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ARTICLE INFO ABSTRACT

Received: 13 Jan 2024 For patients with diabetes, diabetes-related complications are a primary cause of
Accepted: 17 Jan 2024 morbidity and death. This has become a major contributor for many deaths now days.
Published: 27 Jan 2024 The purpose of this review is to determine whether gold nanoparticles have the ability
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nanoparticles' potential for self-treatment. This review's primary objective is to highlight
and provide an overview of some of the previous research in relation to many factors
including the size of the gold nanoparticles, the dose quantity and its mode of
administration, the experimental analysis & its findings. The second objective is to
DOl: explain how gold nanoparticles work as a self-therapeutic against the complications of
10.5281/zenodo.10634428 diabetes. It has been shown by several studies that gold nanoparticles have anti-
inflammatory, anti-glycation, anti-angiogenic, antioxidant, and anti-hyperglycaemic
properties. This review sheds light on gold nanoparticles' possible uses, which could
lower the prevalence of diabetes & associated complications.

INTRODUCTION
Diabetes has a substantial impact on health care
costs, mortality rates, and other factors because it

(International Diabetes Federation) the total of
2.5% to 3% global population has diabetes. If it’s
not kept under control then in next decade this

increases the risk of organ failure and dysfunction.
It has a long-term complication which are due to
the high and uncontrolled blood sugar level that is
hyperglycaemia [1, 2]. The complications aroused
out of diabetes include retinopathy, nephropathy
and peripheral neuropathy. As per the sources of
WHO (World Health Organization) and IDF

number may rise to 4% to 4.5% of global
population [3]. The hyperglycaemia is responsible
for the mitochondrial respiration which releases
ROS (reactive oxygen species) into the cytoplasm
which consequentially leads to oxidative stress
causing the diabetic complications [4, 5]. Recently
nanoscience and nanotechnology has been
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developed tremendously which has synthesized
different nanomaterials which has been employed
in biomedical fields. Nanomaterials have a big
demand in pharmacology for preparing
nanomedicines which have found to be played a
very important role in treating number of lethal
diseases. Among all nanoparticles it is found that
the gold nanoparticles attracted great attention due
to its significant and effective anti-oxidative [6],
anti-inflammatory [7], anti-proliferative [8], anti-
angiogenic [9], anti-diabetic [10] activities. The
remarkable anti-hyperglycaemic and anti-oxidant
properties of gold nanoparticles were observed in
amelioration and recovery of various diseases in
diabetes model [6] including diabetic wound
healing, diabetic nephropathy [11] and the autistic
diabetes model [12]. The therapeutic effect of gold
nanoparticles  against  diabetes and the
complications emerges out of it have been
discussed in this review. This review conveys the
anti-hyperglycaemic, antioxidant, anti-
inflammatory and antiangiogenic potential of gold
nanoparticle. The original research publications
(peer-reviewed) published in last ten years were
found using a variety of search engines like
PubMed, Springer Link, Scopus databases and
Web of Science.

Gold Nanoparticles:

Nanoparticles are materials having at least one
dimension and size ranging between 1 to 100 nm.
They have dissimilar physical and chemical
properties from its bulk. Nanoparticles are very
much smaller than the human cell which offers
extraordinary dealings on both the surface as well
as inside of the cells [13, 14]. Due to their potential
to overcome biological barriers and increase the
bioavailability of therapeutic drugs, nanoparticles
offer a number of benefits as therapeutic materials.
Nanoparticles like gold and silver exhibits self-
therapeutic effect without surface modification
which is ruled by their physicochemical
properties. The action of nanoparticles in any
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biological system is depending upon the various
morphological characteristics like shape and size
and surface charge. Cytotoxicity and potential
biological interactions with nanoparticles must be
determined before using them in biomedical
applications. It is to be noted that the unpredictable
outcomes could result from interactions between
biological molecules and nanoparticles. The
discharge of harmful ions or the non-specific
interaction of nanoparticles with bio-structures is
what causes them to be poisonous. Due to small
size and bigger surface area, nanoparticles in
recent times have become a focus of several
studies especially in its applications in
nanomedicine and biomedical imaging [15]. Gold
has been considered an inert noble metal with
therapeutic and medicinal properties in its native
state [16]. The ionic gold can be neutralized by
precipitation hence it has limitations for its
application in living systems [4]. Gold
nanoparticles have been investigated actively
because of its high stability; can be synthesized
easily with controlled size with simple surface
modification and high biocompatibility and lower
toxicity [17-21]. Gold nanoparticles have great
potential for use in various nanomedicine
applications due to their high biocompatibility and
lack of cytotoxicity [18]. Gold nanoparticles can
bind to molecules that contain -SH- and -NH2-
strongly. Hence bio-molecules like proteins can
function as a significant substrate in binding gold
nanoparticles through cysteine & lysine residues.
The favoured binding of cysteine-rich or/and
lysine-rich proteins to gold nanoparticles takes
place. This then may alter their structure and
biological functions that allow gold nanoparticles
to get exploited as therapeutic agent [22]. The
interaction of gold nanoparticles with biological
systems may potentially be affected by several
factors like surface morphology, shape and size,
method of synthesis, concentration and time of
exposure. This in turn shows effect on their
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toxicity, cellular uptake, pharmacokinetics, bio-
distribution, drug delivery efficiency [23, 24]. The
main toxicity determining factors are shape and
size, surface charge, quantity of dose and doing
time of gold nanoparticles. . All these determining
factors can be modified which creates a wide range
of gold nanoparticles with special features and
performance [25]. Another effective tactic to raise
gold nanoparticles therapeutic index for the
management of various illnesses is direct targeting
to the organs [26]. This enables researchers to
identify the ideal properties of gold nanoparticles
based on their intended target organs and
disorders.

Gold nanoparticles: Its therapeutic effects on
various diseases involving diabetes and its
complications:

Different studies have confirmed an undeniable
fact that the formation of ROS (Reactive Oxygen
Species) in biological system is responsible for the
oxidative stress within it. This makes the
nanoparticles more toxic [15]. However, it was
shown that gold nanoparticles functioned as an
anti-oxidant agent by increasing the amount of
anti-oxidant enzymes, scavenging free radicals,
and inhibiting the generation of ROS [27, 28]. This
anti-oxidant effect and anti-hyperglycaemic effect
shown by gold nanoparticles is presented in Table
I. For instance, gold nanoparticles with size 21 nm
have found to be with increased anti-oxidant
capability in the blood, liver and muscles. It is

found to decrease the glucose level in blood and
also reduces the inflammation and oxidative stress
caused by hyperglycaemia [6]. Gold nanoparticles
synthesized using Bacillus licheniformis by
biological method with particle size 50 nm when
implemented and investigated on streptozotocin
induced diabetic mice, it has shown prominent
anti-oxidative effect which inhibits the formation
of ROS (Reactive Oxygen Species). Gold
nanoparticles also improve the antioxidant enzyme
in the cells along with anti-hyperglycaemic effect
which causes regeneration of pancreatic  cells &
hence lowering the glucose level of blood [4].
Similar results were found from the studies
performed by other group of investigators and
researchers like Daisy and Saipriya and Karthick
et al for effect of gold nanoparticles treating
hyperglycaemia [29, 30]. Similar effects of gold
nanoparticles with particle size 12-41 nm and 10
nm were observed by Venkatachalam et al. (2013)
[31] and Edrees, Elbehiry, EImosaad (2017) [32]
respectively. Recent research has examined the
impact of gold nanoparticles on several problems
associated with diabetes. Selim, AbdElhakim, Al-
Ayadhi showed gold nanoparticles with particle
size 50 nm and 2.5 mg/kg dose on Autistic diabetic
rats impressively reversed majority of liver redox
parameters like oxidized glutathione (GssG)
levels, glutathione (GSH) and glutathione
peroxidase (GPx) [12].

Table I. Therapeutic effects of Gold nanoparticles on diabetic animal models

Dose,
Size, Shape adm!nlstrat Target tissue/ Animal
ion . . . model/ Assay -
and diabetic animal Findings Reference
X Rout Sample methods
Coating model .
&Exposure Size
time
50 nm . . . Toxicity ¢ Nontoxic,
Spherical 2.5 mg/kg Liver, kidney, Mice studies: protective
spleen, lung. .
hematological effect of 4
Formed by STZ induced 24 mice . and . A_UNPS on
the IP /15 days L histological liver and
) diabetic model /4 . .
reduction of Analysis, pancreas with
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AuCl4 - groups regeneration
ions by n=6 NPs bio- of B cells.
Bacillus distribution. o Normal
licheniformi kidney, liver
S and lung.
e Creatinine
level is
normal in
treated
diabetic mice.
¢ AuNPs have
anti-oxidative
and anti-
hyperglycemi
C activities.
e Serum urea,
creatinine
55 2 t0 98.4 andluric acid
am eve!s
60 m/kg _ _ steadily
Blood parameters, | 35male | Biochemical returned to
liver and kidney. albino analysis of near normal.
R . Wistar blood Reduce
eduction
of gold ions rats p:lal_rameters, serum 29
by C. via gastric _ iver and glucose and
. . . STZ induced 7 per kidney Glycosylated
Fistulastem | - intubation diabetic model groups functions hemoglobin
bark with for 30 days A
different e promising in
morphology the trec:)a]\ctment
hyperglycem
ia.
50 nm e Biochemical | e Reduction in
spherical- 0.5 mg/kg 30 male analysis for blood
shaped Wistar | blood glucose glucose
Pancreas alloxan- albino serum levels level.
Synthesize induced diabetic rats of TNF- o, IL- | e AuNPs have 30
using Orally using rats 6 and high- anti-
Gymnema gavage for 5 groups | sensitive CRP. inflammator
sylvestre 28 days. n=6 |e histopathologi y effects.
plant cal analysis.
e Blood
12-14 nm glucose
Spherical 0.5 mg/kg 36 male |° Estimation level,
albino of Serum cholesterol
Blood parameters. rats glucose, and
synthesized alloxan-induced total triglyceride 31
using Fed with diabetic rats 6 per cholesterol, significantly
Cassia AuNPs for P triglyceride Reduced.
auriculate 28 days. groups and Insulin. | e Body weight
plant and plasma
insulin
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increased
significantly.
(Antidiabetic
activity).
e NoO
morphologic
al
abnormalitie
sin liver
except the
increase no.
of Kupffer
21 nm Blood cells,
Spherical parameter e increase the
0.3 mg/kg Blood, liver and 18 measurement. antioxidant
Functionali muscle Wistar western blot capacity in
zed with male rats analysis the blood
Sambucus orally for 2 STZ induced _ Histology and and tissue.
. L (n=6) | . .
nigra. weeks diabetic model immunohistoc | e Decreases
Aqgueous hemistry blood
fruit extract evaluations glucose level
and reduce
inflammatio
n and
oxidative
stress
induced by
hyperglycem
ia.
e improve
oxidative
stress
markers,
e Oxygen plasma
radical antioxidant
50 nm 2.5mg/kg | Liverand pancreas VI://!aIe absorbance _capacity,
Spherical Autistic diabetic Istar capacity lipid profile,
rats albino (ORACQ) reversibility
' rats pup assay of the 12
sodium I.P for 7 STZ induced 27 per * biochemical panc(::reelﬁstlc B
citrate days diabetic model P assay '
group e ultra e 50nm
structural nontoxic and
study produced no
systemic or
local adverse
effect at the
given dose.
I 135 -Real-time e Au_NP may
3-5nm 0.07 mg/g ?1?5?;5 (VSVISIL::)]d Male PCR serve as an 33
BALB/c | e Western blot adjuvant to
mice analysis increase the
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Prepared Ointment STZ induced ¢ Diabetic skin
from gold applied diabetic model 6 per full- absorption
bulk directly to group thickness and the
without any | the wound wounds and functional
surface site once e Human wound ability of
modifiers or | daily 3,5, 7 foreskin measuremen anti-
stabilizers. days fibrobla t oxidants.
- 24 hr for sts. e histological
cell culture. study.
o significant
decrease in
serum and
urinary urea,
e Histopatholo creatinine
. and uric acid
gical study
18nm 6 o5 mgik Diabetic for Kidney et
Spherical -2 MYikg 60 male and * significant
nephropathy adult Pancreases regression in
albino | e Analysis of TGF-p,
transferring 11
rats serum .
Chemical . glucose and cystatine
reduction IP, for 21 STZ induced (n=10) nsulin ' C.
method days diabetic model creatinine, o Aul_\IPs
BUN. ar;elkl)or_ate
iabetic
*ELISA Nephropathy
through anti-
fibrotic and
anti-diabetic
effect.
Notable acceleration of diabetic wound healing C57BL/6 mice pups, they inhibited retinal
has also been shown when gold nanoparticles are  neovascularization through  suppression
coupled with other antioxidants. Gold VEGFR-2 signalling pathways. can be

nanoparticles synthesized without any surface
modifier with particle size 3-5 nm in combination
with EGCG (Epigallocatechin Gallate) and ALA
(A-Lipoic Acid) have significantly increased
cutaneous wound healing caused by diabetes by
angiogenesis regulation and an anti-inflammatory
effect [33]. Gold nanoparticles with size 20 nm
when employed on the human retina
microvascular endothelial cells and the retina of
nanoparticles wit 30 nm particle size was found to
be safe in genotoxicity, immune-reactivity and
cytotoxicity when studied on doxorubicin-induced
heart failure in rat model with excellent cardio-
protective effects [18]. Gold nanoparticles are
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concluded from this study that gold nanoparticles
can be safely applied to the retina [34, 35]. The
possible mechanism behind improvement of
retinopathy (oxygen induced retinopathy model)
might be encouraged autophagy due to gold
nanoparticles. The oxidative stress, neuro-
inflammation and cognitive damage from sporadic
Alzheimer’s disease rat model can be prevented by
gold nanoparticles of size 20 nm [36]. Gold
notable candidates in recovery of number of
different ailments like pleurisy [37], inflammatory
disorders [38], metastasis [22] pancreatic ductal
Adenocarcinoma [8], systemic metabolism
disorder [39].
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Gold nanoparticles: Its therapeutic effect on
pathogenesis determinant of complications
emerged out of diabetes:

One of the main causes of morbidity and death in
patients with diabetes is diabetic complications
[40]. The main cause of diabetes complications is
prolonged exposure to hyperglycaemia [41]. This
prolonged hyperglycaemia causes diabetic
retinopathy, nephropathy, and neuropathy. It also
becomes responsible for progressing diabetic
cardio-vascular ailments [42]. The effects shown
by hyperglycaemia are irreversible and take to
progressive cell malfunction. Consequently,
finding cutting-edge therapies to stop the
advancement of diabetes problems is crucial [43,
44]. It has been proposed that oxidative stress
serves as a common channel that connects many
systems involved in the pathophysiology of
problems related to diabetes [45]. Oxidative stress
is caused by increased ROS production in a variety
of cell types for example podocytes (diabetic
nephropathy) or mesangial cells [46], glial cells
(neuropathy) [47] and pericytes or endothelial
cells (diabetic retinopathy). It is thought that
oxidative stress to cavernous tissue has a
significant role in atherogenesis in cardiovascular
disease and is a major contributing factor to
erectile dysfunction in diabetics [45]. The
pathophysiology of diabetes micro-vascular
disorders is significantly influenced by diabetic-
induced micro-vasculature injury, which is caused

by upregulating the production of vascular
endothelial growth factor (VEGF).
Neovascularization causes an increase in blood
capillary density, which is correlated with an
increase in vessel leakage [44]. Different studies
revealing the inhibitory effects of gold
nanoparticles against VEGF and other
complications emerged from diabetes are shown in
Table II.

Anti-hyperglycaemic and Antioxidant effect of
gold nanoparticles:

The anti-hyperglycaemic and  anti-oxidant
potentials of gold nanoparticles were noteworthy
in recovering diseases like Alzheimer’s disease,
wound healing, autistic diabetic model, and
diabetic nephropathy and in pleurisy. Important
action against oxidative damage in bio-molecules
was promoted by gold nanoparticles including
addition of free -SH group linked to a reduced
profile of anti-oxidant enzymes [37]. Diabetes-
related problems like cardiovascular disease,
neuropathy, nephropathy, retinopathy and erectile
dysfunction have linked to oxidative stress as a
pathogenic component [45]. Recent research has
shown that antioxidants with ROS neutralization
ability can both prevent experimentally generated
diabetes and lower the severity of diabetic
consequences [48]. Given that gold nanoparticles
have antioxidant and anti-hyperglycaemic
properties, we expected that they could be useful
in reducing the consequences of diabetes.

Table 1. Therapeutic effects of Gold nanoparticles on pathogenesis determinant of complications emerged
out of diabetes:

Dose,
Size| administratio Taraet tissue/ Animal
of n rout & get model/ Assay/methods Findings Referencs
or disease .
NPs| Exposure sample size
time
. ¢500 nM suppressed
100-1000 Bovine ‘I.ﬂfe” . proliferation,
nM Retinal retinal proliteration migration and tube
50 . endothelial assay (MTT), . 59
endothelial cells . formation.
cells e Cell migration -
24hrs (BRECs) assa elncrease in
Y cytotoxicity of
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e Tube formation AUNPs in a dose
assay, dependent manner.
o Transwell e Concentrations
monolayer greater than 500 nM
e Permeability of AuNPs caused
assay, significant cell
e Plasmid death.
constructs eDose from 0 to 500
e Transient nM did not induce
transfection any cytotoxic
assay. effects.
¢ Western blot
analysis.
e Histological
1&5uM/1 anglglllsis
[ ]
mL -C57BL/6 : :
phosphate mice (5-7 Esr;)a:;/f (zlr\;t_:_c_)lp) ¢ AuNP inhibits
buffered pups)/group «\Wound retinal
saline Retinopathy of -Human migration assay neovascularization.
20 prematurity retina « Tube formation e AuNP could be 34
intravitreal ' microvascul assa safely applied to
injection ar y retina without
once on the endothelial |* \estern blotting retinal toxicity.
day 14 cells. o Cell viability
postnatal assay (MTT)
assay
e (TUNEL) assay.
¢ Analyse
Oxidative,
mitochondrial
parameters and
neuro-
2.5 mg/kg. . inflammatory e AuNPs prevent
20 IP, every 48 Alzheimer's \/r\;[[sst?;?%e parameters cognitive damage, 36
h until 21 disease (brain) o arou ¢ Western blot oxidative stress and
days per group e Parameters of | neuro-inflammation.
oxidative stress
analysis
¢ Object
recognition
task.
L2.7 ug/rr}L Wlstar_ rats « Comet assay ° AyNPs arfe
y metal in (n= o liaht ontical biosafety;
cell line 54)/7group ghtop -Intrapleural
microscopy : .
- 0.06_mL _ studies (local) delivery is
30 | Per animal. | Heart failure rat U937 o laser correl;ﬂion favoured over 18
model. (human intravenous
Intrapleural leukemic spectrospopy, delivery.
and monocyte ¢ scanning o AUNPs-Simdax
intravenous - lymphoma) _electron and AuNPs have
observed cell line. MICrOSCOpY. similar significant
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cardio protective

until natural ° Sonoporation
death. cardio effects.
protective
efficacy.
10’,72]3’,55 >0 o ELISA for
administered _ Adylt male Inflammatory N
into the P_Ieurlsy (ac_:ute Wlstar rats parameters and . Aul_\lP _exhlblted
20 pleural mflam_matlon nine groups oxidative an.tl.OX|dant and 37
cavity, four model induced '(n=5 damage antl-mflgmmatory
hours ,I ater, by carrageenan) | animals per paramet_ers actions.
the rats were group). -Protein
sacrificed determination.
o AUNPs clearly
displayed anti-
inflammatory
properties on THP-
e Western Blot 1 cells.
Analysis  5nm AuNPs
Interleukin ) IuHrEaﬁ * PI3K Activity completely
100 nmol 1beta. myeloid Assay .beIOCked the
5, Aulkg dependent leukaemia  In-Cell Inflammatory
15, inflammatory cells. Analysis of process 38
20, | 1P, afterah | disorders, such | eprimary | Cel-BoundIL-| e 20and 15nm
35 | animals were | as rheumatoid human 1P AUNPs were less
euthanized | arthritis and basophils * Cytokine effective, 35 nm
psoriasis « C57BL/6 Analysis AuNP did not
male mice e Analysis of dls_pl_ay a
Histamine statistically
Release significant effect
e In vivo:
downregulatory
effects of AuUNPs
on IL-1.
In vitro: 5, e Immunoblotting
25,50 e Real-time PCR
P pancreattc | c\ i
cancer cells o AUNPs inhibit
assay for . )
In vivo: 100 and conditioned proliferation and
ug of AUNP _ pancreatic media migration of PCCs
in 100 L Pancreatic stellate treatment and PSCs.
20 volume ductal cells. In o Antibody e In vivo AuNP 8
adenocarcinoma Vivo: £|18 Arraysy treatment
. Female 7 significantly
;gigg l:; athymic OTraEr::rCrllrzsr:on reduced tumour
AUNP for 48 nude mice/ | L Growth.
8 per group py.
_h- eImmunocyto
In vivo: IP and
for 21 days. histochemistry
INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENGES 865|Page




Sachin J. Kamble, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 1, 857-873 | Review

o AUNPs inhibit the
proliferation of
cancer cellsin a
*quantltative concentition
. RT-PCR dependent manner,
* Ovarian « Confocal with 200 pg or 400
cancer cell | eimmunofluoresc of ;(% om
lines- ence studies shovtltifgr\g the greatest
A2780, and e\Western blot .
100 pg 200 . efficacy.
400 SKOV3-ip analyses. o AUNPs reverse
He AT HE cells o Cell ithelial
25(5, After 3 week Ovarianr':umgur * ”O”‘Fa' Proliferation m:éo;:\cil;?nal 29
50, | of 3 d/week growt an ovarian Assa}y._ transition in cancer
100 of i. p. metastasis syrfac_e e Transmission cells.
injection of epﬂh_ehgl. I_Electron e histological analysis
AUNPs N VIVO: MICroscopy. | 4 the organs did not
athymic * Cellular reveal any sign of
nUd;IESaIe A'ri\c;g;c))ls.ls inflammation or
(n =5) H toxicity in AuUNP
¢ Human treated groups
Ang.'OgemC ¢ 200 pg/mouse
Cytokine Array. | gemonstrated the
highest therapeutic
efficacy to inhibit
tumour.
¢ A reduction in
TNFa and IL-6
Single dose MRNA levels in the
of AUNPS fat were observed
. from 1 hto 72 h post
(7.85 mg Brain, heart, AUNP injection
AUNPs/qg) spleen, liver, Male e Electron with no observ ab’I e
21 IP, Tissues kidney, C57BL/6 microscopy. changes in 54
collectedat 1 | abdominal fat mice. ¢ Real-time PCR. macrophage
h, 24 h and tissue. number
?ﬁjgcﬁ%sr’: ¢ No detectable
toxicity to vital
organs (liver and
kidney).

Anti-inflammatory effect of gold nanoparticles:
The progression of diabetes and the emergence of
associated consequences are attributed to
inflammatory mechanisms [42]. According to
recent research, renal inflammation plays a critical
role in fostering the onset and advancement of
diabetic nephropathy [49]. Numerous
inflammatory cytokines have been identified as
having a key role in the diabetic retinopathy
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pathogenesis [50] and diabetic neuropathy [51].
Furthermore, tumour necrosis factor-a (TNF-a),
interleukin-1 (IL-1) and IL-6 are some of the main
inflammatory cytokines that are thought to be
crucial in diabetic complications. TNF-a
stimulates ROS generation, which causes cellular
damage and raises endothelial permeability. IL-1
enhances endothelial permeability and promotes
the development of pro-fibrotic growth factors and
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cell adhesion molecules. IL-6 stimulates
glomerular hypertrophy, mesangial proliferation,
fibronectin synthesis and endothelial permeability
in diabetic nephropathy [52, 49]. While in vitro
research has shown that gold nanoparticles have
both inflammatory & anti-inflammatory properties
[53], since gold nanoparticles can prevent TNF-a
and IL-6 from being produced, they have also
drawn a lot of interest as in vivo anti-inflammatory
drugs [54]. When compared to the diabetic group
and standard medication (Glibenemclamide), the
serum levels of TNF-o & IL-6 were considerably
reduced to normal levels following treatment with
50 nm gold nanoparticles. It clearly indicates that
gold nanoparticles have suppressing effect of the
inflammation [30]. An acute administration of 20
nm gold nanoparticles displayed prominent anti-
inflammatory action [37] in the pleural exudate of
an acute model of inflammation caused by intra-
pleural administration of carrageenan. In a rat
model of sporadic Alzheimer disease, therapy with
gold nanoparticles also prevented neuro-
inflammation, oxidative stress, and cognitive
impairment [36]. One important factor in the
method by which gold nanoparticles suppresses
IL-1B-dependent inflammation is NP size; gold
nanoparticles smaller than 10 nm have a distinct
advantage over bigger NPs in terms of their
capacity to engage with cells [38]. They propose
that IL-1p molecules aggregate around gold
nanoparticles as part of the mechanism of
inhibition of inflammatory processes; this reduces
amount of IL-1B molecules available to interact

with interleukin cellular receptor, thereby
significantly inhibiting biological activities of IL-
1B.

Anti-angiogenic properties of gold

nanoparticles:

The most powerful angiogenic agent is vascular
endothelial growth factor (VEGF), which is
frequently up-regulated in pathologic situations
such as diabetes, rheumatoid arthritis, cancer;
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wound healing & chronic inflammation [55, 44].
Reduction of VEGF expression was shown in
diabetic neuropathy [56], however an increase in
VEGF expression have been linked to the
pathogenesis of diabetic retinopathy [57] and
diabetic nephropathy [58]. Increased migration
and proliferation of endothelial cells, as well as the
creation of juvenile arteries characterized by
leakiness and lower vascular resistance, are
associated with upregulated VEGF synthesis [44].
The goal of the angiogenic route is known to be to
prevent diabetic nephropathy; hence, a number of
studies have demonstrated that blocking VEGF-A
activity can prevent irregular angiogenesis [58].
Gold nanoparticles have a broad range of potential
uses as therapeutic treatments for conditions
dependent on angiogenesis. 50 nm gold
nanoparticles strongly suppress the angiogenesis
that VEGF induces in bovine retinal endothelial
cells (BRECs) [59]. According to their method of
action, gold nanoparticles can limit the
proliferation, migration, and tube formation of
VEGF signalling pathways, which may contribute
to the prevention of VEGF-induced retinal
neovascularization. The impact of 5 nm gold
nanoparticles on the proliferation of human
umbilical vascular endothelial cells (HUVECS)
stimulated by VEGF165 was examined by
Bhattacharya et al. (2004) [55]. These findings
suggest that gold nanoparticles specifically stop
HUVEC cell growth brought on by VEGF165.
Through the presence of sulphur and amines in
amino acids of heparin-binding domain, these
nanoparticles directly bind the heparin-binding
growth factor VEGF165, thereby inhibiting the
signalling caused by this factor. Arvizo et al.
(2011) [9] also demonstrate that using HUVECs
and NIH3T3 fibroblast cells, gold nanoparticles
block the VEGF signalling cascade in vitro. It has
been established that both the size and the bare
gold surface of the NPs are crucial for inhibiting
the activity of VEGF165. After examining three
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different sizes 5 nm, 10 nm, and 20 nm, they
discovered that 20 nm gold nanoparticles is the
most effective at blocking VEGF165 function out
of the three. They emphasize the relevance of the
bare gold nanoparticles surface in its inhibitory
action and propose that the direct binding of gold
nanoparticles with VEGF165 is responsible for the
inhibitory ~ impact, likely  resulting in
conformational changes in the protein structure.
Considering all things, due to their antiangiogenic
properties, gold nanoparticles may prove useful as
therapeutic agents for conditions involving
angiogenesis, such as diabetic retinopathy and
nephropathy.

Anti-Glycation effect of gold nanoparticles:

An irreversible non-enzymatic interaction between
reducing sugars and free amino groups of proteins,
lipids, and nucleic acids forms AGEs, which are
complex groupings of macromolecules [46].The
process of glycation causes damage to or
modifications to the structural and physiological
characteristics of a number of significant tissue
proteins.  Non-enzymatic glycation can cause
kidney ECM proteins like collagen, laminin, and
elastin, as well as plasma proteins like albumin and
haemoglobin, to become less susceptible to
catabolism [60, 61]. Glycation leads to several
chronic diabetic complications like renal failure,
atherosclerosis, cataract formation [62] and
neuropathy [63]. Numerous investigations have
revealed that gold nanoparticles can function as an
anti-glycation agent, preventing the production of
advanced glycation end products [62]. Gold
nanoparticles' ability to bind competitively to the
free amino groups of arginine and lysine, two
powerful glycation sites may be the source of their
anti-glycation efficacy. It has been noted that when
free amino groups, like those on lysine, are
masked, the glycation would diminish. Singha et
al. (2009) [60] investigated the anti-glycation
effect of gold nanoparticles on the a-crystallin eye
protein, indicating that they may be useful in

preventing the development of cataracts. The
study conducted by Kim et al. (2012) [64] also
examined the potential of 20 nm gold
nanoparticles to suppress glycation of collagen, a
significant protein constituent of the human
dermis. The study conducted by Liu et al. (2014)
[62] investigated the potential of citrate-coated
spherical gold nanoparticles with a size range of 2
to 20 nm to block the glycation of bovine serum
albumin (BSA) by D-ribose. According to their
findings, AGE production was inhibited when
gold nanoparticles were added to BSA and D-
ribose and degree of inhibition was connected with
nanoparticles total surface area. The most
inhibition was produced by gold nanoparticles
with the largest total surface area. The anti-
glycation effect of gold nanoparticles on human
serum albumin (HSA) was also studied by
Seneviratne et al. (2012) [65]. They observed that
gold nanoparticles with 2 nm size can decrease the
rate of glycation of HSA by glyceraldehyde. The
results of these investigations provide more
evidence for the anti-glycation characteristics of
gold nanoparticles and may provide a valuable
connection for therapeutic applications aimed at
mitigating AGE-related medical disorders. Given
these characteristics, which suggested that gold
nanoparticles may have a combination of reduced
toxicity,  anti-inflammatory,  anti-glycation,
antiangiogenic, anti-hyperglycaemic and anti-
oxidant effects, we postulated that treating animals
with gold nanoparticles may successfully
influence these pathogenesis determinants in
diabetic disease models.

CONCLUSION

It is important to remember that in order to prevent
potential toxicity and ensure safe uses, gold
nanoparticles must be fully described prior to use.
We propose that gold nanoparticles may be useful
in the treatment of diabetes and its microvascular
complications. This was due to its capacity to
successfully inhibit and disrupt a variety of
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pathophysiological determinants or disease-
causing proteins, implicated in the development of
problems associated with diabetes. It is thought
that gold nanoparticles will be beneficial in
treating diabetes problems, however further
systematic research about the safe effective size
and effective dose is needed.

CREDIT STATEMENT: Sachin J. Kamble:

Writing, Reviewing and Editing, Valmiki B. Koli:

Supervision

CONFLICT OF INTEREST: Authors declare

no conflict of Interest.

REFERENCES

1. Matough FA, Budin SB, Hamid ZA,
Alwahaibi N, Mohamed J. The role of
oxidative stress and antioxidants in diabetic
complications. Sultan Qaboos Univ Med J.
2012; 12(1):5-18.

2. Kashihara N, Haruna Y, K Kondeti V, S
Kanwar Y. Oxidative stress in diabetic
nephropathy. Curr. Med. Chem. 2010;
17(34):4256-42609.

3. Pourghasem M, Shafi H, Babazadeh Z.
Histological changes of kidney in diabetic
nephropathy. Caspian J Intern Med.
2015;6(3):120-127.

4. Barathmanikanth S, Kalishwaralal K, Sriram
M, Pandian SR, Youn HS, Eom S et al. Anti-
oxidant effect of gold nanoparticles restrains
hyperglycemic conditions in diabetic mice J
Nanotechnobiol. 2010;8(1):16.

5. Afifi M, Abdelazim A.M. Ameliorative effect
of zinc oxide and silver nanoparticles on
antioxidant system in the brain of diabetic
rats. Asian Pac J Trop Biomed.
2015;5(10):874-877.

6. Opris R, Tatomir C, Olteanu D, Moldovan R,
Moldovan B, David L et al. The effect of
sambucus nigra l. Extract and
phytosinthesized gold nanoparticles on
diabetic rats. Colloid Surface B. 2017;
150:192-200.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

7.

10.

11.

12.

13.

14.

Ali M, Anuradha V, Abishek R., Yogananth
N, Sheeba, H. In vitro anticancer activity of
green synthesis ruthenium nanoparticle from
dictyota dichotoma marine algae. NanoWorld
J. 2017;3(4):66-71.

Saha S, Xiong X, Chakraborty PK, Shameer
K, Arvizo RR, Kudgus RA, et al. Gold
nanoparticle reprograms pancreatic tumor
microenvironment and inhibits tumor growth.
ACS Nano. 2016;10(12):10636-10651.
Arvizo RR, Rana S, Miranda OR,
Bhattacharya R, Rotello V.M. and Mukherjee,
P., Mechanism of anti-angiogenic property of
gold nanoparticles: Role of nanoparticle size
and surface charge. Nanomed-Nanotechnol.
2011;7(5):580-587.

Shaheen TI, EI-Naggar ME, Hussein JS, El-
Bana M, Emara E, El-Khayat Z. et al.
Antidiabetic assessment; in vivo study of gold
and core-shell silver-gold nanoparticles on
streptozotocin-induced diabetic rats. Biomed
Pharmacother. 2016;83:865-875.

Hamza A, Bashuaib H. Anti-diabetic and anti-
fibrotic effects of gold and silver nano-
particles on diabetic nephropathy induced
experimentally. Bioscience Research.
2018;15(1):215228.

Selim ME, Abd-Elhakim YM, Al-Ayadhi LY.
Pancreatic response to gold nanoparticles
includes decrease of oxidative stress and
inflammation in autistic diabetic model. Cell.
Physiol. Biochem. 2015;35(2):586-600.
Bodelon G, Costas C, Pérez-Juste J, Pastoriza-
Santos I, LizMarzan LM. Gold nanoparticles
for regulation of cell function and behavior.
Nano Today. 2017;13,40-60.

Ashraf JM, Ansari MA, Khan HM, Alzohairy
MA, Choi I. Green synthesis of silver
nanoparticles and characterization of their
inhibitory effects on ages formation using
biophysical techniques. Sci Rep.
2016;6:20414.

869 |Page



15.

16.

17.

18.

19.

20.

21.

22,

23.

Sachin J. Kamble, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 1, 857-873 | Review

Mateo D, Morales P, Avalos A, Haza Al.
Comparative cytotoxicity evaluation of
different size gold nanoparticles in human
dermal  fibroblasts. J Exp  Nanosci.
2015;10(18): 1401-1417.

Lopez-Chaves C, Soto-Alvaredo J, Montes-
Bayon M, Bettmer J, Llopis J, Sanchez-
Gonzalez C. Gold nanoparticles: Distribution,
bioaccumulation and toxicity. In vitro and in
Vivo studies. Nanomed-Nanotechnol.
2018;14(1):1-12.

Khan, J.A., Pillai, B., Das, T.K., Singh, Y. and
Maiti, S., Molecular effects of uptake of gold
nanoparticles in hela cells. Chembiochem.
2007;8(11):1237-1240.

Spivak MY, Bubnov RV, Yemets IM,
Lazarenko LM, Tymoshok NO, Ulberg ZR.
Development and  testing of gold
nanoparticles for drug delivery and treatment
of heart failure: A theranostic potential for
ppp cardiology. EPMA J. 2013;4(1):20.

Shah M, Badwaik VD, Dakshinamurthy R.
Biological applications of gold nanoparticles.
J Nanosci Nanotechno. 2014;14(1):344-362.

Aziz F, Ihsan A, Nazir A, Ahmad |, Bajwa SZ,
Rehman A et al.. Novel route synthesis of
porous and solid gold nanoparticles for
investigating their comparative performance
as contrast agent in computed tomography
scan and effect on liver and kidney function.
Int J Nanomed. 2017;12:1555-1563.

Si S, Pal A, Mohanta J, Satapathy SS. Gold
nanostructure  materials  in  diabetes
management, J Phys D Appl Phys.
2017;50(13):134003.

Arvizo RR, Saha S, Wang E, Robertson JD,
Bhattacharya R, Mukherjee P. Inhibition of
tumor growth and metastasis by a self-
therapeutic nanoparticle. PNAS. 2013;110
(17):6700-6705.

Alkilany, AM, Murphy CJ. Toxicity and
cellular uptake of gold nanoparticles: What

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

24,

25.

26.

27.

28.

29.

30.

31.

we have learned so far? J Nanopart Res.
2010;12 (7):2313-2333.

Xia QY, Li, HX, Xiao K. Factors affecting the
pharmacokinetics, biodistribution and toxicity
of gold nanoparticles in drug delivery. Curr
Drug Metab. 2016;17(9):849-861.

Campos EJ, Campos A, Martins, J, Ambrosio
AF. Opening eyes to nanomedicine: Where
we are, challenges and expectations on
nanotherapy for diabetic  retinopathy.
Nanomed-Nanotechnol.  2017;13(6):2101-
2113.

Williams, RM, Shah J, Tian HS, Chen X.
Geissmann F, Jaimes EA, et al. Selective
nanoparticle targeting of the renal tubules.
Hypertension. 2018;71(1):87-94.

Khan HA, Abdelhalim MAK, Al-Ayed MS,
Alhomida AS. Effect of gold nanoparticles on
glutathione and malondialdehyde levels in
liver, lung and heart of rats. Saudi J. Biol. Sci.
2012;19(4):461-464.

Bednarski M, Dudek M, Knutelska J,
Nowinski L, Sapa J, Zygmun M. et al. The
influence of the route of administration of
gold nanoparticles on their tissue distribution
and basic biochemical parameters: In vivo
studies. Pharmacol Rep. 2015;67(3):405-409.

Daisy P, Saipriya K. Biochemical analysis of
cassia  fistula aqueous extract and
phytochemically synthesized gold

nanoparticles as hypoglycemic treatment for

diabetes mellitus. Int J Nanomed.
2012:7:1189-1202.
Karthick V, Kumar VG, Dhas TS,

Singaravelu G, Sadiq AM, Govindaraju K,
Effect of biologically synthesized gold
nanoparticles on alloxan-induced diabetic
rats—an in vivo approach. Colloid Surface B.
2014;122:505-511.

Venkatachalam M, Govindaraju K, Sadiq
AM, Tamilselvan S, Kumar VG, Singaravelu
G. Functionalization of gold nanoparticles as

870 | Page



32.

33.

34.

35.

36.

37.

38.

Sachin J. Kamble, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 1, 857-873 | Review

antidiabetic nanomaterial. Spectrochim Acta.
A Mol Biomol Spectrosc. 2013;116:331-338.
Edrees HM, Elbehiry A, Elmosaad YM.
Hypoglycemic and anti-inflammatory effect
of gold nanoparticles in streptozotocin-
induced type 1 diabetes in experimental rats.
Int. J. Diabetes Res. 2017; 6(1):16-23.

Chen S-A, Chen H-M, Yao Y-D, Hung C-F,
Tu C-S, Liang Y-J. Topical treatment with
anti-oxidants and au nanoparticles promote
healing of diabetic wound through receptor
for advance glycation end-products. Eur J
Pharm Sci. 2012;47(5):875-883.

Kim JH, Kim MH, Jo DH, Yu YS, Lee TG,
Kim JH. The inhibition of retinal
neovascularization by gold nanoparticles via
suppression of  vegfr-2 activation.
Biomaterials. 2011;32(7):1865-1871.

Shen N, Zhang R, Zhang H-R, Luo H-Y, Shen
W, Gao X, et al. Inhibition of retinal
angiogenesis by gold nanoparticles via
inducing autophagy. Int J Ophthalmol-Chi.
2018; 11(8):12691276.

Muller AP, Ferreira GK, Pires AJ, de Bem
Silveira G, de Souza DL, de Abreu Brandolfi
J, et al. Gold nanoparticles prevent cognitive
deficits, oxidative stress and inflammation in
a rat model of sporadic dementia of
alzheimer’s type. Mater Sci Eng C Mater Biol
Appl. 2017; 77: 476-483.

Paula M, Petronilho F, Vuolo F, Ferreira GK,
De Costa L, Santos GP et al. Gold
nanoparticles and/or N-acetylcysteine
mediate carrageenan-induced inflammation
and oxidative stress in a concentration-
dependent manner. J Biomed Mater Res A.
2015;103(10):3323-3330.

Sumbayev VV, Yasinska IM, Garcia CP,
Gilliland D, Lall GS, Gibbs BF, et al. Gold
nanoparticles downregulate interleukin-1p-
induced pro-inflammatory responses. Small.
2013;9(3):472-477.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Xu M-X, Wang M, Yang W-W. Gold-
quercetin nanoparticles prevent metabolic
endotoxemia-induced  kidney injury by
regulating tlrd/nf-kb signaling and nrf2
pathway in high fat diet fed mice. Int J
Nanomed. 2017;12:327-345.

Sheetz MJ, King GL. Molecular
understanding of hyperglycemia’s adverse
effects for diabetic complications. JAMA.
2002;288(20):2579-2588.

Aronson D. Hyperglycemia and the
pathobiology of diabetic complications. Adv
cardiol. Karger Publishers. 2008;45:1-16.
King GL. The role of inflammatory cytokines
in diabetes and its complications. J
Periodontol. 2008;79(8S):1527-1534.

Chow FY, Nikolic-Paterson DJ, Atkins RC,
Tesch GH. Macrophages in streptozotocin-
induced diabetic nephropathy: Potential role
in renal fibrosis. Nephrology Dialysis
Transplantation. 2004;19(12):2987-2996.
Zent R, Pozzi A. Angiogenesis in diabetic
nephropathy. Semin Nephrol. 2007. p 161-
171.

Rahimi R, Nikfar S, Larijani B, Abdollahi M.
A review on the role of antioxidants in the
management  of  diabetes and its
complications. Biomed  Pharmacother.
2005;59(7):365-373.

Kanwar YS, Wada J, Sun L, Xie P, Wallner
El, Chen S, et al. Diabetic nephropathy:
Mechanisms of renal disease progression. Exp
Biol Med. 2008;233(1):4-11.

Gongalves NP, Vegter CB, Pallesen LT.
Peripheral glial cells in the development of
diabetic  neuropathy. Front  Neurol.
2018;9:268.

Kumar GS, Kulkarni A, Khurana A, Kaur J,
Tikoo K. Selenium nanoparticles involve hsp-
70 and sirtl in preventing the progression of
type 1 diabetic nephropathy. Chem Biol
Interact. 2014,;223:125-133.

871 |Page



49.

50.

51.

52.

53.

54.

55.

56.

57,

Sachin J. Kamble, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 1, 857-873 | Review

Donate-Correa J, Martin-Nufiez E, Muros-de-
Fuentes M, Mora-Fernandez C, Navarro-
Gonzalez JF. Inflammatory cytokines in
diabetic nephropathy. Journal of diabetes
research. 2015;2015:948417.

Tang J, Kern TS. Inflammation in diabetic
retinopathy. Prog Retin Eye Res.
2011;30(5):343-358.

Doupis J, Lyons TE, Wu S, Gnardellis C,
Dinh T, Veves A. Microvascular reactivity
and inflammatory cytokines in painful and
painless peripheral diabetic neuropathy. J Clin
Endocr Metab. 2009;94(6):2157-2163.

Lim AK, Tesch GH. Inflammation in diabetic
nephropathy. Mediators Inflamm.
2012;2012:1D146154, 12p.

Almeida JPM, Chen AL, Foster A, Drezek R.
In vivo biodistribution of nanoparticles.
Nanomedicine. 2011;6(5):815-835.

Chen H, Dorrigan A, Saad S, Hare DJ, Cortie
MB, Valenzuela SM. In vivo study of
spherical gold nanoparticles: Inflammatory
effects and distribution in mice. PLoS One.
2013;8(2):e58208.

Bhattacharya R, Mukherjee P, Xiong Z, Atala
A, Soker S, Mukhopadhyay D. Gold
nanoparticles  inhibit  vegf165-induced
proliferation of huvec cells. Nano Lett.
2004;4(12):2479-2481

Quiattrini C, Jeziorska M, Boulton AJM,
Malik RA. Reduced vascular endothelial
growth factor expression and intraepidermal
nerve fiber loss in human diabetic neuropathy.
Diabetes Care. 2008;31(1):140-145.

Pereira DV, Vuolo F, Galant L, Constantino
L, Neto VP, Pocrifka L, et al. Effects of gold
nanoparticles on vascular endothelial growth
factor and its receptor in an animal model of
uveitis in rats [version 1, 2 approved with
reservations]. Curr Updates Nanotechnol.
2017;1(2.12).

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

58.

59.

60.

61.

62.

63.

64.

65.

Nakagawa T, Kosugi T, Haneda M, Rivard
CJ, Long DA. Abnormal angiogenesis in
diabetic nephropathy. Diabetes.
2009:58(7):1471-1478.

Kalishwaralal K,  Sheikpranbabu S,
BarathManiKanth S, Haribalaganesh R,
Ramkumarpandian S,  Gurunathan S.
Retracted article: Gold nanoparticles inhibit
vascular endothelial growth factor-induced
angiogenesis and vascular permeability via
src dependent pathway in retinal endothelial
cells. Angiogenesis. 2011;14(1):29-45.
Singha S, Bhattacharya J, Datta H, Dasgupta
AK. Antiglycation activity of gold
nanoparticles. NanomedNanotechnol.
2009;5(1):21-29.

Kumar Pasupulati A, Chitra PS, Reddy GB.
Advanced glycation end products mediated
cellular and molecular events in the pathology
of diabetic nephropathy, BioMol Concepts.
2016;7(5-6):293-309.

Liu W, Cohenford MA, Frost L, Seneviratne
C, Dain JA. Inhibitory effect of gold
nanoparticles on the d-ribose glycation of
bovine serum albumin. Int J Nanomed. 2014;
9(1):5461-5469.

Figueroa-Romero C, Sadidi M, Feldman EL.
Mechanisms of disease: The oxidative stress
theory of diabetic neuropathy. Rev Endocr
Metab Disord. 2008; 9(4):301-314.

Kim J-H, Hong C-O, Koo Y-C, Choi H-D,
Lee K-W. Antiglycation effect of gold
nanoparticles on collagen. Biol Pharm Bull.
2012; 35(2):260-264.

Seneviratne C, Narayanan R, Liu W, Dain JA.
The in vitro inhibition effect of 2 nm gold
nanoparticles on non-enzymatic glycation of
human serum albumin. Biochem Biophys Res
Commun. 2012; 422(3):447-454.

872 |Page



Sachin J. Kamble, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 1, 857-873 | Review

HOW TO CITE: Sachin J. Kamble, Valmiki B. Kaoli,
Applications Of Gold Nanoparticles In Treating Diabetes
And Complications Emerging From It: A Review, Int. J.
of Pharm. Sci., 2024, Vol 2, Issue 1, 857-873.
https://doi.org/10.5281/zenodo.10634428

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES 873 |Page




