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Abstract: Nanoscience and Nanotechnology are highly growing their significance in diabetic supplies and research 
nowadays. It is an area which included nanomaterials, nanosensors, and nanostructures as well as nanoparticle 
projects and also their usage in human’s health research. Particularly, nanotechnology helps to production of 
diabetic supplies, materials together with development of novel glucose and insulin injection devices as well as their 
measurement sensors by aid of nanomaterials. These materials mostly could be metal nanoparticles together with 
carbon nanostructures by nano dimension delivery mechanisms modalities which hold the potential to vividly 
recover excellence of life of diabetic patients. Nanscience and nanotechnology in diabetic research have facilitated 
and provided more truthful data for identifying diabetes mellitus. It is also worth mentioning that, nanotechnology 
has enhanced drug delivery likely addition of nanoscale components which normally increases glucose sensor 
feeling, temporal response, and also can be the main of sensors that ease incessant in glucose nursing. Furthermore, 
it is proposing novel nanoscale methods named closed-loop insulin delivery approaches which mechanically release 
insulin drug in reply to fluctuating blood glucose heights. Besides, the mixture of nanotechnology by medication has 
shaped a novel field of nanomedicine which could enhance human health level. It is worthwhile to mention that 
some of the applications of nanotechnology for treatment of diabetic patients can be the producing of diabetic 
supplies by nanotechnology. One of the most important diabetic’s instrument which could highly relief the life of 
patients these days could be nano diabetic shoes which will describes here. In this research, applications of 
nanoscience and nanotechnology in treating diabetic patients were discussed. 
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1. Introduction 

In description of diabetic disease, this could be 
mention that it is a kind of metabolic illness which 
happens as soon as the levels of Blood Glucose 
(BGls) raises which means an inability occurs in the 
balance of the BGls [1,2,3]. It may also be interesting 
to know that the diabetes has 2 types. Persons with 
diabetes of type 1 are got a problem in insulin 
production due to the autoimmune obliteration of the 
insulin creating cells of their pancreas, which 
identified as beta cells [3, 4]. On the other hand, the 
Type 2 diabetes is considered by insulin resistance, or 
a deficiency in cellular response to insulin production 
in the bloodstream [2, 5, 6, and 7]. It is important to 
mention that, at both diabetes of 1 and 2, the damage 
of homeostasis-regulation appliances can cause 
recurrently high or low blood glucose points identified 
as hyperglycaemia or hypoglycemiea, respectively [3, 
8, 9 and 10]. It is worthwhile to pointed that, the 
hyperglycaemia illness can cause a diversity of 
symptoms with cardiovascular besides neurological 

problems [4, 11, 12], however hypoglycaemia can 
cause absence of energy, oblivion or death [5, 13].  

Scientific methods are help in sensing the skills 
or tiny procedures to analyze the diseases precisely 
and also in time. The wide variety of offers of 
nanotechnology in the arena of medicine and drug 
delivery and furthermore, are could be for simplifying 
the oral usage of proteins and peptides nanocarriers 
and their adaptation with human’s body [6, 11, 14]. 
Also, nanoparticles are utilized to bring RNA and also 
proteins for identifying the disease as well as 
screening their development.  

It is worth mentioning that the diabetes has 
grown up to become one of main public health tasks 
worldwide, implicated near to twenty five million 
person in the United States in addition of about forty 
million universal and the mentioned number is 
expected to grow to near fifty million until 2035 [5, 6, 
15, 16 and 17] and also it is predicted to become the 
seventh main reason of death globally through 2030 
[4, 18].  
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It also should be noted that, insulin injections or 
glucose test are both painful and time consuming for 
all the diabetic patients. For overcoming the 
disadvantages of injection treatment, numerous skills 
have been established such as continuous glucose 
screens or insulin pumps to recover patient needed 
dosages as well as dermally of liquids [8, 19]. 
Although these methods can sometimes balance the 
blood glucose level up to certain degree, nevertheless 
still they are powerless for attaining to factual health 
as injection of insulin could and they are very time 
consuming phenomenon. That means, they may cause 
several risks and problems for patients due to damages 
of sensors or also their need to frequent spare and 
maintenance which can charge the patients a lot, too. 
Consequently, there is critical need for assuming 
novel, safer and more cost-effective treatments. To 
this end, at the last years, a number of methods have 
been planned for non-invasive observing level of 
blood glucose and this only could be made promising 
by aid of nanotechnology.  

In summary, the application of nanoscience and 
nanotechnology for humans heals have many 
conceivable advantages, like as entree to minor and 
clinically pertinent parts of cells as well as ability of 
analysis the most of small size materials [20, 21, 22 
and 23]. Furthermore, it is very interesting to know 
that, the appearance of quantum properties which 
leads to motivating and valuable physical properties, 
such as, polymeric biodegradable nanoparticles or 
polymeric micelles and ceramic nanoparticles as well 
as liposomes, contemporary known as highly 
standards of care [24, 25, 26 and 27]. The other 
example of nanomaterials also could be nanoscale 
carbon which although, using in medicine and drugs 
but very stronger than steel with high malleable 
properties as well as fluorescent which could shows 
electrical conductivity and utilizes at engineering 
instruments as well [7, 28]. For instance, the better 
glucose sensor skill has an important influence on the 
health of diabetic’s patients, due to highly improving 
their blood sensation which caused to more precise 
insulin dosing as well as diabetes organization. Also, 
some other diabetic’s instruments such as diabetic 
shoes with aid of modern technologies such as 
nanotechnology for helping the patients for better life 
were recently invented as well as many progressive 
advances in nanomedicine which have already eased 
new sensors which are more frequent and convenient 
for patient’s living [6, 8, 12, 28 and 30]. 
Nanomedicine science also has the ability of detecting 
variations in diabetic disease and then automatically 
balanced the rate of needed medicines [6, 13, 41, 43 
and 33]. To sum, numerous kinds of nanoparticles are 
now studied for drug delivery in diabetes treatment 
and their clinical applications will let diabetic’s 

patients to manage their illness more effectively and 
recover their health as well as their life quality. 

 
2. Diabetic Equipment 
2.1. Diabetic shoes 

A kind of shoes which named diabetic shoes or 
sometimes also called as extra depth shoes, 
therapeutic or sugar shoes are one of the best 
equipment for controlling the painful foot ulcers. 
These type of shoes have special and different design, 
such as different wearing section, various materials, 
and different comfortability or even they have 
completely new design like the invented shoes by the 
authors of this article, which are totally smart, 
alarming and controlling shoes for preventing of foot 
ulcers. It is also expected from them to highly reduce 
the risk of skin breakdown as well as painful ulcers in 
diabetic persons or even any persons who have pre-
existing foot illness. 

It is notable that, unfortunately, persons with 
diabetic neuropathy in their feet, mostly have an 
untrue and insufficient information about their safety 
such as the real risk which menace their feet [1, 34 
and 35]. It is worth mentioning that, foot ulcers can 
just grow in a couple of hours. To this end, the first 
goal of therapeutic shoes is to stop start of the ulcers, 
or even amputations of diabetic patients due to poor 
blood circulation [36, 37, 38 and 39]. Also it should 
be mentioned that the neuropathy is very important 
which can sometimes even change the shape of a 
person's feet then highly limits the variety of shoes 
that can be safely utilized [3, 40, 41, 42 and 43]. As 
well as meeting strict guidelines, diabetic shoes 
should be approved by the physicians and approved 
by a certified global health committee, similar to an 
orthotics. These kind of shoes could not find in the 
shoe shops, consequently, the invented diabetic shoes 
should be custom-molded and produce by producer’s 
effort as a defensive system to aid diabetics avoid 
ugly foot ulcers and improve mobility. Here we are 
going to more describe the diabetic shoes invention: 

 
2.2. Technical Problems and Description of the 
Goals of the Invention 

Nowadays, as aforementioned before, diabetes 
has affected most of developed as well as developing 
societies. After the beginning of the disease, if it lefts 
unchecked, it can highly destroy many parts of the 
body, especially the legs and foots which are more at 
risk. The foot is one of the most vital part of body 
with a small volume of whole body, but should carry 
almost the entire weight of whole body which means 
should withstand very high pressures [44, 45]. 
Because the foot ulcers of diabetic patients lead to 
long-term hospitalizations and finally may 
amputation, they can places a heavy psychological 
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and economic burden on the individuals as well as 
their family and also the community's health system 
[46].  

It should be emphasis that, Ischemia, 
neuropathy, and infection are three important 
pathological factors that lead to complications of 
diabetic foot. Although not all diabetic wounds and 
diabetic feet ulcers can be prevented, but they can be 
greatly reduced. In this regard, the patient's own 
awareness is in the first place and very important and 
then the treating physicians, clinical examinations, 
appropriate treatment of small lesions, teaching the 
basics and finally how to cover the foot may prevent 
many of these wounds [47, 48, 49 and 50]. 

It should be highlighted that the basic principles 
in the control and treatment of diabetic foot ulcers are: 
a) ability of estimating its production time and 
proximity of the ulcer and thus controlling of 
prevention of infection, b) controlling and establishing 
proper arterial blood flow and c) Remove the pressure 
from the foot [51, 52, 53 and 54]. 

Although various advances have been made in 
the treatment of foot ulcers, but, most of the 
treatments have been relatively effective and 
complementary, and to treat this complication, 
prevention of problems and ulcers could be the most 
important and effective pillars in the life of diabetic 
patients [55, 56]. That means, by continuously 
monitoring the amount of blood volume in the feet of 
diabetic patients with using highly sensitive sensors, 
with aid of novel technologies such as 
nanotechnology, the invented shoe could determines 
the exact time of the possibility of foot ulcers. On the 
other words, this kind of invented shoes prevents 
sores and painful discomfort in the foot before they 
will be formed and simply inform the patients [57, 58, 
59]. 

 
2.2.2. Description of the Invention 
 
2.2.3. Title of the Invention 

Smart, Alarming and Controlling Shoes to 
Prevent Formation of Diabetic Foot Ulcers with 
related to technical background of Biomedical 
Engineering.  

 
2.2.4. Technical Problem and Articulation of the 
Goals of the Invention 

Although various advances have been made in 
the treatment of diabetic foot ulcers, but, most of them 
have had relative and complementary effects. To this 
end, a lot of scientists have been agreed that the 
prevention of occurring the problems and ulcers are 
the best, most effective and high important supporting 
way in patients' lives [60, 61]. Due to high sensitivity 
of foot in diabetic patients as well as high cost of 
treatment, together with prevention of annoyance of 
the patients after injuring and their long treatment 
period, this group has designed a very efficient and 
effective shoes which could smartly alarm and inform 
the patients before prevention of painful ulcers by 
smart sensors [62, 63 and 54].  

In addition, to having a flexible structure which 
completely be in harmony with physique of the 
patients' feet, this group provide extraordinary 
features for their invented shoes such as monitoring 
the blood supply to the arteries of the feet, warning of 
the possibility of injury as well as warning time of 
removing the shoes for rest at each of the designed 
models. It is worthwhile mentioning that, such 
facilities are not available in any of the produced 
diabetic shoes till now as shown in Fig 1. [65, 66, 67 
and 68].  

 
Fig 1. Schematic of invented diabetic shoes 
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2.3. Objectives of the Invention  

The purpose of the invention is to prevention 
from painful foot ulcers in diabetic patients, as well as 
controlling the blood flow in the arteries of the soles 
of their feet, which is the main cause of diabetic 
ulcers, and to prevent further post-traumatic strokes.  

 
2.3.1. Description of Status of Prior Knowledge 
and History of Advances in Relation to the Alleged 
Invention 

According to extensive research, no similar case 
has been found with the specific capabilities of this 
claimed invention and all the previous cases have 
focused only on the materials, type of shoes or 
ultimately the radiation to eliminate germs [69, 70 and 
71]. In the former researches none of the high 
important Internal factors which can cause wounds or 
even continuous examinations of arterial for knowing 
blood flow for avoiding from creation of painful 
lesions and physical and mental suffering of patients 
did not investigated. To this end the inventors have 
provided a sufficient and integrated descriptions and 
solution for the mentioned technical problems by this 
invention. These shoes can precisely determine the 
time of injury by closely monitoring the feet of 
diabetic patients with using special skin sensors which 
embedded in 9 susceptible points of diabetic wounds 
in the sole of the person's foot. It should be noted that 
this system is much cheaper and less sensitive to body 
movements compared to ultrasonic systems [72, 73, 
and 74].  

 
2.4. Some Other Supports of Nano Technology for 
the Diabetics 
2.4.1. Injectable Nanogel 

It is very interesting to know that, nowadays 
scientists use injectable nanogels for screening the 
level of blood sugar of diabetic patients for increasing 
the insulin level secretly when required. 

It is also worth mentioning that the project of 
Injectable nanoparticles has been invented for the first 
time at Massachusetts Institute of Technology (MIT) 
due to eliminating the need of insulin for diabetics 
Type 1 patients. In the other word, the scientist invent 
a way for continually monitoring the diabetic patients’ 
blood sugar level for injection of needed dosage of 
insulin [5, 75, 76 and 77]. 

The nanoparticles were smartly found the 
intended glucose level in the patients’ blood then 
acting by releasing of the appropriate dosage of 
insulin, like as pancreatic islet cells, which were 
demolished in diabetes Type 1 patients [78, 79 and 
80]. Eventually, this kind of scheme could safeguard 
of blood sugar levels and continue balancing and 

recover the quality of these patients’ life, due to the 
researcher’s findings [81, 82]. 

It should be recall that, the insulin actually 
works, but the main problem is the patients who are 
couldn’t always get the correct needed dosage of their 
medicine. At this time, by this invented system of 
extended release, the quantity of secreted medicine is 
relative to the requirements of the potions body [83, 
84 and 85]. 

At present, people who have Type 1 diabetes 
usually hole their fingers many times in a day for 
drawing blood to test their level of blood sugar. Once 
the level of sugar are high, they should inject insulin 
to themselves, which could reduce the sugar level of 
their blood [86, 87]. 

Nowadays, several investigators have required to 
develop a proper systems for insulin delivery which 
may act like an “artificial pancreas,” mechanically 
sensing the glucose levels of blood and secreting the 
needed insulin. One novel method is utilizing the 
hydrogels for knowing the amount of glucose levels, 
but this system is slow for responding because letting 
the insulin to leak out due to the lack of mechanical 
strength. So, to this end, the MIT scientists set out to 
make a novel sturdy, biocompatible scheme which 
could reply extra quickly to changes the glucose levels 
of patients’ blood as well as be simple to manage [88, 
89]. 

Their invented organization contains of an 
injectable gel like system with a surface similar to 
toothpaste. The gel comprises a combination of 
oppositely charged nanoparticles which highly attract 
each other, then, keeping the mentioned gel intact and 
stopping the particles from leaking away from the 
body after going inside [90, 91 and 92]. To this end, 
the researchers designed a kind of gel which is 
sensitive to acidity by aid of a modified 
polysaccharide which identified as dextran. So, each 
of nanoparticle includes of spheres of dextran full of 
an enzyme which converts the glucose inside the 
gluconic acid [93, 94, 95]. Then, the glucose could 
diffuse easily inside the gel, so if sugar levels of blood 
are raised, the mentioned enzyme produces great 
amounts of the gluconic acid, causing the local 
environment become additionally acidic. This acidic 
situation will causes to the disintegration of dextran 
spheres and then releasing the insulin. After releasing, 
Insulin performs its usual function, changing the 
glucose in the bloodstream into glycogen, which is 
engrossed into the liver for storing. 

 
2.4.2. Long-Term Control 

In the primary part of tests which done on 
animals with diabetes type 1, the scientists found that 
a single injection of the mentioned gel could 
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maintained the normal blood sugar stages for about of 
ten days. Due to the biocompatibility of particles 
which mostly comprised of polysaccharides, they are 
finally absorb to the body. 

The scientists are currently trying to adapt the 
particles for faster responding to the variations of 
glucose levels, same of the speed of pancreas islet 
smart cells as these cells can very quickly release 
insulin as soon as feeling high sugar levels. 

It is worth mentioning that, before trying this 
nano particles in the diabetic patients, the researchers’ 
strategy will be to additional develop the 
organization’s delivery properties and to work harder 
on balance the dosage which will be wanted for use in 
patients [96, 97, 98]. 

 
2.4.3. The Technology of Closed -Loop Insulin 
Delivery by Aid of Nanotechnology 

It is very interesting to introduce the closed-loop 
schemes as an alternative of traditional insulin 
injection method which can endlessly monitor the 
level of blood sugar and release insulin as soon as 
needing. The several benefits of this system over the 
traditional methods can be nominated as: 1) better 
control of BGLs, which caused in the reduction of the 
problems of the diabetic patients [39, 40, 99 and 100] 
and also 2) this system could lead to reduction of the 
dosage of consumed insulin, as well as 3) reduction of 
the amount of hypoglycemic and hyperglycemic 
proceedings. These compensations have led to 
substantial attention in developing the mentioned 
close-loop schemes. Finally 4) it should be noted that, 
the stated systems have shown promising results in 
relation of receptiveness and biocompatibility [7, 41, 
101 and 102]. 

 
2.4.4. Others Researches Attempts  

Numerous scientists have attempted to make 
platforms which show a stepwise reply to glucose 
concentration as well as ability of delivering multiple 
drugs. For example, Zhao and his co-authors have 
worked on porous Silica nanoparticles as a stage of 
glucose receptive release for the insulin as well as 
cyclic adenosine monophosphate [69, 103, 104 and 
105]. Then, the silica nanoparticles were encumbered 
with aforementioned cyclic adenosine monophosphate 
and covered and bound to gluconic acid adapted 
insulin.  

It is interesting to know that Wu and his co-
authors had also invented a multifunctional hybrid 
nanogel system for serving as an insulin delivery 
expedient as well as glucose sensor [10, 62, 106 and 
107]. This polymer is also accomplished of 
crosslinking to procedure a nanogel which 
experiences a phase change in reply of glucose 
concentration. It is worthwhile mentioning that this 

group which comprised of silver nanoparticles at the 
essential of the nanogel, had endows them with robust 
fluorescence.  

Finally it should be noted that, the nanogels able 
to release 56–91% of the stored insulin at high 
glucose stages, and also could rapidly modulate 
among high and low insulin release taxes in reply of 
altering glucose concentrations and released insulin at 
lower levels which could be continued for more than 2 
days. 

 
3. Conclusions 

As it can be concluded from this research, very 
important advances in diabetic shoes, glucose sensors 
as well as self-regulated insulin delivery schemes 
have been eased by nanoscience and nanotechnology. 
The diabetic shoes as explained in this study, is a 
novel invention which aids patients to better life. Also 
in this shoes the nanotechnology and nanomaterials 
were employed to produce a new antibacterial diabetic 
shoes. It should be highlighted that the basic 
principles in the control and treatment of diabetic foot 
ulcers are: a) ability of estimating their production 
time and proximity of them, then, controlling of 
prevention of infection, b) controlling and establishing 
proper arterial blood flow and c) Remove the pressure 
from the foot, which all could control by this kind of 
invented shoes which described before. The utilization 
of novel invented diabetic shoes which prevent 
painful foot ulcers is highly desirable, as replacements 
which could avoid amputation or even tissue damage 
[5, 108 and 109]. 

Moreover, the amperometric sensors with aid of 
nanotechnology currently ease fast, precise as well as 
highly sensitive glucose capacities in blood level 
together with other clinically relevant liquids, 
including even tears or urine. Furthermore, the clinical 
understanding of a continuous glucose device may 
lead to closed-loop schemes which help to utilize 
current insulin pumps [6, 110 and 111]. This method 
may dismiss the patients from the painful injure of 
continuously measuring their blood sugar level, and 
also obviously recover their long term health 
consequences and well-being. Regarding the current 
developments of nanotechnology in nanoscale glucose 
detecting, great improvement at clinical applications 
of diabetic diseases in the near future will be 
expectable [7, 112]. Current closed-loop schemes are 
able to releasing great quantities of insulin; but, 
clinical realization needs close-fitting control of drug 
release to decrease the danger of insulin overdose.  

Shoes systems that proposed can act as remote 
control for the preventing the release of insulin and 
really a promising development in dynamic insulin 
delivery. Stanley and his co-authors invented some 
nanoparticles which coated with antibodies and 
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capable of binding to calcium channels on genetically 
engineered cells. They also showed that, the 
application of radio frequency signal causes contained 
heating of the station by heating of the nanoparticles, 
then this heating may reasons of subsequent road of 
calcium into the cell, activating the manufacturing of 
insulin in the cells [75, 112] and caused to release the 
insulin into the bloodstream [75]. Moreover, Di, et al. 
established the drug release with the full of 
nanocapsules by absorbed ultrasound [76].  

Finally, it should be mentioned that a nano-
network [48] comprised of various nanoparticles 
which contain of insulin were used to form an insulin 
reservoir, then, could be selectively degraded by the 
application of focused ultrasound to lead to releasing 
the needed dosage of insulin [76]. These remotely 
triggered strategies may lead to novel insulin delivery 
modalities which could reduce the pain associated 
with repeatedly injecting insulin and increase patient 
compliance [5], and may serve as an element of 
closed-loop glucose therapies as well. Also, it can be 
concluded that, the best way of tackling the challenges 
ahead is by taking a multidisciplinary approach and 
joining information of material science, physical 
chemistry, as well as pharmacology to grow more 
organizations which may dynamic and steady. 
 
 
References 
1. Foot Complications, from the American Diabetes 

Association; first published no later than 
November 4, 2009, final published November 1, 
2013. 

2. Dr. Prausnitz MR. et al, Transdermal drug 
delivery. Nat Biotechnol. 2008; 26:1261–1268. 

3. Badr A, et al. Influence of Obesity and Diabetes 
Mellitus on Serum and Urinary Parameters in 
Patients with Urolithiasis. J Am Sci 2019; 
15(5):13-16]. ISSN 1545-1003 (print); ISSN 
2375-7264 (online). 
http://www.jofamericanscience.org. 
doi:10.7537/marsjas150519.03. 

4. Arya AK, et al. (2008) Applications of 
nanotechnology in diabetes. Dig J Nanomater 
Biostruct 3: 221-225. 3.  

5. Dr. Ross SA, et al. Chemistry and Biochemistry 
of Type 2 Diabetes. Chemical Reviews. 2004; 
104:1255–1282.  

6. Dr. Sowers JR, et al. Diabetes and cardiovascular 
disease. Diabetes care. 1999; 22: C14–20.  

7. Anne Trafton, MIT News Office. May 16, 2013. 
Press Inquiries.  

8. Arya AK, et al. (2008) Applications of 
nanotechnology in diabetes. Dig J Nanomater 
Biostruct 3: 221-225. 3.  

9. Mo R, et al. Emerging micro- and 
nanotechnology based synthetic approaches for 
insulin delivery. Chemical Society Reviews. 
2014; 43:3595–3629.  

10. Recent advances and applications of 
nanotechnology in diabetes. Int J Pharm Biol 
Arch 3: 255-261.  

11. Dr. Bratlie KM, et al. Invernale MA, Langer R, 
Anderson DG. Materials for diabetes 
therapeutics. Advanced Healthcare Materials. 
2012; 1:267–284.  

12. Dr. Pickup JC, et al. Nanomedicine and its 
potential in diabetes research and practice. 
Diabetes/Metabolism Research and Reviews. 
2008; 24:604–610.  

13. Sharma G, et al. (2015) Nanoparticle based 
insulin delivery system: The next generation 
efficient therapy for Type 1 diabetes. 
Nanobiotechnol 13: 74. 4.  

14. Dr. Bahshi L, et al. Optical Detection of Glucose 
by Means of Metal Nanoparticles or 
Semiconductor Quantum Dots. Small. 2009; 
5:676–680.  

15. Veetil JV, et al. A glucose sensor protein for 
continuous glucose monitoring. Biosensors and 
Bioelectronics. 2010; 26:1650–1655. 

16. Prof. A. Ataie, et al. Influence of heating rate on 
characteristics of sintered BaFe12O19, 
ICRAMME 05, Malaysia, 2005 (proceeding of 
the international conference on recent advances 
in mechanical and materials engineering).  

17. Dalia A.A, et al. Effect of a counseling program 
for diabetic patients on their knowledge, health 
promoting lifestyle practices, and psychological 
status. J Am Sci 2012; 8(10):510-518]. (ISSN: 
1545-1003). http://www.jofamericanscience.org. 

18. Dr. Yetisen AK, et al. Nano Letters. 2014. 
Reusable, Robust, and Accurate Laser-Generated 
Photonic Nanosensor.  

19. Chun AL, et al. Nanosensors: Bring it on. Nature 
Nanotechnology. 2006:84.  

20. Dr. Ravaine V, et al. Chemically controlled 
closed-loop insulin delivery. Journal of 
Controlled Release. 2008; 132:2–11.  

21. Chertok B, et al. Drug Delivery Interfaces in the 
21st Century: From Science Fiction Ideas to 
Viable Technologies. Molecular Pharmaceutics. 
2013; 10:3531–3543. 

22. Dr. Najigivi, A, et al. (2010). Experimental 
Investigation of the Size Effects of SiO2 Nano-
Particles on the Mechanical Properties of Binary 
Blended Concrete. Composites: Part B, 41(8): 
673-677. Thomson ISI (IF=1.704).  

23. Veetil JV, et al. Fluorescence lifetime imaging 
microscopy of intracellular glucose dynamics. 



 Journal of American Science 2020;16(5)       http://www.jofamericanscience.org   JAS 

 

55 

Journal of Diabetes Science and Technology. 
2012; 6:1276–1285.  

24. Dr. Najigivi, A, et al. (2013). Investigating the 
Effects of Using Different Types of SiO2 
Nanoparticles on the Mechanical Properties of 
Binary Blended Concrete, Composites: Part B, 
52(4): 141-52. Thomson ISI.  

25. Uehara H, et al. Size-Selective Diffusion in 
Nanoporous but Flexible Membranes for 
Glucose Sensors. ACS Nano. 2009; 3:924–932.  

26. Shan C, et al. Graphene/AuNPs/chitosan 
nanocomposites film for glucose biosensing. 
Biosensors and Bioelectronics. 2010; 25:1070–
1074.  

27. Sameh E, et al. Effect of Mesenchymal Stem 
Cells (MSC) in Streptozotocin (STZ) induced 
type I diabetic rats. J Am Sci 2013; 9(9):276-
280]. (ISSN: 1545-1003). 
http://www.jofamericanscience.org. 

28. Dr. Zeng X, et al. Electrodeposition of chitosan–
ionic liquid–glucose oxidase biocomposite onto 
nano-gold electrode for amperometric glucose 
sensing. Biosensors and Bioelectronics. 2009; 
24:2898–2903.  

29. Wu Q, et al. Organization of glucose-responsive 
systems and their properties. Chemical reviews. 
2011; 111:7855–7875.  

30. Sandhu A, et al. Glucose sensing: Silicon’s 
sweet spot. Nature Nanotechnology. 2007 . 

31. Dr. Wang G, et al. Enhanced amperometric 
detection of glucose using SiO2 particles. 
Applied Physics Letters. 2006; 89. 

32. Woldu MA, et al. (2014) Nanoparticles and the 
new era in diabetes management. Int J Basic Clin 
Pharmacol 3: 277-284.  

33. Bassem E.A, et al. Effect of propolis and 
Feoniculumvolger on hematological parameters 
and kidney functions in alloxan diabetic rats. J 
Am Sci 2017; 13(7):44-55]. ISSN 1545-1003 
(print); ISSN 2375-7264 (online). 
http://www.jofamericanscience.org. 
doi:10.7537/marsjas130717.05.  

34. Dr. Barone PW, et al. Near-infrared optical 
sensors based on single-walled carbon 
nanotubes. Nature Materials. 2005; 4:86–92.  

35. Besteman K, et al. Enzyme-Coated Carbon 
Nanotubes as Single-Molecule Biosensors. Nano 
Letters. 2003; 3:727–730. 

36. Dr. Najigivi, A, et al. (2011). Predicting the 
Optimal Compressive Strength of Ternary 
Blended Concrete Comprising Nano-SiO2 and 
Rice Husk Ash by Artificial Neural Networks. 
Construction and Building Materials, Under 
Review. Thomson ISI.  

37. Lin Y, et al. Glucose Biosensors Based on 
Carbon Nanotube Nanoelectrode Ensembles. 
Nano Letters. 2003; 4:191–195.  

38. Dr. McNicholas TP, et al. Structure and Function 
of Glucose Binding Protein-Single Walled 
Carbon Nanotube Complexes. Small. 2012: 
5:345-435. 

39. Tang H, et al. Highly Sensitive Glucose 
Biosensors Based on Organic Electrochemical 
Transistors Using Platinum Gate Electrodes 
Modified with Enzyme and Nanomaterials. 
Advanced Functional Materials. 2011; 21: 2264–
2272.  

40. Dr. Yoon H, et al. Periplasmic Binding Proteins 
as Optical Modulators of Single-Walled Carbon 
Nanotube Fluorescence: Amplifying a Nanoscale 
Actuator. Angewandte Chemie. 2011; 123:1868–
1871.  

41. Yum K, et al. Strano MS. Boronic Acid Library 
for Selective, Reversible Near-Infrared 
Fluorescence Quenching of Surfactant 
Suspended Single-Walled Carbon Nanotubes in 
Response to Glucose. ACS Nano. 2011; 6:819–
830.  

42. Dr. Yang G, et al. High Performance Conducting 
Polymer Nanofiber Biosensors for Detection of 
Biomolecules. Advanced Materials. 2014: n/a–
n/a.  

43. Dr. Alireza Najigivi, et al. (2015). Contribution 
of Steel Fiber as Reinforcement to the Properties 
of Cement-Based Concrete: A Review. 
Construction and Buildings Materials, Under 
Review.  

44. Nunes SP, et al. Switchable pH-Responsive 
Polymeric Membranes Prepared via Block 
Copolymer Micelle Assembly. ACS Nano. 2011; 
5:3516–3522.  

45. Zhai D, et al. Highly Sensitive Glucose Sensor 
Based on Pt Nanoparticle/Polyaniline Hydrogel 
Heterostructures. ACS Nano. 2013; 7:3540–
3546.  

46. Dr. Ding Y, et al. Electrospun CO3O4 nanofibers 
for sensitive and selective glucose detection. 
Biosensors and Bioelectronics. 2010; 26:542–
548.  

47. Sun EY, et al. Continuous analyte sensing with 
magnetic nanoswitches. Small. 2006; 2:1144–
1147. 

48. Subramani K, et al. (2012) Recent Trends in 
diabetes treatment using nanotechnology. Dig J 
Nanomater Biostruct 7: 85-95.  

49. Ballerstadt R, et al. Concanavalin A for in vivo 
glucose sensing: A biotoxicity review. 
Biosensors and Bioelectronics. 2006; 22:275–
284.  



 Journal of American Science 2020;16(5)       http://www.jofamericanscience.org   JAS 

 

56 

50. Dr. Brown JQ, et al. Modeling of spherical 
fluorescent glucose microsensor systems: design 
of enzymatic smart tattoos. Biosensors and 
Bioelectronics. 2006; 21:1760–1769.  

51. Song Y, et al. Graphene Oxide: Intrinsic 
Peroxidase Catalytic Activity and Its Application 
to Glucose Detection. Advanced Materials. 
2010; 22:2206–2210.  

52. Dr. Najigivi, A, et al. (2011). Neural Network 
Prediction Model for Optimizing Permeability 
Properties of Cement-Nano SiO2Rice Husk Ash 
Ternary Blended Concrete. Composites: Part B 
(2010), Revision is Under Review. Thomson ISI.  

53. Stuart DA, et al. In Vivo Glucose Measurement 
by Surface-Enhanced Raman Spectroscopy. 
Analytical Chemistry. 2006; 78:7211–7215.  

54. The Effect of Intensive Treatment of Diabetes on 
the Development and Progression of Long-Term 
Complications in Insulin-Dependent Diabetes 
Mellitus. New England Journal of Medicine. 
1993; 329:977–986.  

55. Dr. Control D, et al. The Effect of Intensive 
Treatment of Diabetes on the Development and 
Progression of Long-term Complications in 
Insulin-dependent Diabetes Mellitus. RETINA. 
1994; 14:286–287.  

56. Dr. Kozlovskaya V, et al. Ultrathin polymeric 
coatings based on hydrogen-bonded polyphenol 
for protection of pancreatic islet cells. Advanced 
Functional Materials. 2012; 22:3389–3398. 

57. Dr. Najigivi, A, et al. (2011). Assessment of the 
Effects of Lime Solution on the Properties of 
Nano-SiO2 Binary Blended Concrete. 
Composites: Part B, 42(3): 562-69. Thomson 
ISI.  

58. Dang TT, et al. Enhanced function of immuno-
isolated islets in diabetes therapy by co-
encapsulation with an anti-inflammatory drug. 
Biomaterials. 2013; 34:5792–5801.  

59. Wilson JT, et al. Layer-by-Layer Assembly of a 
Conformal Nanothin PEG Coating for Intraportal 
Islet Transplantation. Nano Letters. 2008; 
8:1940–1948.  

60. Dr. Najigivi, A, et al. (2013). Contribution of 
Steel Fiber as Reinforcement to the Properties of 
Cement-Based Concrete: A Review. Minor 
Revision is under Review. Thomson ISI.  

61. Teramura Y, et al. Behavior of synthetic 
polymers immobilized on a cell membrane. 
Biomaterials. 2008; 29:1345–1355.  

62. Wilson JT, et al. Cell Surface Engineering with 
Polyelectrolyte Multilayer Thin Films. Journal of 
the American Chemical Society. 2011; 
133:7054–7064.  

63. Dr. Gattas-Asfura KM, et al. Bioorthogonal 
layer-by-layer encapsulation of pancreatic islets 

via hyperbranched polymers. ACS Applied 
Material Interfaces. 2013; 5:9964–9974.  

64. Boudou T, et al. Multiple functionalities of 
polyelectrolyte multilayer films: new biomedical 
applications. Advanced Materials. 2010; 22:441–
467.  

65. Gu Z, et al. Injectable Nano-Network for 
Glucose-Mediated Insulin Delivery. ACS Nano. 
2013; 7:4194–4201.  

66. Dr. Tai W, et al. Bio-Inspired Synthetic 
Nanovesicles for Glucose-Responsive Release of 
Insulin. Biomacromolecules. 2014.  

67. Cui F, et al. (2008) Preparation, characterization 
and oral delivery of insulin loaded carboxylated 
chitosan grafted poly (methyl methacrylate) 
nanoparticles. Biomacromolecules 10: 1253-
1258.  

68. Gordijo CR, et al. Nanotechnology-Enabled 
Closed Loop Insulin Delivery Device: In Vitro 
and In Vivo Evaluation of Glucose-Regulated 
Insulin Release for Diabetes Control. Advanced 
Functional Materials. 2011; 21:73–82.  

69. http://www.innovationtoronto.com/2015/06/smar
t-insulin-patch-could-replacepainful-injections-
for-diabetes. 

70. Gu Z, et al. Anderson DG. Glucose-Responsive 
Microgels Integrated with Enzyme Nanocapsules 
for Closed-Loop Insulin Delivery. ACS Nano. 
2013; 7:6758–6766.  

71. Dr. Chen M, et al. A glucose-responsive 
controlled release system using glucose oxidase-
gated mesoporous silica nanocontainers. 
Chemical Communications. 2012; 48:9522–
9524.  

72. Dr. Najigivi, A, et al. (2011). Water Absorption 
Control of Ternary Blended Concrete with Nano-
SiO2 in Presence of Rice Husk Ash. Materials 
and Structures, Accepted Manuscript. Thomson 
ISI.  

73. Sun L, et al. Oral glucose-and pH-sensitive 
nanocarriers for simulating insulin release in 
vivo. Polymer Chemistry. 2014; 5:1999–2009.  

74. Sanchez C, et al. Applications of advanced 
hybrid organic–inorganic nanomaterials: from 
laboratory to market. Chemical Society Reviews. 
2011; 40:696–753.  

75. Geijtenbeek TB, et al. Signalling through C-type 
lectin receptors: shaping immune responses. 
Nature Reviews Immunology. 2009; 9:465–479.  

76. Wu S, et al. Glucose- and pH-responsive 
controlled release of cargo from protein-gated 
carbohydrate-functionalized mesoporous silica 
nanocontainers. Angewandte Chemie. 2013; 
52:5580–5584.  

77. Dr. Najigivi, A, et al. (2011). Influence of Nano-
SiO2 Addition on the Mechanical Properties of 



 Journal of American Science 2020;16(5)       http://www.jofamericanscience.org   JAS 

 

57 

Binary Blended Concrete. International Journal 
of Materials Research, Accepted Manuscript. 
Thomson ISI.  

78. Lorand JP, et al. Polyol Complexes and Structure 
of the Benzeneboronate Ion. The Journal of 
Organic Chemistry. 1959; 24:769–774.  

79. Dr. Kataoka K, et al. Totally synthetic polymer 
gels responding to external glucose 
concentration: Their preparation and application 
to on-off regulation of insulin release. Journal of 
the American Chemical Society. 1998; 
120:12694–12695.  

80. Dr. Najigivi, A, et al. (2011). Particle Size Effect 
on the Permeability Properties of Nano-SiO2 
Blended Portland Cement Concrete. Journal of 
Composite Materials, 45:1173-1180. Thomson 
ISI.  

81. Wang B, et al. Glucose-responsive micelles from 
self-assembly of poly (ethylene glycol)-b-poly 
(acrylic acid-co-acrylamidophenylboronic acid) 
and the controlled release of insulin. Langmuir. 
2009; 25:12522–12528.  

82. Yao Y, et al. Glucose-responsive vehicles 
containing phenylborate ester for controlled 
insulin release at neutral pH. 
Biomacromolecules. 2012; 13:1837–1844.  

83. Dr. Zhao L, et al. Glucose-sensitive polypeptide 
micelles for self-regulated insulin release at 
physiological pH. Journal of Materials 
Chemistry. 2012; 22:12319–12328.  

84. Wu W, et al. A fluorescent responsive hybrid 
nanogel for closed-loop control of glucose. 
Journal of Diabetes Science and Technology. 
2012; 6:892–901.  

85. Dr. Alireza Najigivi, et al. (2016). Comparison 
of the failure expansion behavior of control and 
Nano-Silica binary blended mortars using 
Acoustic Emission Technique. Materials and 
Structures, Under Review.  

86. Wu Z, et al. An injectable and glucose-sensitive 
nanogel for controlled insulin release. Journal of 
Materials Chemistry. 2012; 22:22788–22796.  

87. Kataoka K, et al. On-off regulation of insulin-
release by totally synthetic polymer gels 
responding to external glucose concentration. 
Abstracts of Papers of the American Chemical 
Society. 1999; 217:U564–U564.  

88. Dr. Ancla C, et al. Designed glucose-responsive 
microgels with selective shrinking behavior. 
Langmuir. 2011; 27:12693–12701.  

89. Dr. Najigivi, A, et al. (2011). Investigations on 
the Development of the Permeability Properties 
of Binary Blended Concrete with NanoSiO2 
Particles. Journal of Composite Materials, 
45:1931-1938. Thomson ISI.  

90. Kumar BV, et al. Glucose- and pH-responsive 
charge-reversal surfaces. Langmuir. 2014; 
30:4540–4544.  

91. Dr. Najigivi, A, et al. (2011). Influence of 15 and 
80 Nano-SiO2 Particles Addition on Mechanical 
and Physical Properties of Ternary Blended 
Concrete Incorporating Rice Husk Ash. Journal 
of Experimental Nanoscience, Accepted 
Manuscript. Thomson ISI.  

92. Park CW, et al. Core–shell nanogel of PEG–poly 
(aspartic acid) and its pH-responsive release of 
Rh-insulin. Soft Matter. 2013; 9:1781.  

93. Kim H, et al. Monosaccharide-responsive release 
of insulin from polymersomes of polyboroxole 
block copolymers at neutral pH. Journal of the 
American Chemical Society. 2012; 134:4030–
4033.  

94. Dr. Najigivi, A, et al. (2013). A Novel Artificial 
Neural Networks Model for Predicting 
Permeability Properties of Nano Silica-Rice 
Husk Ash Ternary Blended Concrete. 
International Journal of Concrete Structures and 
Materials. Accepted Manuscript. Thomson ISI. 

95. Zhao Y, et al. Mesoporous Silica Nanoparticle-
Based Double Drug Delivery System for 
Glucose-Responsive Controlled Release of 
Insulin and Cyclic AMP. Journal of the 
American Chemical Society. 2009; 131:8398–
8400.  

96. Zhao W, Zhang H, He Q, Li Y, Gu J, Li L, Li H, 
Shi J. A glucose-responsive controlled release of 
insulin system based on enzyme multilayers-
coated mesoporous silica particles. Chemical 
Communications. 2011; 47:9459–9461.  

97. Scognamiglio V. Nanotechnology in glucose 
monitoring: Advances and challenges in the last 
10 years. Biosensors and Bioelectronics. 2013; 
47:12–25.  

98. Dr. Najigivi, A. et al. (2010). Assessment of the 
Effects of Rice Husk Ash Particle Size on 
Strength, Water Permeability and Workability of 
Binary Blended Concrete. Construction and 
Building Materials, 24(11), 2145-2150. 
Thomson ISI.  

99. Dr. Zion T, et al. Cross-linked polymer 
encapsulating the therapeutic agent; degradation 
rate of the cross-linked polymer is correlated 
with a local concentration of an indicator, and 
the therapeutic agent is released as the cross-
linked polymer degrades. 2004.  

100. Zion TC, et al. 2003. Glucose-Sensitive 
Nanoparticles for Controlled Insulin Delivery.  

101. Brogden RN, et al. Drugs. 1987; 34:350–371.  
102. Stanley SA, et al. Radio-wave heating of iron 

oxide nanoparticles can regulate plasma glucose 
in mice. Science. 2012; 336:604–608.  



 Journal of American Science 2020;16(5)       http://www.jofamericanscience.org   JAS 

 

58 

103. Dr. Najigivi, A, et al. (2010). Contribution of 
Rice Husk Ash to the Properties of Mortar and 
Concrete: A Review. Journal of American 
Science, 6(3), 157–165. Thomson ISI.  

http://www.jofamericanscience.org. 
104. Di J, et al. Ultrasound-Triggered Regulation of 

Blood Glucose Levels Using Injectable Nano-
Network. Advanced Healthcare Materials. 2014; 
3:811–816.  

105. Dr. Alireza Najigivi, et al. (2016). Study on the 
Sensitivity of Fracture Toughness and Failure 
Behaviour of Concrete in Presence of Nano 
Silica Particles, International Journal of Concrete 
Structures, Under Review.  

106. Nimase PK, et al. (2013) Nanotechnology and 
diabetes. Int J Adv Pharm 2. 5. Harsoliya MS, 

Patel VM, Modasiya M, Pathan JK, Chauhan A, 
et al. (2012). 

107. Diabetic Foot Care at Podiatry; published 2003; 
retrieved September 6, 2011. 

108. Dr. DeMello, et al. (September 10, 2009). Feet 
and Footwear: A Cultural Encyclopedia. 
Macmillan. pp. 92–94. ISBN 9780313357145. 

109. Therapeutic Shoes or Inserts, from medicare.gov. 
Accessed November 1, 2013. 

110. Citation: Gupta R (2017) Diabetes Treatment by 
Nanotechnology. J Biotechnol Biomater 7: 268. 
doi: 10.4172/2155-952X.1000268. 

111. Veiseh O, et al. (2015) Managing diabetes with 
nanomedicine: Challenges and opportunities. Nat 
Rev Drug Discov 14: 45-57. 2.  

 
5/24/2020 


