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Abstract
Napoleonaea imperialis has been investigated for its potential antidiabetic effects 
due to its reported bioactive phytochemicals, although the underlying molecular 
mechanisms remain incompletely understood. The current study evaluated the 
effects of crude extract and fractions from N. imperialis leaves on G-protein-coupled 
receptors (GPCRs), AMP-activated protein kinase (AMPK), cyclic AMP (cAMP), insulin, 
glucagon, and glycated hemoglobin (HbA1c) in streptozotocin-induced diabetic 
rats. In phase one, 42 male albino rats of mean weight 140 g were divided into seven 
groups (n = 6/group): Group 1 (normal control), Group 2 (diabetic control), Group 3 
(drug control), Groups 4, 5, and 6 were the test groups administered 250, 500, and 
1,000 mg/kg of the crude extract, respectively, and Group 7 was normal rats receiving 
500 mg/kg of the extract only. There was a significant (p < 0.05) decrease in cAMP, 
glucagon, blood glucose, and HbA1c, as well as a significant (p < 0.05) increase in 
GPCR, insulin, and AMPK, in Groups 3–7 compared with Group 2. In phase two, 54 
animals (mean weight, 140 g) were divided into nine groups (n = 6/group): Group 1 
(normal control), Group 2 (diabetic control), Group 3 (drug control), and Groups 4–9 
received Fractions 1–6, respectively, for 28 days. The results showed that Fractions 
2, 5, and 6 (Groups 5, 8, and 9) significantly reduced cAMP, glucagon, blood glucose, 
and HbA1c, and increased GPCR, insulin, and AMPK, compared with Group 2. These 
findings suggest that the crude extract and fractions of N. imperialis ameliorated 
the studied indicators of diabetes and its complications in streptozotocin-induced 
diabetic rats. The possible synergistic action of the bioactive agents present in the 
leaves can account for these effects.
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1. Introduction
Diabetes mellitus is a protracted ailment as ancient as 
humans and is responsible for significant risk globally in 
the present era.1 It is the most common endocrine disorder, 
due to an imbalance in carbohydrate, fat, and protein 
metabolism. The distinctive feature of diabetes mellitus 
is hyperglycemia with or without glycosuria.2 Prolonged 
hyperglycemia is associated with protracted damage to 
the kidneys, eyes, heart, and blood vessels, resulting in 
several complications.3 Diabetes is a prevalent disease in 
society, and over the past two decades, there has been an 
increase in its occurrence.4 Data from the World Health 
Organization indicate that about 177 million individuals 
had diabetes in 2000; by 2030, this number is expected to 
reach 360 million.5 Hyperglycemia is also associated with 
a decline in high-density lipoprotein cholesterol and an 
increase in low-density lipoprotein cholesterol, thereby 
increasing the risk of coronary heart disease.6 Therefore, 
it is important to monitor both glucose and lipid levels.7 
Diabetes is associated with reduced concentrations of 
G-protein-coupled receptors (GPCRs), insulin, and AMP-
activated protein kinase (AMPK), and results in increased 
blood glucose concentration, glycated hemoglobin 
(HbA1c), glucagon, and cyclic AMP (cAMP). Presently, 
diabetes is managed by adjusting lifestyle, exercise, food, 
antidiabetic drugs, and insulin medications.8 Due to the 
severe side effects of the antidiabetic drugs (gastrointestinal 
side effects by metformin and alpha-glucosidase 
inhibitors; hypoglycemia/weight gain by sulfonylureas; 
and the expense and risk of hypoglycemia associated with 
meglitinides), it is difficult to manage diabetes.9 Despite 
impressive advances in recent years, there are insufficient 
antidiabetic medications. Consequently, phytomedicines 
have become relevant, and the quest for novel lead agents 
from plant origin has persisted. Researchers are currently 
focusing on safe, inexpensive plant-derived hypoglycemic 
medications.10 Of interest in this study is Napoleonae 
imperialis, a Nigerian folk medicinal plant with antibacterial 
and wound-healing effects in albino rats.11

Earlier research in our laboratory has revealed the 
antidiabetic, hepatoprotective, and antioxidant effects of 
N. imperialis in streptozotocin (STZ)-induced diabetic 
rats.12,13 However, the effects of the crude extract and 
fractions from N. imperialis leaves on metabolic signaling 
and glycemic control in STZ-induced diabetic rats have 
not yet been studied. Therefore, the objective of this study 
is to evaluate the effects of crude extract and fractions from 
N. imperialis leaves on GPCRs, AMPK, cAMP, insulin, 
glucagon, and HbA1c in STZ-induced diabetic rats.

2. Materials and methods 

2.1. Collection and authentication of plant material

Napoleonae imperialis was obtained from a native farm in 
the Umuariaga community, Umudike, Abia State, Nigeria, 
and was authenticated by a plant taxonomist in the 
Department of Plant Science and Biotechnology, Michael 
Okpara University of Agriculture, Umudike. The plant 
materials were carefully rinsed under running water, dried 
at room temperature (25 °C), milled, and weighed before 
extraction.

2.2. Extraction

Two hundred grams of the milled plant materials were 
soaked in 4 L of methanol for 48 h. The extract was filtered 
through a Whatman No. 1 filter paper, and the filtrate was 
air-dried at 40 °C and stored in the refrigerator for further 
use as the crude extract. During the experiment, the 
crude extract was freshly diluted with distilled water (20 
g of crude extract dissolved in 200 mL of water to obtain 
a stock solution of 100 mg/mL) before use. The fractions 
were obtained by fractionating the crude extract with 
increasing-polarity organic solvents (hexane, chloroform, 
ethyl acetate, and methanol). Fractions were collected, and 
thin-layer chromatography (TLC) analysis was performed. 
Fractions having similar retention factors (Rf) were 
pooled. Fractions with biological activities were subjected 
to biochemical analysis.

2.3. Experimental animals

Albino rats were purchased from the Breeding Unit, 
Department of Zoology and Environmental Science, 
University of Nigeria, Nsukka, and kept in clean iron 
cages under conditions of 24 ± 1 °C and 45%–50% relative 
humidity, with a 12 h dark–light cycle. They were allowed 
to acclimatize for two weeks. Commercial pellet diet (Vital 
Growers mash by Grand Cereals and Oil Mills, Nigeria) 
and water were given to the animals ad libitum.

2.4. Induction of diabetes

The animals were fasted overnight. Diabetes was induced 
in the animals by intraperitoneal injection of STZ dissolved 
in 0.1 M sodium citrate buffer of pH 4.5 at a dose of 65 mg/
kg body weight. After the injection, they had free access 
to food and water. The animals were allowed to drink 
5% glucose solution overnight to prevent hypoglycemic 
shock. The development of diabetes was established after 
one week of STZ injection. Albino rats with fasting blood 
glucose levels greater than 200 mg/dL were considered 
diabetic and used in the experiment.
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2.5. Experimental design

The experiment was conducted in two phases. In phase one, 
42 male albino rats (mean weight 140 g) were used in this 
research. The animals were divided into seven groups (n = 6/
group): Group 1 (normal [non-diabetic] control) received 
food and water only, Group 2 (diabetic untreated group) 
was diabetic rats without treatment, Group 3 (diabetic + 
drug control) was diabetic rats treated with 5 mg/kg body 
weight of the standard drug (glibenclamide), Groups 4–6 
(diabetic + extract) were diabetic rats orally administered N. 
imperialis leaves extract at 250, 500, and 1,000 mg/kg body 
weight, respectively, and Group 7 (normal [non-diabetic] 
+ extract) was normal rats receiving 500 mg/kg extract. 
The freshly prepared solutions were orally administered 
daily for 28 days, after which the animals were anesthetized 
with mild ether. Blood samples were collected by heart 
puncture and stored in plain sample bottles. Serum was 
separated immediately by centrifugation at 3,000×g for 15 
min. The supernatant (serum) was obtained and used for 
biochemical analyses. The animals used in this research 
were carefully and gently cared for in accordance with the 
National Institutes of Health’s guidelines for the care and 
use of animals in research. 

In phase two, 54 animals were divided into nine 
groups (n = 6/group): Groups 1–3 were identical to those 
in phase one, and Groups 4–9 (diabetic + fraction) were 
diabetic rats orally administered 500 mg/kg body weight 
of the bioactive Fractions 1–6, respectively, from the crude 
extract for 28 days. Serum was collected in plain sample 
bottles for biochemical analysis of bioactive fractions with 
antidiabetic effects.

2.6. Biochemical analysis

Fasting blood glucose was evaluated at various time 
intervals (weekly) to assess blood glucose levels using 
the ACCU-CHEK Active Glucometer (MODEL GB, 
Roche Diagnostics, Germany) with the glucose oxidase-
peroxidase method. HbA1c was assessed using the method 
described in a previous study.14 GPCRs (GPR120), AMPK 
(E-EL-H2268), cAMP (E-EL-0056), insulin (E-EL-H2665), 
and glucagon (E-EL-H2379) were assessed using enzyme-
linked immunosorbent assay (ELISA) according to the 
manufacturers’ instructions (Elabscience Biotechnology 
Co. Ltd., China).

2.7. Statistical analysis 

The data were analyzed using analysis of variance to 
determine statistical significance at the 95% confidence 
interval (p ≤ 0.05), and a Duncan multiple-range post 
hoc test was performed to compare groups. All statistical 

calculations were performed using SPSS 22.0 (IBM, United 
States).

3. Results

3.1. Effects of the crude extract from Napoleonae 
imperialis leaves on blood glucose level in 
streptozotocin-induced diabetic rats

In week four, there was a significant decrease (p < 0.05) 
in blood glucose levels in the treated groups that were 
orally given 250, 500, or 1,000 mg/kg of the crude extract 
compared with the diabetic untreated group, indicating 
that the crude extract can lower blood glucose levels 
(Figure 1). 

3.2. Effects of fractions from Napoleonae imperialis 
leaves on blood glucose level in streptozotocin-
induced diabetic rats

In week four, there was a significant decrease (p < 0.05) in 
blood glucose levels in the groups that were orally given 
Fractions 1–6 compared with the diabetic control (Figure 
2). This indicates that these fractions have antidiabetic 
effects.

3.3. Effects of crude extract from Napoleonae 
imperialis leaves on HbAIc, AMPK, insulin, glucagon, 
cAMP, and GPCRs in streptozotocin-induced diabetic 
rats

Table 1 shows that, in phase one, the AMPK, insulin, and 
GPCR levels of the diabetic control group (Group 2) were 
significantly lower (p < 0.05) than those of the normal 
control (Group 1), the drug control (Group 3), the test 
groups that orally received 250 (Group 4), 500 (Group 5), 
and 1,000 mg/kg (Group 6) of the crude extract, and the 
normal rat group that received 500 mg/kg extract (Group 
7). In contrast, the HbAIc, glucagon, and cAMP levels of 
Group 2 were significantly higher (p < 0.05) than those of 
Groups 1, 3–7.

3.4. Effects of fractions from Napoleonae imperialis 
leaves on HbAIc, AMPK, insulin, glucagon, cAMP, 
and GPCRs in streptozotocin-induced diabetic rats

Table 2 shows that, in phase two, the AMPK, insulin, and 
GPCR levels of the diabetic control group (Group 2) were 
significantly lower (p < 0.05) than those of the normal 
control (Group 1), the drug control (Group 3), and the 
groups that received Fractions 2 (Group 5), 5 (Group 8), 
and 6 (Group 9). In contrast, the HbAIc, glucagon, and 
cAMP levels of Group 2 were significantly higher (p < 0.05) 
than those of Groups 1, 3, 5, 8, and 9.
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Figure 2. Fasting blood glucose concentration in streptozotocin-induced diabetic rats treated with fractions from Napoleonae imperialis leaves. Values are 
presented as mean ± standard deviation (n = 6).

Figure 1. Fasting blood glucose concentration in streptozotocin-induced diabetic rats treated with crude extract from Napoleonae imperialis leaves. Values 
are presented as mean ± standard deviation (n = 6).
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Table 1. Serum HbAIc, AMPK, insulin, glucagon, cAMP, and GPCR levels of streptozotocin-induced diabetic rats administered 
with the crude extract from Napoleonae imperialis leaves

Groups HbA1c (%) AMPK (ng/mL) Insulin (ng/mL) Glucagon (pg/mL) cAMP (pg/mL) GPCR (pmol/L)

1 8.08 ± 0.18ᵈ 19.26 ± 0.45ᵃ 10.91 ± 0.03ᵃ 86.00 ± 1.22ᵇᶜ 83.80 ± 0.86ᶜ 10.90 ± 0.02ᵇ

2 11.01 ± 0.02ᵃ 11.53 ± 0.14ᵉ 8.38 ± 0.07ᶜ 114.80 ± 1.85ᵃ 120.60 ± 1.08ᵃ 8.54 ± 0.05ᵈ

3 8.97 ± 0.03ᵇ 16.34 ± 0.28ᵇ 10.73 ± 0.10ᵃ 89.20 ± 1.28ᵇ 86.00 ± 0.70ᵇᶜ 10.75 ± 0.06ᶜ

4 8.51 ± 0.17ᶜ 13.01 ± 0.47ᵃᵇ 10.33 ± 0.21ᵇ 89.20 ± 0.86ᵇ 87.40 ± 0.93ᵇ 10.50 ± 0.04ᶜ

5 8.87 ± 0.06ᵇᶜ 14.37 ± 0.34ᶜ 10.21 ± 0.07ᵇ 86.40 ± 1.12ᵇᶜ 85.60 ± 0.51ᵇᶜ 10.65 ± 0.04ᶜ

6 8.47 ± 0.14ᶜ 16.68 ± 0.44ᵇ 10.32 ± 0.20ᵇ 85.80 ± 0.86ᵇᶜ 84.00 ± 0.70ᶜ 10.79 ± 0.03ᶜ

7 7.27 ± 0.20ᵉ 19.82 ± 0.25ᵃ 10.12 ± 0.07ᵇ 84.00 ± 1.14ᶜ 81.40 ± 0.51ᵈ 11.01 ± 0.08ᵃ

Notes: Values are presented as mean ± standard deviation. Different lowercase letters indicate significant differences between treatments (p < 0.05). 
Group 1: Normal control; Group 2: Diabetic control (disease control); Group 3: Drug control (5 mg/kg glibenclamide); Group 4: Diabetic rats + 250 mg/
kg crude extract; Group 5: Diabetic rats + 500 mg/kg crude extract; Group 6: Diabetic rats + 1,000 mg/kg crude extract; Group 7: Normal rats + 500 mg/
kg crude extract. 
Abbreviations: AMPK: AMP-activated protein kinase; cAMP: Cyclic AMP; GPCR: G-protein-coupled receptor; HbA1c: Glycated hemoglobin.

Table 2. Effects of fractions from Napoleonae imperialis leaves on HbAIc, AMPK, insulin, glucagon, cAMP, and GPCRs in 
streptozotocin-induced diabetic rats

Groups HbA1c (%) AMPK (ng/mL) Insulin (ng/mL) Glucagon (pg/mL) cAMP (pg/mL) GPCR (pmol/L)

1 7.89 ± 0.05ᵇ 17.83 ± 0.09ᵇ 10.07 ± 0.05ᶜ 82.00 ± 2.00ᶜᵈ 83.00 ± 1.15ᵇ 10.86 ± 0.03ᵇ

2 10.58 ± 0.02ᵃ 11.80 ± 0.06ᵈ 8.37 ± 0.04ᵈ 112.67 ± 3.06ᵃ 117.00 ± 2.00ᵃ 8.82 ± 0.02ᵃ

3 7.49 ± 0.07ᶜ 16.84 ± 0.05ᶜ 10.75 ± 0.04ᵃ 87.00 ± 2.00ᵇ 86.00 ± 1.00ᵇ 10.69 ± 0.04ᵇ

5 7.61 ± 0.03ᶜ 17.98 ± 0.07ᵇ 10.40 ± 0.02ᵇ 85.00 ± 1.00ᵇᶜ 85.33 ± 1.53ᵇ 10.48 ± 0.02ᵇ

8 7.34 ± 0.05ᶜ 22.06 ± 0.06ᵃ 10.65 ± 0.03ᵃ 83.00 ± 0.58ᶜᵈ 83.67 ± 0.88ᵇ 10.82 ± 0.04ᵇ

9 7.10 ± 0.03ᵈ 22.29 ± 0.05ᵃ 10.86 ± 0.05ᵃ 81.00 ± 1.00ᵈ 83.00 ± 1.15ᵇ 10.94 ± 0.04ᵇ

Notes: Values are mean ± standard deviation. Different lowercase letters indicate significant differences between treatments (p < 0.05). This experiment 
focused only on the fractions (Fractions 2, 5, and 6) with the most antidiabetic effects. Therefore, further biochemical assay was carried out only on these 
fractions. Group 1: Normal control; Group 2: Diabetic control (disease control); Group 3: Drug control (5 mg/kg glibenclamide); Group 5: Diabetic rats 
+ Fraction 2; Group 8: Diabetic rats + Fraction 5; Group 9: Diabetic rats + Fraction 6. 
Abbreviations: AMPK: AMP-activated protein kinase; cAMP: Cyclic AMP; GPCR: G-protein-coupled receptor; HbA1c: Glycated hemoglobin.
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4. Discussion
Streptozotocin is a broad-spectrum antibiotic used to treat 
diabetes. In STZ-diabetic animals, β-cells of the islets of 
Langerhans are damaged, leading to a decline in insulin 
synthesis and secretion. Insufficient insulin secretion by 
β-cells leads to hyperglycemia.15,16

A significant elevation in fasting blood glucose 
concentration was observed in STZ-induced diabetic 
rats compared with normal rats, suggesting pancreatic 
β-cell destruction (Figure 1). Administration of the crude 
extract of N. imperialis leaf at different concentrations and 
bioactive Fractions 2, 5, and 6 resulted in a significant 
reduction in blood glucose compared with the diabetic 
untreated control at the end of the 28-day study (Figures 
1 and 2). These results may be attributed to the presence 
of bioactive compounds, such as flavonoids, which have 
been shown to enhance insulin production, and saponins, 
which increase hepatic glucokinase activity in an insulin-
like manner.17 Mba et al.18 revealed that N. imperialis leaves 
contain phytochemicals, such as flavonoids, steroids, 
terpenoids, phenols, tannins, glycosides, alkaloids, and 
saponins, which may enhance insulin production, protect 
functional pancreatic β-cells from further damage, or 
promote the regeneration of STZ-damaged β-cells.

Elevated non-enzymatic glycosylation is one of the 
potential mechanisms associated with hyperglycemia and 
vascular complications of diabetes. Excess glucose in the 
blood binds to the amino-terminal valine of the β-chain 
of hemoglobin, forming HbA1c.19 HbA1c concentration 
is an important marker of sustained glycemic control in 
individuals with diabetes mellitus.20 The result showed 
a significant increase in HbA1c in diabetic control rats 
compared with all other experimental groups, indicating 
poor glycemic control. We showed that crude extracts and 
Fractions 2, 5, and 6 from N. imperialis leaves significantly 
reduced HbA1c. Decreased HbA1c levels in the treated 
groups could result from enhanced insulin secretion by 
regenerated pancreatic β-cells in diabetic rats, thereby 
improving glycemic regulation.21,22 This study is consistent 
with several reports on the therapeutic effects of diverse 
antidiabetic plants on HbA1c levels in diabetic animals in 
short-term studies.23-25

AMP-activated protein kinase functions as an 
important metabolic regulator in both insulin-responsive 
tissues and tissues that respond to metabolic trauma by 
inhibiting the secretion of fatty acids and cholesterol, 
two energy-consuming pathways.26 AMPK is regarded as 
an ameliorative pathway for the management of diabetes 
and dyslipidemia27, and stimulation of AMPK enhances 
lipid and glucose breakdown.28 AMPK is also a crucial 

component of cellular metabolism and has been implicated 
in numerous metabolic diseases, including type 2 diabetes.29 
Our study revealed that crude extracts and Fractions 2, 5, 
and 6 from N. imperialis leaves enhanced AMPK activity in 
diabetic animals, demonstrating the relationship between 
the insulin-dependent AMPK pathway and diabetes 
mellitus. The hypoglycemic effect of crude extracts and 
fractions from N. imperialis leaves might be related to the 
restoration of AMPK activity, a non-insulin-dependent 
pathway, and an insulin-stimulated transport protein. 
Enhanced glucose uptake by skeletal muscle and reduced 
hepatic glucose production contribute to a reduction in 
blood glucose concentration. Our result is consistent with 
previous studies reporting an increase in AMPK activity 
in STZ-induced diabetic mice after treatment with a 
triterpenoid compound30 or curcumin.31

Insulin concentrations were lower in diabetic rats 
than in non-diabetic rats. This finding is consistent with 
other research using STZ to induce type 2 diabetes, which 
showed that STZ reduces insulin secretion by pancreatic 
β-cells.19 Supplementation with crude extracts and 
Fractions 2, 5, and 6 from N. imperialis leaves increased 
plasma insulin concentration compared with the diabetic 
untreated animals, leading to increased glucose utilization. 
The increased insulin secretion may be attributed to 
insulinotropic compounds in N. imperialis leaves, which 
enhance insulin release, thereby reducing blood glucose 
levels and improving lipid metabolism. These compounds 
may also protect pancreatic β-cells from further damage 
and potentially promote the regeneration and restoration 
of the islets of Langerhans.32

Glucagon is a peptide hormone secreted by alpha cells of 
the pancreas. It increases glucose and fatty acid levels in the 
bloodstream and is considered the major catabolic hormone 
in the body.33 Its action is the opposite of insulin’s, which 
reduces extracellular glucose.34 Glucagon usually increases 
serum glucose levels by stimulating gluconeogenesis and 
glycogenolysis.33 In our study, glucagon levels were higher 
in diabetic rats than in non-diabetic rats. Administration 
of the crude extract or Fractions 2, 5, and 6 of N. imperialis 
leaves significantly reduced glucagon levels compared 
with those in the diabetic animals. This reduction may 
reflect suppressed glucagon secretion, leading to decreased 
hepatic glycogenolysis and improved glycemic control. 
The observed effects may be attributed to insulinotropic 
compounds present in N. imperialis.35

Cyclic AMP is an intracellular second messenger that 
is generally stimulated by the binding of hormones and 
neurotransmitters to GPCRs. cAMP elicits several of its 
biological actions by stimulating cAMP-dependent protein 
kinase A (PKA), which also phosphorylates and regulates 
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downstream protein targets, ion channels, enzymes, and 
transcription factors.36 cAMP/PKA signaling controls 
glucose homeostasis at various stages, including insulin 
and glucagon production, glucose uptake, glycogen 
secretion and catabolism, gluconeogenesis, and neural 
regulation of glucose homeostasis. In our study, cAMP 
concentrations were higher in diabetic rats than in non-
diabetic rats. Administration of the crude extract and 
Fractions 2, 5, and 6 of N. imperialis leaves reduced cAMP 
concentrations compared with those in diabetic animals. 
This may decrease glycogen catabolism. Meanwhile, cAMP 
secretion may be affected by the insulinotropic compounds 
present in N. imperialis leaves.37

Glucose homeostasis is a strictly controlled metabolic 
process that involves numerous physiologic mechanisms 
and multiple tissues and organs (e.g., the endocrine 
pancreas, liver, gut, muscles, and adipose tissue). Hormones 
and other extracellular signaling compounds contribute to 
the control and crosstalk among these processes, thereby 
maintaining balanced glycemic regulation. GPCRs 
contribute to several of these mechanisms, including 
stimulating insulin secretion. In our study, GPCR 
concentrations were lower in diabetic rats than in non-
diabetic rats. This observation is consistent with previous 
findings using STZ to induce type 2 diabetes, which 
reported that STZ reduces GPCR concentrations.38

Supplementation with the crude extract and bioactive 
Fractions 2, 5, and 6 of N. imperialis leaves increased plasma 
GPCR concentration compared with diabetic animals, 
potentially increasing glucose utilization. The increased 
GPCR secretion may be attributed to the insulinotropic 
compounds present in N. imperialis leaves.32

5. Conclusion
Our study showed that subacute administration of the 
crude extract and Fractions 2, 5, and 6 of N. imperialis 
leaves exerted antidiabetic effects by reducing blood 
glucose concentrations in STZ-induced diabetic rats. 
Treatment with the crude extract and the active fractions 
significantly increased insulin levels and AMPK and 
GPCR activities while significantly decreasing glucagon 
and cAMP levels, thereby improving glucose homeostasis. 
These effects may enhance insulin activity, stimulate AMPK 
and GPCR signaling, and promote glucose uptake. The 
observed changes in AMPK, GPCR, insulin, glucagon, and 
cAMP levels are consistent with modulation of metabolic 
pathways associated with glucose homeostasis; however, 
direct mechanistic studies and chemical characterization 
of the bioactive constituents are required to confirm these 
relationships.

Acknowledgments
We sincerely appreciate the Department of Biochemistry, 
College of Natural Sciences, Michael Okpara University of 
Agriculture, Umudike, Abia State, Nigeria, for providing 
the facility for this study.

Funding
None.

Conflict of interest
The authors declare they have no competing interests.

Author contributions
Conceptualization: Obinna Joseph Mba
Investigation: All authors
Methodology: All authors
Writing–original draft: Obinna Joseph Mba
Writing–review & editing: Obinna Joseph Mba, Brian 

Onyebuchi Ogbonna

Ethics approval and consent to participate
The authors hereby declare that “Principles of laboratory 
animal care” (NIH Publication No. 85- 23, revised 1985) 
were followed in this study, as well as specific national laws, 
where applicable. All experiments were examined and 
approved by the appropriate ethical committee.

Consent for publication
Not applicable.

Availability of data
Data are available from the corresponding author on 
reasonable request.

References
1.	 Adewole S, Ojewole J. Protective effects of Annona muricata 

Linn. (Annonaceae) leaf aqueous extract on serum lipid 
profiles and oxidative stress in hepatocytes of streptozotocin-
treated diabetic rats. Afr J Tradit Complement Altern Med. 
2008;6(1):30-41. 

	 doi: 10.4314/ajtcam.v6i1.57071

2.	 Lanjhiyana S, Garabadu D, Ahirwar D, et al. Hypoglycemic 
activity studies on root extracts of Murraya koenigii root 
in Alloxan-induced diabetic rats. J Nat Prod Plant Resour. 
2011;1(2):91-104.

3.	 Liu B, Wang Y, Zhang Y, Yan B. Mechanisms of protective 
effects of SGLT2 inhibitors in cardiovascular disease and 
renal dysfunction. Curr Top Med Chem. 2019;19(20):1818-
1849. 

	 doi: 10.2174/1568026619666190828161409

https://doi.org/10.36922/ITPS026050006
https://doi.org/10.4314/ajtcam.v6i1.57071
https://doi.org/10.4314/ajtcam.v6i1.57071
https://doi.org/10.2174/1568026619666190828161409
https://doi.org/10.2174/1568026619666190828161409


INNOSC Theranostics  INNOSC Theranostics  
and Pharmacological Sciencesand Pharmacological Sciences Napoleonae imperialis and diabetes

Volume X Issue X (2026)	 8� doi: 10.36922/ITPS026050006

4.	 Brantner A, Al-Ajlani M, Zhou Y, Zhao H, Bian B. 
Screening for biological activities of the traditional Chinese 
medicine Fang Feng Tong Shen San. Int J Pharm Sci Res. 
2017;8(8):3278-3286.

5.	 Wild S, Roglic G, Green A, Sicree R, King H. Global 
prevalence of diabetes: Estimates for the year 2000 and 
projections for 2030. Diabetes Care. 2004;27(5):1047-1053. 

	 doi: 10.2337/diacare.27.5.1047

6.	 Forouhi NG, Wareham NJ. Epidemiology of diabetes. 
Medicine. 2019;47(1):22-27. 

	 doi: 10.1016/j.mpmed.2018.10.004

7.	 Sudasinghe HP, Peiris DC. Hypoglycemic and hypolipidemic 
activity of aqueous leaf extract of Passiflora suberosa L. PeerJ. 
2018;6:e4389. 

	 doi: 10.7717/peerj.4389

8.	 Chaudhury A, Duvoor C, Reddy VS, et al. Clinical Review 
of Antidiabetic Drugs: Implications for Type 2 Diabetes 
Mellitus Management. Front Endocrinol. 2017;8:6. 

	 doi: 10.3389/fendo.2017.00006

9.	 Usman B, Sharma N, Satija S, et al. Recent developments 
in alpha-glucosidase inhibitors for management of type-2 
diabetes: An update. Curr Pharm Des. 2019;25(23):2510-
2525. 

	 doi: 10.2174/1381612825666190717104547

10.	 Lankatillake C, Huynh T, Dias DA. Understanding glycaemic 
control and current approaches for screening antidiabetic 
natural products from evidence-based medicinal plants. 
Plant Methods. 2019;15:105. 

	 doi: 10.1186/s13007-019-0487-8

11.	 Aloh GS, Obeagu EI, Odo CE, Kanu UG, Mba OJ. Effect of 
methanol extract of Napoleonae imperialis on free radical 
scavengers and lipid profile of Wistar albino rats. Eur J 
Pharm Med Res. 2015;2(2):140-154.

12.	 Mba OJ, Omodamiro OD, Aja OA, Azubuike NJ, Okafor 
PN. Antidiabetic and antioxidant potentials of methanol leaf 
extract of Napoleonae imperialis in streptozotocin induced 
diabetic albino rats. J Biol Sci Mol Res. 2023;1(4):194-203.

13.	 Mba OJ, Omodamiro OD, Okafor PN, Maduagwu EN. 
Hepatoprotective effects of methanol leaf extract of 
Napoleonae imperialis in streptozotocin induced diabetic 
albino rats. World J Pharm Sci Res. 2023;12(5):85-99.

14.	 Nayak SS, Pattabiraman TN. A new colorimetric method for 
the estimation of glycosylated haemoglobin. Clin Chim Acta. 
1981;109(3):267-274. 

	 doi: 10.1016/0009-8981(81)90312-0

15.	 Kavalali G, Tuncel H, Goksel S, Hatemi HH. Hypoglycemic 
activity of Urtica pilurifera in streptozotocin-diabetic rats. J 
Ethnopharmacol. 2003;84(2-3):241-245. 

	 doi: 10.1016/s0378-8741(02)00315-x

16.	 Sellamuthu PS, Muniappan BP, Perumal SM, Kandasamy 
M. Antihyperglycemic effect of mangiterin in streptozotocin 
induced diabetic rats. J Health Sci. 2009;55(2):206-214. 

	 doi: 10.1248/jhs.55.206

17.	 Courtois P, Jijakli H, Ladriere L, Oguzhan B, Sener A, 
Malaisses W. Pharmacodynamics, insulinotropic action and 
hypoglycemic effect of nateglinide and glibenclamide in 
normal and diabetic rats. Int J Mol Med. 2003;11(1):105-109. 

	 doi: 10.3892/ijmm.11.1.105

18.	 Mba OJ, Aloh GS, Nwachukwu KC, Michael PO. 
Phytochemical Characterization, Acute Toxicity Studies 
of the Methanol Extract of Napoleonae imperialis Leaves. J 
Genet Cell Biol. 2020;3(3):194-198.

19.	 Kondeti VK, Badri KR, Maddirala DR, Thur SM, Fatima 
SS, Kasetti RB. Effect of Plerocampus santalinus bark, on 
blood glucose, serum lipids, plasma insulin and hepatic 
carbohydrate metabolic enzymes in streptozotocin-induced 
diabetic rats. Food Chem Toxicol. 2010;48(5):1281-1287. 

	 doi: 10.1016/j.fct.2010.02.023

20.	 International Expert Committee. International Expert 
Committee report on the role of the A1C assay in the 
diagnosis of diabetes. Diabetes Care. 2009;32(7):1327-1334. 

	 doi: 10.2337/dc09-9033

21.	 Luangpiom A, Kourjampa W, Junaimaung T. Anti-
hyperglycemic properties of Moringa oleifera Lam. Aqueous 
leaf extract in normal and mildly diabetic mice. Br J 
Pharmacol Toxicol. 2013;4(3):106-109. 

	 doi: 10.19026/bjpt.4.5371

22.	 Gandi RG, Sasikumar PO. Antidiabetic effect of Merremia 
emarginata Burm. F. in streptozotocin induced diabetic rats. 
Asian Pac J Trop Biomed. 2012;2(4):281-286. 

	 doi: 10.1016/s2221-1691(12)60023-9

23.	 Sharma M, Siddique MW, Shamim AM, Gyanesh S, Pillai 
KK. Evaluation of antidiabetic and antioxidant effects of 
Seabuckthorn (Hippophae rhamnoides L.) in streptozotocin-
nicotinamide induced diabetic rats. Open Conf Proc J. 
2011;2:53-58. 

	 doi: 10.2174/2210289201102010053

24.	 Kondeti VK, Badri KR, Maddirala DR, et al. Effect of 
Pterocarpus santalinus bark, on blood glucose, serum lipids, 
plasma insulin and hepatic carbohydrate metabolic enzymes 
in streptozotocin-induced diabetic rats. Food Chem Toxicol. 
2010;48(5):1281-1287. 

	 doi: 10.1016/j.fct.2010.02.023

25.	 Gopinathan S, Naveenray D. Antidiabetic activity of 
Clerodendrum phlomdis Linn and Gymnema sylvestre Linn 
in alloxan induced diabetic rats - a comparative preclinical 
study. World J Pharm Res. 2014;3(6):1640-1675.

https://doi.org/10.36922/ITPS026050006
https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.1016/j.mpmed.2018.10.004
https://doi.org/10.1016/j.mpmed.2018.10.004
https://doi.org/10.7717/peerj.4389
https://doi.org/10.7717/peerj.4389
https://doi.org/10.3389/fendo.2017.00006
https://doi.org/10.3389/fendo.2017.00006
https://doi.org/10.2174/1381612825666190717104547
https://doi.org/10.2174/1381612825666190717104547
https://doi.org/10.1186/s13007-019-0487-8
https://doi.org/10.1186/s13007-019-0487-8
https://doi.org/10.1016/0009-8981(81)90312-0
https://doi.org/10.1016/0009-8981(81)90312-0
https://doi.org/10.1016/s0378-8741(02)00315-x
https://doi.org/10.1016/s0378-8741(02)00315-x
https://doi.org/10.1248/jhs.55.206
https://doi.org/10.1248/jhs.55.206
https://doi.org/10.3892/ijmm.11.1.105
https://doi.org/10.3892/ijmm.11.1.105
https://doi.org/10.1016/j.fct.2010.02.023
https://doi.org/10.1016/j.fct.2010.02.023
https://doi.org/10.2337/dc09-9033
https://doi.org/10.2337/dc09-9033
https://doi.org/10.19026/bjpt.4.5371
https://doi.org/10.19026/bjpt.4.5371
https://doi.org/10.1016/s2221-1691(12)60023-9
https://doi.org/10.1016/s2221-1691(12)60023-9
https://doi.org/10.2174/2210289201102010053
https://doi.org/10.2174/2210289201102010053
https://doi.org/10.1016/j.fct.2010.02.023
https://doi.org/10.1016/j.fct.2010.02.023


INNOSC Theranostics  INNOSC Theranostics  
and Pharmacological Sciencesand Pharmacological Sciences Napoleonae imperialis and diabetes

Volume X Issue X (2026)	 9� doi: 10.36922/ITPS026050006

26.	 Jung EJ, Kwon SW, Jung BH, Oh SH, Lee BH. Role of the 
AMPK/SREBP-1 pathway in the development of orotic acid-
induced fatty liver. J Lipid Res. 2011;52(9):1617-1625. 

	 doi: 10.1194/jlr.M015263

27.	 Viollet B, Lantier L, Devin-Leclerc J, et al. Targeting the 
AMPK pathway for the treatment of type 2 diabetes. Front 
Biosci. 2009;14(9):3380-3400. 

	 doi: 10.2741/3460

28.	 Zhou G, Myers R, Li Y, et al. Role of AMP-activated protein 
kinase in mechanism of metformin action. J Clin Invest. 
2001;108(8):1167-1174. 

	 doi: 10.1172/JCI13505

29.	 Garcia D, Shaw RJ. AMPK: Mechanism of cellular energy 
sensing and restoration of metabolic balance. Mol Cell. 
2017;66(6):789-800. 

	 doi: 10.1016/j.molcel.2017.05.032

30.	 Kuo YH, Lin CH, Shih CC. Antidiabetic and 
Antihyperlipidemic properties of a triterpenoid compound, 
dehydroeburicoic acid, from Antrodia camphorata in vitro 
and in streptozotocin-induced mice. J Agric Food Chem. 
2015;63(46):10140-10151. 

	 doi: 10.1021/acs.jafc.5b04400

31.	 Jeon SM. Regulation and function of AMPK in physiology 
and diseases. Exp Mol Med. 2016;48(7):e245. 

	 doi: 10.1038/emm.2016.81

32.	 Shen Y, Fukushima M, Ito Y, et al. Verification of the 
antidiabetic effects of cinnamon (Cinnamomum zeylanicum) 
using insulin-uncontrolled type 1 diabetic rats and cultured 
adipocytes. Biosci Biotechnol Biochem. 2010;74(12):2418-
2425. 

	 doi: 10.1271/bbb.100453

33.	 Voet D, Voet JG. Biochemistry. 4th ed. Hoboken, USA: 
Wiley; 2011.

34.	 Reece J, Campbell N. Biology. San Francisco: Benjamin 
Cummings; 2002.

35.	 Habegger KM, Heppner KM, Geary N, Bartness TJ, 
DiMarchi R, Tschöp MH. The metabolic actions of glucagon 
revisited. Nat Rev Endocrinol. 2010;6(12):689-697. 

	 doi: 10.1038/nrendo.2010.187

36.	 Bos JL. Epac proteins: multi-purpose cAMP targets. Trends 
Biochem Sci. 2006;31(12):680-686. 

	 doi: 10.1016/j.tibs.2006.10.002

37.	 Bang J, Zippin JH. Cyclic adenosine monophosphate (cAMP) 
signaling in melanocyte pigmentation and melanomagenesis. 
Pigment Cell Melanoma Res. 2021;34(1):28-43. 

	 doi: 10.1111/pcmr.12920 

38.	 Cahill TJ 3rd, Thomsen AR, Tarrasch JT, et al. Distinct 
conformations of GPCR-β-arrestin complexes mediate 
desensitization, signaling, and endocytosis. Proc Natl Acad 
Sci USA. 2017;114(10):2562-2567. 

	 doi: 10.1073/pnas.1701529114

https://doi.org/10.36922/ITPS026050006
https://doi.org/10.1194/jlr.M015263
https://doi.org/10.1194/jlr.M015263
https://doi.org/10.2741/3460
https://doi.org/10.2741/3460
https://doi.org/10.1172/JCI13505
https://doi.org/10.1172/JCI13505
https://doi.org/10.1016/j.molcel.2017.05.032
https://doi.org/10.1016/j.molcel.2017.05.032
https://doi.org/10.1021/acs.jafc.5b04400
https://doi.org/10.1021/acs.jafc.5b04400
https://doi.org/10.1038/emm.2016.81
https://doi.org/10.1038/emm.2016.81
https://doi.org/10.1271/bbb.100453
https://doi.org/10.1271/bbb.100453
https://doi.org/10.1038/nrendo.2010.187
https://doi.org/10.1038/nrendo.2010.187
https://doi.org/10.1016/j.tibs.2006.10.002
https://doi.org/10.1016/j.tibs.2006.10.002
https://doi.org/10.1111/pcmr.12920
https://doi.org/10.1111/pcmr.12920
https://doi.org/10.1073/pnas.1701529114
https://doi.org/10.1073/pnas.1701529114

