
J. Pharm. Tech. Res. Management Vol. 10, No. 2 (2022), pp.157–167

Journal of Pharmaceutical Technology 
Research and Management

Journal homepage: https://jptrm.chitkara.edu.in/

©Author(s) 2022. This article is published with open access at https://jptrm.chitkara.edu.in.
ISSN No.: 2321-2217(Print) ISSN No.: 2321-2225(Online); Registration No. : CHAENG/2013/50088

Vol. 10 | No. 2 | Nov. 2022

1. Introduction
Diabetes mellitus is a group of metabolic disorders 
characterized by a chronic hyperglycaemic condition 
resulting from defects in insulin action, insulin secretion, or 
both (Ozougwuet al., 2013).Mainly there are three types of 
diabetes which include type-1 diabetes, type-2 diabetes, and 
gestational diabetes. Type 1 diabetes is also known as insulin-
dependent diabetes mellitus (IDDM). It generally begins in 
childhood and is also known as juvenile-onset diabetes. It is 
an autoimmune condition and happens when the pancreas 
is attacked by antibodies, causing damage to the organand 
nerfing its ability to make insulin.Type 2 diabetesis known 
as non-insulin-dependent diabetes mellitus (NIDDM). In 
this, the pancreas makes insulin, but it is inadequate, or 
the body does not utilize it as it should. It is also known 
as adult-onset diabetes.Gestational diabeteselevates blood 
sugar levels during pregnancy (Goldenberg&Punthakee, 

2013).Various approaches are available in the treatment 
of diabetes, are oral and injectable drugs, but due to their 
limitations like lower bioavailability, degradation of the 
drug in the gastrointestinal tract, first-pass metabolism, etc. 
To tackle these limitations, scientists are approaching novel 
drug delivery systems, and nanoparticles are one of the novel 
approaches. A nanoparticle is a tiny particle that ranges in 
size from 1 to 100 nanometers. Nanoparticles, which are 
invisible to the naked eye, can have radically different 
physical and chemical characteristics than their bigger 
material counterparts. This review contains details about 
the silver and gold nanoparticles obtained from various 
biological sources used to treat diabetes.

1.1. Diabetes Prevalence and Incidence Rate
There has beena whopping increase in the number of people 
with diabetes in India in the last three decades. Diabetic 
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patients have increased from 26 million in 1990 to 74.2 
million in 2021[3]. The prevalence ratein India was found 
to be 9.6% (74.2 million), according to International 
Diabetes Federation (IDF). The global diabetes prevalence 
in 2021 is estimated to be 10.5% (537 million) which will 
rise to 643 million by 2030 and 783 million by 2045 (Sun 
et al., 2022).

1.2. Available Approaches and their Drawbacks
Different types of existing therapies for the treatment 
of diabetes, along with their challenges, are as 
follows(Kesavadevet al., 2014)-

1.2.1. TYPE-I

1.2.1.1. Insulin prescription 
A large population in India lives in rural areas, so their 
treatment is carried out by primary healthcare doctors with 
limited knowledge of insulin regimens(Hayeset al., 2008). 
Specialist endocrinologists and diabetologists give their 
treatment in cities, and their fees are also high, which is the 
primary reason many people are devoid of proper insulin 
regimen therapy. 

1.2.1.2. Monitoring and therapy compliance 
Self-monitoring blood glucose, following a proper diet, and 
exercising according to schedules are very important for 
patients with type-I diabetes(AADE, 2008). The patients 
suffering from type 1 diabetes mellitus, when following 
the mentioned steps, it is observed that they are benefited 
tremendously in countering diabetes (Povey& Clark-Carter, 
2007), (Bouléet al., 2001), (Odegard&Capocciaet al., 
2007). A study also shows that only 30% of patient who 
has diabetes is acquiescent to the prescribed drug regimen 
(Kotwaniet al., 2007). 

1.2.1.3. Hypoglycemia

It is the side effect of insulin therapy and can be lethal also. 
The study has observed that the patients on long-term insulin 
treatment, around 50% of them have altered awareness of 
low blood sugar level-related symptoms(Berlinet al., 1997). 
It is also observed that patients suffering from regular 
hypoglycemic episodesare afraid of hypoglycemic conditions 
and reduce insulin usage(Gonder‐Fredericket al., 2006). 

1.2.2. TYPE-II 

Type-II diabetes mellitus cannot be cured completely, but its 
symptoms and severity can be controlled by the use of drugs 
and lifestyle changes(Kalsi et al., 2017).

1.2.2.1. Thiazolidinediones 
They are insulin sensitizers thatenhance insulin sensitivityin 
organs like the liver and muscles. They decrease insulin 
resistance in fat-containing tissue, the liver, and the muscles. 
Thiazolidinediones activate peroxisome proliferator-
activated receptors, which has a significant side effect 
of increased proliferation of fat-containing tissues 
situated peripherally to enhance the uptake of free fatty 
mass(Greenfield & Chisholm, 2004). Another side effect of 
these drugs is that it causes an increase in fluid reabsorption 
from nephrons and can cause edema or enhanced kidney 
volume (Endo et al., 2011).

1.2.2.2. Biguanides 
Metformin is the drug prescribed under this class to lower 
blood glucose levels. It enhances glucose utilization by 
improving its binding action on receptors and the glucose 
transporters in the target organs like hepatocytes and skeletal 
muscles(Bhujbal, 2016). The adverse effect of this drug is 
that it induces lactic acidosis, which arises in patients with a 
history of liver disease, pulmonary or cardiac insufficiency, 
and patients with renal disease (Fowler, 2007). 

1.2.2.3. Meglitinides 
The meglitinides enhance insulin secretion, and their 
mechanism to do so is by binding on different sites on beta 
cells than sulfonylureas. On the other hand, rifampicin 
enhances the elimination of sulfonylureas, thereby decreasing 
its availability in the circulatory system and reducing its 
efficacy(Aquilante, 2010). 

1.2.2.4. Insulin 
Insulin is a hormone secreted by the pancreas and is 
responsible for maintaining blood sugar levels in any person. 
In type 2 diabetic patients, the insulin is secreted, but either 
it is too low or not utilized properly, so to counter this, 
insulin therapy is chosen. The side effect of this therapy 
is gaining weight by the person undergoing this therapy. 
The symptoms are justified as improved glucose levels in 
blood and energy utilized by these patients are very low 
(Milleret al., 2001). However, the adverse effect of this 
hyperinsulinemia enhances the proliferation of a particular 
cell and pathways of survival which can result in the risk of 
cancer in different organs like the colon, liver, pancreas, and 
many other organs(Giovannucciet al., 2010).

1.2. Advantages of Nanoparticles
The advantages of nanoparticles include that they are 
biocompatible, have a longer circulation duration, are 
amphiphilic, can be chemically modified, are efficient 
carrier systems for hydrophilic drugs, are biodegradable, 
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have increased surface area, and can be tunable for various 
sizes.

2. Various Methods for the Synthesis of 
Nanoparticles	
Top-down and bottom-up are the two procedures involved 
in nanoparticle synthesis (Bhardwajet al., 2020), (Panigrahiet 
al., 2004), (Li et al., 2008).

2.1. Metallic nano-particles Synthesis
For synthesizing metallic nanoparticles and bio-reduction 
of ions of metals, secondary metabolites like alkaloids, 
tannins, phenolic acid, etc., are responsible. These green 
synthesized nanoparticles possessed hypoglycemic, anti-
carcinogenic, anti-inflammatory, and antioxidant properties 
(Jain et al., 2019), (Santhoshet al., 2020), (Sarliet al., 
2020). The biosynthesized metallic nanoparticles contain 
distinctive, self-assembling properties, larger surface-
to-volume ratio, crystalline structure dependent on size 
ranging from 1-100 nm, highly stable, particular surface 
structure, and because of their material components, high 
biocompatibility is observed (Santhoshkumaret al., 2017). 
Hence due to these characteristics, the interaction of drug 
molecules with the specific target can be easily achieved 
for clinical application for a particular tissue; because of 
this, least or no side effects are observed with maximum 
efficacy. The formation of nanoparticles is depicted by the 
reactions of several metals like silver (Tripathyet al., 2010), 
gold(Thakkaret al., 2010), platinum (Thirumuruganet al., 
2016), copper(Ramanathanet al., 2013), iron (Herlekaret 
al., 2014), titanium (Sundrarajan& Gowri, 2011), selenium 
(Liu et al., 2018), and zinc (Sangeetha et al., 2011). To 
reduce metallic nanoparticles, the plant extract contains 
numerous metabolites like flavonoids comprising several 
classes like isoflavonoids, flavonoids, anthocyanin, etc. The 
conversion of tautomer from the enol to keto transformation 
of flavonoids obtained highly reactive species of hydrogen, 
which acts as a reducing agent for metal ions(Gardea-
Torresdeyet al., 1999). A variety of metal ions, including 
lead, aluminum, copper, ferric and ferrous ions, can be 
chelated by ketones and carboxylic acid groups(Khanet al., 
2013). Organic polymers like terpenoids contain a 5-C 
isoprene chain primarily and because of their dissociation 
formation of resonance structure occurs, followed by 
the formation of nanoparticles due to the presence of 
hydroxyl groups(Khanet al., 2013). Many studies have 
observed that several functional groups like amine, cyanide, 
carboxyl, ester, and hydroxyl act as stabilizing agents for 
the production of nanoparticles (Shahverdiet al., 2007). To 
control nanoparticle size, crystallinity, shape, and diversity, 

we need to understand the mechanism behind its biogenic 
synthesis.

Figure 1: Various methods for synthesis of nano-particles.

2.2. Silver Nanoparticles 
Silver metals are the most extensively used metal for the 
green synthesis of nanoparticles (Akhtaret al., 2013), (Irshad 
et al., 2020). Silver nitrate is the most widely used precursor 
for synthesizing silver nanoparticles (Yamamoto&Watarai, 
2006). The silver nanoparticles of argyreia nervosa(Sarataleet 
al., 2017), punica granatum(Sarataleet al., 2018), and algae 
found in sea colpomeniasinuosa(Manamet al., 2014)possess 
hypoglycaemic activity as the action of alpha-amylase, 
and alpha-glucosidase was hindered in a dose-dependent 
manner which is higher than a plant extract. In some 
modern studies, the antidiabetic effect of ocimumbasilicum 
and ocimum sanctum decreases the activity of both 
enzymes after introducing respective silver nanoparticles 
and also showed the kinetics of both the enzymes that is 
competitive inhibition of alpha-glucosidase and non-
competitive inhibition of alpha-amylase (Rajaramet al., 
2015). The activity of alpha-glucosidase and alpha-amylase 
is prohibited by the nanoparticles obtained from stems of 
tephrosiatinctora, and it also enhances glucose utilization 
in human beings(Rajaramet al., 2015). Lemongrass has 
antidiabetic properties because the silver nanoparticles in 
the leaves reduce the activities of alpha-amylase and alpha-
glucosidase. Many other plants have shown antidiabetic 
activity, like the roots of clausena anisate (Yakoobet al., 
2016) and the leaves of cantella asiatica(Wilson et al., 
2015). Abideen and Vijayshankar(Abideen&Vijayshank
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ar, 2015) discovered that seaweeds named gracillaria edulis 
and syringodiumisoetifoliumhave antidiabetic properties. It 
was observed that both seaweeds causeda decrease in alpha-
amylase activity and decreased glucose diffusion rate(Anwaret 
al., 2018). The antidiabetic potential of nanoparticles 
obtained from enhalusacoroids(Senthilkumaret al., 2016) 

and lonicera japonica (Balanet al., 2016) prohibited the 
enzymes’ enzymal activity. The lonicera japonica inhibited 
alpha-amylase and alpha glycosidase by the non-competitive 
method. Silver nanoparticles obtained from solanum nigrum 
showed a hypoglycaemic effect. 

Table 1: Anti-hyperglycaemic activity of silver nanoparticles from numerous biological sources.

Sr. 
No

Biological source Secondary metabolic 
products

Parameters of testing Result Reference

1 Allium cepa Polyphenols, gallic acid, 
kaempferol, quarcetin, ferulic 
acid

Assay for the inhibition of 
alpha-amylase and alpha-
glucosidase enzymes

74% reduction of 
alpha-amylase and 60 
% decrement on of 
alpha-glucosidase at 
100 mcg/ml

(Jini& Sharmila, 
2020)

2 Argyreia nervosa Saponins, sterols, flavonoids, 
triterpenoids

An assay of alpha-amylase 
and alpha-glucosidase was 
done

70% decrement of both 
enzymes at 100 mcg/ml

(Sarataleet al., 
2017)

3 Callophyllumtomentosum Flavonoids, saponins, 
tannins, alkaloids, phenols, 
coumarin. 

Alpha amylase and alpha-
glucosidase

Inhibition of 
approximately 18% 
alpha-amylase and 52% 
alpha-glucosidase

(Govindappaet 
al., 2018)

4 Xylocarpus granatum Carbohydrates, saponins, 
tannins, and flavonoids 

Alpha amylase and alpha-
glucosidase inhibition

92% reduction of both 
enzymes at 0.5mg per 
ml

(Bhardwajet al., 
2020)

5 Zingiber officinalis Volatile oils like neral, 
geranial, and zingiberene

Biochemical parameters 
like glucose level, body 
weight, etc., of STZ-
induced diabetic rats 

Blood glucose levels 
were restored to 
normal, and body 
weight was raised by 
200mg per kg.

(Garget al., 
2016)

6 Saracaasoca All food components are 
flavonoids, tannins, saponins, 
carbohydrates, and protein.

Alpha amylase inhibition 
assay

Inhibition of alpha-
amylase 

(Patra et al., 
2018), (Pradhan 
et al., 2010)

7 Punica granatum Flavonoids, phenols, tannins, 
and alkaloids

Alpha-glucosidase and 
alpha-amylase inhibition 
assay

61% inhibition of 
alpha-amylase and 60% 
of alpha-glucosidase at 
100 mcg/ml

(Sarataleet al., 
2018)

2.2. Gold nanoparticles
These nanoparticles are widely researched for their many 
features related to diagnostics, treatments, and molecular 
nanoprobes. Gold nanoparticles have gained value in 
synthesizing numerous metals because of their size-
dependent optical and electronic properties(Yehet al., 
2012), (Yang et al., 2017). Gold nanoparticles are unique 
among other metallic nanoparticles because of their 
formable surface plasmon resonance, which is why they are 
used in biosensors for the detection of bacteria and viruses, 
bio-labeling techniques, and pathogenic identification 
in clinical specimens by immune-chromatographic 

technique (Elahi et al., 2018). It has been discovered in a 
developing field of green chemistry that these nanoparticles 
are biocompatible, inert, and easily bond with proteins, 
enzymes, deoxyribonucleic acid (DNA), and amino acids 
and that they also yield a large surface area for immobilization 
of these giant molecules.Gold nanoparticles obtained from 
cassia auriculata(Venkatachalam et al., 2013) and sargassum 
swertzii(Dhaset al., 2016) possessed hypoglycemic activities 
in diabetic rats. Gold nanoparticles from cassia auriculata 
interfered with the biochemical parameters of the sample. 
Fasting blood sugar(FBS), triglycerides (TG), total 
cholesterol (TC), and low-density lipoprotein-cholesterol 
(LDL-C) levels were reduced by the gold nanoparticles 
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obtained from s.swertzii, increase in insulin, increase in high-
density lipoprotein (HDL-C) level, andserum glutamate 
pyruvate transaminase (SGPT), serum glutamic oxaloacetic 
transaminase (SGOT) and creatinine level were maintained. 
These nanoparticles were synthesized from cassia fistula,and 

they showed antidiabetic potential. Alpha amylase had 
significant inhibition due to these nanoparticles and alpha-
glucosidase, with insulin secretion increasing upto 95 % at 
60 micrograms per ml. 

Table 2: Antidiabetic activity of gold nanoparticles obtained from numerous biological sources.

Sr. 
No

Biological Source Metabolic Products 
Involved

Testing parameters Result Reference

1 Cassia auriculate Extracted propanoic acid 
from a sample

Biochemical 
parameters like 
insulin, cholesterol, 
etc., in rats

Body weight, cholesterol levels, 
and insulin levels are all controlled.

(Venkatachalam et al., 
2013)

2 Cassia fistula Phenolics, 
anthraquinones, and 
flavonoids

Body weight, blood 
glucose hemoglobin

Body weight returned to normal, 
as did blood glucose and 
hemoglobin levels.

(Daisy&Saipriya, 
2012)

3 Fritillaria cirrhosa Imperialine, verticine, 
peimisine.

Biochemical and 
serum parameters 
in rats

Body weight, total protein, and 
plasma insulin levels increase, 
whereas hemoglobin levels 
decrease.

(Guo et al., 2020)

4 Saracaasoka Flavonoids, tannins, 
saponins, carbohydrates, 
proteins, and amino acids 
are all present.

Alpha amylase 
inhibition assay

Enzyme got inhibited (Patraet al., 2018)

5 Gymnemasylvestre Alkaloids, terpenoids, 
peptides.

Biochemical 
parameters of rats 
of alloxan-induced

All the parameters returned to 
normal levels.

(Karthicket al., 2014)

6 Gymnemic acid Gymnemic acid MTT assay and 
glucose utilization 
assay

49.43 % of glucose uptake. (Rajarajeshwariet al., 
2014)

2.3. Other Metallic Nanoparticles 
Other metals’ biologically produced nanoparticles with 
antidiabetic potential have also been identified from other 
plants.For example, copper nanoparticles from Plumbago 
zeylanica and Gnidia glauca (Jamdadeet al., 2019) and 
palladium-reduced grapheme oxide conjugates from 
Zanthoxylum armatum(Hazarikaet al., 2019) were shown 
to inhibit alpha-glucosidase enzyme activity. Diverse 

plants have varied phytochemical elements in different 
ratios and combinations, which account for differences in 
their antidiabetic efficacy or potential. Furthermore, the 
nanoparticles differ in form and size, which leads to their 
differences in efficacy and the final result in a therapeutically 
antidiabetic medicine that operates on diverse diabetes 
regulatory components or mechanisms(Sharmaet al., 2021), 
(Sharmaet al., 2018), (Sharmaet al., 2017), (Sharmaet al., 
2015).

Table 3: Antidiabetic action of other metallic nanoparticles obtained from different biological sources.

S.  
No.

The metal used for 
nanoparticles

Testing parameters Result Reference 

1 Selenium STZ-induced mice were taken 
into consideration for their 
biochemical parameters

Normal biochemical parameters were observed 
inthe kidney and liver, and the serum level was 
lowered too.

(Liuet al., 2018)

2 Copper Alpha-glucosidase inhibition 
assay

88.60% of the enzyme at 100mcg/ml (Jamdadeet al., 2019)



ISSN No.: 2321-2217(Print) ISSN No.: 2321-2225(Online); Registration No. : CHAENG/2013/50088

p.162Sheetu Wadhwa et al., J. Pharm. Tech. Res. Management Vol. 10, No. 2 (2022)

3 Zinc Streptozotosin-induced type-I 
and type-II diabetic rats were 
taken for their biochemical 
parameter.

It increased serum insulin by 70%.
It reduced blood glucose by 29%.
Reduced triglycerides by 48%.

(Umrani & Paknikar 
et al., 2014)

4 Vanadium 
pentoxide

STZ-induced Wistar rats were 
taken into consideration for 
their biochemical parameters

Increased the activity of AST and ALT and serum 
protein and liver glycogen levels.

(Vijay et al., 2008)

5 Chromium STZ-induced mice were taken 
into consideration for their 
biochemical parameters

Decreases fasting blood glucose
Total cholesterol and Triglycerides levels decrease 
significantly

(Dong et al., 2021)

3. Advantages of Green Synthesis of Nano-
Particles 
•	 It is easy to synthesize and is efficient and also 

environment friendly.
•	 It eliminates the use of harmful chemicals, and it also 

consumes less energy, and produces safer products and 
by-products.

•	 It prevents the accumulation of waste. 
•	 It has a lower risk of an accident.
•	 It utilizes safer solvents and reagents.
•	 It has a high atom economy.
•	 It is a less hazardous synthesis.

4. Challenges, Biosafety, and Clinical 
Translation
The challenges of gold and silver nanoparticles in the 
treatment of diabetes are that there are diverse plants that 
have varying phytochemical elements in different ratios 
or combinations, which account for variance in their 
antidiabetic potential. Furthermore, the nanoparticles differ 
in form and size, contributing to their variable efficacy 
and ultimate impact as a therapeutic antidiabetic medicine 
operating on various diabetes regulatory mechanisms 
or components (Bhardwaj et al., 2020). The majority of 
clinically approved nanomedicine products are made from 
soft nanoparticles. Furthermore, a considerable number of 
soft NPs are liposomal or polymer-conjugated formulations.
Most clinical trial reports for nanomedicine products focus 
on pharmacological therapeutic efficacy rather than biosafety 
or adverse effects of NPs on the human body. Although 
the size and shape of these soft nanoparticulate systems 
are highly influenced by environmental parameters such 
as temperature, pH, ionic strength, or medium properties, 
most clinical studies did not offer specific information on 
the dynamic size of the therapeutic or carrier NPs. Although 
soft NPs have minimal toxicity, their larger counterparts can 
amass in key organs and produceharmful issues (Su et al., 
2018). There are many challenges in the clinical translation 
of gold and silver nanoparticles,asit is an expensive and very 

complex process compared to its conventional counterparts. 
Another major challenge is the large-scale production, 
biocompatibility issues, government regulations, and 
commercialization pathways (Hua et al., 2018). 

Conclusion 
The antidiabetic potential of silver and gold metallic 
nanoparticles synthesized from various biological sources 
according to their application is discussed here. The 
secondary metabolite of various biological sources coated 
with nanoparticles and their effect on diabetes were studied. 
The advantages of green synthesis over conventional 
delivery systems are that it is easy to synthesize without 
using harmful chemicals or excessive heat.Silver and gold 
nanoparticles can potentially help treat diabetes and its 
microvascular consequences.This is due to its capacity to 
inhibit and efficiently disrupt various pathophysiological 
determinants (disease-causing proteins) involved in the 
evolution of diabetes complications. More collaborative 
research on the safe, effective size, and effective dose are 
needed, although silver and gold nanoparticles are expected 
to help treat diabetes problems.Overall, applying gold and 
silver nanoparticles in treating diabetes can potentiallyaffect 
human health significantly. It has been proposed to aid in 
the creation of customized medicine for specific patient 
sub-groups, in which medication is modified based on the 
patient’s unique genetic and illness profile

Conflict of Interest Statement
The authors have declared that no competing interests exist.

Funding Sources
There are no funding sources for this report.

Authors Contributions
Dr. Amit Sharma: Collected data in ongoing study and 
writing the manuscript, data analysis; Mr. Mohammad 



ISSN No.: 2321-2217(Print) ISSN No.: 2321-2225(Online); Registration No. : CHAENG/2013/50088

Sheetu Wadhwa et al., J. Pharm. Tech. Res. Management Vol. 10, No. 2 (2022) p.163

Amir, Miss Manisha Vohra,Dr.Sheetu: Contributed equally 
in collecting data, writing, drafting the manuscript; all 
authors read and approved the final manuscript.

Acknowledgments
We thank ISF College of Pharmacy, Moga, Punjab, and 
Lovely Professional University, Phagwara, Punjab, for their 
constant support and guidance.

References- 
Abideen, S., &Vijayasankar, M. (2015). In-vitro Screening 

of Antidiabetic and Antimicrobial Activity against 
Green Synthesized AgNO3 using Seaweeds. Journal of 
Nanomedicine & Nanotechnology, 2015, 0-0.

	 https://doi.org/10.4172/2157-7439.S6-001
Akhtar, M. S., Panwar, J., & Yun, Y. S. (2013). Biogenic 

synthesis of metallic nanoparticles by plant extracts. 
ACS Sustainable Chemistry & Engineering, 1(6),  
591-602. https://doi.org/10.1021/sc300118u

American Association of Diabetes Educators. (2008). 
AADE7 self-care behaviors. Diabetes Educ, 34(3),  
445-449.

	 https://doi.org/10.1177/0145721708316625
Anwar, N., Shah, M., Saleem, S., Rahman, H. (2018). Plant 

mediated synthesis of silver nanoparticles and their 
biological applications. Bulletin of the Chemical Society 
of Ethiopia, 32(3), 469-79.

	 https://dx.doi.org/10.4314/bcse.v32i3.6
Aquilante, C. L. (2010). Sulfonylurea pharmacogenomics 

in Type 2 diabetes: the influence of drug target 
and diabetes risk polymorphisms. Expert review of 
cardiovascular therapy, 8(3), 359-372.

	 https://doi.org/10.1586/erc.09.154
Balan, K., Qing, W., Wang, Y., Liu, X., Palvannan, T., 

Wang, Y., ... & Zhang, Y. (2016). Antidiabetic activity 
of silver nanoparticles from green synthesis using 
Lonicera japonica leaf extract. Rsc Advances, 6(46), 
40162-40168. https://doi.org/10.1039/C5RA24391B

Berlin, I., Bisserbe, J. C., Eiber, R., Balssa, N., Sachon, 
C., Bosquet, F., & Grimaldi, A. (1997). Phobic 
symptoms, particularly the fear of blood and injury, 
are associated with poor glycemic control in type I 
diabetic adults. Diabetes care, 20(2), 176-178.	
https://doi.org/10.2337/diacare.20.2.176

Bhardwaj, M., Yadav, P., Dalal, S., &Kataria, S. K. (2020). 
A review on ameliorative green nanotechnological 
approaches in diabetes management. Biomedicine & 
Pharmacotherapy, 127, 110198.

	 https://doi.org/10.1016/j.biopha.2020.110198

Bhujbal, S. (2016). Preparation, characterization and in 
vitro evaluation of metformin loaded hyaluronic acid 
nanoparticles for oral delivery. Creighton University.

Boulé, N. G., Haddad, E., Kenny, G. P., Wells, G. A., & 
Sigal, R. J. (2001). Effects of exercise on glycemic 
control and body mass in type 2 diabetes mellitus: 
a meta-analysis of controlled clinical trials. Jama, 
286(10), 1218-1227.

	 https://doi.org/10.1001/jama.286.10.1218
Daisy, P., &Saipriya, K. (2012). Biochemical analysis of 

Cassia fistula aqueous extract and phytochemically 
synthesized gold nanoparticles as hypoglycemic 
treatment for diabetes mellitus. International journal of 
nanomedicine, 7, 1189.

	 https://doi.org/10.2147/IJN.S26650
Dhas, T. S., Kumar, V. G., Karthick, V., Vasanth, K., 

Singaravelu, G., & Govindaraju, K. (2016). Effect 
of biosynthesized gold nanoparticles by Sargassum 
swartzii in alloxan induced diabetic rats. Enzyme and 
microbial technology, 95, 100-106.

	 https://doi.org/10.1016/j.enzmictec.2016.09.003
Dong, J. L., Wen, B., Song, Z., Chai, J., Liu, B., Tian, W. 

J., ... & Yang, B. S. (2021). Potential antidiabetic 
molecule involving a new chromium (III) complex of 
dipicolinic and metformin as a counter ion: Synthesis, 
structure, spectroscopy, and bioactivity in mice. 
Arabian Journal of Chemistry, 14(7), 103236. 

	 https://doi.org/10.1016/j.arabjc.2021.103236
Elahi, N., Kamali, M., & Baghersad, M. H. (2018). Recent 

biomedical applications of gold nanoparticles: A 
review. Talanta, 184, 537-556.

	 https://doi.org/10.1016/j.talanta.2018.02.088
Endo, Y., Suzuki, M., Yamada, H., Horita, S., Kunimi, M., 

Yamazaki, O., ... & Fujita, T. (2011). Thiazolidinediones 
enhance sodium-coupled bicarbonate absorption 
from renal proximal tubules via PPAR γ-dependent 
nongenomic signaling. Cell Metabolism, 13(5),   
550-561. 

	 https://doi.org/10.1016/j.cmet.2011.02.015
Fowler, M. J. (2007). Diabetes treatment, part 2: oral agents 

for glycemic management. Clinical diabetes, 25(4), 
131-134. https://doi.org/10.2337/diaclin.25.4.131

Gardea-Torresdey, J. L., Tiemann, K. J., Gamez, G., Dokken, 
K., Tehuacanero, S., & Jose-Yacaman, M. (1999). Gold 
nanoparticles obtained by bio-precipitation from gold 
(III) solutions. Journal of Nanoparticle Research, 1(3), 
397-404. https://doi.org/10.1023/A:1010008915465

Garg, A., Pandey, P., Sharma, P., & Shukla, A. (2016). 
Synthesis and characterization of silver nanoparticle 
of ginger rhizome (Zingiber officinale) extract: 
synthesis, characterization and anti diabetic activity in 
streptozotocin induced diabetic rats. European Journal 



ISSN No.: 2321-2217(Print) ISSN No.: 2321-2225(Online); Registration No. : CHAENG/2013/50088

p.164Sheetu Wadhwa et al., J. Pharm. Tech. Res. Management Vol. 10, No. 2 (2022)

of Biomedical and Pharmaceutical Sciences, 3(7),  
605-611.

Giovannucci, E., Harlan, D. M., Archer, M. C., Bergenstal, 
R. M., Gapstur, S. M., Habel, L. A., ... & Yee, D. 
(2010). Diabetes and cancer: a consensus report. 
Diabetes care, 33(7), 1674-1685.

	 https://doi.org/10.2337/dc10-0666
Goldenberg, R., &Punthakee, Z. (2013). Definition, 

classification and diagnosis of diabetes, prediabetes and 
metabolic syndrome. Canadian journal of diabetes, 37, 
S8-S11. https://doi.org/10.1016/j.jcjd.2013.01.011

Gonder‐Frederick, L. A., Fisher, C. D., Ritterband, L. M., 
Cox, D. J., Hou, L., DasGupta, A. A., & Clarke, 
W. L. (2006). Predictors of fear of hypoglycemia in 
adolescents with type 1 diabetes and their parents. 
Pediatric diabetes, 7(4), 215-222.

	 https://doi.org/10.1111/j.1399-5448.2006.00182.x
Govindappa, M., Hemashekhar, B., Arthikala, M. 

K., Rai, V. R., & Ramachandra, Y. L. (2018). 
Characterization, antibacterial, antioxidant, 
antidiabetic, anti-inflammatory and antityrosinase 
activity of green synthesized silver nanoparticles using 
Calophyllumtomentosum leaves extract. Results in 
Physics, 9, 400-408.

	 https://doi.org/10.1016/j.rinp.2018.02.049
Greenfield, JR., Chisholm, DJ. (2004). Thiazolidinediones - 

mechanisms of action. Australian Prescriber. 27, 67-70. 
https://doi.org/10.18773/austprescr.2004.059.

Guo, Y., Jiang, N., Zhang, L., & Yin, M. (2020). Green 
synthesis of gold nanoparticles from Fritillaria cirrhosa 
and its antidiabetic activity on Streptozotocin induced 
rats. Arabian Journal of Chemistry, 13(4), 5096-5106.
https://doi.org/10.1016/j.arabjc.2020.02.009

Hayes, R. P., Fitzgerald, J. T., &Jacober, S. J. (2008). 
Primary care physician beliefs about insulin initiation 
in patients with type 2 diabetes. International journal 
of clinical practice, 62(6), 860-868.

	 https://doi.org/10.1111/j.1742-1241.2008.01742.x
Hazarika, M., Boruah, P. K., Pal, M., Das, M. R., &Tamuly, 

C. (2019). Synthesis of Pd‐rGO Nanocomposite for 
the Evaluation of In Vitro Anticancer and Antidiabetic 
Activities. Chemistry Select, 4(4), 1244-1250.

	 https://doi.org/10.1002/slct.201802789
Herlekar, M., Barve, S., & Kumar, R. (2014). Plant-

mediated green synthesis of iron nanoparticles. Journal 
of Nanoparticles, 2014.

	 https://doi.org/10.1155/2014/140614
Hua, S., De Matos, M. B., Metselaar, J. M., & Storm, 

G. (2018). Current trends and challenges in the 
clinical translation of nanoparticulate nanomedicines: 
pathways for translational development and 

commercialization. Frontiers in pharmacology, 9, 790.
https://doi.org/10.3389/fphar.2018.00790

Irshad, A., Sarwar, N., Sadia, H., Riaz, M., Sharif, S., Shahid, 
M., & Khan, J. A. (2020). Silver nanoparticles: synthesis 
and characterization by using glucans extracted 
from Pleurotusostreatus. Applied Nanoscience, 10(8),  
3205-3214. 

	 https://doi.org/10.1007/s13204-019-01103-4
Jain, A., Anitha, R., &Rajeshkumar, S. J. R. J. (2019). 

Anti inflammatory activity of Silver nanoparticles 
synthesised using Cumin oil. Research Journal of 
Pharmacy and Technology, 12(6), 2790-2793.	
https://doi.org/10.5958/0974-360X.2019.00469.4

Jamdade, D. A., Rajpali, D., Joshi, K. A., Kitture, R., 
Kulkarni, A. S., Shinde, V. S., ... & Ghosh, S. (2019). 
Gnidia glauca-and Plumbago zeylanica-mediated 
synthesis of novel copper nanoparticles as promising 
antidiabetic agents. Advances in pharmacological 
sciences, 2019.	

	 https://doi.org/10.1155/2019/9080279
Jini, D., & Sharmila, S. (2020). Green synthesis of silver 

nanoparticles from Allium cepa and its in vitro 
antidiabetic activity. Materials Today: Proceedings, 22, 
432-438.

	 https://doi.org/10.1016/j.matpr.2019.07.672
Kalsi, A., Singh, S., Taneja, N., Kukal, S., & Mani, S. 

(2017). Current treatments for type 2 diabetes, their 
side effects and possible complementary treatments. 
International Journal, 10(3).

Karthick, V., Kumar, V. G., Dhas, T. S., Singaravelu, G., 
Sadiq, A. M., &Govindaraju, K. (2014). Effect of 
biologically synthesized gold nanoparticles on alloxan-
induced diabetic rats—an in vivo approach. Colloids 
and Surfaces B: Biointerfaces, 122, 505-511.

	 https://doi.org/10.1016/j.colsurfb.2014.07.022
Kesavadev, J., Sadikot, S. M., Saboo, B., Shrestha, D., 

Jawad, F., Azad, K., ... & Kalra, S. (2014). Challenges 
in type 1 diabetes management in South East Asia: 
descriptive situational assessment. Indian journal of 
endocrinology and metabolism, 18(5), 600.	
https://doi.org/10.4103/2230-8210.139210

Khan, M., Khan, M., Adil, S. F., Tahir, M. N., Tremel, W., 
Alkhathlan, H. Z., ... & Siddiqui, M. R. H. (2013). 
Green synthesis of silver nanoparticles mediated by 
Pulicariaglutinosa extract. International journal of 
nanomedicine, 8, 1507.

	 https://doi.org/10.2147/IJN.S43309
Kotwani, A., Ewen, M., Dey, D., Iyer, S., Lakshmi, P. K., 

Patel, A., ... & Laing, R. (2007). Prices & availability 
of common medicines at six sites in India using a 
standard methodology. Indian journal of medical 
research, 125(5), 645-654.PMID: 17642500



ISSN No.: 2321-2217(Print) ISSN No.: 2321-2225(Online); Registration No. : CHAENG/2013/50088

Sheetu Wadhwa et al., J. Pharm. Tech. Res. Management Vol. 10, No. 2 (2022) p.165

Li, X. Q., Elliott, D. W., & Zhang, W. X. (2008). Zero-valent 
iron nanoparticles for abatement of environmental 
pollutants: materials and engineering aspects. In 
Particulate Systems in Nano-and Biotechnologies (pp. 
309-330). CRC Press.

Liu, Y., Zeng, S., Liu, Y., Wu, W., Shen, Y., Zhang, L., 
... & Wang, C. (2018). Synthesis and antidiabetic 
activity of selenium nanoparticles in the presence 
of polysaccharides from Catathelasmaventricosum. 
International journal of biological macromolecules, 114, 
632-639.

	 https://doi.org/10.1016/j.ijbiomac.2018.03.161
Manam, D., Kiran, V., & Murugesan, S. (2014). Biological 

synthesis of silver nanoparticles from marine alga 
Colpomeniasinuosa and its in vitro antidiabetic activity. 
American Journal of Bio-pharmacology Biochemistry and 
Life Sciences (AJBBL) AJBBL, 3(01), 01-07.

	 http://www.ajbbl.com/html/AJBBL_2014_3_1/
vishu_editedecond%20Ms.pdf

Miller, C. D., Phillips, L. S., Ziemer, D. C., Gallina, D. L., 
Cook, C. B., & El-Kebbi, I. M. (2001). Hypoglycemia 
in patients with type 2 diabetes mellitus. Archives of 
Internal Medicine, 161(13), 1653-1659.	

	 https://doi.org/10.1001/archinte.161.13.1653
Odegard, P. S., &Capoccia, K. (2007). Medication taking and 

diabetes. The Diabetes Educator, 33(6), 1014-1029.	
https://doi.org/10.1177/0145721707308407

Ozougwu, J. C., Obimba, K. C., Belonwu, C. D., 
&Unakalamba, C. B. (2013). The pathogenesis and 
pathophysiology of type 1 and type 2 diabetes mellitus. 
J PhysiolPathophysiol, 4(4), 46-57.\

 	 https://doi.org/10.5897/JPAP2013.0001
Panigrahi, S., Kundu, S., Ghosh, S., Nath, S., Pal, T. (2004). 

General method of synthesis for metal nanoparticles. 
Journal of Nanoparticle Research, 6(4), 411-4.	
https://doi.org/10.1007/s11051-004-6575-2

Patra, N., Kar, D., Pal, A., & Behera, A. (2018). Antibacterial, 
anticancer, antidiabetic and catalytic activity of bio-
conjugated metal nanoparticles. Advances in Natural 
Sciences: Nanoscience and Nanotechnology, 9(3), 
035001. https://doi.org/10.1088/2043-6254/aad12d

Povey R. C., & Clark-Carter D. (2007). Diabetes and 
healthy eating. The Diabetes Educator. 33(6). 931-959. 
https://doi.org/10.1177/0145721707308632

Pradhan, P., Joseph, L., George, M., Kaushik, N., & 
Chulet, R. (2010). Pharmacognostic, phytochemical 
and quantitative investigation of Saracaasoca leaves. 
Journal of Pharmacy Research, 3(4), 776-780.

Rajarajeshwari, T., Shivashri, C., & Rajasekar, P. (2014). 
Synthesis and characterization of biocompatible 
gymnemic acid–gold nanoparticles: a study on glucose 

uptake stimulatory effect in 3T3-L1 adipocytes. RSC 
Advances, 4(108), 63285-63295.

	 https://doi.org/10.1039/C4RA07087A
Rajaram, K., Aiswarya, D. C., &Sureshkumar, P. (2015). 

Green synthesis of silver nanoparticle using Tephrosia 
tinctoria and its antidiabetic activity. Materials Letters, 
138, 251-254.

	 https://doi.org/10.1016/j.matlet.2014.10.017
Ramanathan, R., Field, M. R., O’Mullane, A. P., Smooker, 

P. M., Bhargava, S. K., & Bansal, V. (2013). Aqueous 
phase synthesis of copper nanoparticles: a link 
between heavy metal resistance and nanoparticle 
synthesis ability in bacterial systems. Nanoscale, 5(6),  
2300-2306. https://doi.org/10.1039/C2NR32887A

Sangeetha, G., Rajeshwari, S., & Venckatesh, R. (2011). 
Green synthesis of zinc oxide nanoparticles by aloe 
barbadensis miller leaf extract: Structure and optical 
properties. Materials Research Bulletin, 46(12),  
2560-2566.

	 https://doi.org/10.1016/j.materresbull.2011.07.046
Santhosh, S. B., Chandrasekar, M. J. N., Kaviarasan, L., 

Deepak, P., Silambarasan, T., & Gayathri, B. (2020). 
Chemical composition, antibacterial, anti-oxidant 
and cytotoxic properties of green synthesized silver 
nanoparticles from Annona muricata L.(Annonaceae). 
Research Journal of Pharmacy and Technology, 13(1), 
33-39.

	 https://doi.org/10.5958/0974-360X.2020.00006.2
Santhoshkumar, J., Rajeshkumar, S., & Kumar, S. V. 

(2017). Phyto-assisted synthesis, characterization 
and applications of gold nanoparticles–A review. 
Biochemistry and biophysics reports, 11, 46-57.	
https://doi.org/10.1016/j.bbrep.2017.06.004

Saratale, G. D., Saratale, R. G., Benelli, G., Kumar, 
G., Pugazhendhi, A., Kim, D. S., & Shin, H. S. 
(2017). Antidiabetic potential of silver nanoparticles 
synthesized with Argyreia nervosa leaf extract high 
synergistic antibacterial activity with standard 
antibiotics against foodborne bacteria. Journal of 
Cluster Science, 28(3), 1709-1727. 

	 https://doi.org/10.1007/s10876-017-1179-z
Saratale, R. G., Shin, H. S., Kumar, G., Benelli, G., Kim, D. 

S., & Saratale, G. D. (2018). Exploiting antidiabetic 
activity of silver nanoparticles synthesized using 
Punica granatum leaves and anticancer potential 
against human liver cancer cells (HepG2). Artificial 
cells, nanomedicine, and biotechnology, 46(1), 211-222. 
https://doi.org/10.1080/21691401.2017.1337031

Sarli, S., &Ghasemi, N. (2020). Optimization of 
biosynthesized Zn nano-particles by poisonous Taxus 
baccata leaves extract and evaluation of their effect on 



ISSN No.: 2321-2217(Print) ISSN No.: 2321-2225(Online); Registration No. : CHAENG/2013/50088

p.166Sheetu Wadhwa et al., J. Pharm. Tech. Res. Management Vol. 10, No. 2 (2022)

the bacterias and MCF-7 cancer cells. Eurasian Chem. 
Commun, 2, 302-318.	

	 https://doi.org/10.33945/SAMI/ECC.2020.3.2
Senthilkumar, P., Santhosh Kumar, D. S., Sudhagar, B., 

Vanthana, M., Parveen, M. H., Sarathkumar, S., 
... & Kannan, C. (2016). Seagrass-mediated silver 
nanoparticles synthesis by Enhalusacoroides and its 
α-glucosidase inhibitory activity from the Gulf of 
Mannar. Journal of Nanostructure in Chemistry, 6(3), 
275-280. 

	 https://doi.org/10.1007/s40097-016-0200-7
Shahverdi, A. R., Fakhimi, A., Shahverdi, H. R., & Minaian, 

S. (2007). Synthesis and effect of silver nanoparticles 
on the antibacterial activity of different antibiotics 
against Staphylococcus aureus and Escherichia 
coli. Nanomedicine: Nanotechnology, Biology and 
Medicine, 3(2), 168-171.

	 https://doi.org/10.1016/j.nano.2007.02.001
Sharma, A., Anghore, D., Awasthi, R., Kosey, S., Jindal, 

S., Gupta, N., ... &Sood, R. (2015). A review on 
current carbon nanomaterials and other nano-particles 
technology and their applications in biomedicine. 
World Journal Pharmacy and Pharmaceutical Science, 
4(12), 1088-113.

Sharma, A., Baldi, A., & Kumar Sharma, D. (2021). 
Economic costs of hospitalisation and length of stay in 
diabetes with coexisting hypertension with correlation 
to laboratory investigations: Where does India stand? A 
5‐year ground report. International Journal of Clinical 
Practice, 75(5), e13990.

	 https://doi.org/10.1111/ijcp.13990
Sharma, A., Baldi, A., & Sharma, D. K. (2018). Assessment 

of drug-related problems among diabetes and 
cardiovascular disease patients in a tertiary care 
teaching hospital. Pharm Aspire, 10(1), 7-12.

Sharma, A., Sharma, P., Anghore, D. (2017). Diabetes 
and its complications. 1st ed. Amit S, editor. Moga: 
Lambert Academic Publishing.

Sharma, A., Sharma, P., Gaur, A., Chhabra, M., & Kaur, 
R. (2017). A cross-sectional study on diabetes mellitus 
type-2 at a tertiary care hospital. Adv Res Gastroentero 
Hepatol, 8(1), 001-6.

	 https://doi.org/10.19080/argh.2017.08.555726
Su, H., Wang, Y., Gu, Y., Bowman, L., Zhao, J., & Ding, 

M. (2018). Potential applications and human biosafety 
of nanomaterials used in nanomedicine. Journal of 
Applied Toxicology, 38(1), 3-24.

	 https://doi.org/10.1002/jat.3476
Sun, H., Saeedi, P., Karuranga, S., Pinkepank, M., 

Ogurtsova, K., Duncan, B. B., ... & Magliano, D. 
J. (2022). IDF Diabetes Atlas: Global, regional and 
country-level diabetes prevalence estimates for 2021 

and projections for 2045. Diabetes research and clinical 
practice, 183, 109119.	

	 https://doi.org/10.1016/j.diabres.2021.109119
Sundrarajan, M., & Gowri, S. (2011). Green synthesis of 

titanium dioxide nanoparticles by Nyctanthesarbor-
tristis leaves extract. Chalcogenide Lett, 8(8), 447-451.

Thakkar, K. N., Mhatre, S. S., & Parikh, R. Y. (2010). 
Biological synthesis of metallic nanoparticles. 
Nanomedicine: nanotechnology, biology and medicine, 
6(2), 257-262.

	 https://doi.org/10.1016/j.nano.2009.07.002
Thirumurugan, A., Aswitha, P., Kiruthika, C., Nagarajan, 

S., & Christy, A. N. (2016). Green synthesis of 
platinum nanoparticles using Azadirachta indica–
An eco-friendly approach. Materials Letters, 170,  
175-178.

	 https://doi.org/10.1016/j.matlet.2016.02.026
Tripathy, A., Raichur, A. M., Chandrasekaran, N., Prathna, 

T. C., & Mukherjee, A. (2010). Process variables in 
biomimetic synthesis of silver nanoparticles by aqueous 
extract of Azadirachta indica (Neem) leaves. Journal of 
Nanoparticle Research, 12(1), 237-246.

	 https://doi.org/10.1007/s11051-009-9602-5
Umrani, R. D., & Paknikar, K. M. (2014). Zinc 

oxide nanoparticles show antidiabetic activity in 
streptozotocin-induced Type 1 and 2 diabetic rats. 
Nanomedicine (London, England), 9(1), 89–104. 
https://doi.org/10.2217/nnm.12.205.

Venkatachalam, M., Govindaraju, K., Sadiq, A. M., 
Tamilselvan, S., Kumar, V. G., & Singaravelu, G. 
(2013). Functionalization of gold nanoparticles as 
antidiabetic nanomaterial. Spectrochimica Acta Part 
A: Molecular and Biomolecular Spectroscopy, 116,  
331-338. https://doi.org/10.1016/j.saa.2013.07.038

Vijay, K., Suresh, R., Loganathasamy, K., Narayanan, 
V., Pandiyan, V., & Satheesh Kumar, T. (2008). 
Antidiabetic effects of vanadium Pentoxide 
Nanopartices in STZ induced diabetic rats. 
International Journal of Pure & Applied Bioscience, 6(3), 
460-467. https://doi.org/10.18782/2320-7051.6203

Wilson, S., Cholan, S., Vishnu, U., Sannan, M., Jananiya, 
R., Vinodhini, S., Rajeswari, D.V. (2015). In vitro 
assessment of the efficacy of free-standing silver 
nanoparticles isolated from Centella asiatica against 
oxidative stress and its antidiabetic activity, Der 
Pharmacia Lettre, 7(12),194–205.

Yakoob, A. T., Tajuddin, N. B., Hussain, M. I. M., Mathew, 
S., Govindaraju, A., & Qadri, I. (2016). Antioxidant 
and hypoglycemic activities of clausenaanisata (Willd.) 
Hook F. ex benth. root mediated synthesized silver 
nanoparticles. Pharmacognosy Journal, 8(6).

	 https://doi.org/10.5530/pj.2016.6.10



ISSN No.: 2321-2217(Print) ISSN No.: 2321-2225(Online); Registration No. : CHAENG/2013/50088

Sheetu Wadhwa et al., J. Pharm. Tech. Res. Management Vol. 10, No. 2 (2022) pp.159-167

Yamamoto, S., &Watarai, H. (2006). Surface-enhanced 
Raman spectroscopy of dodecanethiol-bound silver 
nanoparticles at the liquid/liquid interface. Langmuir, 
22(15), 6562-6569.	

	 https://doi.org/10.1021/la0603119
Yang, Z., Li, Z., Lu, X., He, F., Zhu, X., Ma, Y., ... & Yi, 

Y. (2017). Controllable biosynthesis and properties of 
gold nanoplates using yeast extract. Nano-micro letters, 
9(1), 1-13.

	 https://doi.org/10.1007/s40820-016-0102-8

Yeh, Y. C., Creran, B., &Rotello, V. M. (2012). Gold 
nanoparticles: preparation, properties, and applications 
in bionanotechnology. Nanoscale, 4(6), 1871-1880.
https://doi.org/10.1039/C1NR11188D

Journal of Pharmaceutical Technology, Research and 
Management

Chitkara University, Saraswati Kendra, SCO 160-161, Sector 9-C, 
Chandigarh, 160009, India

 Volume 10, Issue 2	 November 2021	 ISSN 2321-2217

Copyright: [©2022 Sheetu Wadhwa et al.,] This is an Open Access article published in Journal of Pharmaceutical 
Technology, Research and Management (J. Pharm. Tech. Res. Management) by Chitkara University Publications. 
It is published with a Creative Commons Attribution- CC-BY 4.0 International License. This license permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are 
credited.


