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Abstract 

 This study tries to define Type 1 diabetes i.e. a chronic, immune-mediated disease caused by the destruction of 

the insulin-producing β cells in the pancreas. It is seen that various environmental factors can lead to diabetes, 

furthermore it is also seen that it can be a genetic issue. It is seen that in this disease beta cells in the pancreas starts 

dying exponentially in terms of various cell death route such as apoptosis necrosis, and apopto-necrotic cycle which 

leads to inflammatory cytokine secretions and along with immune response which furthermore destroy b-cells leading 

to acute loss of insulin in bloodstream furthermore making the patient hyperglycemic. For a large proportion of the 

genetic risk associated with type 1 diabetes is associated to genetic variation in the HLA region. HLA DR4-DQ8 and 

HLA DR3-DQ2 are the HLA haplotypes conferring the highest risk in type 1 patients and for the heterozygote formed 

by these two haplotypes compared to either of the homozygotes. The risk of acquiring diabetes as a disease is increasing 

phenomenally in the world and To combat the effect of type 1 diabetes in patients immediate need for exogenous 

insulin replacement is a hallmark remedy, for which lifetime treatment is required but, is not a solution of the 

underlining problem. So here in our review, we tried to explain some of the challenges and drawbacks of conventional 

treatment of diabetes and some modern trends in nanomaterial functional attributes which can be clubbed together for 

a better antidiabetic activity. 
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I. INTRODUCTION 

Type 1 diabetes; a chronic, immune-mediated disease caused by the destruction of the insulin-producing β cells in the 

pancreas (Norris et al, 2020). Exposure to a presumed environmental factor triggers a loss of immune regulation in 

genetically susceptible individuals which is caused due to the development of β cell autoantibodies (Norris et al, 2020, 

Atkinson, M. A,2014). Reduced or destruction of β cells in an individual leads to a decrease in insulin secretion, 

development of hyperglycemia, and ultimately clinical type 1 diabetes (Norris et al, 2020). Islet autoimmunity i.e., 

multiple autoantibodies to β cell antigens are detectable in serum during the asymptomatic phase of a human body 

which is highly predictive of type 1 diabetes (Krischer JP et al,2017).  
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Priory, type 1 diabetes was largely considered a disorder in children and adolescents, but due to the recent trends in 

biotechnology and microbiology, this opinion has changed, so that age at symptomatic onset is no longer a restricting 

factor (Leslie RD,2010). Diagnostic hallmarks such as polydipsia, polyphagia, and polyuria the classic trio of symptoms 

associated with disease onset along with overt hyperglycemia in children and adolescents, and to a lesser extent in 

adults still now remains characteristic to type 1 diabetes patients (Atkinson, M. A,2014,Leslie RD,2010). After 6 

months and between the age group of 12–24 months in children shows an increased risk for type 1 diabetes due to 

Seroconversion of islet autoimmunity (Ziegler AG et al,2013). Within 10 years of seroconversion, it is noticed that 

almost 70% of children with multiple autoantibodies progress to type 1 diabetes (Krischer JP et al,2017,Ziegler AG et 

al,2013).  

For a large proportion of the genetic risk associated with type 1 diabetes is associated to genetic variation in the HLA 

region (Krischer JP et al,2017,Robertson CC, Rich SS,2018). HLA DR4-DQ8 and HLA DR3-DQ2 are the HLA 

haplotypes conferring the highest risk in type 1 patients and for the heterozygote formed by these two haplotypes 

compared to either of the homozygotes (Robertson CC, Rich SS,2018). Furthermore, it can be concluded that over 50 

genetic loci can be associated with type 1 diabetes risk which is identified and recorded, with has shown effects ranging 

from moderate to small (Robertson CC, Rich SS,2018).  

To combat the effect of type 1 diabetes in patients immediate need for exogenous insulin replacement is a hallmark 

remedy, for which lifetime treatment is required but, is not a solution to the underlining problem((Norris et al, 2020). 

The frequency of diabetes is exponentially increasing all over the globe at an alarming rate (Huizinga MM, Rothman 

RL,2006). Over the past decade, the status of diabetes has changed from being considered as a mild disorder to one of 

the major causes of morbidity and mortality affecting the youth and middle-aged people (Huizinga MM, Rothman 

RL,2006,Arya et al,2008). According to statistics from the Centre for Disease Control (CDC), diabetes is the sixth 

leading cause of morbidity in the world, and the third leading cause among some ethnic populations (Arya et 

al,2008,Kahn B, Flier J,2000). Because of the worrying epidemiological reports, it is seen that researchers are trying 

to shift there focus from the organic medications to other unconventional treatment through nanotechnology and 

nanomedicine (Santulli, Gaetano,2018; Gharagozloo,2015;John C,2008). Nanotechnology is the study of scientific and 

technological aspects of materials in nano range and medicines developed in this range are known as nanomedicine 

(Saha et al,2018, 14). It is seen that pharmacists are trying to shift to metal oxide-based nanomedicine from 

conventional organic medicine because of the fact that metal oxides are essential micronutrients that are readily 

absorbed by a human body for effective metabolism, functioning, and secretion of many enzymes(Saha et al,2018). 

 

II.  AUTOIMMUNE RESPONSE OF TYPE 1 DIABETES FROM PROTECT TO ATTACK 

  Immune system of a human body with its innate and adaptive components has developed biological mechanisms 

and processes to defend the body (Gharagozloo,2015). Its main functions are the recognition and eradication of foreign 

antigens as well as induction of immunologic memory and tolerance to self-antigens(Zen, M. et al,2013,Paul, W. 

E,2008). Tolerance to self-antigens is normally maintained by selection processes that prevent the maturation of some 

self-antigen-specific lymphocytes and by mechanisms that inactivate or delete self-reactive lymphocytes that do mature 

(Gharagozloo,2015, Murphy, K. P,2012). 

Autoimmune response shown by type 1 diabetes arises from an inappropriate immune response against self-antigens, 

which attack and destroy healthy body tissues (Gharagozloo,2015). For such a kind of response, effectors of innate and 

adaptive immunity lead to the loss of tolerance towards basic antigens and result in the formation of autoantibodies 

which are eventually responsible for tissue inflammation and damage. Self-tolerance loss may be characterized to 

improper deletion or inactivation of the self-reactive lymphocytes during their maturation and if antigen-presenting 

cells (APCs) are activated, self-antigens are presented to the immune system in an immunogenic manner (Murphy, K. 

P,2012). Some of the general mechanisms that are associated with autoimmune reactions are defects in deletion of self-

reactive T or B cells during the maturation of these cells in the generative lymphoid organs, defective numbers, and 

functions of regulatory T lymphocytes, defective apoptosis of mature self-reactive lymphocytes, inadequate function 

of inhibitory receptors, aberrant activation of APCs, which overcomes regulatory mechanisms and results in excessive 

T cell activation (Gharagozloo,2015).  
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In type 1 diabetes i.e., organ-specific disease, tissue damage can be mediated by the effector functions of both T cells 

and B cells, which target autoantigens specific to pancreas (Gharagozloo,2015). Antibodies in the form of immune 

complexes are deposited in tissues in some cases autoimmune conditions, and can cause tissue damage as a result of 

complement activation and ligation of receptors on inflammatory cells, resulting in inflammation of the affected tissue 

(Male, D. K,2012). As an example, pemphigus vulgaris is a skin autoimmune disease, which autoantibodies against 

keratinocytes cause skin blisters (Male, D. K,2012). In most autoimmune diseases, such as systemic lupus erythematous 

(SLE), systemic sclerosis and rheumatoid arthritis, both T-cell and antibody may cause tissue injury 

(Gharagozloo,2015;Male, D. K,2012). In case of type 1 diabetes it is seen that b cells tends to die exponentially in 

terms of various cell death route such as apoptosis necrosis, and apopto-necrotic cycle which leads to inflammatory 

cytokine secretions and along with immune response which furthermore destroy b cells leading to acute loss of insulin 

in bloodstream furthermore making the patient hyperglycemic (Gharagozloo,2015,Norris et al, 2020, Krischer JP et 

al,2017). 

 

III.  CONVENTIONAL THERAPEUTIC APPROACH TOWARDS TYPE 1 DIABETES AND THEIR 

IMPACT ON PATIENTS 

  

  Since the landmark discovery of insulin by Banting and Best in 1921(Banting FG ,1922), there had being 

phenomenal advances in treatment of type 1 diabetes. But, most of the treatment is centred around the preparations of 

insulin with different rates of absorption from the subcutaneous tissue either through the addition of other proteins like 

protamine or the creation of analogs of human insulin (Hahr AJ & Molitch ME,). This led to production of insulin 

through various routes showing better bioavailability and bio distribution leading to better insulin glucose homeostasis. 
Frequent or continuous glucose monitoring had also helped in an improvement in glycemic control(Tamborlane WV 

et al,2008). In patients showing type 1 diabetes, it has been shown that an increase in glucagon concentrations post 

prandially contributes to hyperglycemia as hyperglucagonemia results in increased hepatic glucose production 

(Varanasi et al,2011). Normally, the post prandial increase in insulin secretion by the β-cell leads to the suppression of 

glucagon secretion by the α-cell through paracrine mechanisms (Cervera A et al,2008). The sensitivity of alpha cells 

to insulin is maintained in patients with type 2 diabetes (Gerich JE et al,1976). However; hyperglucagonemia occurs 

possibly due to inadequate post prandial secretion of insulin, or as a result of a possible glucotoxic effect of 

hyperglycemia on alpha cell function (Cervera A et al,2008;Baron AD et al,1987) .It is possible that a similar 

pathophysiological disturbance occurs in type1 diabetes due to the lack of insulin secretion by the β-cell which is much 

more severe and also the consecutive disturbance in the blood glucagon level results in fatigue and other physiological 

problems (Varanasi et al,2011). 

Experiments shown by Lacy and Kostianovsky founded the fundamental means to introduce islet transplantation for 

an effective therapy to correct hyperglycemia through the ability to isolate a sufficient number of metabolically active 

and intact islets from rodent pancreata (Lacy PE, Kostianovsky M,1967). While other researchers reported correction 

of hyperglycemia in diabetic mice using varied islet doses and showed promising success via the intraperitoneal route, 

Reckard et al in 1973 was the first to effectively cure diabetes in a chemically induced model(Reckard CR et al,1973). 

Yet despite these successes, the same principles of isolation and purification could not be applied to larger animals or 

humans whose glands are more dense and fibrous (Shapiro AM,2007,Bruni et al,2014).  

The number of pancreas donors required to treat one recipient is limited to the number of transplants that can occur. 

As per prior studies at single centers have identified several donor-related variables which contributes to islet isolation 

outcomes. These variables include donor age, cause of death, body mass index (BMI), cold ischemia time, length of 

hospitalization, use of vasopressors, and blood glucose levels (Benhamou PY et al,1994-Zeng Y,1994). A larger 

pancreas shows a larger β-cell mass, however, pancreas weight is not a donor selection criterion since a value cannot 

be obtained prior to procurement (Nano R et al,2005, Kin T et al,2006). Furthermore in a study it is seen, analyzing 

data from 345 deceased donors, it was observed that BMI correlates with pancreas weight but body surface area is a 

better predictor of pancreas weight than BMI.39 Several groups have indicated that BMI positively affects islet 

yield,(Brandhorst H et al,1995) which leads many to consider BMI as an important donor factor influencing islet 

isolation outcome(Lakey JR et al,1996-Nano R et al,2005). However, this view has led to the misconception that an 
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obese donor is a good candidate for successful islet isolation and transplantation. To date, “optimal” pancreata are 

allocated for whole organ transplantation in most centers, as this procedure has historically established success in 

single-donor transplant scenarios. This procedure is not without inherent perioperative risks (Bruni et al,2014). 

 

IV. CHALLENGES FACED BY CONVENTIONAL MEDICINE AND THE NEED FOR 

NANOMEDICINE 

  Challenge faced by current therapeutic approaches in type 1 diabetes is to develop drug delivery strategies that 

overcome physiological barriers at the organ, tissue, cellular, and subcellular levels (Clemente-Casares, X. & 

Santamaria, P,2014). Because of these barriers, many potential drugs for the treatment of type 1 diabetes cannot reach 

the target organs in sufficient concentrations whereas Nanotechnology-based delivery methods provide the best 

prospects for achieving this goal, transporting drugs across the blood brain barrier (BBB), dermal and mucosal barriers, 

as well as invasive therapeutic strategy, could also be considered as a safe and efficient method for the intracellular 

membrane barriers (Allen, T. M. & Cullis, P. R,2012). Transcutaneous drug delivery systems as a local and non-

treatment of autoimmune diseases, which long-term treatment at high doses are inevitable (Komano, Y. et al,2012). 

Furthermore nanomedicine due to there smaller size are much more equipped for passing the barriers and also in 

effective absorption by the cells (Saha et al,2018, saha et al,124;2018). Therefore, it is high time to understand the 

mechanisms of different metal oxide nanoparticles which could lead to a possible therapy for type 1 diabetes. Therefore 

this study tries to review nanoparticles and their activities in beta cell line and their response to different autoimmunity 

based cytokines production. 

 

V. ZINC OXIDE NANOPARTICLE 

 It is one of the most versatile nanoparticle, which is readily available and bio-friendly (saha et al,209;2018). As 

per prior reports it is seen that ZnO nanoparticles can be produced through various routes with lower toxicity in human 

beings (saha et al,209;2018). Furthermore, Saha et al tried to find novel applications of ZnO in textile coating for 

antibacterial activity (saha et al,124;2018). As per prior reports, it is seen that researchers are trying to use ZnO 

nanoparticles to elicit potent antidiabetic activity (in terms of glucose and insulin levels, glucose tolerance, and lipid 

parameters) and antioxidant effects (mediated through enhanced SOD and catalase activities) in Types 1 and 2 diabetic 

rats (umrani et al,2014). From the study, it is evidently seen that an effective anti diabetic activity is assessed with a 

very low degree of cytotoxic and genotoxic behaviors (umrani et al,2014). This might be due to the fact that ZnO 

nanoparticle showing lower particle size and surface energy was not being able to react with any vital genetic 

components leading to lower toxic evaluation (umrani et al,2014). 

 The problems related to human diseases can be reduced by using nanomedicine (nanoscale level). As per the 

report, it is important to point out that the MDA and PON-1 levels are the first functional endpoints, showing much 

earlier responses to ZnO-NPs administration. Thus, administration of ZnO-NPs appreciably decreased lipid 

peroxidation and increased PON-1 in treated group compared to diabetic group(Hussein et al,2018). 

In another study by Shoae-Hagh et al. (P. Shoae-Hagh et al,2014), they suggested that nitric oxide (NO), and 

glutathione (GSH) level increased in mice infected with Eimeria and treated with ZnO-NPs, in addition to a reduction 

in malonyldialdehyde (MDA). Reactive oxygen species with fast and also sensitive responses were predictable to 

convert superoxide radicals to peroxide and finally decompose peroxide into non-toxic forms (N. von Moos, V.I. 

Slaveykova,2014). From the study it was observed that ZnO-NPs is significantly decreased ADMA and increased NO 

level in treated group compared to diabetic group. 

NO is created from L-arginine due to the action of endothelial NO synthase (eNOS) in the presence of cofactors such 

as tetrahy- drobiopterin. This gas spreads to the vascular smooth muscle cells and activates guanylate cyclase, which 

leads to cGMP-mediated vasodilatation, smooth muscle relaxation, and increased blood flow. 

It is advocated that ZnO-NPs supplementation at different doses is an efficient material for inducing an increase in 

insulin secretion. This suggestion is in covenant with the results reported by Von- Moos et al., (N. von Moos, V.I. 

Slaveykova,2014) who report that ZnO-NPs are capable of inducing insulin secretion in insulin-producing cell lines, 
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such as HIT-T15 cells. The current study shows that it is possible to regenerate new cells in animals with a significant 

decrease in cell mass. In addition, ZnO-NPs may increase the number of cells and the sensitivity of the insulin receptor 

to insulin. From the aforementioned data, ZnO-NPs have a vital role in insulin biosynthesis, storage, and secretion. In 

addition, ZnO-NPs can improve insulin signaling by several mechanisms, including increased insulin receptor 

phosphorylation, enhancing PI3K activity and inhibition of glycogen synthase kinase-3 (L. Egefjord et al,2010). They 

also showed that the IL- 1 , IL-6, IL-8, and TNF-are also reduced in the study which is some of the common identifiers 

for type 1 diabetes(umrani et al,2014). 

 

VI.  SILICON OXIDE NANOPARTICLE 

 Cell transplantation had being a subject of great interest to researchers. Summing up literature against problems 

faced by researchers are: (i) use of function cells grafts, to minimize the demand for full organ transplantation; (ii) 

protection of cells from possible immunological reactions; (iii) viability and function maintenance by scaffolding 

materials providing mechanical strength and facilitating cell handling; and (iv) optimization of effective cell 

volume/steric hindrance, to allow intercorporeal grafts (Boninsegna, S et al,2003).   

 From reports it is seen that silicon oxide are mostly used as carriers in nanomed for treatment of type 1 diabetes, 

it is because of the fact Spherical microcapsules offer a better surface/ volume ratio and three-dimensional stability vs. 

mechanical stresses (Boninsegna, S et al,2003). As a consequence, cell micro- encapsulation has been conjugated with 

Ca-alginate bead fabrication, which is greatly preferred due to its easy processing and versatility in technical 

adjustments to control microcapsule diameter and to encapsulate important cell masses (Lim, F et al,1980, Calafiore, 

R., Basta, G., 1995). Owing to possible C leaching by body fluids and non-homogeneity of Ca cross-linking of alginic 

acid oligomers, much progress in Ca- alginate micro-encapsulation has been made (Wang, T et al,1997- Soon-Shiong, 

P et al,1994), leading to recent successful results (Duvivier-Kali, V.F et al,2001). Moreover, proposals for using various 

chemical materials, such as poly- ethyleneglycol (Cruise, G.M et al,1999), polyacrylates (Sefton, M.V et al,1997) and 

agarose (iwata, H et al,1989) have been advanced. 

 A preliminary account in regards to pancreatic islet encapsulation was presented few years back (Carturan, G 

et al,2000). There, they reported results concerning islet encapsulation by the siliceous membrane, proposing this 

material as a valuable substitute of other encapsulating materials. In their perspective, the process and features for 

encapsulated biomasses was compared with other types of encapsulation. Furthermore they tried to bring out the various 

possibilities for hybrid bioartificial organs, encapsulation of pancreatic islets and intensively documented a number of 

grafts and some tests in human patients.  

 As per prior reports on sio2 used as nano-capsule for the treatment of type 1 diabetes it is seen that the 

nanoparticles had show extremely low degree of cytotoxicity as shown in the study (Mortazavi-Derazkola et al,2000). 

Furthermore they tried to perform a Histopathological study of spleen, kidney and liver (a) before ATN-loaded 

Fe3O4/SiO2/HAp/APTES injection (control group) and (b) after injection of ATN-loaded Fe3O4/SiO2/HAp/APTES. 

From there study it suggests no mortality was observed throughout the 48 hours study and also no necrotic tubule 

abnormality was detected in kidney tissue in control and ATN-loaded Fe3O4/SiO2/HAp/APTES groups, the structure 

of liver tissue in control and ATN-loaded nanocomposite groups was normal, the structure of spleen tissue in control 

and ATN-loaded nanocomposite groups was normal with no inflammatory changes. 

 

VII. TITANIUM OXIDE NANOPARTICLE 

 TiO2 nanoparticle is another valuable semiconducting metal oxide material that shows special features such as 

easy control, reduced cost, non-toxicity; good resistance to chemical erosion, then it can be used in solar cells, chemical 

sensors and environmental distillation applications (S.U. Khan et al,2002). Furthermore, TiO2 nanoparticles have good 

electrical, magnetic and optical properties which are different from bulk counterparts [X. Wang et al,2008]. Titanium 

dioxide can mainly be found in amorphous and crystalline forms and in case of crystalline structure, it primarily occurs 

in three crystalline structure that is anatase, rutile and brookite (S. Mahshid et al,2007). Several researchers have 

described the usage of natural products from medicinal plants such as Calotropis gigantean, Psidium guajava, Aloe 

barbadensis Miller, Ageratina alttissima L, Vitex negundo, Psidium guajava, Curcuma longa, Vigna unguiculata, 
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Eclipta prostrata and Moringa oleifera for the formation of TiO2 nanoparticles (Subhapriya, S et al,2018). Huge 

amount of nanoparticles can be effortlessly made from plants and the majority of synthesized products are nontoxic. 

The biocompatible and non-toxic possessions of TiO2NPs can be used for biomedical science such as bone tissue 

engineering along with pharmaceutical industries. Therefore, there is the possibility to improve new approaches for the 

production of Titanium nanoparticles.  

As per a previous report (Hori,et al,2010) it was seen, using a unique micro-nano-hierarchical topography of TiO2 

that mimics biomineralized matrices, this study demonstrates that, despite the increased surface roughness, the addition 

of 200-nm nanonodules to micropitted titanium restored osteoblast spread and proliferation that were substantially 

reduced during the change in substrate surface topography from the machine-smooth to micropitted surfaces. The rate 

of osteoblast differentiation was not negatively affected by the addition of nanonodules. In contrast, the nanonodule-

in-micro pit surface decreased the proliferation and function of fibroblasts. These results suggest that the addition of 

nanonodules to micro pits of titanium induces cell-selective functionalization that involves a regulatory effect on 

osteoblast proliferation, reversing the inhibitory mechanism, without compromising their functional differentiation. 

Biomimetic and controllable nature of the nanonodules-in-micro pits titanium surface may offer a novel micro-to-

nanoscale hierarchical platform to bio- logically optimize nano features of titanium surfaces. In particular, this 

technology may be useful to create dental implant surfaces with improved capability to generate bone faster. Due to 

the above behavior of tio2 nanoparticles and also be used for anti-diabetic activity. 

In another work, researchers have developed a perceptive protocol for the direct estimation of CTZ at Ag-

TiO2/MWCNTs-CPE that showed a marked enhancement of the peak current in pH 8.0 media (Shetti et al,2019). 

Further, accumulation time and modifier concentration were optimized for the analysis of CTZ. The composite 

modified CPE displayed a considerable amelioration in the anodic peak with a negative shift of potentials compared to 

the nascent CPE. The notable signal augmentation could be attributed to the modifier’s distinctiveness such as elevated 

exterior and the synergistic interactions between the doped TiO2 nanoparticles and MWCNTs. The electrochemical 

analysis suggests that the CTZ electro-chemical process is irreversible and diffusion-controlled involving one proton-

electron exchange reaction. With its low detection limits and high tolerance, the developed electrode will be a good 

candidate for the rapid detection of CTZ in trace amounts. The study was also extended for the quantification of CTZ 

in tablets and in spiked human urine samples with good recovery results. Moreover, the method is simple, economical, 

stable, fast, and precise for industrial exploitation. 

 

VIII. GOLD NANOPARTICLE 

For the past few years, there is a growing need to develop an environmentally benign nanoparticle synthesis 

process that does not use any toxic chemicals in the synthesis. An important aspect of nanotechnology which has a big 

challenge, is the development of metal nanoparticles synthesis. Nanoparticles considered as particles with a size of up 

to 100 nm, exhibit completely new or improved properties as compared to the larger particles of the bulk material with 

specific characteristics, such as size, distribution, and morphology (van den Wildenberg,W 2005). Nanoparticles of 

noble metals, such as gold, silver, and platinum, are widely applied in products that directly come in contact with the 

human body, such as shampoos, detergent, soaps, shoes, cosmetic products, and toothpaste, besides medical and 

pharmaceutical applications. Gold has a long history of use. Red colloidal gold has been used as medicine for 

revitalization in China and India (Bhattacharya R, Murkherjee P 2008). Gold nanoparticles have found use in diagnostic 

and drug delivery applications (Bhumkar DR ,et al,2007). Biological methods for metallic nanoparticle synthesis using 

microorganisms, enzymes, and plants or plant extracts have been suggested as possible eco-friendly alternatives to 

chemical and physical methods (Mohanpuria P et al,2008). Using plants for nanoparticle synthesis can be more 

advantageous over other biological processes because it eliminates the elaborate process of maintaining cell cultures 

and can also be suitably scaled up for large-scale nanoparticle synthesis (Shankar SS,2003).(Gardea-Torresdey JL et 

al,2003, Shankar SS,2004b) demonstrated gold and silver nanoparticle synthesis within live alfalfa plants from solid 

media. Biosynthesis of Au nanoparticles by plants, such as Azadirachta indica (74), Medicago sativa (75), Aloe vera 

(76), Cinnamomum camphora (77), Pelargonium graveolens (78), Cymbopogon flexuosus (79), Tamarindus indica 

(80), Coriandrum sativum (81) have also been reported, thus extracellular nanoparticle synthesis using plant leaf 

extracts rather than whole plants would be more economical owing to easier downstream processing. Review of 
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literature revealed that synthesis of nanoparticles using marine algae has been unexplored, which attracted our interest 

in the present investigation. 

The glucose-lowering effect of the experimental treatments was compared with that of insulin. Insulin was found to 

be more effective than the aqueous extract and gold nanoparticles in reducing blood glucose levels. The gold 

nanoparticles were the most effective after insulin in lowering blood glucose levels. Our findings are consistent with 

those of (Bharathmanikanth et al), who treated diabetic rats with gold nanoparticles at a dose of 2.5 mg/kg. 

 

In controlled or poorly controlled diabetes, there is increased glycosylation of a number of proteins; including 

hemoglobin.59 Increased serum HbA1c levels in rats with streptozotocin-induced diabetes suggest an increased rate of 

alkylation and free radical formation. In this study, there was a significant decrease in HbA1c levels down to the near 

normal range in diabetic animals treated with the C. fistula aqueous extract or gold nanoparticles. Our HbA1c data 

corroborate those of (Oluba et al), who reported that Ganoderma lucidum extracts achieve a significant reduction in 

HbA1c, which could have possibly occurred as a result of antioxidant activity in the plants. Oral administration of the 

aqueous extract and gold nanoparticles had an effect on HbA1c, by preventing its elevation. C. fistula may also possess 

antioxidant activity, which would have scavenged free radicals, leading to a significant decrease in HbA1c in diabetic 

rats. Gold nanoparticles derived from C. fistula were found to be effective in restoring HbA1c to normal levels, 

probably as a result of efficient scavenging activity. 

 

The increased transaminase levels indicate hepatic dysfunction in animals with streptozotocin-induced diabetes. 

Aspartate transaminase and alanine transaminase are released when injury involves organelles such as the 

mitochondria. 61 Transaminases mediate the catalysis of amino transfer reactions, and are vital markers of liver injury 

in clinical diagnostics.62 Alkaline phosphatase is a hydrolase enzyme located in the cytoplasm,63 and is responsible 

for removing phosphate from nucleotides and proteins released due to hepatic cellular damage. Assessment of marker 

enzyme (aspartate transaminase, alanine transaminase, and alkaline phosphatase) levels in streptozotocin-induced 

diabetic rats showed an elevation resulting from leakage of enzymes into the bloodstream.64 In the present 

investigation, there was a progressive increment in aspartate transaminase, alanine transaminase, and alkaline 

phosphatase levels in the diabetic rats. Gold nanoparticles are believed to play a protective role in the decrease of 

transaminase levels. Our results are in line with those of (Patrick et al) and (Mahmoud et al), who reported an inhibitory 

effect of different plant extracts on transaminase activity. 

 

Serum albumin and globulin levels were markedly decreased in the diabetic control group. Total protein levels are 

significantly decreased in rats with streptozotocin-induced diabetes due to increased protein catabolism. The present 

study found that daily administration of an aqueous extract or gold nanoparticle sample from C. fistula to diabetic rats 

gradually increased their protein levels, and that the gold nanoparticles had a pronounced effect on protein content, 

with results for total protein being in accordance with those of (Akah et al)who reported that fraction 6 of Vernonia 

amygdalina leaf extracts was capable of normalizing total protein and albumin levels in rats with streptozotocin-

induced diabetes. 

 

Diabetes affects both glucose and lipid metabolism.The abnormally high concentration of serum lipids in diabetes is 

mainly due to an increase in mobilization of free fatty acids from peripheral fat depots.The present investigation shows 

an increase in serum lipoproteins (total cholesterol, triglycerides, low-density lipoprotein, very low-density 

lipoprotein). Such an increase in lipid content increases the risk of coronary heart disease and atherosclerosis. 

 

Treatment of animals with streptozotocin-induced diabetes with gold nanoparticles from C. fistula and also with its 

aqueous extract returned lipid levels back to near normal. This improvement may be attributable to the cardioprotective 

properties of β sitosterol, a plant sterol present in the stem bark of C. fistula. Our data on the lipid profile run parallel 

with the results of( Nirmala et al) who reported an improved lipid profile in rats with streptozotocin-induced diabetes 
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treated with hexane extracts from C. fistula stem bark. The lipid-lowering effects of gold nanoparticles were found to 

be more effective than those of the aqueous extract. High-density lipoprotein levels were significantly increased, 

indicating a reversed atherogenic risk which might be due to increased activity of lecithin cholesterol acyltransferase, 

which in turn contributes to regulation of serum lipids. 

 

Diabetic hyperglycemia produces elevation of plasma levels of urea and creatinine which are considered to be 

significant markers of renal dysfunction. Urea, creatinine, and uric acid levels were elevated in diabetic rats during the 

present experiment, indicating impaired renal function. On administering gold nanoparticles and aqueous extracts for 

30 days, serum urea, creatinine and uric acid levels steadily returned to near normal. These results are in agreement 

with those of (Daisy et al).  who reported that renal markers in serum were decreased on administration of crude hexane 

extracts from Costus speciosus to animals with streptozotocin-induced diabetes. Administering gold nanoparticles 

orally to diabetic rats decreased serum urea, creatinine, and uric acid more effectively, and could be explained by the 

regenerative ability of the renal tubules. 

 

IX. CONCLUSION 

Type 1 diabetes; a chronic, immune-mediated disease caused by the destruction of the insulin-producing β cells 

in the pancreas. Reduced or destruction of β cell in an individual leads to decrease in insulin secretion, development of 

hyperglycemia, and ultimately clinical type 1 diabetes. Islet autoimmunity i.e., multiple autoantibodies to β cell 

antigens are detectable in serum during the asymptomatic phase of a human body which is highly predictive of type 1 

diabetes. Priorly it was thought to be a  disorder in children and adolescents, but due to the recent trends in 

biotechnology and microbiology, this opinion has changed, so that age at symptomatic onset is no longer a restricting 

factor. Diagnostic hallmarks such as polydipsia, polyphagia, and polyuria (the classic trio of symptoms associated with 

disease onset) along with overt hyperglycemia in children and adolescents, and to a lesser extent in adults still now 

remains characteristic to type 1 diabetes patients. In case of type 1 diabetes it is seen that b cells tends to die 

exponentially in terms of various cell death route such as apoptosis necrosis, and apopto-necrotic cycle which leads to 

inflammatory cytokine secretions and along with immune response which furthermore destroy b cells leading to acute 

loss of insulin in bloodstream furthermore making the patient hyperglycemic. Our review successfully correlates with 

the trends in modern nanoparticle and points out some of the biological attributes which can be exploited for bringing 

out an anti-diabetic therapy. 
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