
INTRODUCTION
Hyperglycemia brought on by abnormalities in insulin 
secretion, action, or both is the hallmark of a class of metabolic 
illnesses known as diabetes mellitus (DM). Organs in various 
systems, like eyes, excretory systems, nervous systems, and 
cardiovascular systems, stop working as a result of chronic 
hyperglycemia and varied degrees of impairment in the 
metabolism of proteins, lipids, and carbohydrates.1 Nowadays, 
it is widely acknowledged that diabetes is a pandemic that is 
only now starting to spread over the world and that it impacts 
almost every country, demographic, and economic system. 
Industrialization and lifestyle changes have significantly 
impacted society, politics, the environment, and interpersonal 
relationships over the past 50 years.1 The International Diabetes 
Federation (IDA) reported that 415 million people had diabetes 
in 2015, and it is expected to rise to 640 million by the year 
2040. About 50% of diabetes patients are unaware of their 
illness, which increases the likelihood that they may develop 
diabetic complications. Sadly, the cost of controlling diabetes 
can occasionally become prohibitive in terms of the resources 
required and the number of civilian deaths.2 In 2015, diabetes 
and its associated issues accounted for over 12% of worldwide 
healthcare spending despite being linked to over 5.0 million 
deaths.3

Polyuria, f luid retention, loss of weight, sometimes link 
with polyphagia, and hazy eyesight are signs of severe 
hyperglycemia. Along with prolonged hyperglycemia, physical 
retardation and sensitivity to specific illnesses are possible 
complications. Many complications related to DM include 
dental disease, dysfunction of peripheral nerves, kidney failure, 
retinopathy, cardiac complications, stroke and diabetic foot 
syndrome.3,4 On the basis of etiology and pathophysiology, DM 
is classified as follows (1) Type 1 diabetes mellitus (T1DM), 
(2) Type 2 diabetes mellitus (T2DM), (3) Gestational diabetes 
mellitus (GDM) and other specific types of diabetes. 

Type 1 diabetes mellitus or, juvenile diabetes or insulin-
dependent diabetes, is a long-term illness. It is a genetic disease 
caused as a result of the devastation of the function of beta 
cells of islets of Langerhans that are present in the pancreas.5 
Type 2 diabetes mellitus is a genetic condition resulting in 
insulin resistance or deficiency. It is also known as adult-
onset diabetes. Several genes are involved, most of which are 
still unknown. These genetic components control a number 
of biochemical processes related to cell function, such as the 
production of β-cells, insulin secretion, and insulin’s activity 
at the cellular level. The generation of an enzyme is regulated 
by a distinct gene for every phase of this procedure. Any one 
of these genes can have a defect that restricts the synthesis of 
enzymes and prevents insulin from doing its job. Such a barrier 
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can inhibit the absorption of fatty acids and sugars by fat cells, 
enhance glucose absorption by the liver, increase triglyceride 
degradation, and result in numerous metabolic abnormalities. 
As a result, it might be challenging to comprehend the 
physiology of these complex disease.6

Gestational diabetes mellitus (GDM) is a class of diabetes 
observed in women who experience diabetes during her 
pregnancy. Β-cell deficits and elevated tolerance to insulin 
characterize GDM. In many circumstances, particularly in 
areas where diabetes and obesity are highly prevalent. These 
problems probably exist before pregnancy. The physiological 
alterations that transpire during gestation increase the stress 
on β-cells. Because of these pre-existing anomalies, women 
with a history of gestational diabetes are more likely to acquire 
type 2 diabetes (T2DM) in subsequent years after delivery.7 

One of the major healthcare issues of the 21st century is 
diabetes, particularly type 2 diabetes. Diabetes has grown 
to be a greater problem during the last 20 years, both in 
industrialized and developing nations. Diabetes is becoming 
more common among younger generations, which means that 
its effects will probably get worse. Diabetes can negatively 
affect productivity through premature morbidity and mortality. 
Since many phytoconstituents show significant antidiabetic 
activity, the development of phyto-formulations increased. 
Using pure bioactive molecule as compared to using whole fruit 
or other crude preparations for therapeutic or experimental 
reasons have several advantages. Novel drug delivery dosage 
forms provide higher bioavailability and ultimately higher 
therapeutic value against specific diseases. Pharmaceutical 
nanotechnology includes nanotools like liposomes, carbon 
nanotubes, niosomes, bilosomes, and phytosomes that improve 
the solubility and bioavailability of herbal extracts.8, 9

Various antidiabetic medicines are being developed 
using nanotechnology, showing significant potential. Silver 
nanoparticles showed notable diabetic wound healing activity 
on alloxan-induced diabetic rats. Administration of a single 
dose of silver nanoparticles lowered blood glucose. The 
generated Ag-NPs have the potential to be better antibacterial 
agents for the treatment of P. aeruginosa-contaminated 
wounds caused by diabetes, according to the current study.10 
Nanotechnology can be used as a promising tool that improves 
the bioavailability of pomegranate herbal extract and produces 
desired antidiabetic effect.
Pathophysiology of Diabetes Mellitus 
Usual physiology consists of food that we eat is broken down 
in the digestive system and absorbed into the blood flow. 
While some of the food is used right away, the majority of 
food is kept for later use. Particularly, this applies to fats and 
carbohydrates. Fat cells are where the fat is kept in order to be 
used as fuel. Carbohydrates are preserved as glycogen in the 
cells of the liver and muscles for later use as fuel, particularly 
for the central nervous system, which runs entirely on glucose. 
Insulin is required to transport glucose into the cells for use 
as fuel or storage. Additionally, it aids in the import of amino 
acids by all tissues and the preservation of fatty acids by fat 

cells. The effects of insulin deprivation thereafter cause a 
reverse of such mechanisms, thereby resulting in a condition 
similar to starving.11

Increased blood glucose levels, and physiological and 
behavioral actions are closely related. When blood glucose 
level is elevated, when the brain notices it, it signals the 
digestive system and other organs to decrease its effects 
via sensory neurons.12 The pancreas produces insulin from 
the beta cells of Langerhans as nerve signal is received. 
Released insulin is then stored in the cellular compartments. 
It subsequently enters the blood and travels to the body’s cells 
via the circulatory system. A series of intracellular processes 
activated after the interaction of insulin with insulin receptors. 
Each of these is performed by a distinct enzyme, which leads to 
the synthesis of a new protein known as a glucose transporter. 
Higher molecular weight nutrients like protein and glucose are 
readily taken in by cells when the glucose transporter moves to 
the cellular membrane or goes through it. Glucose transporter 
protein is produced by peroxisome proliferator-activated 
receptor-γ enzyme by producing messenger ribonucleic acid.13 
This enzyme also prevents the destruction of tissues occurs 
in hyperglycemia. Different types of cells need insulin for a 
variety of reasons. It promotes the preservation of important 
nutrients in the cells and their absorption into the cells. Insulin 
stimulates the production of glycogen and fat-producing 
enzymatic agents and it controls the decomposition of glycogen 
and fat-producing enzymes. In very little quantity glucose can 
also be synthesized from liver from gluconeogenesis. Among 
the most significant mechanisms causing the increased blood 
glucose level, either from insulin insufficiency or from insulin 
resistance, is glucose synthesis by the hepatic cells.12,14

In T1DM, degeneration of beta cells occurs from genetic 
or environmental factors that cause deficiency of insulin 
secretion. Along with beta cells, pancreatic alpha cell secretion 
function also disturbed and causes increased glucagon 
formulation. Usually, high blood glucose level causes a 
reduction in glucagon release; whereas, in people with T1DM, 
hyperglycemia has no effect on glucagon release (Figure 1).15

Figure 1: Pathogenesis of type 1 DM
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In T2DM, insulin resistance-related reduced insulin action 
and pancreatic beta-cell dysfunction-related decreased 
insulin production are the two primary pathophysiological 
abnormalities associated with diabetes where the pancreas 
makes less insulin than used to, and your body becomes 
resistant to insulin. Most cells change as a reaction to increased 
insulin resistance, which can offset the high demand for insulin 
and boost its supply. Generally speaking, the level of insulin 
resistance determines how little serum insulin is needed to 
sustain appropriate equilibrium of glucose, even if the amount 
is usually higher in relative terms (Figure 2).16

Treatment of diabetes includes regulation of blood glucose 
level and many physical activities with proper diet plan. 
Nowadays, T1DM treated with insulin therapy and T2DM 
treated using hypoglycemic agents.17 Many previous incidences 
cause limited use of glitazones and other hypoglycemic agents 
that are used to cure T2DM. Many synthetic drugs show 
side effects on complications of diabetes. Proactive steps are 
necessary to combat the rising rates of diabetes and obesity. 
Peroxisome proliferator-activated receptor (PPAR) regulation is 
a choice for developing side effects-free formulation. Bioactive 
molecules from the plants that control PPAR-linked processes 
can be used to form standardized formulations. According to 
the authors, PPAR activators (α, β/γ, δ ligands) are an effective 
therapeutic option to treat metabolic diseases. These ligands 
lower serum triglyceride (TG) and glucose levels, enhance 
insulin sensitivity, increase high-density lipoprotein (HDL) 
levels, and lower the danger of developing adult-onset diabetes. 
Pomegranate is a potential plant in this situation.18,19

Pomegranate is also known as Punica granatum Linn, 
a family of Punicaceae. In traditional Indian medicine, 
several portions of this plant are being used to treat various 
illnesses, most notably diabetes. In laboratory and clinical 
trials pomegranate juice was found to be efficient in reducing 
cardiac risk factors, and oxidation of low-density lipoproteins. 
Seeds and juice of pomegranate are well known for its use in 
various purposes like skin toning nose bleeding. Also, it is 
used as a nutritional medication for heart, skin, throat, lungs, 
eyes.20 Phytochemical constituents of pomegranate show many 
pharmacological and toxicological properties that contain 
antioxidant, anti-inflammatory, anti-cancer and so on.21,22

Chemical composition of a pomegranate can be given 
according to phytoconstituents present in each part of the 
pomegranate. Peels contain hydrolyzable tannins, phenolics, 

f lavonoids, ellagitannins, proanthocyanidine chemicals, 
minerals, and complex polysaccharides. The arils comprise 
water, sugars, pectin, organic acids, phenolics, and flavonoids 
(mostly anthocyanins). Seeds composed with many nutritional 
metabolites.23 Oil derived from seeds is high in polyunsaturated 
fatty acids such as linolenic and linoleic acids. Seeds also 
contain lipids such as punicic acid, oleic acid, stearic acid, 
and palmitic acid.24,25

Indications that Pomegranate Reduces the Risk of 
Diabetes 
Pomegranate seeds and flowers are being used for centuries 
for management of diabetes, heart disease. Recent advances 
in research facilitate an understanding of the pharmacological 
studies of this fruit. Various laboratory and clinical studies 
have demonstrated that pomegranate has potential antidiabetic 
activity. 
Effect of pomegranate peels 
In obese mice produced by a high-fat diet, pomegranate 
peel extracts have been demonstrated to lower inflammation 
and low-density lipoprotein (LDL) cholesterol.26 Aqueous 
pomegranate peel extract reduced lipid peroxidation in the 
heart, liver, and kidneys and blood glucose levels at 200 mg 
per kg. Pomegranate peel extract, which is high in polyphenols 
and lowers fasting serum glucose and raises insulin levels while 
also having an anti-lipid peroxidation effect, was administered 
to rats with diabetes induced by alloxan. In multiple animal 
intervention experiments, the extract improves glycemic 
control, increases the number of relative beta cells in rats with 
diabetes produced by alloxan, and decreases hepatocellular 
oxidative damage to lipids and circulating glucose levels in 
normal rats.27

An additional 3,5-dinitro salicylic acid assay experiment 
was conducted to explore the antidiabetic properties of 
pomegranate peel. Peel extract impeded the activity of 
α-amylase, an enzyme necessary for the breakdown of starch, 
and limited the conversion of oligosaccharides into glucose. 
Therefore, serum glucose levels were lowered by α-amylase 
blocking. Acarbose, the positive control, demonstrated a  
64.07 ± 1.43% restriction of α-amylase activity.28

Methanolic extract of antioxidant-rich pomegranate 
fraction was tested on three parameters i.e., human low-density 
lipoprotein oxidation, lipid peroxidation, and hydroxyl radical 
scavenging activity. The extract considerably suppressed the 
thiobarbituric acid technique, hydroxyl radical scavenging 
activity, and LDL oxidation at 100 ppm, with the results being 
56, 58, and 93.7%, respectively.29

Author assessed the impact of activity-based pomegranate 
peel separation on extracts made by sequential extraction 
followed by its fractionation’s antidiabetic potential. According 
to the findings, several fractions’ antioxidant and antidiabetic 
activities dramatically increased after crude extracts were 
fractionated. The peel active fraction’s antidiabetic effects 
could be attributed to increased glucose absorption and 
a-glucosidase inhibition. By preventing LDL oxidation and 

Figure 2: Pathogenesis of type 2 DM
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ACE, It was discovered that the active portion helped to lessen 
heart problems related to diabetes.30,31

The effects of peel extract on circulating glucose and levels 
of insulin in beta cell counts were investigated in healthy and 
diabetic rats for 28 days of treatment. The results showed that 
aqueous extract dramatically reduced serum glucose levels 
while insulin amount went higher in normal and insulin 
resistance treated rats. Beta cells were improved in pancreas. 
It was determined that by stimulating the renewal of beta 
cells, pomegranate peel water extract can lower blood glucose 
levels.32

Effect of pomegranate arils 
Study showed that aqueous extract of aril showed highest 
restriction of α-amylase when observed with petroleum ether, 
and dichloromethane extracts.28

When diabetic mice were given pomegranate juice, their 
peritoneal macrophages’ total peroxide level significantly 
decreased. Pomegranate Juice sugar fraction exhibited potential 
antioxidative effects on the J774 macrophage cell-line and on 
mouse peritoneal macrophages under diabetic conditions 
examined by higher oxidative stress. Glucose-containing juice 
sugar fraction decreased macrophage oxidative stress.33

Methanolic extract of seeds of pomegranate was examined 
for hypoglycemic activity. The 150, 300 and 600 mg/kg seed 
extract was given orally to streptozotocin-induced diabetic rats. 
Deplition in blood glucose level was observed by 40, 47, 52%, 
respectively, at the end of 12 hours. About 10% higher reduction 
in blood glucose level was observed as compared to positive 
control, chlorpropamide, known oral hypoglycemic agent.34, 35

Effect of pomegranate flowers 
In a folk medicines flowers are used for the treatment of 
pomegranate. Hydroalcoholic (50% v/v) extract of flower has 
been found to have hypoglycemic activity when extract given 
to the normal and alloxan induced diabetic rat. Extended 
oral therapy of flower extract of pomegranate (500 mg/kg) to 
Zucker fatty diabetic rats reduced heart triglycerides, plasma 
triglycerides, total cholesterol, and fatty acids.36

The peroxisome proliferator-activated receptor-a is 
activated by pomegranate flower extract (PFE). PPAR-a is 
a cardiac transcription factor that has a role in fatty acid 
absorption and oxidation in myocardial energy production, 
because of activation of PPAR-a, the absorption of lipids 
reduced. Due to this there could be decrease in triglyceride 
content in tissue. These findings show that pomegranate 
flower can be used as a nutraceutical to treat and prevent 
chronic illnesses with hyperlipidemia and impaired glucose 
metabolism.37

The primary substances with antidiabetic characteristics 
are polyphenols, which can influence blood sugar levels 
through a variety of mechanisms, such as by preventing 
gastrointestinal absorption of glucose or peripheral tissues 
from absorbing it. Diacetylated anthocyanins were found to 
have hypoglycemic effects in a 10 mg/kg dosage.38 

An atherosclerosis mouse model was supplemented with 
pomegranate flower extract (POMf) for three months, and the 

results showed a substantial decrease in the atherosclerotic 
lesion area as compared to the water-treated group. When set 
aside to the control group, mice treated using POMf, which 
contained greatest quantity of total dietary fiber (30.2%), 
experienced the largest reduction in lesion size (70%) and 
concurrent reductions in serum glucose and cholesterol 
levels.39

In industrialized nations, chronic diseases will become 
increasingly prevalent as people age. Pomegranate, an enriched 
origin of potent ingredients, has been used for traditional 
medicine for centuries.40 Heart disease, cancers, diabetes, 
rheumatoid arthritis, Alzheimer’s, and oral health issues 
are some of these chronic diseases. Significant antioxidant 
properties in pomegranates have potential health benefits. It was 
majorly used as a medicine. Pomegranate appears to provide 
a variety of medicinal effects. The phenols and antioxidants 
ellagitannin and anthocyanin are abundant in pomegranate 
juice. Many laboratory and human studies are pomegranate 
shows potent antioxidant activity. Recent studies have shown 
the effectiveness of peel extract inatherosclerosis.41,42

CONCLUSION
Extracts of pomegranate and their active components show 
higher efficiency in treating diabetes mellitus. They can 
provide safe and effective treatment for diabetes, minimizing 
side effects related to synthetic drugs. They have an impact 
on type 2 diabetes, mostly through combating reactive oxygen 
species’ negative effects by boosting the activity of specific 
antioxidant enzymes. Additionally, these fruit fractions show 
inhibition or activation of several transcriptional regulators of 
dextrose homeostasis, including nuclear factor-kB and PPAR-γ, 
and decrease resistin production. 

From the many studies it can be concluded that reduced 
blood glucose level is due to punicic acid, aqueous and 
methanolic extract of peel, and alcoholic extract of seed. Juice 
has significant effect on diabetes mellitus variables because of 
its constituents like antioxidants, polyphenols, and tannins.

FUTURE SCOPE
There are many important properties of pomegranate related 
to human health, still there is need to obtain more efficient 
data suggesting its use for extended studies on human. 
Numerous research detailing the antibacterial, antimicrobial, 
and antioxidant properties of pomegranates used in-vitro cell-
based assays need to be supplemented with in-vivo assays for 
greater accuracy. 

Even though diabetes mellitus costs a lot of money and 
creates serious health problems every year, not much progress 
has been made in terms of medicine availability or managing 
the illness. Furthermore, the limitations of the current 
patient preparations necessitate the use of straightforward, 
non-invasive methods with prolonged hypoglycemic effects 
and patient compliance. The progressive development in 
awareness of new approaches, formulations, and technologies 
in relation to the treatment of diabetes is demonstrated by 
nanoparticulate systems, where notable outcomes were 
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discovered. Pomegranate use in nanotechnology is still a very 
young topic of study, and only a small portion with this path 
was already traveled. Many additional studies on the safety 
and viability issues are required to find more uses.
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