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ABSTRACT 
In the last few years, there has been exponential growth in the field of herbal medicine in both developing and 
developed countries because of their natural base without side effects. A comprehensive review was conducted 
to collect data about how to combine medicinal plants with nanotechnology for the treatment of diabetes 
mellitus instead of hormonal treatments. Diabetes mellitus (DM) is a metabolic disorder, currently associated 
with morbidity, mortality and many long term complications in diabetic patients. Hyperglycemia is due to the 
insulin resistance or insufficient secretion of insulin. In India, the percentage of diabetes mellitus cases is 
rapidly increasing and at present, more than 40 million people have been affected i.e. it accounts for almost 
20% of the total diabetic population worldwide. Treatment of the DM patients was achieved by the use of oral 
hypoglycemic/antihypoglycemic agents and insulin. However, all these treatments have limited efficacy and 
have been reported with side effects. In order to overcome this problem, the researchers have been shifted to 
the use of other alternative medicines. Folkal or traditional medicines and extracts from different parts of 
medicinal plants have been extensively used as alternative medicines to control and manage diabetes mellitus. 
Nanotechnology can be defined as the science and engineering involved in the synthesis, design, 
characterization, monitoring, repairing, construction and control of the human biological system at the 
molecular level. Nanomedicine is the integration of nanotechnology in medicine for better human health care. 
Nanomaterials have unique physicochemical properties, such as high surface to mass ratio, ultra-small size, and 
high reactivity. These properties can be used to overcome the limitations of traditional DM treatments and 
diagnosis. 
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INTRODUCTION 

Diabetes mellitus 
International Diabetes Federation has estimated that the 
population of diabetic people will rise from 285 million, 
contributing 6.4% of the world adult population in 2010, 
to 438 million in 2030. India has been declared as the 
capital of diabetes in the world. Currently, 40.9 million 
people in India suffer from DM and in 2030 this number 
may increase to 79.44 million [1]. Diabetes mellitus is a 
syndrome which is characterized by hyperglycemia, 
caused a decrease in the production of insulin by 
pancreatic islet cells, leading to an increase in the level of 

blood glucose [2]. Diabetes insipidus is a condition 
characterized by the excretion of a large amount of urine, 
which cannot be reduced when fluid intake is reduced. 
This is due to antidiuretic hormone (ADH) also known as 
vasopressin which is secreted by the posterior pituitary 
gland. The symptoms of diabetes include weight loss, 
polyuria (excess urine), polydipsia (thirst) and polyphagia 
(excessive food) [3]. There are 3 major types of diabetes: 
Type 1 or insulin-dependent diabetes (T1DM), Type 2 or 
diabetes mellitus (T2DM) known as non-insulin-
dependent diabetes mellitus (NIDDM) and gestational 
diabetes [4]. T1DM is characterized by a deficiency in 
insulin production and in children, it is termed as juvenile 
diabetes. T2DM is caused by insulin resistance or reduced 
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insulin sensitivity combined with reduced insulin 
secretion. There are many current drugs, available to treat 
diabetes by remodeling of insulin sensitivity, booming the 
insulin production and cutbacking the amount of glucose 
level in blood. The detrimental effect of drug treatment is 
not always adequate in balancing the normal level of 
blood glucose [5].  
Available treatments for DM 
Currently, there are many drugs/medicines for treatment 
of diabetes mellitus, like:  

1. Non-hormonal treatment 
2. Hormonal treatment 
3. Medicinal plants 
4. Nano-particles 

Non-hormonal treatment 
There are many challenges in managing diabetes 
especially T2DM by nonhormonal drugs and also these 
drugs have side effects. Seven types of commonly used 
nonhormonal anti- hyperglycemic drugs recently remedy 
for the treatment of diabetes: sulfonylureas, glitazones, 
biguanides, alpha-glucosidase inhibitors (AGIs), 
meglitinides, sodium-glucose cotransporter inhibitors, and 
dipeptidyl peptidase-4 (DPP-4) inhibitors. Table 1 
contains the nonhormonal antidiabetes therapeutic agents 
and side effect of these agents, respectively. 

Table 1. The antidiabetes therapeutic agents and their 
side effects 

Antidiabetes 
agent Side effects Limitation 

Sulfonylureas Allergy, weight gain, 
and hypoglycemia 

Renal failure, hepatic 
failure, porphyria, 

pregnancy, and lactation 

Biguanides 

Gastrointestinal 
disturbance, lactic 
acidosis, And B12 

deficiency 

Chronic kidney diseases, 
pulmonary insufficiency 
and congestive cardiac 

Failure 
Alpha-

glucosidase 
inhibitors 

(AGIs) 

Flatulence, diarrhea, and 
abdominal pain   

Inflammatory bowel 
disease, renal And liver 
diseases, pregnancy and 

and lactation 

Sodium-
glucose co-
transporter 
inhibitors 

Genital mycotic 
infections, urinary tract 

infections, polyurea, 
hypotension, 

Hyperkalemia, increased 
LDL cholesterol 

Renal diseases, 
pregnancy and lactation. 

Dipeptidyl 
peptidase-
4(DPP-4) 
inhibitors 

Nausea, vomiting, 
diarrhea, 

nasopharyngitis, and 
pancreatitis. 

Hypersensitivity 
reaction, history of 

pancreatitis and renal 
failure. 

 
Alpha-glucosidase inhibitors (AGIs) 
AGIs are the enzymes, which inhibit disaccharides by 
breaking them down into monosaccharides in the 

intestinal brush border and decrease the glucose level in 
the body [6]. AGIs have some limitations such as 
gastrointestinal side effects including flatulence, 
abdominal bloating and cramping. Due to these effects, 
many of the patients are unable to tolerate, and stop 
taking medicines. 
Biguanides 
Metformin is the most commonly used first-line oral 
nonhormonal treatment which is specially prescribed for 
T2DM. About 20-30% of diabetics withdrew from taking 
this drug due to its gastrointestinal-related side effects in 
certain conditions like renal failure, acute illnesses, and 
dehydration, causing lactic acidosis [7]. Therefore, the 
patient must be educated and aware of the illness 
condition to avoid the complications. 
DPP-4 inhibitors 
DPP-4 inhibitors stimulate beta cells to release glucose-
dependent insulin and even inhibit the hepatic 
gluconeogenesis and decrease the glucagon secretion. 
Animal studies about DPP-4 suggested that they enhance 
the viability of pancreatic beta cells by inhibiting 
apoptosis, a process of natural cell death [8]. These agents 
are used as monotherapy or synergic with other oral drugs 
and insulin. The related side effects of these drugs include 
abdomen pain, nausea, vomiting, and anorexia [9].  
Sodium-glucose cotransporter (SGLT2) inhibitors 
Sodium-dependent glucose cotransporter (or sodium-
glucose-linked transporter 2, SGLT2) is a group of 
glucose transporters synthesized in the proximal 
convoluted tubules from which 90% of glucose is 
absorbed. Dapagliflozin, canagliflozin, and empagliflozin 
are the currently available drugs in the market [10, 11]. 
These drug-related side effects are urine tract infection, 
genital mycotic infection, and related increased urination 
and episodes of hypotension and hyperkalemia. 
GLP-I analog 
GLP-1 is a peptide hormone, which is secreted by L cells 
of the small intestine and leads to glucose-dependent 
insulin release. Once circulated in the body, GLP-1 is 
rapidly degraded by the enzyme DDP-4, because it has a 
half-life of 1-2 minutes and it is immediately cleared by 
the kidney. This natural peptide hormone i.e. GLP-1 
cannot be used for treatment, and GLP-1 receptor agonists 
are manufactured to bypass enzymatic degradation. There 
are two types of GLP-1 receptor agonists to treat T2DM: 
exenatide and liraglutide which are administered 
subcutaneously. Artificially synthesized GLP-1 has a 
mechanism similar to natural GLP-1 [12]. GLP-1 receptor 
agonists are very effective in reducing fasting as well as 
glucose excursion, and their combination with oral or 
basal insulin boost their effect [13]. Diabetic patients, 
using GLP-1 may suffer from nausea and vomiting. 
Taking liraglutide stimulates the C-cell hyperplasia and 
causes medullary thyroid carcinoma in rats [14]. 
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Insulinization 
Insulin therapy is not considered as the last treatment 
option, rather it should be preferred early in the treatment 
course of the disease. Early insulinization therapy helps 
the patient to achieve long term glycemic control and 
good quality of life, leads to rapid reversibility of 
glucolipotoxicity, decreases the inflammatory markers 
and cardiovascular risk. The patients on insulin therapy, 
achieve normoglycemia faster than the ones with oral 
therapy [15, 16]. 
Conventional human insulin (CHI) VS analog insulin 
Beta cells of the pancreas secrete insulin to maintain the 
glucose level in blood. It releases in two phases, firstly 
release by carbohydrate as a meal characterized by quick 
first-phage release followed by slower second phase 
release. CHI may not mimic the similar pharmacokinetics 
of analog insulin physiologically stimulating the 
normal/natural insulin pharmacokinetic profile. Human 
insulin takes at least 30 minutes for absorbance from 
subcutaneous tissue and peaks after 2 hours. The 
conventional basal Neutral Protamine Hagedorn (NPH) 
insulin has different rates of absorption through the 
subcutaneous tissue and its action takes place in less than 
24 hours, resulting in fast hyperglycemia and nocturnal 
hypoglycemia [17-19]. 
• Insulin therapy has many side effects, and 

hypoglycemia is the most common and serious 
complication about it [20].  

• Weight gain is the most common problem in 
insulin-treated patients and it is most commonly 
linked to the conventional insulin than the analogs 
[21].  

Future research for hormonal treatment 
As a future potential hormone therapy for diabetes 
mellitus, Betatrophin is a key hormone to stimulate beta-
cells in response to insulin resistance and obesity in mice. 
These findings are generated interest in the synthesis and 
development of antidiabetic drugs with betatrophin as an 
active agent [22] and it may cure the diabetics in the 
future.  
Leptin is a hormone secreted by fat cells. The main 
function of this hormone is to maintain the amount of fats 
stored in the body by adjusting both sensations of hunger 
and energy expenditure. When hunger is eliminated, 
leptin is secreted and circulated throughout the body and 
activates the leptin receptors in the nucleus of the 
hypothalamus. Leptin gene therapy in rat model shows an 
effective result in not only glucose tolerance in both T1 
and T2DM but also decreasing obesity and improving 
triglycerides [23, 24].  
Ghrelin is a peptide hormone, secreted from 
neuroendocrine ghrelin cells in the gastrointestinal tract 
and its function is to regulate hunger and energy balance. 

Gherlin is produced when the stomach is empty and when 
the stomach is full of food contents, its production is 
stopped. Pharmaceutical companies are trying to develop 
drugs that can target orexigenic or obesity-related 
functions of ghrelin and its receptor [25]. More studies 
are needed to determine the efficacy, safety, and clinical 
indications to treat diabetes and obesity in the future. 
Medicinal plants 
Medicinal plants are good sources of health-related 
therapeutic aids to treat diseases. Strong traditional 
medicine systems such as Unani, Chinese, and Ayurvedic 
systems have been born and practiced over the 2500 
years, especially in the eastern continent. 80 % of the 
people in developing countries prefer the medicines of 
these traditional systems for their primary health 
treatment [26]. The Indian Vedic literature like Charak 
Samhita reports the applications of medicinal herbs, 
plants, and their derivatives and extracts for diabetes 
mellitus treatment. Over 400 plants are identified against 
diabetes mellitus treatment in two third of the population 
around the world. There are many in vivo studies, already 
reported in various journals that have tested the 
hypoglycemic properties of plants on the animals [27,  
28].  
The plant family species, contributing to the management 
of hypoglycemic effects include Leguminoseae, 
Lamiaceae, Asteraceae, Rosaceae, Cucurbitaceae, 
Moraceae, Araliaceae and Euphorbiaceae. 
Antidiabetic properties of plants 
Azadirachta indica (Neem) is a large evergreen tree found 
all over India. The studies suggested that 200 mg/kg of 
the nimbidin seeds can reduce the blood glucose in 
alloxan-diabetic rabbits. The aqueous extract of tender 
leaves could potentially reduce the blood glucose level 
[29]. Ficus bengalensis known as banyan tree in English; 
is a large tree with aerial roots, found in all over India. A 
study conducted on alloxan diabetics rabbits and rats, as 
well as on diabetic people revealed that the bark of 
banyan can efficiently improve diabetes [30-32]. 
Pterocarpus marsupium (Roxb) is called as Indian 
Malabar in English and vijaysar in Hindi. It is a very large 
deciduous tree, 30 meters high found in hilly areas. 
Administration of the active compound, epicatechin, 
isolated from the ethanolic extract of bark, helps in 
lowering the blood glucose level of diabetic rats to near 
normal in hyperglycemic condition [33, 34]. 

Catharanthus roseus commonly called as Vinca rosea L., 
has antidiabetic properties when the alcoholic extract of 
the plant is given to the streptozotocin-induced diabetic 
rats and shows a remarkable effect in lowering of 
glycemia in both diabetic and normal rats [35]. The leaf 
of Bougainvillea spectabilis has hypoglycemic property. 
Pinitol is the compound isolated from the leaves of this 
plant and has a significant hypoglycemic effect in diabetic 
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and normal mice [36]. Coccinia indica known as kanduri 
in Hindi, grows in the state of Bengal and other parts of 
India. The ethanolic extract of this plant has reputational 
status in Bengal to reduce the glucose level in the urine of 
diabetes mellitus patients [37]. Mangifera indica (Mango) 

has an antidiabetic property used in the treatment of 
diabetes mellitus and the aqueous extract of its leaves has 
a good hypoglycaemic effect compared with the oral dose 
of chlorpropamide [38]. Cyamopsis tetragonolobus (India 
cluster bean) contains antidiabetic principle [39].  

Table 2: The names of the medicinal plants, their family and activity studied for hypoglycemic activity. 
SI plant name family activity Reference 

01 Cocos nucifera L Arecaceae Antidiabetes activity [40] 

02 Aloe vera Indian Aloe Ghikanvar Liliaceae NIDDM patients [41] 

03 Allium sativum   Liliaceae   Diabetic rabbits [42] 

04 Anemarrhena asphodeloides              Liliaceae   Diabetic mice [43] 

05 Allium cepa                                             Liliaceae   Diabetic rat [44] 

06 Phyllanthus amarus Euphorbiaceae Diabetic patients [45] 

07 Asteracantha longifolia Acanthaceae Diabetic patients [46] 

08 Bombax ceiba    Bombacaceae   Rats [47] 

09 Solanum verbascifolium   Solanaceae   Diabetic rabbit [48] 

10 Spinacea oleracea L   Solanaceae   Rabbit    [49] 

11 Bouvardia ternifolia Rubiaceae   Diabetes mice   [50] 

12 Ocimum sanctum Limiaceac Antidiabetes   [51] 

13 Opuntia streptacantha     Cactaceae Antihyperglycemic [52] 

14 Albizia odoratissima Mimoaceae   Antidiabetes [53] 

15 Brassica juncea Cruciferae Hypoglycemic   [54] 

16 Zygophyllum album Zygophyllaceae Antidiabetes [55] 

17 Vitex negundo Lamiaceae   Antihyperglycemic    [56] 

18 Acacia Arabica                                     Fabaceae Antidiabetes [57] 

19 Psidium guajava                                   Myrtaceae Antidiabetes [58] 

20 Bryophyllum pinnatum                          Crassulaceae   STZ rat                                               [59] 

21 Canarium schweinfurthii    Burseraceae    STZ rat                                               [60] 

22 Hintonia standleyana   Rubiaceae STZ rat                                               [61] 

23 Annona squamosa Annonaceae   STZ rat                                               [62] 

24 Momordica charantia Cucurbitaceae STZ mice [63, 64] 

25 Coscinium fenestratum   Menispermaceae     STZ rat                                             [65] 

 

Recent trends in the treatment of diabetes by using 
nanotechnology 
The present article discusses the potentiality and 
application of BioMEMS, polymeric nanoparticles, and 
oral insulin administration using polysaccharides as 
insulin delivery systems for diabetes treatment. There are 
a few limitations in the use of conventionally available 
drug delivery systems for treatment of diabetes including 
the diminished potency due to drug metabolism in the 
body, nonspecificity of the target, and altered effects. 
Biocompatible nanoparticles with optimized physical, 
chemical, and biological properties can overcome these 
limitations with effective drug delivery systems. These 
modern drug delivery system generations have significant 

advantages in comparison to conventional drug delivery 
systems. This review also discusses the need for 
nanoparticulate drug delivery systems, their limitations, 
advantages, and recent advances in their application in 
diabetes treatment. 
Nanoparticles for insulin delivery 
There are many types of currently available nanoparticles 
that are studied for their uses as drug delivery systems, as 
follows [66]. 

• Ceramic nanoparticles 
• Polymeric nanoparticles  
• Liposomes 
• Gold nanoparticles 
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The scientific community is working towards utilizing 
nanoparticle-based drug delivery systems in the treatment 
of diabetes-associated complications. The advantages and 
limitations of various types of nanoparticles are discussed 
in Table 3. 

Table 3: Advantages and limitations for different 
types of nanoparticles 

Types of 
nanoparticles Advantages Limitations 

Polymeric 
nanoparticles 

Degrade into biologically 
acceptable compounds by 

hydrolysis; lesser 
cytotoxicity; 

higher target-specificity; 
high level of insulin 

entrapment and ability to 
preserve insulin 

structure and biological 
activity; bypassing of the 
enzymatic degradation in 

the stomach 

Mucoadhesive 
polymeric 

nanoparticles may 
adhere 

nonspecifically 
to the surfaces they 

are 
not intended to 

(gastric mucosa, gut 
content) or remain 

trapped 
within the mucus. 

Ceramic 
nanoparticles 

Easy preparative 
processes; high 

biocompatibility; ultra-
low size (less than 50 

nm); good dimensional 
stability; protect the 

doped drug molecules 
against denaturation 
caused by changes in 

external pH and 
temperature; can be 

manufactured with desired 
size, shape and porosity; 
do not undergo swelling 

or porosity changes 

Poor permeability 
across the 

mucosal membrane 
and rapid 

mucociliary 
clearance 

mechanism of non-
mucoadhesive 

formulations for 
nasally administered 

insulin 

Gold 
nanoparticles 

Long term stability in 
terms of aggregation and 

good insulin loading; 
higher uptake of insulin 

across oral and nasal 
mucosa; 
improved 

pharmacodynamic activity 
of insulin 

Widespread 
distribution in 

organs like liver, 
lung, spleen, 

kidney, brain, heart, 
stomach 

and joints 

Liposomes 
Biodegradable, non-toxic 

and 
non-immunogenic 

Drug loading 
capacity remains 

inconclusive; 
captured by the 
human body’s 
defense system 

(reticuloendothelial 
system 

(RES)); post-
treatment 

accumulation in skin 
and eyes 

Nanotechnology in relation to medicinal plants 

Nanotechnology is knowing and controlling the matter 
generally in the range of 1-100 nm. The practice of 
nanotechnology in medicine is generally called as 
nanomedicine, which is the development of precise 
engineered materials at a smaller scale to innovate novel 
therapeutic and diagnostic modalities [67]. To prevent 
adverse side effects and to increase the drug 
bioavailability, it is required to use plant products for the 
synthesis of nanoparticles in the modern 
nanobiotechnology, named as phytonanoparticles [68, 
69]. Phytonanoparticles have the potential advantage by 
developing the Novel Drug Delivery System (NDDS) for 
treatment of various diseases like diabetes mellitus, 
asthma, cancer, etc. [70, 71]. Green synthesis of 
nanoparticles is an emerging field of nanotechnology. 
Biosynthesis of nanoparticles by using the plant extracts 
is a popular method because the plants are widely 
distributed, easily available, advanced in comparison to 
the physical and chemical methods, safe with no side 
effects, eco-friendly, cost-effective, and no need to use 
toxic chemicals in the synthesis [72].  
Solanum nigrum is a plant, which belongs to the 
Solanaceae family; many parts of the plant are used as 
traditional medicine. Due to this property, the plant was 
subjected to the synthesis of silver nanoparticles and 
reported the efficacy of S. nigrum mediated AgNPS as an 
anti-hyperglycemic activity on alloxan-induced diabetes 
rats [73, 74]. Costus pictus D, commonly called as spiral 
ginger, belongs to the family Cactaceae. It is known as an 
insulin plant, for a magical cure of diabetes mellitus. 
Leaves of this plant stimulate to build up insulin in the 
human body. In-vivo and in-vitro studies show the 
potential activity of the plant against the antidiabetic 
activity. The plant extract was used for the synthesis of 
silver nanoparticles against diabetes mellitus [75-77].   
Dioscorea bulbifera Eng; Yam, belonging to the family 
Dioscoreaceae, is commonly found in India.  The tuber 
has a significant activity such as antimicrobial, 
antihyperlipidemic, antitumor, and anti-inflammatory 
properties. Recently the synthesis of silver and gold 
nanoparticles with potent biological applications has been 
done on D. bulbifera [78, 79]. The plant extract has also 
been used to synthesize copper nanoparticles with a 
significant effect on anti-diabetic activity in in-vitro 
conditions [80]. Cassia fistula, a member of the 
Leguminosae family, has been used as Indian traditional 
medicine. The plant parts were used as medicine for the 
treatment of various diseases like anti-inflammatory, 
hepatoprotective, antitumor and antioxidant activity. The 
hexane bark extract of this plant had hypoglycemic and 
hypocholesterolemic activities [81, 82]. The efficacy of 
plants, chosen for the synthesis of gold-nanoparticles 
against streptozotocin-induced diabetic rat showed good 
recovery and had the promising agent against diabetes 
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mellitus and its associated complications [83]. Hibiscus 
sabdariffa L belongs to family Malvaceae and is 
commonly popular as Indian sorrel. This plant is 
commonly grown for the fiber and edible purposes and 
used as a native traditional medicine in India, Africa, and 
Mexico. The extract of the leaf and calyx of the plant 
found to have diuretic, hypotensive, blood pressure 
suppressive, antioxidant, antitumor and anticancer agents 
[84, 85]. The study also reported having effective 
antimicrobial and anti-diabetes mellitus agents [86]. H. 
sabdariffa extract was used to synthesis of ZnO 
nanoparticles as effective anti-diabetic drugs.   

CONCLUSION 

This review article had an attempt to review the treatment 
of diabetes mellitus by available drugs like hormonal, 
non-hormonal, medicinal plants, nanotechnology, and 
phyto-nanotechnology. Folklore medicinal plants are 
mostly used to treat diabetes mellitus in rural areas; 
because of the availability of a large number of medicinal 
plants in those areas. Uses of nonhormonal antidiabetic 
drugs carry risks, limitations, and side effects when 
prescribed in certain conditions in comparison to 
treatment with hormones like insulin and incretin-based 
hormonal therapy. In the present study, an attempt has 
been made to investigate the antidiabetic medicinal 
plants, which may be useful to the scientists, health 
professionals, and research scholar, working in the field 
of pharmacology and therapeutic development of anti-
DM drugs. Technical and scientific aspects of 
nanomedicine in related to diabetes have high and 
potential benefits but the safety of nanomedicine is not 
yet clear. Nanomedicine shows great potential for future 
diabetes management and at the moment, the suggested 
benefits in diabetic healthcare. Here we concluded that 
the use of nanomedicine in diabetic patients is in the 
initial stages, but it is rapidly progressing. Diabetes 
treatment has various remaining problems; nanomedicine 
is likely to be an essential and key technology for solving 
many of them and will be a critical technology in diabetic 
research. 
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