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Abstract

Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disorder
characterized by insulin resistance and impaired glucose metabolism,
accounting for over 90% of all diabetes cases worldwide. The global
prevalence of T2DM has been rising rapidly, driven largely by lifestyle
factors such as poor diet, physical inactivity, and obesity. Conventional
treatments primarily focus on pharmacological interventions to manage
blood glucose levels and reduce the risk of complications. However, these
medications often come with side effects and may not address the
underlying causes of the disease. In recent years, increasing attention has
been directed toward alternative and complementary therapies, particularly
plant-based treatments, due to their potential to improve glycemic control
and reduce dependence on synthetic drugs. This review explores the
pathophysiology of T2DM, highlighting key mechanisms including insulin
resistance, beta-cell dysfunction, and systemic inflammation. It also

examines the therapeutic potential of various plant-derived compounds
such as flavonoids, alkaloids, terpenoids, and polyphenols, which have
demonstrated hypoglycemic, antioxidant, and anti-inflammatory properties
in both preclinical and clinical studies. Notable examples include
Gingerbread plum (Neocarya macropylla), bitter melon (Momordica
charantia), and cinnamon (Cinnamomum spp.). The review further
discusses the mechanisms by which these plant-based agents exert their
effects, such as enhancing insulin sensitivity, promoting insulin secretion,
and modulating glucose metabolism. Overall, while plant-based treatments
offer promising complementary strategies for managing T2DM, further
rigorous clinical trials are needed to validate their efficacy, safety, and
long-term benefits in diverse populations. Integrating plant-based therapies
with conventional care may provide a more holistic and sustainable
approach to T2DM management.
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Introduction

Diabetes mellitus (DM) is a group of metabolic disorders characterized by chronic hyperglycemia resulting from defects in
insulin secretion, action, or both with an increased risk of microvascular and macrovascular complications 2, Hematological
changes in diabetes are directly related to endothelial dysfunction and inflammation ). Hyperglycemia and its metabolic
syndrome may be associated with changes in the various hematological parameters, including the morphology, size, and
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physiological function of red blood cells (RBCs), white
blood cells (WBCs), and platelets 1.

Diabetes comprises many disorders that are characterized by
hyperglycemia. The current classification divides the
disorder into two main categories: Type 1 Diabetes (T1DM)
and Type 2 Diabetes (T2DM) P!, Historically, the distinction
between these two types has been based on several factors,
such as the onset age, the extent to which B cell function has
been impaired, the level of resistance to insulin, the presence
of auto-antibodies associated with diabetes, and the need for
insulin treatment to survive [¢1. However, these factors alone
do not provide a definitive answer to the question of which
type of diabetes is best suited to a particular condition, nor
do they cover the entire range of diabetic phenotypes.

Type 1 Diabetes Mellitus (T1DM)

Type ldiabetes was previously known as insulin-dependent
diabetes mellitus (IDDM), juvenile diabetes, or childhood-
onset DM. It is a condition in which beta cells are destroyed
due to an autoimmune process. This usually results in an
absolute insulin deficiency Bl Type 1 is typically
characterized by the presence of anti—glutamic acid
decarboxylase, islet cells, or insulin antibodies, which detect
the autoimmune process that destroys beta cells [,
Ultimately, all patients with type 1 diabetes will require
insulin therapy to maintain normal blood glucose levels.

Type 2 Diabetes Mellitus (T2DM)

Type 2 Diabetes was formerly known as non-insulin-
dependent-diabetes mellitus (NIDDM), type II, or adult-
onset diabetes. It is much more common than type 1
diabetes and constitutes about 90-95% of all cases of
diabetes ®1. This type of diabetes is characterized by two
primary insulin-related disorders: insulin resistance and J-
cell insufficiency 1% 11,

Prevalence of Diabetes

Diabetes is one of the fastest-growing global public health
emergencies of the 21 century it is associated with
metabolic, cellular, and blood disturbances. According to
the International Diabetes Federation (IDF), 537 million
people are living with diabetes. It is projected by 2045, 783
million people will have the disease worldwide. Diabetes
has devastating effects on individuals, societies, and
countries or territories and leads to over 4 million deaths a
year. It affects all ages, communities, and continents [,
Although its prevalence varies from region to region. In
2021, excluding the mortality risks related to the COVID-19
pandemic, the estimated number of adults between the ages
of 20 and 79 who died from diabetes or its associated
complications was estimated to be 6.7 million. This equates
to a 12.2% global mortality rate for all causes among adults
aged 20 to 79. Approximately 32.6% of all diabetes-related
deaths occurred among working-age individuals under the
age of 60, which equates to an 11.8% global mortality rate
among individuals aged under 60 [12],

In sub-Saharan Africa (SSA), the prevalence of diabetes
Mellitus is noteworthy, with an estimated 527 million cases
in 2021 and a concerning 416,000 deaths attributed to the
disease and related conditions, predominantly affecting
individuals between 20-79 years of age. The projected
escalation of diabetes cases in SSA, attributed to
demographic shifts and urbanization, is expected to bring
the regional total to approximately 696 million cases by
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2030 and 1.05 billion by 2045. The estimated People with
diabetes in Nigeria, was approximately 50 million in 2000,
75 million in 2011, 96 million in 2021, with projections of
125 million in 2030, and 191 million in 2045. This rapid
surge places SSA at the forefront of the diabetes burden
globally ['2l. The challenges faced by the sub-Saharan
African region in combating diabetes are multifaceted.
These include insufficient funding for non-communicable
diseases, limited availability of population-specific studies
and guidelines, medication scarcity, disparities between
urban and rural patients, and healthcare inequities between
the public and private sectors 3,

Pathophysiology of Type 2 Diabetes

Type 2 diabetes mellitus is the most common type of
metabolic disorder in the world. T2DM is caused by a
complex combination of factors, including defective insulin
secretion by pancreatic beta-cells and insulin resistance in
insulin-sensitive tissues 4. The disease is characterized by
a disruption of the mechanisms of action between insulin
and insulin secretion, resulting in elevated blood glucose
levels [, In the event of B-cell dysfunction, the body's
ability to maintain physiological glucose levels is impaired
due to a decrease in insulin secretion. Conversely, Insulin
resistance (IR) results in an increase in the production of
glucose in the liver and a decrease in glucose uptake in
muscle, liver, and fat tissue. Although both of these
processes occur ecarly in the pathogenesis process and
contribute to the onset of the disease, the disease is typically
more severe in B-cell dysfunction than in IR. However, in
both cases, hyperglycemia is amplified resulting in the
development of T2DM [16 171,

Risk Factor of Type 2 Diabetes (T2DM)

The risk factors associated with (Type 2 Diabetes mellitus
(T2DM) are a complex combination of genetics,
metabolism, and environment, which interact with each
other to contribute to its prevalence. While individual
predisposition to T2DM is largely due to non-negligible risk
factors (e.g., ethnicity, family history, and genetic
predisposition) with a strong genetic basis, epidemiological
studies suggest that a significant proportion of T2DM cases
can be avoided by addressing the primary modifiable risk
factors such as obesity, inadequate physical activity, and an
unhealthy diet [18 19,

Genetic factors have been found to play a significant role in
the risk of T2DM %211, In particular, Dimas et al identified
four genetic variants that were associated with insulin
resistance, two with reduced insulin secretion when fasting
high blood sugar was present, and nine with decreased
insulin secretion when fasting glucose was normal. This
study also identified one variant that was associated with
insulin processing 2. These findings suggest a polygenic
genetic architecture for T2DM and further research is
necessary to identify additional genetic factors associated
with the condition 231, Furthermore, interactions between
genetic susceptibility loci, as well as environmental factors,
may explain the persistence of T2DM heritability. This
implies that the effects of a particular genetic variant may be
affected by environmental factors and vice versa, as
supported by both observational and clinical trials.

Ethnicity and Family History is another risk factor for type 2
diabetes. T2DM prevalence and incidence rates across the
world vary significantly depending on ethnicity and
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geographical region, with Japanese, Hispanic, and Native
Americans being at the highest risk 4. Tt has been
demonstrated that Asian individuals are at a higher risk of
developing T2DM compared to the White American
population 1 and the White population in the United
Kingdom %, where the black population is at the highest
risk 27, Although no definitive causes have been identified,
potential contributing factors include modern lifestyle
factors (which contribute to obesity), socioeconomic factors,
and direct genetic predisposition or gene-environmental
interactions.

The risk of developing T2DM is highest in those with a
body mass index (BMI) >30kg/m? % and is associated with
metabolic abnormalities leading to IR. There is an inverse
linear correlation between BMI and age at T2DM diagnosis
(291, The exact mechanism by which obesity leads to T2DM
and is associated with IR is yet to be fully understood,
however, several factors have been demonstrated to play a
major role in this pathological pathway, which includes both
cell-independent mechanisms and inter-organ
communications.

Another risk factor is a sedentary lifestyle. Studies in
women with a sedentary lifestyle showed a 34% and 56%
reduction in developing T2DM, respectively, in participants
who walked 2-3 hours a day or at least 40 minutes a week
1301, Physical activity has three primary benefits in delaying
the onset of T2DM. First, it increases blood flow into the
skeletal muscle, increasing glucose uptake from plasma.
Second, it reduces intra-abdominal adipose tissue, which is a
well-known risk factor for IR. Third, moderate-intensity
exercise improves glucose uptake by 40%. Physical activity
improves glucose uptake and insulin sensitivity, but it also
improves or even reverses inflammation and oxidative
stress, both of which are risk factors for T2DM B,

Cellular Mechanism of T2DM

Insulin is produced by B-cells and is initially produced as
pre-insulin. During the maturing process, pre-insulin
undergoes conformational modification with the aid of
several proteins in the Endoplasmic Reticulum (ER),
resulting in the formation of proinsulin B2, Proinsulin then
translocate from the ER into the Golgi apparatus (GA),
where it partitions into immature secreting vesicles and is
broken down into C- peptide and insulin 3. Once mature,
insulin stores in granules until it is triggered by insulin
release. Insulin release is primarily triggered by high
glucose concentrations. However, some other factors (e.g.,
amino acids, fatty acids, and hormones) can also trigger
insulin release 4. When glucose levels rise in the blood, B-
cells absorb glucose primarily via the glucose transporter 2
(GLUT?2), a soluble carrier protein that also acts as a glucose
sensor for B-cells. As glucose enters, glucose catabolism
activates, increasing the intracellular ratio of ATP/ADP.
This results in the closure of ATP-dependent potassium
channels in the plasma membrane, causing membrane
depolarization and opening of the voltage-dependent Ca2+
channels in which Ca2+ can enter the cell. The rise in the
intracellular Ca2+ concentration triggers the priming and
fusion of the secretory insulin-containing granules to the
plasma membrane, resulting in insulin exocytosis [*31,
Traditionally, the cause of B-cell dysfunction is thought to
be the death of the B-cell B3 However, recent evidence
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suggests that the dysfunction of B-cells in T2DM might be
due to a more complex network of interactions between the
environment and different molecular pathways implicated in
cell biology. In an over-nourishment state, such as that
associated with obesity, there is often hyperglycemia and
hyperlipidemia are often present, favoring IR and chronic
inflammation. In these conditions, the B-cells (because of
their genetic susceptibility) are exposed to toxic pressures
such as inflammation, inflammatory stress, ER stress,
metabolic/oxidative stress, and amyloid stress, which may
ultimately result in loss of islet integrity [

Insulin Resistance refers to the reduced metabolic response
of insulin-sensitive cells to insulin or, at the systemic level,
the impaired/lower response to circulating insulin by blood
glucose levels B3¢l There are three main types of IR or
insulin deficiency: (1) diminished insulin secretion by [-
cells; (2) plasma insulin antagonists, due to counter-
regulatory hormones or non-hormonal bodies that impair
insulin receptors or signaling; and (3) impaired insulin
response in target tissues 7). Insulin activity is influenced
by the interaction of additional molecules, including growth
hormone and IGF-1, in the fed state. During fasting, the
insulin response is attenuated by glucagon, glucocorticoids,
and  catecholamines to  prevent insulin-induced
hypoglycemia. The insulin/glucagon plays a key role in this
regulation, as it determines the relative degree of
phosphorylation of enzymes downstream of the regulatory
signaling pathway. While catecholamines promote lipolysis
and glycogenolysis, glucocorticoids promote muscle
catabolism, gluconeogenesis, and lipolysis. Therefore,

excessive secretion of this hormone may be the cause of IR
[38]

Hematological Complication of T2DM

Blood is made up of red blood cells, white blood cells
(WBCs), and platelets, all of which perform vital functions
such as tissue oxygenation by the red blood cells, infection
control by white blood cells, and hemostasis by platelets.
Hematopoietic processes in mammals can be affected by a
variety of factors, including exposure to conventional drugs
1391, plant extracts environmental pollutants, malignancies,
and acute/chronic diseases.

Hematological parameters are regularly evaluated in
diabetic patients. Some of these, such as white blood cell
(WBC) count and hematocrit (HCT) level, have been linked
to insulin resistance and incident T2DM [, Numerous
studies examined the connections between hematological
parameters and the existence of degenerative complications
in type 2 diabetes. Hematological tests in animal diabetes
studies are critical to understanding the systemic impact of
diabetes on the hematopoictic system [“!. These tests
provide valuable insights into physiological changes and aid
in determining the overall health.

Hematological changes in diabetes are directly related to
endothelial ~ dysfunction  and  inflammation B,
Hyperglycemia and its metabolic syndrome may be
associated with changes in the various hematological
parameters, including the morphology, size, and
physiological function of red blood cells (RBCs), white
blood cells (WBCs), and platelets . Prolonged
hyperglycemia may cause an increase in reactive oxygen
species production (ROS), and the production of Advanced
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Glycation End Products (AGEs), which are directly related
to endothelial dysfunction and hematological alterations.
The excessive release of oxidative stress due to the
excessive production of ROS may result in tissue damage
and hematologic alterations such as impaired red blood cell
function (RBC), increased platelet hyperactivation, and
impaired endothelial function. Insulin resistance is also
linked to endothelial dysfunction; increased plasma levels of
inflammatory markers; increased white blood cell count; and
increased platelet hyperactivity, which may trigger and
precipitate vascular complications in patients with type two
diabetes (T2DM) 21, Furthermore, oxidative stress leads to
the dysfunction of red blood cells, the destruction of
platelets, and tissue injury, which in turn may affect blood
cell function and the hemostatic parameters, potentially
leading to complications. Accelerated atherosclerosis plays a
significant role in the development of diabetes. Platelet
activation plays a major role in inflammation.
Atherothrombotic processes contribute to the development
of cardiovascular disease (CVD) in a T2DM patient. Mean
platelet volume measures changes in either platelet
stimulation or platelet production rate and increases in MPV
have been observed in patients with diabetes with coronary
heart disease (CHD), nephropathy, and retinopathy ™31,

In general, hematological alterations have been reported in
patients with T2DM. However, current guidelines for
diabetes management do not suggest regular monitoring of
hematological parameters. Studies conducted in various
fields of study have yielded a variety of conflicting results.
For example, some studies indicated that there was no
clinically meaningful difference between diabetic and
healthy subjects in terms of RBCs Indexes (RBCs), WBC
Count, and Platelet Count, while another study indicated
that the RBCs, WBCs, and PLT Indexes in diabetic patients
were significantly higher than in healthy subjects 4. Other
studies indicated significantly lower RBC indices (RBCs
excluding RDW) and WBCs and PLT Indices in diabetic
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versus control groups.

Diagnosis and Treatment for T2DM

Since the discovery of diagnostic techniques such as urine
glucose and blood glucose tests to determine DM among
individuals, the diagnostic criteria for DM have been much
debated. The emphasis has been on measuring blood glucose
levels and responses to oral glucose challenges, but there
has been disagreement about the appropriate cutoff point for
correctly distinguishing diabetics from non-diabetics 41,
The World Health Organization (WHO) developed
diagnostic criteria for diabetes using the oral glucose
tolerance test (OGTT), in which the patient is given 75g of
glucose orally and their blood glucose level is measured two
hours later. If a patient's blood glucose level is higher than
normal, the patient is said to have impaired glucose
tolerance. A fasting plasma glucose (FPG) of >7.8 mmol/L
or an OGTT two-hour blood glucose of 11.1 mmol/L was
established as a diagnostic criterion for DM based on this
test. The American Diabetes Association (ADA) updated
and revised these guidelines in 2003, listing three
guidelines: (1) FPG of 7.0 mmol/L with symptoms of
hyperglycemia, (2) random blood glucose of 11.1 mmol/L,
or (3) a post-two-hour OGTT value of 11.1 mmol/L. The
diagnosis must be repeated on another day, and DM was
confirmed based on any of the three criteria. Although the
OGTT result is more sensitive and specific than FPG, it is
less reproducible, so FPG is preferred for screening and
diagnosing diabetes ('],

A comprehensive diagnostic criterion for diabetes has been
a source of ongoing debate because each method of glucose
measurement has its own set of drawbacks. Following
extensive deliberation, the WHO implemented an updated
guideline for diagnosing diabetes, as shown in Table 1.
WHO's diagnostic criteria were based on HbAlc
concentration, FPG level, and two-hour plasma glucose
value following a 75-g oral glucose tolerance test (OGTT).

Table 1: Criteria to diagnose diabetes mellitus by World Health Organization

Diagnosed with diabetes if Diagnosed with Impaired Diagnosed with Impaired Fasting
Diagnostic criteria one or more of the following | Glucose Tolerance (IGT) if both | Glucose (IFG) if any of the following
criteria are met criteria are met criteria are met
Fastine blood glucose > 7.0 mmol/L < 7.0 mmol/L 6.1 — 6.9 mmol/L (110 — 125 mg/dL)
& & (126 mg/dL) (126 mg/dL)
Two-hour plasma glucose after >11.1 mmol/L >7.8 and <11.1 mmol/L < 7.8 mmol/L
75g oral glucose load (OGTT) (200 mg/dL) (140 - 200 mg/dL) (140 mg/dL)
> 48 mmol/mol
HbAIC = 6.5%)
>11.1 mmol/L
Random blood glucose (200 mg/dL)

Type 2 diabetes mellitus (T2DM) is a multi-faceted disease
and risk factor, including genetic predisposition. Poor diet
and sedentary lifestyles are contributing factors to T2DM.
As we age and become more overweight and obese, our
bodies become more resistant to insulin, which is what
causes the pathogenesis of T2DM [!l. Healthy eating habits,
such as eating a Mediterranean diet and engaging in more
physical activity, are key to maintaining a healthy blood
glucose level. According to Chan et al, lifestyle changes,
such as ideal weight management, reducing saturated fat
intake, increasing fiber intake, and increasing exercise, can
reduce the incidence of diabetes-high-risk individuals [,
When lifestyle changes are not sufficient to lower blood

glucose levels, traditional or modern medication can be used
to help manage blood glucose levels.

Pharmacological Treatment

The emergence of diabetes since time immemorial has
prompted researchers from all over the world to investigate
various treatments and medications for this disease. This
investigation resulted in the discovery of numerous
medications, both traditionally prepared herbal medications
and pharmacological drugs. Thus far, there are numerous
classes of diabetes drugs available in the market, such as
biguanides, sulfonylureas, meglitinides, thiazolidinediones,
dipeptidyl peptidase- IV (DPP-4) inhibitors, a-glucosidase
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inhibitors, sodium-glucose transport protein 2, bile acid
sequestrants, GLP-1 receptor agonist, amylin mimetics and
insulin therapy ['. It is known that each of these diabetes
medication classes works by lowering blood glucose levels
through a different, targeted mechanism of action.

Plant-Based Treatment for Type 2 Diabetes Mellitus
Traditionally, various types of medicinal plants have been
used to treat diabetes and other ailments. There are over 400
different plant species that have been reported to have anti-
diabetic properties, even though not all of them have been
scientifically proven to have antidiabetic (7 48], In Nigeria,
the use of many plant species has been documented to have
powerful antidiabetic effects, thus making them of great
importance in treating diabetes.

Ethnomedicine has reported almost 1200 plant species used
to treat DM. The most commonly used plants to control
blood glucose levels are Persea Americana Mill, Mangifera
indica L., Moringa oleifera Lam., Momordica charantia L.
Aloe vera (L.) Burm.f, Cassia abbreviata Oliv, Allium
sativum L., Vernonia amygdalina Delile, Trigonella foenum-
graecum L., Rosmarinus officinalis L, Plantago ovate
Cinnamomum verum J. Pres, Ocimum tenuiflorum L.,
Gymnema sylvestre (Retz.), Zingiber officinale Roscoe to
mention but a few. These medicinal plants are a rich source
of phytochemicals such as flavonoids, terpenoids, saponins,
carotenoids, alkaloids, and glycosides, which contribute to
antidiabetic activities. In most of the medicinal plants and
secondary metabolites used for the treatment of DM, the
antidiabetic mechanisms of action involve regulation of
insulin signaling pathways, translocation of GLUT-4
receptor, activation of PPARy and inhibition of intestinal a-
amylase and a-glucosidase.

Neocarya Macropylla

Neocarya macrophylla (Sabine) Prance (formerly) Parinari
macrophylla Sabine is commonly known as Gingerbread
plum or Neou oil trees. It belongs to the Chrysobalanaceae
family which is composed of 17 genera and 525 species
widely distributed along coastal savannahs from Senegal to
Liberia, woody savannahs of Southern Mali, Niger, and
Northern Nigeria 4% 481,

Taxonomic Classification of Neocarya Macrophylla

Kingdom Plantae

Phylum Tracheophyta

Class : Magnoliopsida

Order Malpighiales

Genus Neocarya

Species Macrophylla (48]

Phytochemical Composition

Phytochemical tests on Neocarya macrophylla show that it
contains a bunch of different compounds, like
carbohydrates, alkalis, flavonoids, anthraquinone, saponin,
tannin, glycoside, steroids, and triterpene 14481,

Traditional Use

Neocarya macrophylla has been widely used in the Northern
part of Nigeria for the treatment of a variety of diseases,
such as asthma, dysentery, inflammation, pulmonary issues,
skin infection, and wounds %481,
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Aqueous stem bark extract of Neocarya macrophylla was
found to possess antidiabetic properties 1. Short term
toxicological analysis of NM seed oil based diet in albino
rats did not show any major significant changes in the
hematological parameters in the experimental animals
compared with the controls on their hematological
parameters also a study conducted by on the Assessment of
acute and sub-chronic toxicological effects of Neocarya
macrophylla seed cake on wistar rats Shows no Significant
Changes In the hematological Parameters 5%,

Conclusion

Type 2 Diabetes Mellitus is a complex metabolic disorder
with rising global prevalence, driven largely by lifestyle
factors. Conventional treatments remain essential, yet
growing evidence supports the potential of plant-based
therapies as complementary approaches. These natural
remedies, rich in bioactive compounds, may aid in glycemic
control and reduce complications. Further research and
clinical trials are needed to validate efficacy and safety, but
plant-based treatments hold promise as sustainable, holistic
options in diabetes management.
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