditions, including hyperlipidaemia
and cardiovascular disease, which exacerbates
the management of hypertension and diabetes.”
One of the primary reasons for handling these
co-morbidities is prevention of severe
complications.” Untreated hypertension can
result in stroke, myocardial infarction, and
congestive heart failure, whereas inadequately
managed diabetes heightens the risk of diabetic
retinopathy, neuropathy, nephropathy, and
cardiovascular disease. Collectively, these
disorders substantially increase the risk of
mortality and adversely affect quality of life.”

The management of hypertension and diabetes
in the elderly is further complicated by
polypharmacy, which refers to the
administration of many drugs for diverse
illnesses.” Numerous older adults concurrently
administer drugs for hypertension, glycaemia,
hyperlipidaemia, and various other conditions.
This elevates the possibility of druginteractions
and adverse consequences, complicating
treatment protocols. Healthcare professionals
must implement a holistic, customised strategy
that effectively manages both illnesses while
mitigating the dangers of over-medication.”

Pathophysiology and interactions between
hypertension and diabetes

Pathophysiology of essential hypertension in
adults

Blood pressure (BP) is the fundamental
mechanism that distributes blood to all bodily
organs; therefore, the regulation of BP is crucial
for survival. In this background, it is unsurprising
that the control of blood pressure involves a very
intricate and occasionally redundant interaction
among renal, neuronal, cardiac, vascular, and
endocrine processes, influenced by hereditary and
environmental variables.”

a)  Role of kidneys in the pathogenesis of essential
hypertension
The kidney is crucial for regulating blood pressure
by managing salt and water excretion, hence
preserving extracellular volume homeostasis.”
Blood pressure and salt homeostasis are closely
connected through the pressure natriuresis
mechanism, which aids in maintaining blood
pressure at a specific fixed point.”’ An
augmentation in renal perfusion pressure results
in an increase in renal sodium excretion and a
decrease in extracellular fluid volume, causing
blood pressure to return to its baseline level.”
This hypothesis asserts that hypertension results
from a shift in the blood pressure set point due to
a dysfunction in the pressure-natriuresis
mechanism.” The regulation of sodium excretion
in the pressure natriuresis phenomenon primarily
occurs in the proximal nephron areas, with
changes in medullary blood flow being crucial for
the pressure-natriuresis interaction. Furthermore,
additional endocrine factors, including as the
renin-angiotensin-aldosterone system, nitric
oxide, and prostaglandins, might modify the
pressure-natriuresis relationship to increased or
decreased set points. Significant evidence
demonstrates that sodium management by the
distal nephron segments is crucial for maintaining
sodium equilibrium in reaction to variations in
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blood pressure. Moreover, elements including
the sympathetic nervous system, localised
intrarenal inflammation, and the generation of
reactive oxygen species (ROS) can affect the
pressure-natriuresis association.”

b)  Sympathetic nervous system and renin-angiotensin-
aldosterone system
Multiple neuroendocrine systems also increase
blood pressure and maintain the hypertensive
condition, partly due to their impact on renal
function. The two most critical systems are
undoubtedly the renin-angiotensin-aldosterone
system and the sympathetic nervous system.”
The renin-angiotensin-aldosterone system
(RAAS), activated by renin secretion from the
juxtaglomerular cells of the kidney, plays a
significant role in the pathophysiology of
hypertension via its vascular, endocrine, central,
and renal processes. Recent years have
demonstrated that the RAAS operates not only
as a circulatory system but also as a localised
tissue system.” Thus, renal angiotensin 1 serves
as a potent vasoconstrictor and a growth-
promoting peptide, modulating blood pressure
via affecting renal haemodynamics and
glomerular filtration rate, as it alters the tone of
both afferent and efferent arterioles.” There is
substantial evidence that the sympathetic
nervous system has a role in blood pressure
regulation and the pathogenesis of
hypertension. Numerous animal models of
hypertension exhibit heightened sympathetic
activity. ™" Furthermore, in the initial phases of
clinical hypertension, a conjunction of
sympathetic hyperactivity and parasympathetic
dysfunction has been noted in young individuals
exhibiting an elevated heart rate.”” The
sympathetic system significantly affects renin
secretion, renal haemodynamics, and tubular
salt management in the kidney.”' The
involvement of the sympathetic nervous system
and baroreflex regulation in the onset of
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hypertension has prompted the creation of novel
interventional approaches for managing resistant
hypertension, such as renal denervation and
baroreflex sensitisation.”

©) Prostaglandins

Prostaglandins are a class of molecules that
regulate blood pressure and may play a role in the
onset of hypertension. Prostaglandins originate
from the metabolism of arachidonic acid. Their
production involves multiple stages: initially, the
release of arachidonic acid from membrane
phospholipids, facilitated by phospholipase A,;
subsequently, the enzymatic transformation of
arachidonic acid by cyclooxygenases (COX-1,
COX-2, or COX-3) to yield PGH,; and finally, the
synthesis of specific prostaglandins, mediated by
prostaglandin synthases, such as prostacyclin
synthase, leading to the formation of prostacyclin
(PGL,), or thromboxane synthase, which
produces thromboxane A,. This cascade leads to
the synthesis of several prostaglandins with
distinct biological activities, including vascular,
renal, and inflammatory actions.”

Phospholipase A, is stimulated by various factors,
including angiotensin II, norepinephrine, and
bradykinin. Prostaglandins primarily operate
around their release sites due of their rapid
breakdown by local metabolism into inactive
metabolites. Prostaglandins can elicit either
vasoconstriction (thromboxane A,, PGF,n) or
vasodilation (PGE,, prostacyclin) at the vascular
level." A notable feature of vasodilatory
prostaglandins is their ability to modulate
vasoconstriction induced by potent vasoactive
drugs such as angiotensin II. In the average adult
kidney, both COX-1 and COX-2 are expressed
continuously. COX-1 is located in the glomerulus,
afferent arteriole, and tubular cells, whereas
COX-2 is found in the afferent and efferent
arterioles, podocytes, macula densa, and some
tubular and interstitial cells. Intrarenal
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prostaglandins are essential in regulating renal
perfusion and glomerular filtration rate. They
also participate in the maintenance of sodium,
potassium, and chloride homeostasis, along with
the regulation of renin secretion.”

The impact of prostaglandins on vascular
function, renal electrolyte balance, and renin
secretion may be especially relevant to the onset
of hypertension.” Data demonstrate that mice
devoid of the PGI, receptor show resistance to
the development of renovascular hypertension,
a renin-dependent form of hypertension.”
Individuals with hypertension demonstrate a
deficiency in vasodilatory prostaglandins®,
although an increase in thromboxane A, has
been noted in essential hypertension.” The data
indicate a possible imbalance between anti-
hypertensive and pro-hypertensive
prostaglandins in hypertension.” The three
proposed functions of prostaglandins in
hypertension are highlighted by the observation
that both selective and nonselective COX-1 and
COX-2 inhibitors increase blood pressure,
encourage salt retention, and may trigger
hypertension in some patients.”” However, the
hypertensive effect of non-steroidal anti-
inflammatory drugs is more pronounced in
patients with hypertension than in
normotensive individuals.

Pathophysiology of diabetes in the elderly

The actiology of diabetes entails a disturbance
in the feedback mechanisms governing insulin
action and production, resulting in increased
blood glucose levels.” In cases of B-cell failure,
insulin synthesis is reduced, limiting the body's
capacity to maintain physiological glucose levels.
Conversely, insulin resistance (IR) results in
increased glucose production in the liver and
reduced glucose uptake in muscle, liver, and
adipose tissue. While both processes arise eatly
in pathophysiology and facilitate disease

progression, B-cell dysfunction is generally more
evident than insulin resistance. However, the
simultaneous presence of B-cell dysfunction and
insulin resistance intensifies hyperglycaemia,
promoting the progression of type 2 diabetes
mellitus (T2DM)."

Pancreatic B-cells are accountable for the
generation of insulin, which is generated as pre-
proinsulin. During maturation, pre-proinsulin has
a structural alteration facilitated by several
proteins in the endoplasmic reticulum (ER),
resulting in proinsulin.” Subsequently, proinsulin
is transported from the endoplasmic reticulum to
the Golgi apparatus, where it enters immature
secretory vesicles and is broken into C-peptide
and insulin.” Upon maturation, insulin is
sequestered in granules until its release is
activated. The secretion of insulin is
predominantly stimulated by elevated glucose
levels. It is important to acknowledge that
additional variables, including amino acids, fatty
acids, and hormones, can also stimulate insulin
release. As circulation glucose levels rise, 3-cells
absorb glucose mostly via the glucose transporter
2 (GLUT2), a solute carrier protein that functions
as a glucose sensor for B-cells. Following glucose
entry, glucose catabolism commences, increasing
the intracellular ATP/ADP ratio', which
activates the closure of ATP-sensitive potassium
channels in the plasma membrane. This leads to
membrane depolarisation and the activation of
voltage-gated Ca”" channels, permitting Ca”’
influx into the cell. The elevation of intracellular
Ca” concentration triggers the priming and
fusion of insulin-containing secretory granules
with the plasma membrane, resulting in insulin
€XOCytosis.

B-cell dysfunction has traditionally been
associated with B-cell mortality.” Recent studies
suggest that the dysfunction of B-cells in T2DM
may arise from a complex interaction between
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environmental variables and many molecular
pathways in cell biology.” In a condition of
overconsumption, similar to obesity,
hyperglycaemia and hyperlipidaemia often arise,
fostering insulin resistance and chronic
inflammation. Beta cells, because to differences
in their genetic vulnerability, are subjected to
toxic stimuli including inflammation,
inflammatory stress, endoplasmic reticulum
stress, metabolic/oxidative stress, and amyloid
stress, which may ultimately lead to the
degradation of islet integrity. Excess free fatty
acids and hyperglycaemia lead to B-cell
dysfunction by inducing endoplasmic reticulum
stress through the activation of apoptotic
unfolded protein response pathways.”
Lipotoxicity, glucotoxicity, and glucolipotoxicity
linked to obesity elevate metabolic and oxidative
stress, leading to B-cell death.”

Insufficient synthesis of insulin precursors or
insulin, along with disruptions in the secretion
pathway, can lead to insulin secretory
dysfunction, which are the primary cause of {3-
cell failure and a critical component of T2DM.
The reduced expression of the GLUT2 glucose
transporter may affect the ensuing signalling
cascade™, while misfolding of proinsulin is
another frequently noted factor linked to
insufficient insulin production and diabetes.”

Interactions between hypertension and
diabetes

The interplay between hypertension and
diabetes is intricate, and these two illnesses
frequently coexist, especially in older adults.
Both exhibit shared risk factors, including
obesity, a sedentary lifestyle, and advanced age.
The coexistence of hypertension with diabetes
produces a synergistic impact, exacerbating the
risk of cardiovascular disease, stroke, and renal
impairment. Multiple mechanisms elucidate the
robust interplay between these two diseases:

i. Insulin resistance and hypertension: Insulin
resistance, a hallmark of Type 2 diabetes, is
closely linked to the development of
hypertension. Insulin frequently induces
vasodilation, promoting the relaxing of blood
vessels and improving blood circulation.™ In
individuals with insulin resistance, the
vasodilatory response is impaired, resulting in
heightened peripheral resistance and higher
blood pressure.57 Moreover, insulin resistance
leads to increased salt retention by the
kidneys, so elevating blood volume and
further raising blood pressure.”

1. RAAS activation in both conditions: The RAAS is
excessively active in both hypertension and
diabetes. In diabetes, hyperglycaemia and
insulin resistance stimulate the RAAS, leading
to increased concentrations of angiotensin 11
and aldosterone. These hormones promote
vasoconstriction, sodium retention, and
inflammation, all of which contribute to
hypertension.” The simultaneous dysfunction
of the RAAS explains the high incidence of
hypertension in diabetic people.”

ui. Endothelial dysfunction: Endothelial
dysfunction is a common pathophysiological
mechanism in hypertension and diabetes. In
diabetes, chronic hyperglycaemia damages
the endothelial cells of blood vessels, leading
to reduced nitric oxide production.”
Inadequate nitric oxide hinders proper
vasodilation, leading to increased peripheral
resistance and hypertension. Hypertension
exacerbates vascular damage, creating a
harmful cycle of endothelial injury and
elevated blood pressure.”

w Inflammation and oxidative stress: Chronic
inflammation and oxidative stress are pivotal
contributors to the onset of hypertension
and diabetes.” Hyperglycaemia in diabetes
prompts the production of reactive oxygen
species (ROS), leading to oxidative damage to
cells, including endothelial and smooth
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muscle cells in blood vessels.” Oxidative
stress causes arterial stiffness and
inflammation, both of which lead to
hypertension.” Hypertension similarly
increases oxidative stress in the vascular
system, hence accelerating the progression
of diabetes-related complications.”

v. Obesity as a common risk factor: Obesity
represents a significant risk factor for
hypertension and diabetes, as excess body
fat exacerbates the pathophysiology of both
conditions.” Adipose tissue, particularly
visceral fat, secretes pro-inflammatory
cytokines that exacerbate insulin resistance
and vascular inflammation.” Furthermore,
obesity increases cardiac workload and
hypertension, hence complicating the
management of diabetes and hypertension
in obese patients.”

Complications arising from hypertension
and diabetes co-morbidity

The simultaneous presence of hypertension and
diabetes markedly clevates the risk of serious
consequences, predominantly concerning
cardiovascular health. These encompass:

i. Cardiovascular disease (C17D): Individuals
with hypertension and diabetes are at a
markedly increased risk of acquiring
cardiovascular diseases, such as coronary
artery disease, myocardial infarctions, and
cerebrovascular accidents.” The combined
consequences of insulin resistance,
hyperglycaemia, and hypertension
accelerate the advancement of
atherosclerosis, or arterial stiffening. This
may lead to plaque buildup, narrowing of
blood vessels, and ultimately, blockages that
trigger heart attacks or strokes.”

2. Diabetic nephropathy and hypertension-induced
renal damage: Diabetes and hypertension
both contribute to renal impairment,
potentially culminating in chronic kidney

disease (CKD)." In diabetes, elevated blood
glucose levels damage the small blood vessels
in the kidneys, leading to diabetic
nephropathy.” Hypertension intensifies this
damage by increasing pressure within the
kidneys' filtration units, so further
diminishing their function.”” This
combination significantly elevates the risk of
end-stage renal disease (ESRD), requiring
dialysis or kidney transplantation.”

NI

ui. Retinopathy and microvascular complications:
Diabetes is a key factor in microvascular
problems, particularly diabetic retinopathy,
which affects the retinal blood vessels and
can lead to blindness.”" Hypertension
accelerates the progression of retinopathy by
increasing pressure in the retinal arteries,
leading to rupture or leaking. The combined
impact of hyperglycaemia and hypertension
leads to increased retinal damage and visual
impairment.”

2. Neuropathy: Diabetes-induced neuropathy
constitutes a substantial complication that
may be exacerbated by hypertension.” Both
conditions hinder circulation, depriving
nerves of the oxygen and nutrients essential
for proper function.” This leads to nerve
damage, particularly in the peripheral
nervous system, resulting in pain, numbness,
and functional deficits in the limbs.”

Clinical guidelines for treatment for
hypertension and diabetes co-morbidity

Managing eldetly people with hypertension and
diabetes necessitates a sophisticated,
interdisciplinary strategy, since both ailments
markedly elevate the danger of cardiovascular
incidents, renal failure, and other critical
complications.”” Clinical guidelines are
formulated based on comprehensive research and
expert consensus to guarantee that patients
receive optimal care while reducing unfavourable
consequences.” The primary objectives in
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managing hypertension and diabetes are to
regulate blood pressure and glucose levels,
mitigate the risk of complications, and enhance
overall quality of life.” In geriatric patients,
specific considerations are addressed due to
characteristics including frailty, polypharmacy,

. .« oy . 80
and the existence of several comorbidities.

The broadly referenced clinical guidelines for
managing hypertension and diabetes co-
morbidity in the elderly include
recommendations from the American Diabetes
Association (ADA), the American Heart
Association (AHA), the European Society of
Hypertension (ESH), and the European Society
of Cardiology (ESC)." These guidelines
emphasise a comprehensive, individualised
approach, which includes lifestyle interventions,
pharmacological therapy, and regular
monitoring of both blood pressure and blood
glucose levels.”

Blood pressure targets for elderly patients
with diabetes

Managing hypertension in elderly diabetic
patients necessitates meticulous evaluation of
blood pressure objectives to mitigate
cardiovascular disease risk while avoiding
adverse effects.” Excessive lowering of blood
pressure, especially in elderly individuals, may
result in negative consequences including
dizziness, falls, and diminished renal function.”
Clinical guidelines often advocate for a more
cautious strategy in managing blood pressure
among elderly adults relative to younger
demographics. Current recommendations from
organisations such the ADA, ESH, and ESC
indicate that a goal systolic blood pressure (SBP)
below 140 mmHg is suitable for the majority of
older adults with diabetes. Certain guidelines
advocate for even more personalised aims,
especially for old or weak patients.”

African Journal of Tropical Medicine and Bi

Optimal blood pressure target: For elderly patients
with diabetes, most guidelines suggest a blood
pressure target of 130-140/80-90 mmHg. This
range mitigates the risk of cardiovascular events
while minimising the likelihood of unfavourable
therapeutic effects.”

Consideration for frail elderly patients: Guidelines
advocate for more lenient blood pressure
objectives in frail elderly adults or those with
restricted life expectancy.” A systolic blood
pressure target of 140-150 mmHg may be
deemed acceptable, particularly if lower targets
induce symptoms like dizziness or exhaustion.”
The determination of particular blood pressure
targets must consider individual patient
characteristics, including age, overall health, co-
morbidities, and patient preferences.% The blood
pressure targets must be attained progressively to
avert abrupt declines that may result in problems
like hypotension and falls.”

Glycaemic control goals for elderly patients
with hypertension

Glycaemic control is critical in the management
of Type 2 diabetes in the elderly, as
hyperglycaemia contributes to cardiovascular
disease, kidney damage, and other
complications.” However, like blood pressure
targets, glycaemic goals should be individualised
based on the patient's overall health, risk of
hypoglycaemia, and co-existing conditions.”
HbATe target: Glycated haemoglobin (HbAlc) is
the primary measure used to assess long-term
glycaemic control.” For most elderly patients with
diabetes, guidelines recommend an HbAlc target
of 7.0-8.0%." This range helps prevent the
development of diabetic complications while
reducing the risk of hypoglycaemia, which can be
particularly dangerous in older adults.”

Relaxced glycaemic targets for frail patients: In eldetly
patients who are frail, have multiple co-
morbidities, or a limited life expectancy, a more
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relaxed HbAlc target of 8.0-8.5% may be
appropriate. This approach reduces the risk of
hypoglycaemia and other treatment-related
complications that could negatively impact

quality of life.”

Awvoiding hypoglycaemia: 1n elderly patients,
hypoglycaemia poses a serious risk, particularly
if they are on medications such as insulin or
sulphonylureas, which increase the risk of low
blood sugar.” Clinical guidelines emphasise the
importance of avoiding hypoglycaemia by
choosing medications with a lower risk of this
side effect and by setting appropriate,

individualised glycaemic targets.”

Pharmacological management of
hypertension and diabetes co-morbidity
The simultaneous occurrence of hypertension
and diabetes, especially in senior individuals,
poses a considerable difficulty for healthcare
professionals. Both illnesses independently
elevate the chance of cardiovascular diseases
(CVD), stroke, renal failure, and other
consequences.” When these conditions
coalesce, the risk of negative outcomes
escalates, rendering pharmacological
intervention essential for alleviating long-term
harm and enhancing quality of life.

Managing both conditions simultaneously
requires a careful selection of medications that
not only control blood pressure and blood

glucose but also protect vital organs such as the
heart and kidneys.” However, the presence of co-
morbidity in elderly patients introduces additional
complexities. Factors like polypharmacy, age-
related decline in organ function, frailty, and drug
interactions need to be carefully considered to
avoid adverse outcomes, such as hypoglycaemia

7,96

or hypotension.'”

Therapeutic goals for managing co-morbid
hypertension and diabetes

The primary goals in pharmacological
management of co-morbid hypertension and
diabetes are”:

1. Reduction of blood pressure to target
levels, minimising cardiovascular risk
without causing harm (e.g,, hypotension,
falls).”

i.  Achieving optimal glycaemic control to
prevent diabetic complications, while
avoiding hypoglycaemia, especially in
elderly patients.”

fii.  Minimisation of polypharmacy risks,
including drug interactions, side effects,
and the burden on eldetly patients, who
may be dealing with multiple medications

. .. 100
for various conditions.

Antihypertensive medications in diabetic
patients

Choosing antihypertensive agents for diabetic
patients requires an understanding of the
interplay between hypertension, diabetes, and the
patient's overall health status. Specific drug classes
are favoured for their ability to manage both
blood pressure and complications related to
diabetes. (Table 1)
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Table 1: Antihypertensive agents for diabetic patients

Drugs Notes Therapeutic Adverse effects References
effects
Angiotensin- ACE inhibitors, such  ACE inhibitors ACE inhibitors (o1
Converting as lisinopril and have been shown may cause side
Enzyme enalapril, are widely to reduce effects such as
(ACE) considered first-line cardiovascular risk  hyperkalemia (high
Inhibitors therapy for managing  and protect the potassium levels)
hypertension in kidneys, making and a persistent
patients with them ideal for cough, and they are
diabetes. They work  elderly diabetic contraindicated in
by inhibiting the patients who are at  patients with
renin-angiotensin- increased risk of advanced renal
aldosterone system both cardiovascular impairment or
(RAAS), which is and renal those who
often overactive in complications experience
diabetic patients. This angioedema
not only lowers
blood pressure but
also reduces the
progression of
diabetic nephropathy
by decreasing
proteinuria (the
presence of protein
in urine) and slowing
kidney damage
Angiotensin  ARBs, such as ~ ARBs reduce Similar to ACE (102.109)
IT Receptor  losartan and proteinuria, slow inhibitors, ARBs
Blockers valsartan, provide the progression can cause
(ARBs) similar benefits to of kidney disease,  hyperkalemia and

to side effects.

ACE inhibitors but
are often prescribed
when patients

cannot tolerate
ACE inhibitors due

and are well -
tolerated by m ost
patients.

must be used
with caution in
patients with
renal
insufficiency
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Drugs

Notes

Therapeutic
effects

Adverse effects References

Calcium
Channel
Blockers
(CCBs)

They work by
blocking the
angiotensin II
receptot, leading to
vasodilation and
reduc ed blood
pressure. Like ACE
inhibitors, ARBs
have
nephroprotective
effects and are
crucial for diabetic
patients who may
be progressing
toward diabetic

~ nephropathy

Calcium channel
blockers, like
amlodipine and
diltiazem, are
frequently prescribed
for aged people,
especially those with
isolated systolic
hypertension. These
drugs facilitate the
relaxation of blood
vessels, diminishing
vascular resistance
and decreasing blood
pressure.

Calcium channel
blockers (CCBs)
effectively lower
blood pressure
without negatively
impacting glucose
metabolism,
rendering them a
suitable choice for
diabetic
individuals. They
also mitigate the
risk of stroke, a
prevalent issue in
individuals with
both hypertension
and diabetes

CCBs may cause ' (104)
peripheral edema,
particularly in

elderly patients,

and should be

monitored in

patients with heart

failure
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Drugs Notes Therapeutic Adpverse effects References
effects
Thiazide Thiazide diuretics, Thiazides are In diabetic (105)
Diuretics such as effective at patients,
hydrochlorothiazide ~ decreasing blood  thiazides may
and chlorthalidone, pressure and increase blood
help manage have been glucose levels
hypertension by reported to lower  and potentially
reducing fluid the danger of worsen insulin
retention and stroke in resistance. They
decreasing bl ood hypertensive should be used
volume. They are patients cautiously in
often included as aged patients
part of combination with a history of
therapy in diabetic diabetes, and
patients to achieve potassium levels
optimal blood must be
pressure control monitored due to
the possibility of
» » hypokalemia
Beta- Beta-blockers, such Beta-blockers Beta-blockers can (100)
Blockers as metoprolol and provide mask the
carvedilol, are cardiovascular symptoms of
occasionally used in protection, hypoglycemia, such

hypertensive patients
with diabetes,
particulatly in those
with co-existing
coronary artery
disease or heart
failure. They work by
slowing heart rate
and reducing
myocardial oxygen
demand

particulatly for
patients with a
history of
myocardial
infarction or heart
failure

as tachycardia,
making them a less
favorable option
for patients who
are at high risk for
low blood sugar
episodes.
Additionally, non-
selective beta-
blockers can
potentially worsen
glucose tolerance,
making cardio-
selective agents

preferable

Antidiabetic drugs in Hypertensive Patients
In patients with diabetes and hypertension,
blood glucose control is critical to prevent
microvascular complications, such as
retinopathy, neuropathy, and nephropathy, as
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well as macrovascular complications like heart
disease and stroke. The pharmacological options
for diabetes management must take into account
the presence of hypertension to avoid adverse
effectsand drug interactions.” (Table 2)
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Table 2: Pharmacological options for diabetes management in hypertensive patients
Drugs Notes Therapeutic effects ~ Adverse effects ~ References
Metformin Metformin is the Metformin has Metformin should ~ (107.108)

first-line treatment  cardiovascular benefits  be used with

for Type 2 diabetes  and helps with weight  caution in elderly

in most patients. It ~ management, making  patients with renal

works by reducing it a strong choice for ~ impairment due to

hepatic glucose elderly patients who the risk of lactic

production and are overweight or at acidosis.

improving insulin risk for cardiovascular ~ Monitoring renal

sensitivity. It is diseases. function is

particularly useful in essential in this

hypertensive population

patients with

diabetes because it

does not cause

weight gain or

hypoglycemia, two

major concerns in

elderly populations
Sulfonylureas Sulfonylureas, such  Sulfonylureas are The risk of (109

as glipizide and effective at controlling  hypoglycemia,

glyburide, work by~ blood glucose levels in  particularly in

stimulating the the short term, and eldetly patients

pancreas to release
insulin. These drugs
are cffective at
lowering blood
glucose but have a
higher risk of
causing
hypoglycemia,
particularly in
eldetly patients

their relatively low
cost makes them
accessible

with declining
kidney function or
irregular eating
patterns, makes
sulfonylureas less
ideal. Newer
agents with a
lower risk of
hypoglycemia are
generally
preferred in
elderly
populations
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Drugs Notes Therapeutic effects ~ Adverse effects References
Dipeptidyl DPP -4 inhibitors, DPP-4 inhibitors are ~ DPP-4 (19
peptidase-4 such as sitagliptin weight -neutral, have  inhibitors, while
(DPP-4) and saxagliptin, a low risk of typically well -

Inhibitors are a newer class hypoglycemia, and tolerated, may
of drugs that can be safely pose a
increase insulin combined with other ~ somewhat

Glucagon-like
peptides-1
(GLP-1)
Receptor

Agonists

release and
decrease glucagon
levels. These
drugs are
generally well -
tolerated and have
a low risk of
causing
hypoglycemia,
making them
suitable for eldetly
patients with co -
morbid
hypertension and
diabetes

GLP-1 receptor
agonists, such as
liraglutide and
exenatide, are
injectable
medications that
enhance insulin
secretion, suppress
glucagon release,
and promote weight
loss. These agents
have shown
cardiovascular
benefits, making
them an attractive
option for patients
with both diabetes
and hypertension

antihypertensive and
antidiabetic
medications

GLP-1 receptor
agonists not only
improve glycemic
control but also
promote weight loss
and provide
cardiovascular
protection, reducing
the risk of adverse
outcomes in
hypertensive patients
with diabetes

elevated risk of
heart failure in
certain patients,
particularly
those with pre -
existing
cardiovascular
problems

The main
drawbacks of
GLP-1 receptor
agonists are
gastrointestinal
side effects, such
as nausea, and the
need for
injections, which
may be less
desirable for
eldetly patients
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Drugs

Notes

Therapeutic effects

Adverse effects

References

Sodium-glucose

SGLT -2 inhibitors,

transporter such as
protein-2 empagliflozin and
(SGLT-2) canagliflozin,
Inhibitors lower blood
glucose by

promoting the
excretion of
glucose in the
urine. These drugs
also offer
significant
cardiovascular and
renal benefits,
making them a

SGLT -2 inhibitors
have demonstrated
efficacy in
diminishing the
chance of heart
failure and
decelerating the
advancement of
renal disease in
diabetic individuals,
rendering them a
robust option for
aged patients with
concomitant
hypertension

SGLT -2
inhibitors can

Q)

cause urinary
tract infections
and dehydration,
particularly in
eldetly patients.
Proper hydration
and monitoring
of renal function
are important
when using
these
medications

valuable addition
to the treatment
regimen for
patients with both
hypertension and
diabetes

Special considerations for elderly patients
Elderly patients present unique challenges in the
pharmacological management of hypertension
and diabetes.” Age-associated alterations in
drug metabolism, polypharmacy, frailty, and
comorbid conditions must all be considered to
avoid adverse outcomes.'’ Strategies for
managing these complexities include:

.

7.

711,

Dose adjustments: Lower starting doses and
slower titration of medications to avoid
adverse effects.’

Monitoring for drug interactions: Given the
likelihood of polypharmacy, careful
attention must be paid to potential drug-
drug interactions that could exacerbate side
effects or reduce the effectiveness of
therapy.’

Minimising the risk of hypoglycaemia: Elderly
patients, particularly those with declining
renal function or irregular meal patterns, are

at higher risk of hypoglycaemia. '’
Medications with a lower risk of
hypoglycaemia should be prioritised.

. Promoting medication adberence: Simplitying drug
regimens and using combination therapies
can reduce pill burden and improve
adherence in elderly patients, who may
struggle with complex treatment plans.'”’

Conclusion and Future prospects

Ageing is a natural physiological process
experienced by all individuals, and with
advancements in healthcare and living standards,
the average old population is anticipated to rise
over time. The rise in the older population also
correlates with a higher prevalence of non-
communicable diseases, such as hypertension and
diabetes mellitus. Indeed, there is a correlated rise
in co-morbidity between these two disorders.
Physiological alterations associated with ageing,
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including vascular rigidity, heightened insulin
resistance, and diminished pancreatic and renal
function, contribute to the elevated
susceptibility to diabetic hypertensive co-
morbidity. Moreover, the activation of the renin-
angiotensin-aldosterone system, endothelial
dysfunction, inflammation, oxidative stress, and
obesity are pivotal in the pathogenesis of both
disorders. This co-morbidity presents
considerable hurdles in therapeutic
management and, if not properly handled, may
result in heightened mortality and the
emergence of sequelae such as retinopathy,
neuropathy, and nephropathy, among others.
Managing older people with concurrent
hypertension and diabetes necessitates a
sophisticated, interdisciplinary strategy. Age-
associated alterations in drug metabolism,
polypharmacy, frailty, and comorbid conditions
must all be considered to avoid adverse
outcomes and promote adherence while
ensuring optimal efficacy. Attempts must also be
made to shift management patterns towards
personalised medicine with genetic profiling and
telemedicine with remote monitoring;

As the wotld's population ages, the prevalence
of hypertension and diabetes among the elderly
is expected to increase. This necessitates
ongoing research into novel techniques to
managing these co-morbid conditions, with a
particular emphasis on personalised medicine,
emerging technology, and more integrated care
models.

1. Personalised Medicine and Genetic Profiling:
Advances in genetic profiling and
personalised medicine hold the potential of
enabling more targeted therapy in
hypertension and diabetes treatment.
Understanding an individual's genetic
propensity enables healthcare providers to
tailor pharmacological treatments and
lifestyle suggestions to improve outcomes
and avoid complications.

2. Telemedicine and Remote Monitoring:
Telemedicine and remote monitoring
technologies are increasingly vital
instruments for controlling chronic diseases
in the senior demographic. Remote
surveillance of blood pressure, glucose
levels, and other health parameters facilitates
more proactive interventions, diminishing
the necessity for frequent clinic visits while
enhancing patient outcomes through early
treatment.

3. Integrated Care Models: Future care for elderly
people with co-morbid hypertension and
diabetes is expected to take a more
integrated, multidisciplinary approach.
Coordination of therapy among physicians,
dietitians, physical therapists, mental health
professionals, and social workers ensures
that all aspects of a patient's health are
addressed, leading to better overall
outcomes.
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