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ABSTRACT

Diabetes is a global health challenge that significantly reduces quality of life and poses serious risks to human health.
Despite advancements in medicine, current antidiabetic treatments often fail to effectively control the disease,
particularly given the increasing prevalence of diabetes worldwide. This situation highlights the urgent need for
innovative therapeutic approaches. Nanobiotechnology has emerged as a promising field for the eco-friendly
production of nanosized metal-based particles with potential biomedical applications. Among these nanoparticles
(NPs), biosynthesized colloidal silver and gold particles have attracted considerable interest due to their unique
physicochemical properties and broad-spectrum biological activities. These nanostructures are created using biological
resources such as plant extracts, algae, and microbes, resulting in particles with various sizes and shapes. Recent
studies, including both in vitro and in vivo models, have explored the antidiabetic potential of these NPs. This review
offers a comprehensive evaluation of the existing evidence, emphasizing their ability to inhibit key enzymes involved
in diabetes (a-amylase and a-glucosidase) and to improve critical biomarkers in animal models. Notably, treatment
with these NPs resulted in reductions in blood glucose and HbA1C levels, as well as increased insulin levels in diabetic
animals. These findings indicate that bioengineered silver and gold nanomaterials can be considered innovative
candidates for antidiabetic nanotherapeutics after future safety investigations.
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INTRODUCTION may have extra glucose in your blood [3]. Too much
Diabetes as a global health issue: presenting glucose in the blood can result in dangerous well-
problems being difficulties [4]. Heart disease, kidney failure,

Typically, diabetes is a chronic illness that
happens either with inadequate insulin production
by the pancreas or inefficient insulin utilization by
the body [1]. Insulin is a hormone that modulates
blood glucose levels. When the body is unable to
absorb sugar (glucose) into its cells and utilize it for
energy, diabetes occurs. This leads to a buildup of
extra sugar in your bloodstream [2]. Hyperglycemia
is a frequent consequence of uncontrolled diabetes
that, over time, can cause severe life-changing and
life-threatening impairment to many body systems,
particularly the nerves and blood vessels. By type of
diabetes, the principal reason for diabetes varies.
Regardless of what type of diabetes you have, you
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blindness, stroke, and lower extremity amputation
can all be possible consequences of diabetes [5].
Diabetes and hearing loss [6], dementia [7], and
some forms of cancer [8] have also been indicated
in recent research. As a result of such
complications, 6.7 million deaths in 2021 - 1 every
5 seconds individuals worldwide die of diabetes
each year, most of them prematurely [9]. Type 1
diabetes and type 2 diabetes are chronic diabetes
states [10]. Furthermore, prediabetes and
gestational diabetes are possibly reversible
diabetes conditions [11, 12]. When blood glucose
levels are higher, more than normal prediabetes
goes on. Just the blood glucose levels aren't high
enough to be named diabetes. Some steps can be
taken to prevent the process in which prediabetes
results in diabetes. During pregnancy, gestational
diabetes occurs. When blood glucose levels are
higher, more than effect normal prediabetes goes
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on. Just the blood glucose levels are not high
enough to be named diabetes. Some steps can be
taken to prevent the process in which prediabetes
results in diabetes. During pregnancy, gestational
diabetes occurs. However, it may disappear after
the baby is born. Diabetes increases the probability
of early death, and diabetes-related complications
can affect the quality of life [13]. Individuals,
families, nations and healthcare systems are
affected by the high global burden of diabetes [14].

At least USD 966 billion in healthcare spending
caused by diabetes - a 316% increase over the past
15 years by 2021. As reported by the International
Diabetes Federation (IDF), the ongoing global rise in
diabetes prevalence highlights the significant
challenge posed by this condition worldwide.
Current estimates indicate that 537 million adults
aged 20-79 are living with diabetes, representing
approximately 1 in 10 individuals. This number is
projected to increase to 643 million by 2030 and
reach 783 million by 2045 [9]. More than three-
quarters of adults with diabetes reside in low- and
middle-income countries. Additionally, 541 million
adults are affected by Impaired Glucose Tolerance
(IGT), placing them at an elevated risk for
developing type 2 diabetes [9]. The high prevalence
rates of DM, demonstrated in  many
epidemiological examinations, served as a rationale
for improving health services related to DM,
especially in primary health care. For all cases with
diabetes mellitus, the general management is
lifestyle alteration, such as diet and physical
activity [15]. The current management of patients
with type 1 diabetes mellitus involves insulin
therapy, dietary adjustments, and regular physical
exercise [16]. At first, individuals with type 2
diabetes mellitus are frequently handled with diet
and physical activity. Insulin, oral
antihyperglycemics, injectable  glucagon-like
peptide-1 (GLP-1) receptor agonists, or a mixture of
these medications can be ordered when these
measures are insufficient to control blood glucose
levels [17]. For preventing long-term complications
of diabetes and decreasing the total expenditure of
handling the illness, the proper glycemic control
and achievement of other nonglycemic goals like
body weight, blood pressure and lipids are
substantial. These patients with diabetes get
therapies to prevent diabetes complications such as
aspirin, blockers of the renin-angiotensin-
aldosterone system (angiotensin-converting
enzyme (ACE) inhibitors or angiotensin Il receptor
blockers (ARBs)) and cholesterol-lowering drugs
like statins [18]. Adequate controlling blood glucose
levels is essential for managing complications of
diabetes. The chance of diabetic complications
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relies on the grade of glycemic control in diabetic
cases that currently is demonstrated [19]. To
prevent or lessen the complications linked with this
condition, decreasing hyperglycemia is the goal of
antidiabetic therapy. Antidiabetic treatment
proposes to decrease glycated hemoglobin (HbA1C)
to a regular grade (<6.0%) without stimulating
hypoglycemia as a criterion of glycemic control [20].
As a widespread disease, diabetes mellitus and its
complications,  like  diabetic  nephropathy,
cardiomyopathy, retinopathy, diabetic foot, and
peripheral neuropathy, have prompted individuals
to struggle with the prevention and management of
the disease. Besides physical and psychological pain
in some cases, diabetes complications also impose
a massive economic burden and impairment on
families. Furthermore, once diabetic complications
occur, they are frequently permanent and difficult
to manage. Injection of Insulin and blood glucose
observation can be irritating and time-consuming
for patients. A wide range of medicines and their
combinations from different classes, such as
sulfonylureas, biguanides, glinides,
thiazolidinediones, etc are currently used to
combat diabetes. However, due to their side effects
of these drugs and their inability to manage
diabetes, the search for new drugs is ongoing.
Additionally, diverse technologies like continuous
glucose monitoring devices and insulin pumps have
been produced to eliminate the disadvantages of
injection and improve patient compliance [21, 22].
These devices are still incapable of reaching true
euglycemia even though they have improved their
blood glucose levels to some level because insulin
is injected subcutaneously by measuring glucose
levels in the interstitial fluid. Due to the implanted
sensing element, there is a chance of infection and
scarring. Besides, the devices must be substituted
often, which is sometimes expensive.
Consequently, there is an urgent necessity to create
secure and cost-effective medical care.

Nanotechnology in treating diabetes

A novel and essential technology of the 21st
century is nanotechnology. The properties and
utilizations of substances with a structure size of 0.1
to 100 nm are examined. A new arrangement of
substance is made, by positioning and mixing
various particles. Materials science, life science,
environmental science, medication, chemical
science and other fields of study are the fields of
nanotechnology with the fast improvement of
nanotechnology [23, 24]. There are diverse
interactions between variant nano units. The
quantum effect of rising surface energy, small
crystal structure, and small size, the interface effect
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due to the rapid increase of the atomic ratio of the
surface, and the size effect caused by the large
specific surface area are nanomaterials specific
effects due to this property [25, 26].
Nanotechnology is taking a new way by aggregating
modern medical research and nanotechnology;
furthermore, medical investigation has also
achieved a new level, particularly in diagnosing and
treating illnesses [27]. Nanotechnology is also used
in developing drugs, which helps resolve problems
in conventional care [28]. Transportation of
targeted drugs and decreasing or preventing the
side effects of medicines can be done by nano-
drugs. Concurrently, nanodrugs can extend the
length of drug action, help the storage of drugs, and
improve the stability of drug action as a delayed
release characteristic. Small volume and high drug-
loading function are the characteristics of
nanomedicine [29]. They do not induce alteration
to the vascular endothelium and easily penetrate
blood vessels. They can improve the effectiveness
of medicines and decrease or even prevent the side
effects by protecting the medicines from chemical
decomposition reactions and producing a local drug
concentration higher than other delivery methods
[30]. Sensor technologies and small devices are
provided for precise and well-timed illness

identification by nanotechnology, a primary
scientific method. Over the last few years, the
investigation has progressively utilized
nanotechnology to examine diabetic complications,
particularly management and strategy [31]. In the
last few years, nanotechnology has enabled several
ways for non-invasive observation of blood glucose
levels. Figure 1 showed a schematic overview of
diabetes classifications, current medications and
opportunities for nanotherapeutics. Currently, for
insulin delivery in diabetes management, various
forms of nanoparticles (NPs) are being examined,
like a) polymeric biodegradable NPs, b) ceramic
NPs, c) polymeric micelles, d) dendrimer, and e)
liposomes [32, 33]. Interestingly, metallic NPs and
in particular, biofabricated silver nanoparticles
(AgNPs) and gold nanoparticles (AuNPs) have
shown impressive potential to inhibit the activity of
key enzymes of diabetes (a-amylase and a-
glucosidase). More interestingly, the animal-based
studies revealed a drop in the blood glucose level
and HbA1C in the treated diabetic animals with
these nanomaterials as well as an increase in the
blood insulin level. This review study aimed to focus
on the role of biosynthesized nanosized silver and
gold particles to combat diabetes.
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Fig. 1. A schematic representation of diabetes classifications, current medications, and opportunities for nanotherapeutics. The figure
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Green synthesis of silver and gold nanomaterials
Nanosized silver and gold particles can be
synthesized using three primary approaches:
physical, chemical, and biological methods. Physical
methods involve high-energy processes such as
evaporation-condensation and laser ablation,
which often require expensive equipment and
consume significant energy. Chemical methods rely
on reducing agents to synthesize NPs, but these
techniques pose risks due to the potential presence
of toxic chemical residues, raising concerns about
environmental and biomedical safety. In contrast,
biological synthesis utilizes natural resources like
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plant extracts, algae, or microorganisms as
reducing and stabilizing agents. This ecofriendly
and cost-effective approach not only minimizes the
need for hazardous chemicals but also aligns with
sustainable practices, making it an attractive
alternative for nanoparticle fabrication [34, 35].
Biological resources are employed for the green
synthesis of the AgNPs and AuNPs. Figure 2
summarizes different procedures for
bioengineering of AgNPs and AuNPs by using plant
extracts, algae and microorganisms. In this section,
recent advances in the green synthesis of nanosized
silver and gold particles were reviewed.
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Fig. 2. A schematic representation of the green synthesis of silver and gold nanomaterials by using plant extracts, algae, and
microorganisms. The figure was to some extent created using Servier Medical Art, which is provided by Servier and authorized under a
Creative Commons Attribution 3.0 Unported License (https://creativecommons.org/licenses/by/3.0/).
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Bacterium-mediated synthesis of silver and gold
nanomaterials

Bacteria have exhibited great potential as
biological resources and are known to have an
intrinsic ability to reduce ions of heavy metals into NPs
[36]. Extracellular and intracellular approaches are
considered the main routes for bacterium-mediated
fabrication of NPs. The extracellular way is more
favorable as the harvest and recovery of NPs is more
facile and economical owing to no special purification
method required [37]. In a study, Elbahnasawy et al.
reported the extracellular biosynthesis of AgNPs
using Rothia endophytica with cubic morphology and
size ranging from 47 to 72 nm. The authors suggested
that the existence of metabolites consisting of
carboxylic acids, alcohols, proteins, and amino acids in
the cell-free extract of R. endophytica was responsible
for forming NPs and acting as the stabilizing and
capping agent [38]. Similarly, Ibrahim et al. employed
the endophytic bacterium Bacillus siamensis strain C1
for the biogenic synthesis of spherical AgNPs with a
size range of 25-50 nm [39]. In a similar study, Patil et
al. used an extracellular approach for the
biofabrication of AuNPs through Paracoccus
haeundaensis BC74171. They reported the
morphology and average diameter of the NPs as
spherical and 20.93 + 3.46 nm, respectively. The
authors indicated that the formation of the biogenic
AuNPs was probably affected by the extracellular
secretion of microbial enzymes leading to the
reduction of Au ions [40]. Li, S. et al. generated AgNPs
utilizing  Pseudomonas aeruginosa  CI109 in
extracellular and intracellular ways. Extracellularly-
fabricated AgNPs were reported to be able to pass the
purification and cell-crashing processes. However,
characteristic  analyses  exhibited that the
intracellularly-formed NPs were smaller (6 nm) than
the AgNPs synthesized extracellular (14 nm). Further,
the intracellular bio-fabrication resulted in more
round particles than the extracellular process. It was
hypothesized that coating particles with proteins was
responsible for the bigger size and irregular dimension
of extracellular AgNPs [41]. Likewise, Shunmugam and
coworkers biosynthesized vibrio
alginolyticus mediated-AuNPs in an extracellular
manner. The average diameter of green AuNPs was
measured as 100 to 150 nm, and their morphology
was reported as sphered according to different
analytical techniques. The secretion of bacterial
secondary metabolites was suggested to play a role in
the bioreduction of metallic ions [42]. In
addition, Thiosphaera pantotropha was utilized as the
biofactory for forming AgNPs extracellularly with a
spherical shape and an average size of 14.6 nm. It is
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similarly suggested that different substances
(secondary metabolites, soluble redox mediators,
enzymes, and proteins) secreted from the bacteria
affected the formation of NPs by reducing the Ag ions
[43]. Also, Eid et al. looked into an extracellular
approach for manufacturing bacterium-mediated
AgNPs. In their study, the usage of Streptomyces
laurentii R-1 led to the formation of sphered-shaped
NPs with a diameter ranging from 7 to 28 nm. It was
mainly suggested that the presence of proteins
affected the bioreduction procedure as the carbonyl
groups of amino acids stabilized the NPs [44]. Igtedar
et al. performed a similar experiment regarding the
extracellular preparation of AgNPs. They employed an
extracellular extract of Bacillus mojavensis BTCB15 as
the reducing agent and generated AgNPs with
irregular morphology in an average particle size of 105
nm. It was indicated that the presence of functional
groups (amide and carboxyl) in the bacterial extract
was possibly attributed to the reduction of Agions and
their stabilization [45]. Mortazavi and coworkers also
reported the biofabrication of AuNPs extracellularly
using the Salmonella enterica subspecies of enterica
serovar Typhi. It was mentioned that the bacterium-
assisted AuNPs were detected with an average
diameter of 42 nm [46]. In the research of Parikh and
coworkers, another extracellular method for green
synthesis of AgNPs was introduced
utilizing Morganella sp. the characterization analyses
revealed that the biofabricated AgNPs were spherical
in morphology and had an average size of 20 nm.
Proteins in the bacterial extract were reported to have
a significant role in capping and stabilizing the NPs
[47]. Moreover, Rajasekar et al. prepared metabolites
secreted from zebrafish gut bacteria, viz., Panna
microdon, Selachimorpha sp., and Rastrelliger
kanagurta and employed them for bioreduction of Au
ions to AuNPs. The bacterial biosynthesized AuNPs
were characterized using different analytical
techniques. The results demonstrated that AuNPs
were almost rod-shaped and spherical
morphologically and possessed a diameter ranging
from 45 to 80 nm. Functional groups (alcohol, primary
amine, phenol, alkyl, and aromatic C=C) present in the
bacterial metabolites were detected by FTIR. The
authors suggested they could contribute to the
bioreduction and formation of NPs [48]. Similarly,
Shivaji et al. biosynthesized AgNPs extracellularly
using different  bacteria, including Bacillus
cecembensis,  Bacillus indicus,  Pseudomonas
antarctica, Pseudomonas meridian, Pseudomonas
proteolytica, Arthrobacter gangotriensis,
and Arthrobacter kerguelensis. The biofabricated
AgNPs appeared spherical and ranged from 6 to 13 nm
[49]. In another study, Singh and coworkers
investigated the process of AgNPs formation using the
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extracellular content of Pseudomonas sp. It was stated
that the biologically synthesized AgNPs were irregular
morphologically, and their size was recorded as 10-40
nm. The possible role of secreted bacterial proteins
and enzymes in the biofabrication process of NPs was
also mentioned. Further, it was addressed that
extracellular techniques were more beneficial than
the intracellular way as the steps like purification in
the intracellular procedure were complicated and
time-consuming compared to the extracellular
approach [50]. According to the studies mentioned
above, the exact mechanism by which bacteria
synthesize NPs is yet to be fully addressed, and the
characteristics of NPs are not quite controllable [51].
Hence, other biofactories have been explored as
alternatives for bacteria.

Fungus-mediated synthesis of silver and gold
nanomaterials

Fungi are of high interest among microorganisms
for the biosynthesis of NPs owing to the facile biomass
handling, simple culturing and growth, remarkable
accumulation of metals, and the low-priced procedure
[36, 52, 53]. Production of NPs by fungi can be
conducted in either intracellular or extracellular ways,
like the bacterial synthesis method. It is thought that
metabolites secreted from fungi, i.e. lovastatin,
cyclosporine, mevastatin, and griseofulvin, are
responsible for the formation of NPs. Moreover,
fungal enzymes (peroxidases, NADPH, NADH, and
ACCases) probably play an essential role in the
bioreduction of ions [51]. Different scholars have
investigated fungi for the green synthesis of AgNPs
and AuNPs. For instance, Naimi-Shamel et al. looked
into the biosynthesis of AuNPs using Fusarium
oxysporum in an extracellular way. The NPs were
spherical and hexagonal, ranging from 22 to 30 nm. It
was suggested that the secretion of proteins by F.
oxysporum cells could lead to reduced activity and
formation of AuUNPs from Au ions in the solution [54].
In a similar study, Potbhare and coworkers reported
the extracellular biofabrication of sphered-shaped
AgNPs having a particle diameter of 10-20 nm
using Rhizoctonia solani. It was similarly indicated that
the possible mechanism of NPs formation is the
release of many fungal enzymes and their effect on
the bioreduction process. Further, the authors
pointed out that the extracellular method is highly
desired due to the lack of cellular component
presence [53]. Alternatively, Qu et al. reported a
similar extracellular method for the green synthesis of
AuNPs utilizing Trichoderma sp. WL-Go. The results of
different analytical techniques showed that the
biosynthesized AuNPs were spherical and pseudo-
spherical morphologically, and their average size was
9.8 nm. The authors also hypothesized that
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biomoleculesisted in  the cell-free  extract
of Trichodermacould possiblyle to provide nucleation
sites of Au ions [55]. Aspergillus terreus was also used
as a green machine for the biosynthesis of AgNPs by
Kumari and coworkers. The size of A. terreus-assisted
AgNPs was recorded as approximately 25 nm, and
their morphology was spherical.

The metabolites released from A. terreus, i.e.,
erdin and geodin, were known to be the possible
reducing agents and capping agents stabilizing the NPs
[56]. Likewise, Taha et al. assessed the biosynthesis of
AgNPs using an extracellular extract of Penicillium
italicum. The eco-friendly fabricated AgNPs were
found to have a spherical structure and a size of less
than 50 nm. The formation of NPs was confirmed by
observation of colour change in the solution, and the
surface plasmon resonance of AgNPs could be the
effective agent in this case [57]. Penicillium
verrucosum-drived AgNPs were also synthesized
extracellularly by Yassin and coworkers. It was
reported that a cell-free extract of P.
verrucosum could reduce Ag ions to spherical-shaped
AgNPs in a diameter range of 10 to 12 nm [58].
Additionally, the mycosynthesis of AuNPs was carried
out through an extracellular process using an aqueous
extract of Trichoderma hamatum SU136. The
biologically fabricated AuNPs were found to be
hexagonal, pentagonal, and spherical and in a size
range of 5-30 nm. Secretion of biocompounds such as
tyrosine and tryptophan and the significant role of
their amide groups was reported to be the probable
reason why the formation of AgNPs occurred by the
fungal extract in this study [59]. Unlike the studies
mentioned above, Samanta et al. reported a fungi-
assisted production of AuNPs in an intracellular
manner. Laccaria fraterna EM-1083 mycelia was used
as the reducing and stabilizing agent for forming
approximately 32 nm-sized AuNPs. The biogenic
AuNPs have appeared to have various shapes,
including triangles, hexagons, pentagons, and
spherical. The authors suggested that the negative
charge of functional groups present on the mycelial
surface was responsible for the attachment of AuCl4
and the bioformation of AuNPs [60]. In addition,
Murillo-Rdbago et al. reported Trichoderma
harzianum and Ganoderma sessile as effective
reducing agents for extracellular and intracellular
fabrication of AgNPs. According to the
characterization results, the NPs manufactured by
both fungi were quasi-spherical morphologically.
Employment of the supernatant of T. harzianum and
G. sessile led to the formation of 9.6 and 5.4 nm-sized
AgNPs. Notably, AgNPs manufactured by the
intracellular extract of the fungi were more significant
in diameter (19.1 nm for T. harzianum and 8.9 nm
for G. sessile), indicating that the extracellular
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approach is more advantageous than the intracellular
way [61]. As it is evident, the extracellular method of
fungal synthesis has been looked into with more
interest in different published papers compared to the
intracellular method, given the facile and economical
procedure of NPs purification.

Plant-mediated synthesis of silver and gold
nanomaterials

Herb-assisted method of synthesis is more
preferred than using microorganisms as bioresources
for the fabrication of NPs since plants are known to be
less toxic, easy to access, and consist of various
metabolites, namely reductase, alkaloids, terpenes,
polyphenolic ascorbic acid, citric acid, phenols, and
flavonoids aiding the oxidation reaction [62, 63]. It is
worth mentioning that there is no requirement for
additional reducing, capping, and stabilizing agents
since these bioactive compounds play the same role
naturally in the mixture [64]. Furthermore, different
parts of plants, such as stems, seeds, fruits, leaves, and
roots, can be utilized as biofactories, of which leaves
are more common. Accordingly, the constitution of
metabolites in each part varies, providing a chance to
control the biosynthesis process and characteristics of
NPs. Above all, using plants instead of other biological
resources increases the cost-effectiveness given the
lack of requirement for cell culture growth and high
pressure or temperature in the synthesis procedures
[65]. The reaction time is also concise with high
efficacy, confirming the plant-based fabrication as the
best green method of NPs production [62, 65].
Different researchers have looked into the herbal
synthesis of AgNPs and AuNPs, mostly in extracellular
ways, and reported promising results. Balachandar et
al. explored a phytofabrication process in which
AgNPs were formed via Phyllanthus pinnatus stem
extract. The morphological structure of the green
synthesized AgNPs was found to be mostly cubical,
and their particle diameter was recorded as 100> nm.
The authors believed that the phytochemical (e.g.,
proteins, terpenes, phenols, alcohols, saponins, and
alkaloids) present in the stem extracted not only
reduced the Agions but also capped and stabilized the
NPs. This method was highly rapid, cost-effective,
facile, and energy efficient [66]. Alomar and
coworkers also managed to prepare AgNPs in an
environment-friendly way using the aqueous leaf
extract of peganum harmala with a mean size of 184
nm and spherical shape [67]. In other green
approaches, Baruah et al. reported the biological
production of spherical AgNPs utilizing the fruit
extract of Alpinia nigra. According to analytical
methods, the biosynthesized AgNPs were fairly small,
with a mean dimension of 6 nm. It was suggested that
hydroxyl groups in the phenols and flavonoids in the
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herbal extract were responsible for the reduction of
Ag+ to Ag0 and the stability and prevention of
agglomeration. The probable mechanism lay under
the NP's formation is the transformation of enol form
to keto form in the polyphenolic compounds, which
releases reactive hydroxyl atoms that reduce the
metallic ions [68]. Likewise, Gopinath et al. performed
an extracellular  synthetic  procedure to
prepare Mimosa pudica-mediated AgNPs. The
phytofabricated AgNPs appeared to be uniformly
sphere-shaped with an average size of 100 nm. The
authors indicated that the leaf extract of M.
pudica was a rich source of different phytochemicals,
e.g., coumarins, quinines, terpenoids, saponins,
flavonoids, tannins, alkaloids, and phenols, possibly
playing a role in the uniformity of the green
synthesized AgNPs and the bioreduction process [69].
In the case of AuNPs, Hosny and coworkers reported
the biosynthesis of AuUNPs using two halophytic plants,
i.e., Chenopodium amperosidies and Atriplex halimus.
The C. amperosidies-mediated and A. halimus-
mediated AuNPs had an average diameter of 6 and 40
nm, respectively and were found to be mostly
spherical morphologically. The mechanism by which
AuNPs were formed was probably the activity of lutein
available in both extracts as the stabilizing agent and
reductant by donating hydrogen atoms or electrons to
Au ions. In addition, other herbal compounds were
suggested to have a synergistic effect and aid the
bioreduction process [70]. Similarly, Ameen and
coworkers conducted other green approaches for the
biologically extracellular synthesis of AgNPs. In this
study, the flower extract of Mangifera indica actively
reduced Ag ions to AgNPs with a spherical structure
and a particle diameter recorded as 10-20 nm
according to results obtained from analytical
techniques. The chemical compounds, including
proteins, amino acids, flavonoids and alkaloids,
probably exhibited a reductive effect and capped the
NPs [71]. Alternatively, AuNPs were biofabricated by
Kureshi et al. using the extracts of Garcinia
indica and Garcinia cambogia fruit-pericarps. It was
similarly suggested that phytoconstituents present in
the extracts like flavonoids, organic acids, amino acids,
vitamins, xanthones, PIBs, and phenols effectively
reduced the Au ions to spherical-triangular AuNPs
with a size range of 2-10 nm [72]. In a similar paper,
Islam and coworkers reported a one-spot fabrication
of eco-friendly AuNPs with a dimensions ranging from
20to 200 nm. Pistacia integerrima gall extract assisted
the formation of AuNPs by acting as both a reducing
and capping agent. The reducing activity was possibly
attributed to the carbonyl and other groups present in
the extract. Further, it was suggested that carboxylate
ions also had a shielding effect [73]. Although plants
have drawn much attention as the most convenient
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bioresources for the synthesis of NPs, the exact
mechanism by which plant-mediated NPs are formed
is not fully explained yet, and the determination of the
phytochemical responsible for the bioreduction
among the diverse compounds in the herbal extracts
is difficult [65]. Plant-assisted NPs can also be
synthesized intracellularly when grown in a metal-rich
hydroponic solution, soil, or organic media [64].
However, the data is limited and metallic ions were
found to destroy the physiology of living herbal cells
and their natural growth and metabolism undesirably
[74].

Alga-mediated synthesis of silver and gold
nanomaterials

Algae are another biological agent gaining
attention for the fabrication of NPs among different
biofactories and are categorized into two groups, i.e.,
microalgae and macroalgae. Algae are known to
propagate fast and be able to accumulate and form
NPs by reducing metallic ions. These bioresources are
locally available and can be vastly found on the Earth's
crust in marine water, freshwater, rocks, and moist
soil surfaces [75, 76]. Further, the pigment and cell
wall structure of algae, their stages of development,
and their immobility have made algae more
advantageous compared to high plants. Chemical
groups like amino, carboxyl, and hydroxyl available in
the algal metabolites are probably responsible for
reducing metallic elements into their ions [77]. Algal
synthesis of NPs can be conducted through two
primary manners, i.e., extracellular and intracellular.

In an extracellular way, the extract can be
prepared by incubation of algal biomass for 6 to 12 h,
sonication of biomass with distilled water, or drying
the biomass under shadow for a while, followed by
treating it with distilled water and filtering it out. On
the other hand, in the intracellular process, the
biomass is in direct contact with the elemental
solution. However, centrifugation and sonication are
required at the end for harvesting the formed NPs
[75]. In various studies, the role of algae as reducing
agents in the AgNPs and AuNPs synthetic processes
have been discussed either intra or extracellularly,
some of which are as follows. EI-Sheekh et al. reported
an extracellular approach for the biosynthesis of
AuNPs using Spirulina platensis. The characterization
results revealed that the alga-mediated AuNPs had a
size ranging from 15.49 to 55.08 nm and pentagonal,
triangular, and slightly spherical morphologies [76].
Likewise, Dagloglu and coworkers investigated a
green method for intracellularly producing alga-
assisted AgNPs. A green alga Desmodesmus sp. was
employed for the bioreduction, and this resulted in
spherical NPs forming a maximum diameter of 15-30
nm. The biosynthesized AgNPs were detected inside
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the algal cells in which chlorophylls probably acted as
the effective reductants and turned Ag* to Ag’. It was
emphasized that the process was fast and cost-
effective compared to other biofabrication techniques
of NPs [77]. Additionally, Priyadharshini et al.
biosynthesized AgNPs utilizing the extracellular
extract of macro-alga Gracilaria edulis. The biogenic
AgNPs were detected in a spherical shape and 55-99
nm dimension [78].

In vitro enzyme inhibitory activity of biosynthesized
silver and gold nanomaterials

Laboratory investigations have demonstrated the
remarkable potential of biogenically synthesized
AgNPs and AuNPs in inhibiting key enzymes
associated with diabetes, namely a-amylase and a-
glucosidase (Table 1). A study revealed that Elsholtzia
communis leaf extract can be used for the
biosynthesis of spherical AgNPs with an average size
of 11.38 nm. These NPs exhibited significant inhibition
of a-amylase and a-glucosidase, with 1Cso values of
40.6 + 1.77 pg.mL? and 26.87 * 1.74 pgmlL?,
respectively. In comparison, the standard inhibitor
acarbose showed ICso values of 65.7 + 0.40 pg.mL?
and 51.46 + 2.38 pg.mL* for the same enzymes [79]. A
study demonstrated that Persea americana peel
extract can synthesize spherical AgNPs (average size:
24 nm) with notable a-amylase inhibition. The results
indicated that the AgNPs had an ICso of 66.04 pg.mL?,
exhibiting stronger enzyme inhibition than acarbose,
which had an ICso of 86.5 ug.mL? [80]. Alternatively, a
study demonstrated the phytofabrication of spherical
AgNPs using Salvia blepharophylla and Salvia greggii
extracts, resulting in nanoparticles with average sizes
of 52.4 nm and 62.5 nm, respectively. The antidiabetic
potential was assessed by a-amylase inhibition at
concentrations of 20 to 100 pg.mL-1. The ICso for
AgNPs from S. blepharophylla ranged from 40 to 60
ug.mLL, compared to acarbose, which had an ICso of
20 to 40 pg.mL2. AgNPs from S. greggii exhibited an
ICso of approximately 50 pg.mL?! [81]. A study
demonstrated that Physalis minima extract was used
to synthesize spherical AuNPs with an average size of
15 nm. The NPs were tested for a-amylase inhibition
at concentrations ranging from 100 to 500 pg.mL™.
The results showed that at the highest concentration,
the AuNPs inhibited the enzyme by 93% [82].(See Table
1 after references)

Besides, Balu et al. reported the green synthesis of
spherical AgNPs with spherical morphology and an
average size of 18, 12, and 770 nm, employing Rosa
indica (L.) extract by ethanol, acetone, and water as
solvents. In this work, the inhibition of a-amylase and
a-glucosidase enzymes was examined. According to
the technique outlined in Table 1, they utilized various
amounts of AgNPs and acarbose as a positive control.
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In the a-amylase inhibition assay, RE-Ac-Ag (AgNPs
biosynthesized using acetone as solvent), Re-Et-Ag
(AgNPs biosynthesized using ethanol as solvent), RE-
Aqg-Ag (AgNPs biosynthesized using water as solvent),
and acarbose had respective half maximal inhibitory
concentration (ICso) values of 50, 50, 75, and between
25 and 50 pg.mL! and a-glucosidase have an
approximate ICso of 50, 50, 75 and 50 pg.mL?
respectively (Figure 3A) [83]. Moreover, a study
explored the plant-mediated synthesis of spherical
AgNPs ranging in size from 15.71 to 84.97 nm using
Ixora brachiata leaf extract. The antidiabetic activity of
these nanoparticles was assessed through a-amylase
and a-glucosidase inhibition assays. AgNP
concentrations of 25, 50, 100, 150, and 200 pg.mL*
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were tested, and the highest concentration led to
approximately 20% inhibition of a-amylase and 50%
inhibition of oa-glucosidase (Figure 3B) [84]. In
addition, a study focused on the green synthesis of
spherical AgNPs (5 to 15 nm) using Embelia robusta
seed extract. The in-vitro antidiabetic activity of these
biosynthesized AgNPs was assessed through a-
amylase and a-glucosidase inhibition assays. AgNPs
and acarbose were tested at concentrations of 20, 40,
60, 80, and 100 pg.mL?, with ICso values reported.
While the ICso for acarbose was below 20 ug.mL?in all
tests, the ICso values for AgNPs were 32.3 pg.mL* for
a-amylase and 30.1 pg.mL? for a-glucosidase (Figure
3C) [85].
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Fig. 3. A) Investigating the inhibition activity of a-amylase and a-glucosidase enzymes, with different biosynthesized AgNPs and acarbose in
different concentrations: (a) a-amylase inhibition, (b) a-glucosidase, (RE-Ac-Ag) AgNPs biosynthesized using acetone as a solvent, (Re-Et-Ag)
AgNPs biosynthesized using ethanol as solvent, and (RE-Ag-Ag) AgNPs biosynthesized using water as a solvent [83] [Copyright © 2022 by the
authors, Licensee MDPI, Basel, Switzerland. Open access article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY4.0) license]; B) The dose-dependent inhibition of a-amylase (a) and a-glucosidase (b) by biosynthesized AgNPs from Ixora brachiate. [84].
Copyright © 2021 Published by Elsevier B.V. Open access article distributed under the terms and conditions of Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0)]; C) a-amylase and a-glucosidase inhibition activity at different doses of AgNPs and acarbose:
(a) a-amylase inhibition and (b) a-glucosidase [85]. Copyright © 2022 Vietnam National University, Hanoi. Published by Elsevier B.V. Open
access article distributed under the terms and conditions of Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)].
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(positive control) (C) [87] [Copyright © 2022 Shahnaz Majeed et al., Hindawi Limited. Open access article distributed under the terms
and conditions of the Creative Commons Attribution (CC BY4.0) license].

A study investigated the biofabrication of nearly
spherical AgNPs using an aqueous extract of
Brassica oleracea. The antidiabetic activity of the
biosynthesized AgNPs was evaluated by testing
their ability to inhibit the a-glucosidase enzyme at
concentrations of 1, 2.5, and 5 pg.mL?, following
standard procedures. The outcome demonstrated
that the ICso for these NPs is 2.29 pg.mL? [86].
Furthermore, a study reported the bacterium-
mediated synthesis of spherical AgNPs (7.18 to
13.24 nm) using Salmonella enterica supernatant.
The nanoparticles inhibited a-amylase and a-
glucosidase, with 1Csp values of 428.60 pug.mL*and
562.02 pg.mL%, respectively, compared to acarbose

Nanomed J. 12(4): 546-592, Autunm 2025

(295.42 pg.mL?) and voglibose (313.62 pg.mL?) as
controls (Figure 4) [87].

A study reported the synthesis of 33 nm AgNPs
using Zephyranthes candida flower extract. In an a-
amylase inhibition assay, AgNPs inhibited enzyme
activity by 78%, comparable to 80% inhibition by
acarbose at the highest concentration (Figure 5A)
[88]. Moreover, a study reported the herbal-
mediated synthesis of spherical AgNPs using
Equisetum arvense extract. At a concentration of
2.5 pg.mL?, the AgNPs inhibited 95.77% of a-
amylase activity. Figure 5B illustrates the
phytosynthesis process and enzyme inhibition at
various AgNP concentrations [89].
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synthesis of mostly spherical AgNPs (72.656 nm)
using Arctium lappa root extract. The a-glucosidase
inhibition was evaluated by using AgNPs at
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Fig. 5. A) Schematic illustration of phytofabrication of AgNPs by using Zephyranthes candida flower (a) and their in vitro antidiabetic
activity (b)[88]. Copyright © 2021 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder
Technology Japan. All rights reserved]; B) An overview of phytosynthesis of AgNPs by using E. arvense (a), gradual color change to

brown representing the biofabrication of colloidal AgNPs during the biosynthesis process over 24 h (b) and the percentage of their a-

amylase enzyme inhibition at different concentrations of AgNPs (c) [89]. Copyright © 2020 Published by Elsevier B.V. All rights
reserved].

Besides, a study reported the plant-mediated antidiabetic activity was evaluated through a-

concentrations of 0.12, 0.25, and 0.50 pg.mL%, with ug.mLtand 100.73 ug.mL?, respectively [92].

an ICso value of 0.653 pg.mL. At 5 ug.mL?, the
AgNPs achieved 95.41% inhibition of a-glucosidase
activity [90]. Furthermore, a study reported the
green synthesis of spherical AuNPs (25.31 nm) using
Hylocereus polyrhizus fruit extract. The antidiabetic

[91]. Similarly, a study reported the a-amylase inhibition, with AgNPs and acarbose
phytofabrication of spherical AgNPs (35 to 55 nm) tested at concentrations of 25-125 pg.mL?. The
from Aeonium haworthii leaf extract. The ICso values were 67 pg.mL? for AgNPs and 110
556 Nanomed J. 12(4): 546-592, Autunm 2025

amylase inhibition, with AgNPs and acarbose tested
at concentrations of 10 to 120 pg.mL™. The ICso
values for the AgNPs and acarbose were 62.84

In addition, a study described the plant-
mediated synthesis of spherical AuNPs (15.6 nm)
using Carduus edelbergii extract. The antidiabetic
potential was assessed via a-amylase inhibition,
with AuNPs tested at concentrations ranging from
activity was evaluated through a-amylase 250 to 1000 pg.mLt. At the highest dose, enzyme
inhibition, with AuNPs and acarbose tested at
concentrations of 50, 100, and 200 pg.mL?. At 200
pg.mL?Y, AuNPs inhibited enzyme activity by 40.07 +
0.65%, while acarbose inhibited it by 50.10 £ 0.13%

inhibition reached 63.7 + 5.1% [93]. Similarly, a
study reported the green synthesis of AgNPs (25—
125 nm) using Brachychiton populneus leaf extract.
Their antidiabetic potential was evaluated through
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pg.mL?! for acarbose [94]. Furthermore, AgNPs (42
nm) were biosynthesized using Eysenhardtia
polystachya extract and evaluated for antidiabetic
activity via an a-amylase inhibition assay. Tested at
concentrations of 10-100 ug.mL?, the ICso values
were 10 pg.mL? for AgNPs and 7.5 pg.mL? for
acarbose [95]. Alternatively, AgNPs (50-100 nm)
synthesized using Myristica fragrans extract were
assessed for antidiabetic activity through a-
amylase and a-glucosidase inhibition assays. At
1000 ug.mL%, AgNPs inhibited a-amylase by 52.48%
and a-glucosidase by 56%, while acarbose showed
59.15% and 71% inhibition, respectively [96].
Besides, AgNPs (30-60 nm) synthesized using
Pueraria lobata extract were evaluated for a-

amylase inhibition to determine their antidiabetic
potential. At the highest concentration (1000 pL),
these NPs inhibited the enzyme by 36.33% [97].
Moreover, spherical AgNPs (15-20 nm) synthesized
from Vitis vinifera fruit waste tannin extract were
assessed for antidiabetic activity via a-amylase and
a-glucosidase inhibition assays. The ICso values for
AgNPs were 43.94 pg.mL! and 48.5 pg.mlL?,
respectively, while acarbose exhibited ICso values of
40.2 pg.mL?! and 40 pg.mL? (Figure 6A) [98].
Likewise, AgNPs synthesized from Ananas comosus
peel extract exhibited complete (100%) a-
glucosidase inhibition at 0.063 pg.mL? (Figure 6B)
[99].
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Fig. 6. A) Vitis vinifera fruit waste tannin as a natural source for the biosynthesis of AgNPs (a), and a-amylase/glucosidase inhibitory
effect of biogenic AgNPs (b) [98] [Copyright © 2022 by the authors, Licensee MDPI, Basel, Switzerland. Open access article distributed
under the terms and conditions of the Creative Commons Attribution (CC BY4.0) license]; B) Phytofabrication of AgNPs using outer peel
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Likewise, spherical AgNPs were synthesized
using Hemigraphis repanda peel extract, and the a-
glucosidase inhibition assay revealed an ICso of 1.98
pg.mL? [100]. Additionally, spherical AgNPs (60—
118 nm) synthesized from Cissampelos pareira leaf
extract were tested for antidiabetic activity via a-
glucosidase inhibition assay. At the highest
concentration (100 pg.mL?), AgNPs exhibited 93%
enzyme inhibition [101]. In a study, spherical AgNPs
(500-5000 nm) synthesized from Ajuga bracteosa
root and aerial component extracts were assessed
for antidiabetic activity via a-glucosidase inhibition
assay. At a concentration of 50 ug.mL?, AgNPs and
acarbose inhibited the enzyme by 85.14% and
90.1%, respectively [102]. Likewise, spherical
AgNPs (15.96 nm) synthesized from Solanum
khasianum leaf extract were evaluated for a-
amylase inhibition at concentrations of 200-1000
pg.mL1. The highest doses of AgNPs and acarbose
inhibited a-amylase activity by 79.56% and 86.43%,
respectively [103]. Furthermore, spherical AgNPs
(40 nm) synthesized from Hippeastrum hybridum
extract were tested for a-amylase inhibition at
concentrations of 25-100 pg.mL™. The highest dose
of AgNPs inhibited enzyme activity by 75.5% [104].
Alternatively, spherical AgNPs (10-30 nm)
synthesized from Azadirachta indica seed extract
were evaluated for a-amylase inhibition at
concentrations of 50-100 pg.mL'. The ICso for
AgNPs was 76.80 pg.mL?, while acarbose exhibited
an ICso of 49.85 pug.mL?! [105]. Similarly, spherical
AgNPs (21.4 nm) synthesized from Flammulina
velutipe were evaluated for anti-diabetic activity
through a-amylase and a-glucosidase inhibition
assays at concentrations of 25-400 pg.mL?. The
ICso for acarbose was between 50 and 100 pg.mL?,
while for AgNPs, the ICso for a-amylase was 312 +
0.67 pg.mL? and for a-glucosidase, it was 357 *
0.82 pg.mLt [106].

In a study, spherical AgNPs (70-100 nm)
synthesized from aqueous and alcoholic Gymnema
sylvestre leaf extracts were evaluated for
antidiabetic activity using the a-amylase assay at
concentrations of 10-100 pg.mL?. At the maximum
concentration, AgNPs synthesized from the
aqueous and alcoholic extracts inhibited 42% and
46% of the enzyme activity, respectively, while
acarbose inhibited 58% [107]. Besides, alga-
mediated synthesis of spherical AuNPs (5.81—
117.59 nm) from Gelidiella acerosa exhibited a-
amylase and a-glucosidase inhibitory activities with
ICso values of 2.1 + 0.01 pg.mL? and 2.8 + 0.02
pg.mL?, respectively [108]. Moreover,
phytofabricated spherical AgNPs (5-15 nm) from
Bauhinia variegata flower extract demonstrated a-
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amylase inhibitory potential with an ICso value of 38
pg.mLt [109].

Despite the notable enzyme inhibitory effects of
biosynthesized nanosized silver and gold particles
reported in the studies, the ICso values for a-
amylase and a-glucosidase inhibition differed
among the various AuNPs and AgNPs. This could be
attributed to the different particle sizes, shapes,
surface charges and surface chemistries as well as
the capping agents of biofabricated NPs. The above
studies confirmed that every biological resources
had their specific potential to fabricate Ag/Au
nanostructures with unique physicochemical
properties resulting in a unique biological
performance. Overall, the in vitro studies
ascertained the antidiabetic performance of these
NPs which makes them interesting for their in vivo
studies.

Antidiabetic activity of biosynthesized silver and
gold nanomaterials: Animal-based evidence
Animal-based  studies represented the
considerable antidiabetic properties of biogenic
AgNPs and AuNPs (Table 2). (See Table 2 after
references) Figure 7 represents the interface of
nanobiotechnology, animal studies, and clinical
trials for the diabetes treatment. Here, we
summarized the studies that evaluated the
antidiabetic performance of the biogenic Ag/Au
nanostructures in animal models. For instance,
spherical AgNPs (1-100 nm) synthesized from
Ziziphora clinopodioides extract were tested for
antidiabetic activity using streptozotocin-induced
diabetic Wistar rats. AgNPs were administered at
concentrations of 50, 100, 200, and 400 mg.kg™.
After 10 to 20 days of treatment, significant
reductions in blood glucose levels were observed in
the AgNP-treated groups compared to the
untreated control group (P<0.05) [110]. Besides,
quasi-spherical AgNPs (40 £ 5 nm) synthesized from
Salvia sclarea extract were tested for antidiabetic
activity in streptozotocin-induced diabetic Wistar
rats. AgNPs were administered intraperitoneally at
10 mg.kgt. After treatment, significant reductions
in fasting blood glucose (FBG) and HbAlc levels
were observed, while insulin levels were
significantly elevated in the AgNP-treated group
compared to the control (P<0.001) [111]. Likewise,
spherical AgNPs (30 + 5 nm) synthesized from
Origanum majorana extract were evaluated for
antidiabetic activity in streptozotocin-induced
diabetic rats. AgNPs were administered orally at 20
mg.kg?. Significant reductions in blood glucose
levels were observed in the treated groups
compared to the control group [112]. Alternatively,
spherical AgNPs (35-40 nm) synthesized from
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Ferula assafoetida extract were evaluated for
antidiabetic activity in streptozotocin-induced
diabetic rats. AgNPs were administered orally at
100 mg.kg! for 28 days. The treated group showed
a significant reduction in blood glucose levels
compared to the untreated group (P<0.05) [113].
Moreover, spherical AgNPs (42.47 nm) synthesized
from Kickxia elatine extract were evaluated for
antidiabetic activity in alloxan-induced diabetic
Sprague-Dawley rats. AgNPs were administered
orally at concentrations of 150, 300, and 450 mg.kg"
Lfor 7,14, and 21 days. The treated groups showed
a significant decrease in FBG levels compared to the
control group (P<0.01) [114].

In a study, spherical AgNPs (40-100 nm)
synthesized from Cassia auriculata flower extract
were assessed for antidiabetic activity in
streptozotocin-induced diabetic Wistar rats. AgNPs

were administered at doses of 50 and 200 mg.kg™?,
with glibenclamide as the positive control. After 10
days of treatment, the groups receiving AgNPs
showed significant reductions in FBG levels
compared to the control group (P<0.01)
[115]. Alternatively, spherical AgNPs (14.9 nm)
synthesized from Lawsonia inermis extract were
administered orally (200 mg.kg™?) to streptozotocin-
induced diabetic Wistar rats. After 14 days,
significant reductions in FBG and increases in
insulin levels were observed (P<0.001) [116].
Similarly, spherical AgNPs (22.5 nm) synthesized
from Momordica charantia fruit extract were
administered to streptozotocin-induced diabetic
Wistar rats at 100 and 200 mg.kg*. After 14 days,
both doses significantly reduced blood sugar levels
(P<0.001), with an initial drop observed in an oral
glucose tolerance test (OGTT) [117].
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Likewise, spherical AgNPs (10-50 nm)
synthesized from Ventilago maderaspatana leaf
extract were administered to streptozotocin-
induced diabetic albino rats at doses of 20 mg.kg
(AgNPs) and 5 mg.kg?! (glibenclamide), with a
negative  control  group receiving  only
streptozotocin. After 15 days, a significant decrease
in HbA1C and blood sugar levels, along with an
increase in insulin levels, was observed [118].
Besides, spherical AgNPs (5—-47 nm) synthesized
from Emblica Phyllanthus leaf extract were
administered orally to alloxan-induced diabetic
albino mice at doses of 150 and 300 mg.kg™*. Blood
sugar levels were significantly reduced after both
short-term (3 and 5 hours) and long-term (4, 7, 10,
and 15 days) evaluations (P<0.05) [119]. Moreover,
spherical AgNPs (21.5 nm) synthesized from
Gymnema  sylvestre  extract were orally
administered to streptozotocin-induced diabetic
Wistar rats at doses of 100 and 200 mg.kg™. After
14 days, blood sugar levels were significantly
reduced, and insulin levels increased in the treated
groups (P<0.05) [120]. Additionally, spherical
AgNPs (45 nm) synthesized from Catharanthus
roseus extract were administered with the plant
extract at 500 mg.kg? to streptozotocin-induced
diabetic rats. Glimepiride (2 mg) was used as a
positive control. After 60 and 120 min in the OGTT,
the group receiving AgNPs plus extract showed
superior results compared to glimepiride, with
significant improvements (P<0.05) [121]. In a study,
spherical AgNPs (15-31.44 nm) synthesized from
Taverniera couneifolia extract were administered at
10 mg.kg? to alloxan-induced diabetic Wistar rats.
Glibenclamide (0.5 mg.kg') and the extract (10
mg.kg?) were used in separate groups, with one
control group receiving only alloxan. After 21 days,
FBG levels significantly decreased (P<0.05) after 14
and 21 days. In the OGTT, blood sugar dropped at
60, 90, and 120 min after glucose administration (2
grams) (Figure 8A) [122]. Similarly, spherical AgNPs
(12-28 nm) synthesized from Phagnalon niveum
extract were administered orally at 10 mg.kg™ to
alloxan-induced diabetic Wistar rats. The groups
included extract alone (200 mg.kg™), glibenclamide
(0.5 mg.kg?), and a control with no treatment. FBG
levels significantly decreased in the AgNP-treated
group after 15 and 21 days (P<0.05) (Figure 8B). The
OGTT showed that rats treated with AgNPs
exhibited high glucose tolerance (Figure 8C) [123].
Alternatively, spherical AgNPs (42 nm) synthesized
from Thymus serpyllum extract were administered
to streptozotocin-induced diabetic Balb/c mice at
doses of 5 and 10 mg.kg*. Mice were divided into
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groups: one group received no treatment, another
received metformin (100 mg.kg?), and the
remaining  groups received AgNPs. The
intraperitoneal glucose tolerance test (IPGTT)
showed significant reductions in blood sugar after
glucose administration on day 29, and insulin
tolerance tests (ITT) on day 31 also indicated
improved blood sugar control (Figures 8D, 8E, and
8F) [95].

In a study, spherical AgNPs (45 nm) synthesized
from Eryngium thyrsoideum Bioss extract was
injected at 2.5 mg.kgt into alloxan-induced diabetic
rats (150 mgkgl). FBG levels decreased
significantly after 7 and 15 days, while HbA:C
declined after 15 days (P<0.05). Chemically
synthesized AgNPs exhibited similar effects [124].
Besides, spherical AuNPs (9 nm) synthesized from
Eryngium thyrsoideum Boiss extract were injected
at 1, 2.5, and 5 mg.kg? into nicotinamide (110
mg.kg?) and streptozotocin (55 mg.kg?)-induced
diabetic Wistar rats. FBG levels exceeded 250
mg.dL? after three days. Significant reductions in
FBG were observed in all AuNP-treated groups after
7, 14, and 21 days (P<0.05) [125]. In addition,
spherical AgNPs (500-5000 nm, tube-like)
synthesized from Ajuga bracteosa root and aerial
part extract were orally administered at 200 and
400 mg.kg?! to alloxan-induced diabetic Balb/c
mice. Additional groups received the extract alone
or glibenclamide. After 14 days, significant
reductions in blood sugar and increases in insulin
levels were observed (P<0.05) [126]. Likewise,
spherical AgNPs (20-40 nm) synthesized from
Moringa oleifera leaf extract were administered
orally (0.2 mgkg!) to streptozotocin-induced
diabetic Wistar rats (n=6). Additional groups
received glibenclamide (0.5 mgkg?!) or
streptozotocin alone. After 28 days, blood insulin
levels increased, and blood sugar levels significantly
decreased (P<0.001) [127]. Similarly, spherical
AgNPs (132.6 nm) synthesized from Pterocarpus
marsupium bark extract were administered orally
(200 mg.kg?) to streptozotocin-nicotinamide-
induced diabetic Wistar rats. Additional groups
received glibenclamide (2.5 mg.kg?), plant extract
(200 mg.kg™), or no treatment. Blood glucose levels
significantly decreased in the AgNP-treated group
(P<0.001) [128]. Moreover, spherical AgNPs (123.8
nm) synthesized from Zingiber officinale rhizome
extract were administered orally (200 mg.kg?) to
streptozotocin-induced diabetic Wistar rats.
Additional groups received metformin (10 mg.kg™?)
or no treatment. FBG levels significantly decreased
after 3, 5, and 7 days [129].
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Fig. 8. A) The blood glucose levels of various Wistar rat groups were monitored over 1, 7, 14, and 21 days: (C) Non-diabetic (healthy) rats,
(DAC) Diabetic Wistar rats without treatment, (DG) Diabetic Wistar rats receiving glibenclamide, (DE) Diabetic Wistar rats administered
with plant extract, and (DAgNPs) Diabetic Wistar rats treated with AgNPs [122] [Copyright © 2022 by the authors, Licensee MDPI, Basel,
Switzerland. Open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY4.0) license]; B)
The levels of FBG found in the Wistar rats belonging to the various groups after 1, 7, 15, and 21 days: (C) Healthy rats, (DC) Diabetic rats
that received no additional substances, (DG) Diabetic rats that received glibenclamide, (DE) Diabetic rats that received an extract
of Phagnalon niveum, and (DAgNPs) Diabetic rats that received AgNPs [123] [Copyright © 2022 by the authors, Licensee MDPI, Basel,
Switzerland. Open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY4.0) license]; C)
The levels of OGTT found in the Wistar rats belonging to the various groups after 30, 60, 90, and 120 min: (C) Healthy rats, (DC) Diabetic
rats that received no additional substances, (DG) Diabetic rats that received glibenclamide, (DE) Diabetic rats that received an extract
of Phagnalon niveum, and (DAgNPs) Diabetic rats that received AgNPs [123] [Copyright © 2022 by the authors, Licensee MDPI, Basel,
Switzerland. Open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY4.0) license]; D)
The blood glucose level of a different group of Balb/c mice after 7, 14, 21, and 28 days [95] [Copyright © 2022 by the authors, Licensee
MDPI, Basel, Switzerland. Open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY4.0)
license]; E) IPGTT level of a different group of Balb/c mice after 30, 60, 90, and 120 mins [95] [Copyright © 2022 by the authors, Licensee
MDPI, Basel, Switzerland. Open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY4.0)
license]; F) ITT level of a different group of Balb/c mice after 30, 60, 90, and 120 mins [95] [Copyright © 2022 by the authors, Licensee
MDPI, Basel, Switzerland. Open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY4.0)
license].

Time Interval (minutes)

In a study, spherical AgNPs (51.12—65.02 nm)
synthesized from Psidium guajava extracts were
administered orally (100 mg.kg™?) to streptozotocin-
induced diabetic Wistar rats. Additional groups
received Psidium guajava extract (100 and 200
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mg.kg?) or metformin (100 mg.kg™). Blood sugar
levels significantly decreased (P<0.001) [130].
Besides, spherical AgNPs (77.7 nm) synthesized
from Nigella sativa seed extract were administered
to alloxan-induced diabetic albino mice. Blood
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glucose levels were measured on days 0, 14, and 28,
revealing a significant reduction in the AgNP-
treated group [131]. Moreover, spherical AgNPs
synthesized from Momordica charantia extract (10
mg.kg?) were administered orally to
streptozotocin-induced diabetic rats. After 21 days,
the AgNP-treated group showed a significant
reduction in blood sugar levels (P<0.05) compared
to the control groups [132]. Similarly, spherical
AgNPs synthesized from Musa paradisiaca stem
extract (50 pg.kg') were administered to
streptozotocin and nicotinamide-induced diabetic
Sprague-Dawley rats. After 8 weeks, blood sugar
and insulin levels in the AgNP group significantly
decreased and increased, respectively (P<0.05),
compared to the control groups [133]. Additionally,
Spherical AgNPs (10-12 nm) synthesized from
Eysenhardtia polystachya bark extract were
administered to glucose-induced diabetic Zebrafish
at doses of 5 and 10 pg.mL. After 14 days, blood
sugar levels decreased and insulin levels increased
significantly in the AgNP-treated groups compared
to the control group (P<0.05) [134]. Moreover,
spherical AgNPs (4-25 nm) synthesized from
Solanum nigrum extract were orally administered
at 10 mg/kg to alloxan-induced diabetic Wistar rats
at a dose of 10 mg.kg™. After 21 days, blood sugar
levels were significantly reduced in the AgNP-
treated group, with the OGTT showing lower blood
glucose levels at 60, 90, and 120 min (P<0.05) [135].
In a study, spherical AuNPs (75.1-156.5 nm)
synthesized from Datura stramonium seed extract
were administered to alloxan-induced diabetic
albino rats at doses of 500, 750, and 1000 pg.mL?
for 21 days. The FBG levels significantly decreased
in all groups receiving AuNPs, with the
glibenclamide-treated group serving as a positive
control [136]. Alternatively, spherical AuNPs (7-27
nm) synthesized from Ziziphus jujube fruit extract
were administered to streptozotocin-induced
diabetic Sprague-Dawley rats at doses of 0.5 and 1
mg.kg? for 21 days. After 21 days, the group
receiving 1 mg.kg? AuNPs showed significant
reductions in FBG and Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR) levels
and increased insulin levels (P<0.03). In the 0.5
mg.kg? AuNPs group, HOMA-IR significantly
decreased (P<0.05), FBG decreased, and insulin
increased, but the differences were not statistically
significant [137]. Besides, spherical AuNPs (15 nm)
synthesized using Bauhinia variegata extract were
administered to streptozotocin-induced diabetic
Wistar rats at a dose of 2.58 mL.kg™* for 28 days.
After 28 days, significant reductions in FBG levels
were observed (P<0.000). The study also included
groups treated with Bauhinia variegata extract at a
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dose of 1.83 mL.kg? and a control group with no
additional treatment [138]. Likewise, rectangular
and triangular AuNPs (55.2—98.2 nm) synthesized
using Cassia fistula stem bark extract were
administered to streptozotocin-induced diabetic
Wistar rats at a dose of 60 mg.kg™ for 30 days. After
15 and 30 days, FBG levels significantly decreased,
and HbA:C levels were dramatically reduced at the
30-day mark (P<0.05). In contrast, the extract and
AuNPs did not affect FBG and HbAiC levels in
healthy rats. The study also included groups
receiving insulin (3 IU.kg) as the positive control
and no treatment as the negative control [139]. In
addition, spherical AuNPs (20-50 nm) synthesized
using Dittrichia viscosa leaf extract were
administered to streptozotocin-induced diabetic
Sprague-Dawley rats at a dose of 2.5 mg.kg™.
Significant reductions in blood sugar levels were
observed in the AuNPs-treated group compared to
the control group (P<0.02) [140]. Moreover,
spherical AuNPs (50 nm) synthesized using
Gymnema sylvestre leaf extract were administered
to alloxan-induced diabetic Wistar rats at a dose of
0.5 mg.kg? for 28 days. Significant reductions in
FBG and HbA:C levels, along with increased insulin
levels, were observed (P<0.001). The study also
included a positive control group treated with
glibenclamide and a negative control group with no
treatment. No significant differences were
observed in healthy rats treated with AuNPs [141].
Notably, despite the heterogeneity across the
above studies, such as differences in animal
models, biological resources for NP fabrication,
administration routes, treatment durations,
administered NP doses, diabetes induction
methods, particle morphology, and size
distribution, most studies reported significant
reductions in blood glucose levels and HbA:C, along
with a notable increase in blood insulin levels in
diabetic animals treated with these nanomaterials.

Challenges of bioengineered nanosized silver and
gold  particles for  future antidiabetic
nanomedicine

The utilization of biofabricated AgNPs and
AuNPs in antidiabetic therapies holds significant
promise due to their unique physicochemical
properties and biological activities. However,
translating these advancements from the
laboratory to clinical applications presents
numerous challenges. These challenges must be
addressed to ensure the safe and effective
integration of these nanomaterials into therapeutic
practices [142]. One of the foremost concerns in
employing nanosized particles for therapeutic
applications is their potential toxicity and
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biocompatibility. Although many in vitro studies
demonstrate low cytotoxicity, in vivo applications
reveal potential risks such as accumulation in vital
organs, including the kidneys, liver, and spleen. This
accumulation can trigger oxidative stress,
inflammation, and even organ damage [143].
Moreover, long-term exposure raises concerns
about the prolonged retention of NPs in the body
and the possibility of unforeseen chronic side
effects. The dose-dependent effects of NPs further
complicate their therapeutic use, as identifying an
optimal dose that is both effective and non-toxic
remains challenging. These issues are compounded
by individual variations in metabolism and disease
progression, necessitating more comprehensive
studies [144]. On the other hand, while preclinical
studies provide encouraging results, several
obstacles hinder the clinical translation of
bioengineered NPs. A significant challenge is the
lack of standardization in synthesis methods,
leading to variations in nanoparticle size, shape,
and surface properties. These variations influence
biological activity and pose difficulties in ensuring
reproducibility across different batches [145].
Additionally, while green synthesis methods offer
cost-effective  and  environmentally friendly
solutions, scaling these processes for industrial
production remains technically challenging.
Maintaining consistent quality at such a scale is
critical yet difficult to achieve. It is noted that
regulatory and approval challenges further
complicate the clinical translation of these
nanomaterials. As a relatively new class of
therapeutic agents, NPs are subject to evolving
regulatory frameworks. Generating the extensive
safety and efficacy data required for regulatory
approval is resource-intensive and time-
consuming. Moreover, the limited number of
clinical trials investigating the use of metallic NPs
for diabetes management delays their acceptance
into mainstream medicine. Furthermore, although
green synthesis addresses some environmental
concerns, large-scale production of nanoparticles
still raises questions. While green synthesis is more
cost-effective  than  conventional  chemical
methods, scaling these processes to meet global
demand can involve high initial investments, posing
economic challenges. Addressing these challenges
requires interdisciplinary  collaboration and
innovative approaches. Advanced toxicological
studies, including long-term animal studies and
well-designed clinical trials, are essential for
understanding the biocompatibility and safety
profiles of AgNPs and AuNPs. Additionally,
government-industry collaborations are needed to
establish regulatory policies that support the safe
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and ethical development of nanoparticle-based
therapies. By fostering such collaborations and
addressing the outlined challenges, the field can
progress toward developing safer, more effective
antidiabetic nanomedicines that harness the full
potential of biofabricated nanosized silver and gold
particles.

CONCLUSION

In this review, the current antidiabetic
therapeutics were reviewed, their advantages and
disadvantages were mentioned and the need to
explore innovative approaches for antidiabetic
therapy was discussed. Afterward, the green
synthesis of nanosized silver and gold particles by
using plants, algae, and microorganisms was
reviewed. This study showed that a wide range of
biological resources can be employed for the
biosynthesis of silver and gold nanomaterials with
specific particle shapes and size distribution.
Interestingly, the influencingbioengineered silver
and gold nanosized particles represented the
enzyme inhibitory activity against two key enzymes
of diabetes. More interestingly, the diabetic animal
models confirmed the antidiabetic properties of the
green-fabricated AgNPs and AuNPs, showing
decreases in blood glucose levels and HbA1C, along
with increased blood insulin levels in the treated
samples. While strong evidence supports the
significant antidiabetic potential of biogenic AgNPs
and AuNPs as nanotherapeutics, future research is
necessary to assess the pharmacokinetics,
pharmacodynamics,elucidate their
pharmacokinetic and pharmacodynamic profiles
and assess acute and chronic toxicities of these
nanostructures.
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Table 1. In vitro evaluation of the antidiabetic potential of green-synthesized silver and gold nanomaterials by targeting key enzymes
involved in diabetes regulation (a-amylase and a-glucosidase).

Biological source/ NPs Size (hm)/ Dose of Positive .
Scientific name type Morphology Method NPs control Major outcome Ref
20, 40, 50, ICso (AgNPs)=40.6 + 1.77
60, 70, 80, M
a-amylase 100. 120 Acarbose pg.mL?; ICso(Acarbose)= 65.7
. Average: - +0.40 pg.mL™
Plant/ Elsholtzia pg.mL?
communis he 11.38/ 20, 40, 50 [79]
Y Spherical B ICso (AgNPs)= 26.87 + 1.74
a- 60, 70, 80, )
lucosidase 100. 120 Acarbose pg.mL?; ICso (Acarbose)=
g P2 51.46 +2.38 pg.mlLL.
pg.mL
Average: _ 1
g M o 2000 o SRS
Spherical HE: >0 =65 He.mLn
ICso (AgNPs)=
. Average: 20, 40, 60, 1.
Plant/ Salvia Ag 52.4/ a-amylase 80, 100 Acarbose between 40 to 60 pg.mL?; (81]
blepharophylla Soherical mLL ICso (Acarbose)=
P HE- between 20 to 40 pg.mL?.
Average: 20, 40, 60, 1Cs0 (AgNPs) ~ 50 pg.mL%; 1Cso
Plant/ Salvia greggii Ag 62.5/ a-amylase 80, 100 Acarbose (Acarbose)= between [81]
Spherical ug.mL?t 20 to 40 pug.mL™.
Average:
Plant/ saraca Ag 36/ a-amylase 0.75-2.5 No data ICso= 0.35 mM [146]
asoca . mM
Spherical
ICso (AgNPs)=54.56 pg.mL?;
20-60/ a-amylase 20—109 Acarbose ICso (Acarbose): bet}Neen 20 to
. X pg.mL? 40 pg.mLt.
Plant/ Lonicera Ag Spherical [147]
Japonica hex‘:‘inal . 70100 ICso (AgNPs)=37.86  pg.mL%;
g lucosidase mLL Acarbose ICso (Acarbose): between 20 to
g HE- 40 pg.mL?
At highest dose, the NPs
inhibited 52.48% enzyme
aamvlase 200-1000 Acarbose activity; At
Y pg.mL? highest dose, acarbose
inhibited 59.15% enzyme
Plant/ Myristica A 50-60/ activity. [96]
fragrans 6 Polygonal At highest dose, the NPs
inhibited 55.6% enzyme
a- 200-1000 Acarbose activity; At
glucosidase pg.mL? highest dose, the NPs
inhibited 71.03% enzyme
activity.
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Biological source/ NPs Size (nm)/ Dose of Positive .
Scieitific name type Morphology Method NPs control Major outcome Ref
20, 40, 60,
80, and 100
uL
(Obtaining At highest dose, the NPs
Plant/ Cymbopogon Average: from 10 mL inhibited about 90% enzyme
citratus Ag 75/ a-amylase extract and Acarbose activity; At highest dose, [148]
Spherical 90 mL (1 acarbose inhibited about 90%
mM) enzyme activity.
aqueous
solution of
AgNO3)
. -1.
Plant/ Argyreia A 5-35/ ’ ’ 149
nervosa & Spherical ICso= 51.7 pg.mL%; 1Cs0 [149]
a- 20-100
. i Acarbose (Acarbose): between 20 to 40
glucosidase pg.mL? i
ug.mL
At highest dose, the NPs
inhibited 85.24% enzyme
Plant/ Clausena 23-44/ 100-500 activity; At
anisata he Spherical a-amylase pg.mL? Acarbose highest dose, acarbose (150]
inhibited about 88% enzyme
activity.
At highest dose, the NPs
inhibited 80.52% enzyme
Plant/  Zingiber No data/ 40,50, 70, activity; ! At
. Ag a-amylase 100, 1000 Acarbose Y [151]
officinale No data ug.mL highest dose; acarbose
’ inhibited 100% enzyme
activity.
At highest dose, the NPs
inhibited about 60% enzyme
Plant/ Mentha No data / 40,50, 70, activity; ! At
1 Ag a-amylase 100, 1000 Acarbose Y [151]
longifolia No data ug.mL highest dose, acarbose
’ inhibited 100% enzyme
activity.
1Cs0 (AgNPs)=10.75 pM;
PIa:z”C:r;’;//us Ag Spghzgﬁal glucciidase No data Acarbose ICso(Acarbose)=12.98 uM. [152])
02,04, ICso (AgNPs)= 490 + 0.02
a-amylase 0.6,0.8, Acarbose pg.mL?; ICso(Acarbose)=
and 1 630+0.01 pg.mL?
Alga/ Halymenia 34-80/ mg.mL*? - ' ’
. Ag . [153]
poryphyroides Spherical 0.2,0.4, |Cso= 385 £ 0.02 pg.mL™;
ai 0.6,08, Acarbose ICso (Acarbose)= 695 + 0.01
glucosidase and 1 4
mg.mL ug.mL™
At highest dose, the NPs
20, 40, 60, inhibited a:(irvtiaf% enzyme
a-amylase 80, andLiOO Acarbose At highest dose, the acarbose
He.m inhibited about 100% enzyme
. . 20-70/ activity.
Plant/ Nigella sativa A8 Spherical At highest dose, the NPs [154]
. o
. 20, 40, 60, aer\E\lll?tl:Ied about 98% enzymAet
. 80,and 100  Acarbose L
glucosidase ug.mL highest dose, the acarbose
’ inhibited about 100% enzyme
activity.
At highest dose, the NPs
0.2,0.4, inhibited 94.30 + 0.10%
0.6, 0.8, enzyme activity;
54-65/ a-amylase and 1 Acarbose At highest dose, acarbose
Alga/ Colpomenia Ag Cubical with mg.mL? inhibited 59.69 + 0.10% [155]
sinuosa uniform enzyme activity.
shape 0.2,0.4, At highest dose, the NPs
a- 0.6, 0.8, inhibited 90.50 + 0.10%
. Acarbose .
glucosidase and 1 enzyme activity;
mg.mL*? At highest dose, acarbose
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Biological source/ NPs Size (nm)/ Dose of Positive .
Scientific name type Morphology Method NPs control Major outcome Ref
inhibited 59.63 + 0.01%
enzyme activity.
- = -1.
Average: a-amylase ulgon?f’l Acarbose IClc(S,:c(:?rgb’izz))— 21; l;gpr;tnl’_l
. . 50 = . . .
Plant/ Ficus palmata Ag S rZ‘%(Z)r/ical a- 10-90 rcarbose ICso (AgNPS)= 32 pg.mL™; [156]
P glucosidase pg.mL? ICso(Acarbose)= 21 pg.mL?.
At highest dose, the NPs
inhibited 85.75 + 1.20%
a-amylase 200 and Acarbose enzyme activity;
Y 400 pg.mL? At highest dose, acarbose
inhibited about 90% enzyme
Plant/ Melia Ag 14-29/ ' activity. [157]
azedarach Spherical At highest dose, the NPs
inhibited 80.33 + 1.94%
a- 200 and Acarbose enzyme activity;
glucosidase 400 pg.mL? At highest dose, acarbose
inhibited about 95% enzyme
activity.
200-1000
uL
(Obtaining
from10g
dried
extract/ .
Plant/ Pueraria Al 30-60/ a-amylase 100 mL Not data ;::uhblizzsst‘:?;/, t::anl:i [97]
lobate i Spherical Y 80% <5370 enzy
activity.
methanol
and 1 mL
(0.01 M)
aqueous
solution of
AgNO:3)
. At highest dose, the NPs
Plant/ Equisetum Ag No data/ « 0.5-2.5 Not data inhibited 95.77% enzyme [89]
arvense Spherical glucosidase pg.mL -
activity.
Plant/ Hemigraphis No data/ a- 0-10 pg.mL _ 4
repanda he Spherical glucosidase 1 No data ICs0=1.98 pg.mL". (100]
Plant/ Brachychiton Average: 25-125 ICso (AgNPs)= 67 pug.mL?;
populneus he 12/ Cubical a-amylase pg.mL? Acarbose ICso(Acarbose)= 110 pg.mL™. [94]
25, 50, 100, At highest dose, the NPs
15.71— a-amylase 150, and Not data inhibited about 60% enzyme
. ' 200 pg.mL? activity.
Plant/ Ixora brachiata A8 58:;39ri7c/al o 25, 50, 100, At highest dose, the NPs [84]
P . 150, and Not data inhibited about 70% enzyme
glucosidase B -
200 pg.mL? activity.
250 and . At hlghest dose, the NPs
a-amylase 4 Not data inhibited about 20% enzyme
Average: 500 pg.mL L
Plant/ Calophyllum A 24/ activity. [158]
tomentosum i Soherical o 10, 20, 50, At highest dose, the NPs
P . 100, and No data inhibited about 50% enzyme
glucosidase B L
150 pg.mL? activity.
. 0, 50, 100,
Plant/ Just/c.a Ag 30-50/ a-amylase 150, and No data ICso= 493.87 pug.mL™. [159]
wynaadensis Irregular }
200 pg.mL?
At highest dose, the NPs
5-20/ 100, 200, inhibited 44.24 + 0.64%
Fungus/ Lentinus . 300, 400, enzyme activity;
tuber-regium A8 Prsonr;\;r:cr;ly a-amylase and 500 Acarbose At highest dose, acarbose (160]
P ug.mL? inhibited 48.14 £ 0.46%
enzyme activity.
Plant/ Cissampelos 60-118/ 25,50, 75, At highest dose, the NPs
. Ag Mostly a-amylase and 100 No data S . [101]
pareira . 7 inhibited 92% enzyme activity.
spherical pg.mL?
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No data/
Small dots-
Plant/ Persea like and a- 1, 2.5, and B
americana he nearly glucosidase 5 ug.mL? No data ICs0=2.72 pg.mL™. [161]
round-
shaped
No data/
Small dots-
Plant/ Beta vulgaris Ag h::;?yd glucoo_sidase 15’ igs’r:[“lj No data ICso= 1.94 pg.mL™ [161]
round-
shaped
No data/
Small dots-
Plant/ Arachis like and a- 1, 2.5, and 3
hypogaea A8 nearly glucosidase 5 pg.mL? No data ICs0= 1.68 pg.mL™. (161]
round-
shaped
0.25, 0.5
Plant/ Ipomoea No data/ a- Lo B
batatas (red skin) he Spherical glucosidase pagnrii'l No data 1C==0.36 pg.mL [162]
Plant/ Ipomoea 0.25,0.5,
batatas (pumpkin Ag ;\loh:?itcaa/l | afd and 1 No data ICso= 0.77 pg.mL™. [162]
sweet) p glucosidase ug.mL
At highest dose, the NPs
‘ 12.5, 25, inhibited abouth‘GO% enzyme
?'i’"f‘t/ RL{SSE/IG Ag No da.ta/ a-amylase 50, and 100 Acarbose . activity; [163]
equisitiformis (leaves) Spherical 4 At highest dose, acarbose
ug.mL inhibited about 68% enzyme
activity.
At highest dose, the NPs
Plant/ Russelia 12.5, 25, inhilf)ited about 50% enzyme
equisitiformis Ag No da.ta/ a-amylase 50, and 100 Acarbose act|V|.ty; At [163]
(flower) Spherical ug.mlL . hlghest dose, acarbose
inhibited about 68% enzyme
activity.
At this dose, the NPs inhibited
. about 85.14% enzyme
Pfr:tc/t:‘é I;Za Ag STOl?bz?i(lJ(Z/ glucooéi dase 50 pug.mL* Acarbose activity; At this [102]
dose, acarbose inhibited
about 90.1% enzyme activity.
At highest dose, this NPs
blant/ Sol Average: égg, ;188, t.ir41thibit 79.56% enzyme At
ant/ Solanum 2 X activity;
khasianum Ag Sl§.9§/ | a-amylase and 1000 Acarbose this dose, acarbose inhibited (103]
pherica ug.mL?t about 86.43% enzyme
activity.
ICso (AgNPs biosynthesized by
1mM AgNOs)= 14.06 + 0.89
ug.mL%; 1Cso
(AgNPs biosynthesized by
20, 40, 60,
a-amylase 80,and 100  Acarbose 2mM A_lgN03)= 42.44£2.68
ug.mlL ug.mL?; . . 1Cs0
(AgNPs biosynthesized by
3mM AgNOs)=21.92+1.74
Average: pg.mL?%;  1Cso(Acarbose)=
24/ 14.06 £ 0.89 pug.mL™.
Plant/ Cleome viscosa Ag Spherical ICso (AgNPs biosynthesized by [164]
and 1 mM AgNOs) = 55.91 +2.98
triangular ug.mL%; 1Cso
(AgNPs biosynthesized by 2
o 20, 40, 60, mM AgNOs)= 37.73 £ 2.05
glucosidase 80,and 100  Acarbose pg.mL;
pg.mL? ICso (AgNPs biosynthesized by

576

3 mM AgNOs3) =21.76 +1.91

ug.mL?; ICso
(Acarbose)=18.52 + 1.23
pug.mLL
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20, 40, 60, ICso= 32.3 pg.mL%; ICso
a-amylase 80, and 100 Acarbose (Acarbose): less than 20
- .mL? .mL2,
Plant/ Embelia A /-\Slrics)ﬁt He He [85]
robusta & soherical a 20, 40, 60, ICso= 30.1 ug.mL?;  ICso
P lucosidase 80,and 100  Acarbose (Acarbose): less than 20
g pg.mL? pug.mLL
20, 40, 60, ICs0= 60.2 pg.mL%; ICso
a-amylase 80,and 100  Acarbose 4
2235/ ug.mL (Acarbose)=40.2 pg.mL™.
Plant/ Vitis vinifera Ag ; ) [165]
Spherical 20, 40, 60, 4
- 80,and 100  Acarbose ICs0= 62.5 pg.mL"; 1Cso
glucosidase L’ig mLt (Acarbose)= 40 pg.mL™.
,31,88’ 12188’ ICso= 218 ug.mL%;  ICso
a-amylase and, 500’ Acarbose (Acarbose): less than 100
Animal/ 24-50/ Lt pg.mL.
Earthworm Ag Mostly HE- [166]
vermiwash spherical 100, 200,
P a- 300,400, ICso= 221 pg.mL%; ICso
glucosidase and 500 (Acarbose)= 200 pg.mL™.
pg.mL?
At highest dose, the NPs
A o
Plant/ Momordica 2-12/ 20-100 |.nf.1|b|ted 75.50% enzyme
charantia L Ag Soherical a-amylase mLt Acarbose activity; At [167]
’ P HE- highest dose, acarbose
inhibited 80% enzyme activity.
At this dose, the NPs inhibited
- -1 ’
a-amylase 500 pg.mL No data 99.49% enzyme activity.
Average: At highest dose, the NPs
Fungus/ A 24/g ’ 10. 25, 50 inhibited 9.47% enzyme [168]
Cladosporium species i . a- R activity; At
Spherical X 100, 150 Acarbose .
glucosidase Lt highest dose, acarbose
HE- inhibited 38.41% enzyme
activity.
At highest dose, the NPs
inhibited 59.57 + 3.72%
acamvlase 0.0002-2 Acarbose enzyme activity;
Y mg.mL* At highest dose, acarbose
Average: inhibited 48.27 + 1.79 %
Plant/ Ocimum A 170+ ng;l/ enzyme activity. [169]
basilicum & S- h;riéal At highest dose, the NPs
P inhibited 79.74 +9.51%
a- 0.2-0.3 Acarbose enzyme activity; At
glucosidase mg.mL? highest dose, acarbose
inhibited 73.75 + 12.86%
enzyme activity.
At highest dose, the NPs
inhibited 59.79 + 6.91%
aamylase 0.0002-2 Acarbose enzyme activity;
Y mg.mL* At highest dose, acarbose
Average: inhibited 48.27 £ 1.79%
Plant/ Ocimum A 150+ enzyme activity. [169]
sanctum & 12.34/ At highest dose, the NPs
Spherical inhibited 89.31 + 5.32%
a- 0.2-0.3 enzyme activity;
glucosidase mg.mL* Acarbose At highest dose, acarbose
inhibited 73.75 + 12.86%
enzyme activity.
At highest dose, the NPs
inhibited 54.94 + 6.56%
. 2-2 ivity;
Combination of two a-amylase 0.000 1 Acarbose .enzyme activity;
lants/ “Ocimum Average: mg.mL At highest dose, acarbose
psanctum,, o Ag  17.0+8.44/ inhibited 48.27 + 1.79% [169]
“Ocimum basilicum” Spherical enzyme activity.
o 0.2-03 At highest dose, the NPs
lucosidase m. mL’l Acarbose inhibited 29.03 + 15.92%
g & enzyme activity; At
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highest dose, acarbose
inhibited 73.75 + 12.86%
enzyme activity.
Plant/ Hippeastrum Average: 25, 50, 75, At highest dose, the NPs
. Ag 40/ a-amylase and 100 No data inhibited 75.5 + 0.002% [104]
hybridum L. . . L
Spherical pg.mL? enzyme activity.
At highest dose, the NPs
inhibited 81.15% enzyme
Plant/ Pterocarpus Average: 0.2-1 activity; At
. Ag 132.6/ a-amylase 4 Acarbose Y [128]
Marsupium Spherical mg.mL . hlghest dose, acarbose
inhibited 91.83% enzyme
activity.
Average: 10, 20, 40, _ "
Plant/ Tll}ymus Ag 42/ a-amylase 60, 80, and Acarbose ICso (Agl;lPs)—_lO ug.mL "1 [95]
serpyllum Spherical 100 pg.mL* ICso (Acarbose)= 7.5 pg.mL ™
At highest dose, the NPs
200, 400, inhibited 80.43 £ 0.74%
a-amylase 600, 800, Acarbose enzyme activity;
and 1000 At highest dose, acarbose
ug.mL? inhibited 86.48 + 0.64%
Plant/ Nothapodytes Ag No data/ enzyme activity. [170]
foetida No data At highest dose, the NPs
200, 400, inhibited 79.19 £+ 0.51%
a- 600, 800, Acarbose enzyme activity;
glucosidase and 1000 At highest dose, acarbose
ug.mL? inhibited 87.13 + 0.58%
enzyme activity.
100, 200,
. . 20-35/ 300, 400, ICso (AgNPs)= 306 pg.mL?;
Plant/ Allium Sativum Ag Spherical a-amylase and 500 Acarbose ICso(Acarbose)= 376 pg.mL. [171])
pg.mL?
20-100 ICs0= 65.2 pg.mL?; 1Cso
a-amylase a Acarbose (Acarbose)= between
Plant/ Punica 35-60/ Heg,mL 20 to 40 pg.mL™.
Ag ) ) [172]
granatum Spherical ICso= 53.8 pg.mL%; ICso
a- 20-100
glucosidase ug.mL? Acarbose (Acarbose)= I?etween
20 to 40 pg.mL™.
Plant/ Azadirachta 10-30/ 50, 75, and ICso (ABNPs)= 76.80 kg.mL";
indica Ag Spherical a-amylase 100 pg.mL* Acarbose ICso (Acarbose)= [105]
between 20 to 40 pg.mL?.
Plant/ Pisum sativum 10-25/ a- 1,255,
Ag : . and 10 No data ICso= 2.10 pg.mL™. [173]
L. Spherical glucosidase 1
pg.mL
At highest dose, the NPs
, Average: 50, 100, . inhibited 68% enzyme activity;
PIan(';{ié\;eorznga Ag 15.5/ a-amylase 150, and Mett‘orml At highest dose, metformin [174]
Spherical 200 pg.mL? inhibited about 90% enzyme
activity.
25, 50, 100, ICs0= 166.83 pg.mL?; ICso
a-amylase 150, and Acarbose (Acarbose)= 88.29 pg.mL
Plant/ Zingiber Ag 25-30/ 200 pg.mL* ' ’ ’ [175]
officinale Spherical o 25, 50, 100, ICso (AgNPs)=166.30 pg.mL?;
glucosidase 150, and Acarbose ICso (Acarbose)= 86.74
200 pg.mL? ug.mL
25, 50, 100, 1Cso (AgNPs)= 139.29 pg.mL?;
a-amylase 150, and Acarbose 1Cs0 (Acarbose)= 88.29 pg.mL
200 pg.mL? 1
Plant/ Curcuma Ag 25-30/ (175]
amada Spherical 25, 50, 100, ICso (AgNPs)=136.47 pg.mL?;
glucci_idase 150, and Acarbose ICso (Acarbose)= 86.74 pg.mL
200 pg.mL? 1
25, 50, 100, ICso= 312 + 0.67 pg.mL?;
Average: a-amylase 200, and Acarbose ICso (Acarbose)= between 50
Fungus/ Flammulina Ag 21.4/ 400 pg.mL? to 100 pg.mL™. [106]
velutipes Sphérical o 25, 50, 100, ICso= 357 + 0.82 pg.mL%;
. 200, and Acarbose ICso (Acarbose)=
glucosidase } )
400 pg.mL? between 50 to 100 pg.mL*
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Plant (Aqueous 10, 30, and . At hlghesot dose, the NI?S.
extract)/ Gymnema Ag 70-100/ a-amylase 100 pg.mL Acarbose inhibited 42% enzyme activity; [107]
svlvestre Spherical il At highest dose, acarbose
4 inhibited 58% enzyme activity.
Plant (Alcoholic 10, 30, and . At highest dose, the N?S.
70-100/ inhibited 46% enzyme activity;
extract )/ Gymnema Ag . a-amylase 100 Acarbose ) [107]
svivestre Spherical mLt At highest dose, acarbose
4 HE- inhibited 58% enzyme activity.
100 pL
(Obtaining At this dose, the
from10g biosynthesized NPs from fruit
dried inhibited 6.48 + 0.013%
extract/ enzyme activity; At this
100 mL dose, the biosynthesized NPs
PIantl)/i;?nzzcrhoa Ag Ptgorﬁj?; a-amylase 50% No data from leaf inhibited 21.41 + [176]
Y ethanol 0.03% enzyme activity;
and 100 mL At this dose, the
(0.01 M) biosynthesized NPs from
aqueous flower inhibited 13.43 +
solution of 0.03% enzyme activity.
AgNO3s)
Average: 100, 200,
Plant/ Pterocarpus ) 400, 800, ICso (AgNPs)= 700 pg.mL%;
marsupium he 14zlast/aNo a-amylase and 1000 Acarbose ICso (Acarbose)= 180 pg.mL™. (177]
pg.mL?
20, 40, 60, _ 1.
a-amylase 80, and 100 Acarbose ICso (AgNPs)=43.94 pg.mL 4
1 ICso (Acarbose)=40.2 pg.mL™.
. - 15-20/ pg.mL
Plant/ Vitas vinifera Ag ) [98]
Spherical 20, 40, 60, 4
a- ICso (AgNPs)=48.5 ug.mL?;
lucosidase 80,and 100 Acarbose ICso (Acarbose)= 40 pg.mL*
g pg.mL? ’ ’
2.5,5,7.5, ICso (AgNPs)= 10.62 + 0.22
10, 12.5, pg.mL; ICso
a-amylase and 15 Acarbose (Acarbose)=51.17 + 1.99
Plant/ Dregea A 8.59-19.18/ ug.mL?t ug.mL (178]
volubilis i Spherical 12468 1Cs0 (AgNPs)= 6.49 + 0.03
a- e ug.mL%; ICso
glucosidase and 1(_)1 Acarbose (Acarbose)=479.60 + 4.49
pg.mL }
ug.mL
At highest dose, the
biosynthesized NPs by 0.1 M
AgNOs inhibited 73.93%
sy, oo
Plant/ Acacia nilotica Ag Variable . and 250 Acarbose ) &n : [179]
shapes glucosidase mL biosynthesized NPs by 3 mM
P HE- AgNOs inhibit 51.28%;
At highest dose, acarbose
inhibit 59.32% enzyme
activity.
At highest dose, the NPs
A, o
Plant/ Allium Average: >,10, 15, Posetive |nP.1|I5)|ted about 75% enzyme
fistulosum Ag 40/ Rod-like a-amylase 20, and 25 control activity; At [180]
pg.mL? highest dose, positive control
about 75% enzyme activity.
At highest dose, the NPs
s o
Plant/ Average: 5,10, 15, Posetive inhibited a:gcrvt:c.% enzyme
Tabernaemontana Ag 55/ Rod- a-amylase 20, and 25 . & . [180]
divaricate like ug.mlL control At highest dose, positive
’ control about 75% enzyme
activity.
At highest dose, the NPs
Average: 5, 10, 15, Posetive inhibited about 78% enzyme
Plant/ Basella alba Ag 57/ Rod- a-amylase 20, and 25 activity; At [180]
. b control . .
like pg.mL? highest dose, positive control
about 75% enzyme activity.
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At highest dose, the NPs
20, 40, 60, inhibited about about 75%
a-amylase 80,and 100  Acarbose enzyme activity;
pg.mL? At highest dose, acarbose
. 49-73/ about 60% enzyme activity.
Plant/ Allium cepa he Spherical At highest dose, the NPs (181]
@ 20, 40, 60, inhibited about about 60%
glucosidase 80, and 100 Acarbose enzyme activity;
pg.mL? At highest dose, acarbose
about 60% enzyme activity.
At highest dose, the NPs
inhibited about 86.66 + 5.03%
Plant/ Holoptelea 32-38/ 25,30, 75, enzyme activity;
. s Ag . a-amylase and 100 Acarbose . ! ([182]
integrifolia Spherical ug.mL At highest dose, acarbose
’ inhibited about 95.01 + 5.41%
enzyme activity.
At highest dose, the NPs
inhibited about about 67%
Fungus/ Pleurotus 2-20/ 100, 200, enzyme activity;
) Ag . a-amylase 300, 400, Acarbose . ! [183]
giganteus Spherical 500 pg.mL At highest dose, acarbose
’ inhibited about 62% enzyme
activity.
Combination of five
plants/ “Tinospora At highest dose, the NPs
cordiofolia”, 50, 100, inhibited about about 65%
“Curcuma longa”, 70-80/ 150, 200, Ascorbic enzyme activity;
“Trigonella foenum he Spherical a-amylase and 250 acid At highest dose, ascorbic acid [184]
gracum”, “Emblica pg.mL? inhibited about 73.87%
officinale”, and enzyme activity.
‘Salacia oblonga’
At highest dose, the NPs
200, 400, inhibited 78.16% enzyme
Plant/ Muntingia A ;gig- | 600, 800, Acarb activity; 18
calabura € S h. ./ | aramylase 1000 carbose At highest dose, acarbose [185]
pherica pg.mL? inhibited about about 85%
enzyme activity.
12.5, 25,
30-90/ 50, 100, ICso (AgNPs)= 102.55 ug,.mL?;
Alga/ Galaxaura Ag Almost a-amylase 150, and Acarbose ICso (Acarbose)= 74.66 pug.mL [186]
elongata . i
spherical 200 pg.mL L
1
12.5, 25
N 20-60/ L ICso (AgNPs)= 90 pg.mL?;
Alga/Turbinaria 50, 100, B .
ornata Ag s,:Ln;gzgl a-amylase 150, and Acarbose  ICso (Acarbosez-— 74.66 ug.mL [186]
200 pg.mL?
12.5, 25,
30-90/ 50, 100, ICso (AgNPs)= 87.33 pg.mL?;
Alga/ Enteromorpha Ag Almost a-amylase 150, and Acarbose ICso (Acarbose)= 74.66 pg.mL [186]
flexuosa . .
spherical 200 pg.mL 1
1
ICso (AgNPs)=0.90 + 0.01
pg.mL?;
a-amylase No data Acarbose ICso (Acarbose)= 10.20 £ 0.05
Average: )
Plant/ Annona Ag 35/ ug.mL (187]
mricata ) ICso (AgNPs)=3.32 +£0.32
Spherical 3
x No data Acarbose ug-mL%; 1Cso
glucosidase (Acarbose)= 610.65 + 4.27
ug.mLL
ICs0 (AgNPs)=
Average: between 31.70 to 61.70
L 50/g 7.4,224, ug.mL;
Plant/ Justicia diffusa Ag . a-amylase 66.6, and Acarbose ! [188]
Uniform 200 pg.mL The amount of enzyme
spherical inhibition by acarbose is not
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At highest dose, the NPs
200, 400, inhibited 43.96 + 0.91%
Plant/ Centella 30-50/ 600, 800, enzyme activity;
asiatica A8 Spherical a-amylase 1000 Acarbose At highest dose, the NPs (189]
pg.mL? inhibited 55.75 £ 0.71%
enzyme activity.
= +
20, 40, 60, ugICnsqoL(_f:gNPs) 41.27 _0.1&:
. ’ 50
a-amylase 80, ar::lﬁoo Acarbose (Acarbose)= 75.07 £ 0.56
Plant/ Hybanthus A 0-10/ HE- pug.mLL [190]
enneaspermus € Spherical ICso (AgNPs)=42.87 + 0.44
" 20, 40, 60, hemL i
- . 5 50
glucosidase 80, and ?100 Acarbose (Acarbose)= 82.00 + 1.26
ug.mL )
pug.mLL
No data/ At 0.063 to 1 pug.mL?, the NPs
Plant/ Ananas Ag Nearly a‘ 0.008 1 No data inhibited 100% enzyme [99]
comosus L. ) glucosidase pg.mL -
spherical activity.
50, 100,
150, 200, 1Cso (AgNPs)=123.7 pug.mL?;
Plant/ Chr‘ysophyllum Ag No data/ a-amylase 250, and Acarbose ICso (Acarbose)= 11.77 [191]
albidum No data . 4
300 pg.mL ug.mLt
1
100, 200
i ¢ ! At highest dose, the NPs
Plant/ Grqctlarla Ag 71-11.0/ a-amylase 300, and : No data inhibited 98.75% enzyme [192]
edulis Spherical 400 pg.mL s
| activity.
. . 100, 200, At highest dose, the NPs
Pla:;éjggc;’gui;ilum Ag ;té}izl a-amylase 300, and No data inhibited 77.25% enzyme [192]
P 400 pg.mL? activity.
/;Vzegasgse/: " 0.12,0.25,
Plant/ Arctium lappa Ag ) . and 0.5 No data ICs0= 0.653 pg.mL™. [90]
Nearly glucosidase 1
. pg.mL
spherical
Plant/ Annona 18-35/ 25,50, 100, ICso (AgNPs)=80.7 pg.mL?;
Ag Almost a-amylase and 200 Acarbose N [193]
squamosa ; o ICso (Acarbose)= 88.6 pg.mL™.
spherical pg.mL
100, 200, ICso (AgNPs)= 296 pug.mL?; ICso
300, 400,
a-amylase Acarbose (Acarbose)= between
and 500 300 to 400 mL?
Animal/ Prawn head A 23-28/ pg.mL? HE- [194]
waste i Spherical 100, 200,
a- 300, 400, ICso (AgNPs)= 705 pg.mL?; ICso
glucosidase and 500 Acarbose (Acarbose)= 200 pg.mL™.
pg.mL*
. No data/
Plant/ Brassica Ag Almost a—. 1,25, ang No data ICs0=2.29 pg.mL™ [86]
oleracea ) glucosidase 5 pg.mL
spherical
~ -1.
10, 25, 50, ICso (AgNPs)~ 50 pg.mL%;
ICso (Acarbose)=
a-amylase 75, and 100 Acarbose
. Average: N between 25 to 50
Plant/ Rosa indica pg.mL §
Ag 18/ ug.mL™ [83]
L.(ethanol extract) :
Spherical 10, 25, 50, }
a- ICso (AgNPs)™~ 50 pg.mL%; 1Cso
lucosidase 75,and 100 Acarbose (Acarbose)~ 50 mL?
& pg.mL? HE- ’
10, 25, 50, ICs0™ 50 ug.mL%;  1Cso
Average: a-amylase 75,and 100  Acarbose (Acarbose)= between
Plant/ Rosa indica ge: ug.mL?t 25 to 50 ug.mL™
Ag 12/ [83]
L.(acetone extract) . 10, 25, 50, ;
Spherical a- ICso (AgNPs)™ 50 pg.mL?; 1Cso
lucosidase 75,and 100 Acarbose (Acarbose)™ 50 pg.mL?
g pg.mL? He- '
10, 25, 50, ICso (AgNPs)™ 75 pg.mL?; ICso
Average: a-amylase 75,and 100  Acarbose (Acarbose)= between
Plant/ Rosa indica ge: pg.mL? 25 to 50 ug.mL
Ag 770/ [83]
L.(water extract) . 10, 25, 50, 4
Spherical a- 1Cso (AgNPs)~ 75 pg.mL?; 1Cso
lucosidase 75,and 100 Acarbose (Acarbose)™ 50 pg.mL?
& pg.mL? HE ’
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At highest dose, the NPs
S o
Plant/ Cissus No data/ 12.5,25, lnhlblt::zb:\(’evzstnivaits FO o
. Ag Irregular a-amylase 50,and 100  Acarbose . ¥ Vi [195]
quadrangularis shape mLt At highest dose, acarbose
P HE. inhibited between 65 to 70 %
enzyme activity.
. ICso (AgNPs)=0.20 pg.mL%;
Plant/ Syz'yg/um Ag No da.ta/ a-amylase 0-2 1, Acarbose ICso(Acarbose)=0.27 [196]
aromaticum Cubic mg.mL*? )
pug.mLL
At highest dose, the NPs
- inhibi + 9
Plant/ Silybum Average: a-amylase No data No data |nh|::::mZeS.a?ﬁi;itly.12/a
mar/allv:::)(wnd A8 S ﬁ:r/ical a At highest dose, the NPs (197]
P P . No data No data inhibited 22.45 + 0.78%
glucosidase L
enzyme activity.
At highest dose, the NPs
a-amylase No data No data inhibited 26.78 + 1.43%
, Average: L
Plant/ Silybum A 19/ enzyme activity. [197]
marianum (seed) & Soherical o At highest dose, the NPs
P . No data No data inhibited 25.41 + 1.37%
glucosidase .
enzyme activity.
At highest dose, the NPs
s o
10, 20, 30, a:ztl:\l/kl)tlted about 80% enzymAet
a-amylase 40, 50, 100 Acarbose . v
Lt highest dose, acarbose
HE- inhibited about 70% enzyme
Plant/ Cassia Ag No data/ . activity. [198]
auriculata No data At highest dose, the NPs
A o
. 10, 20, 30, inhibited a:sc?\lti;(?A) enzyme
glucosidase 40, 52;&?0 Acarbose At highest dose, acarbose
HE- inhibited about 60% enzyme
activity.
100, 250, At highest dose, the NPs
Plant/ Odontosoria 22.3-48.2/ 500, and inhibited 62% enzyme activity;
chinensis (L.) he Spherical a-amylase 1000 Acarbose At highest dose, acarbose [199]
pg.mL? inhibited 78% enzyme activity.
ICso (AgNPs)=2.56 + 0.10
ug.mL?; ICso
a-amylase No data Acarbose (Acarbose)=7.32 £ 0.12
40-60/ ug.mL?
Animal/ Bee pollen Ag Most.ly ICso (AgNPs)= 2.13 +0.11 [200]
spherical a pg.ml; Ic
. . ’ 50
glucosidase No data Acarbose (Acarbose)=7.32 £ 0.12
ug.mL
At highest dose, the NPs
L o S
10, 15, and |nh|b|t(.ed 84% enzyme activity;
a-amylase 20 mLt Acarbose At highest dose, acarbose
He: inhibited 64.07 + 1.43%
Plant/ Punica A No data/ enzyme activity. [201]
granatum (L.) J No data At highest dose, the NPs
S o S
@ 10, 15, and inhibited 79% enzyme activity;
lucosidase 20 pg.mL Acarbose The amount of enzyme
g ' inhibition by acarbose is not
mentioned.
- 10, 20, 30, ICs0 (AgNPs)= 38 pg.mL?; ICso
B -1
PIar\:z/rie a:::n/a Ag S Shersiﬁal a-amylase 40, and 50 Acarbose (Acarbose)= between [109]
g P pg.mL? 20 to 30 ug.mL
At highest dose, the NPs
Average: 50, 100, inhibited 73.3% enzyme
Plant/ Zephyranthes 33/ Face- 200, 250, activity; At
candida A8 centred a-amylase and 500 Acarbose highest dose, acarbose [88]
cubic pg.mL? inhibited about 80% enzyme
activity.
= +
Plant/ Avicennia Average: 0.1,02, ICso (AgNPsl 0.28 £ 0.002
officinalis Ag 98.77/ a-amylase and 0.5 Acarbose mg.mL%; 1Cso0 [202]
’ mg.mL? (Acarbose)=0.15 mg.mL2.
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Biological source/ NPs Size (nm)/ Dose of Positive .
Scientific name type Morphology Method NPs control Major outcome Ref
Polydispers @ 0.1,0.2, ICso (AgNPs)=0.15 + 0.012
ed lucosidase and 0.5 Acarbose mg.mL%; 1Cso
g mg.mL* (Acarbose)=0.11 mg.mL™.
0.1,0.2, ICso (AgNPs)= 0.19 +0.011
Average: a-amylase and 0.5 Acarbose mg.mL%; ICso
Plant/ Xylocarpus A 181.4/ mg.mL*? (Acarbose)=0.15 mg.mL™. [202]
granatum J Polydispers @ 0.1,0.2, 1Cso (AgNPs)=0.13 + 0.005
ed lucosidase and 0.5 Acarbose mg.mL?; 1Cs0
g mg.mL? (Acarbose)=0.11 mg.mL2.
. Average: ICso (AgNPs)=32.31 ug.mL;
Plant/ 'Cannab/s Ag 11.5/ a. No data Acarbose ICso (Acarbose)= 133.34 pg.mL [203]
sativa (L.) . glucosidase
Spherical 1
Plant/ Heritiera No data/ B 4
fomes Ag No data a-amylase No data No data ICs0=114.88 pg.mL™. [204]
. - -1
Plant/ Sonneratia Ag No data/ a-amylase No data No data 1Cs0=95.51 pg.mL™. [204]
apetala No data
At highest dose, the NPs
100, 200, inhibited about 75% enzyme
a-amylase 300, 400, Acarbose activity; At
Y and 500 highest dose, acarbose
pg.mL? inhibited about 90% enzyme
Plant/ Amaranthus A 10-20/ activity. [205]
Gangeticus (L.) i Sperical At highest dose, the NPs
100, 200, inhibited about 75% enzyme
a- 300, 400, Acarbose activity; At
glucosidase and 500 highest dose, acarbose
pg.mL? inhibited about 90% enzyme
activity.
Average:
Plant/ Saraca Au 24/ a-amylase 0.25-0.75 No data ICs0= 1.5 mM [146]
asoca } mM
Spherical
100, 200, ICso (AUNPs)= 384 pg.mL?; ICso
300, 400,
a-amylase Acarbose (Acarbose)= less than 100
Animal/ and 500 ug.mL?
24-50/ pg.mL? ' '
\EIZ:E:‘:"V’;T; Au Spherical 100, 200, [166]
a- 300, 400, Acarbose ICso (AUNPs)= 290 pg.mL%; ICso
glucosidase and 500 (Acarbose)= 200 pg.mL*.
pg.mL*
At highest dose, the NPs
I + o
Plant/ Hylocereus Average: 50, 100, |nh|te):1t;adnjl£sfzi\_li$..65£
polyrhizus Au 25.31/ a-amylase and 200 Acarbose . v Vi [91]
Spherical ug.mlL At highest dose, acarbose
’ inhibited 50.10 + 0.13%
enzyme activity.
100, 200, ICso (AuNPs)= 234.71 £ 1.32
a-amylase 300, 400, Acarbose ug.mL%; ICso
Y and 500 (Acarbose)= between 100 to
10-200/ . :
Plant/ Amaranthus Au Almost pg.mL? 200 pg.mL2. [206]
gangeticus (L.) . 100, 200, 1Cso (AuNPs)=238.31 £ 1.15
spherical B
a- 300, 400, Acarbose ug.mL?; 1Cs0
glucosidase and 500 (Acarbose)= between 100 to
pg.mL? 200 pg.mL2.
100, 200, ICso (AuNPs)= 356 ug.mL?;
300, 400,
a-amylase and 500 Acarbose ICso (Acarbose)= between 300
-1
Animal/ Prawn head Au 20-27/ pg.mL? to 400 pg.mL [194]
waste Spherical 100, 200,
a- 300, 400, Acarbose ICso (AuUNPs)= 2475 pg.mL?;
glucosidase and 500 ICso (Acarbose)= 200 pg.mL™.
pg.mL?
B . ICso (AuUNPs)= 159.3 pg.mL%;
Plant/ Mor!cand/a Au > 29/ a. 1.95 10_00 Acarbose ICso (Acarbose)=30.54 [207]
Nitens Spherical glucosidase pg.mL? 1
ug.mL
Average: At highest dose, the NPs
Plant/ Cardf{us Au 15.6/ a-amylase 250, 500, No data inhibited 63.7 £ 5.1% enzyme [93]
edelbergii : 750, and .
Spherical activity.
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Biological source/ NPs Size (nm)/ Dose of Positive .
Scientific name type Morphology Method NPs control Major outcome Ref
1000
pg.mL?
Average:
10, 20, 30,
+ -
Plant/ Annona Au 1489 % - 40,and50  No data ICso= 51.37 + 3.34 pg.mLL. [208]
muricata 3.46/ glucosidase mLt
Spherical HE-
. ICso (AuNPs)=130.32 pg.mL?;
Plant/ Citrus 17-24/ a- B )
aurantifulia Au Spherical glucosidase No data Acarbose ICso(Acarbose)l- 133.34 pg.mL [209]
i 20-40/ ICso (AuNPs)=77.41 pg.mL%;
Plant/ Pit th - 0-1000
ant/ Pituranthos Au Quasi a. - Acarbose ICso (Acarbose)= 30.57 [210]
tortuosus ) glucosidase pg.mL? §
spherical ug.mL
12,34, ICso (Aul\_lPs)= 2.1+0.01
a-amylase and 5 Acarbose ug-mL% ICso
4 4 (Acarbose)=1.7 £ 0.02 pg.mL
. 5.81- pug.mL
Alga/ Gelidiella Au 117.59/ L [108]
acerosa '. ICso (AUNPs)= 2.8 + 0.02
Spherical 1,2,3,4, 1
x and 5 Acarbose ug.mL 1Cso
glucosidase 4 (Acarbose)=2.5 + 0.01 pg.mL
pug.mL i
. 50, 100, ) ICso (AUNPs)= 130 pg.mL%; ICso
Planzeilj\c/:;gnga Au Hzxsa Ssr/ml a-amylase 150, and Met];orml (Metfotmin)= between 100 to [211]
& 200 pg.mL* 120 pg.mL™.
ICs0 (AuNPs)=3.0 £ 0.3 pg.mL
L 1Cso
a-amylase No data Acarbose ’ _ + .
Plant (Total extract)/ Au Average: 6/ (Acarbose)= 1?'2 +0.6 ug.mL [212]
Leucosidea sericea Spherical . ICso (AUNPS)= 14.5 + 0.8
. No data Acarbose pg.mL?; ICso (Acarbose)= 610 +
glucosidase 1
2.6 pg.mL*.
ICso (AuNPs)= 1.8 + 0.3 pg.mL’
- 1. — +
Plant (Procyanidins Average: a-amylase No data Acarbose ; ICSO(AcaLZO:i)-l 10.2+0.6
fractlon.s of dlmgrs)/ Au 24/. ICso (AUNPS)= 7.3 £ 0.3 pg.mL- [212]
Leucosidea sericea Spherical a- B
lucosidase No data Acarbose ; 1Cso
g (Acarbose)= 610 + 2.6 pg.mL™.
1Cso (AuNPs)=10.5+ 0.1
ug.mL?%; 1Cso0
Plant (Procyanidins Average: a-amylase No data Acarbose (Acarbose)=10.2 + 0.6 ug.mL
fractions of trimers)/ Au 21/ 1 [212]
Leucosidea sericea Spherical 1Cs0 (AUNPs)=4.5 £+ 0.6 ug.mL
a- 1
lucosidase No data Acarbose ; 1Cso
g (Acarbose)= 610 + 2.6 pg.mL™.
At highest dose, the NPs
inhibited 94.76 + 0.86%
a-amvlase 25, 50, and Acarbose enzyme activity;
Y 75 pg.mL? At highest dose, acarbose
. Average: inhibited 97.79 + 0.63%
PIan:{n;Z;;?;osm Ag 73/ enzyme activity. [213]
Spherical At highest dose, the NPs
A . o
@ 25, 50, and inhibited _83{'52 + O.?lAu
lucosidase 75 ug.mlt Acarbose enzyme activity; At highest
& ’ dose, acarbose inhibited
96.25 + 1.40% enzye activity.
o 20, 40, 60, ICso (AuNPs)=58.66 pg.mL?;
Average: lucosidase 80,and 100  Acarbose ICso (Acarbose)=43.08
Plant/ Azhadirachta Au 38 48/gN;) g pg.mL? ug.mLL [214]
indica .data 20, 40, 60, ICso (AUNPs)= 45.72 pg.mL%;
a-amylase 80,and 100  Acarbose 1Cso (Acarbose)=40.879
pg.mL? ug.mLL
. Average: 20, 40, 60, ICso (AgNPs)= 48.01 ug.mL;
Plant/ Azh'adlrachta Ag 16.11/ No a. 80,and 100  Acarbose 1Cso (Acarbose)= 43.08 pg.mL [214]
indica data glucosidase ug.mL 1
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Biological source/ NPs Size (nm)/ Dose of Positive .
Scientific name type Morphology Method NPs control Major outcome Ref
20, 40, 60, ICso (AgNPs)= 44.07 pg.mL%;
a-amylase  80,and 100  Acarbose ICso (Acarbose)= 40.879 pg.mL°
pg.mL? L
62.25, 125, ICso (AgNPs)= 428.60 pg.mL%;
a-amylase 250, 500, Acarbose ICso (Acarbose)= 295.42 pug.mL
v and 1000 0 = oIAs K
Bacterium/ Ag 7.18-13.24/ pg.mL? ’ (87]
Salmonella enterica Spherical 62.25, 125, ICso (AgNPs)= 562.02 pg.mL;
* 250,500,y elibose ICso (Voglibose)= 313.62
glucosidase and 1000 J so{Voe mL'l_ :
pg.mL? HE: '
The NPs inhibited 60.67
0.88% enzyme activity
Plant/ Casuarina Average: enzyme activity;
equisetifolia Au S hlesr/ical a-amylase No data Acarbose Acarbose inhibited 65.00 + [215]
P 0.58% enzyme activity
enzyme activity.
100. 200, At highest dose, the NPs
a-amylase 300, 400, No data inhibited 81% enzyme activit
v and 500 o enzy v
" -1
Plant/ Nigella sativa Au 20 3.0/ ug.mL [216]
Spherical 100. 200, .
At highest dose, the NPs
x 300, 400, No data inhibited 82. 3% enzyme
glucosidase and 500 =0 ¥
1 activity.
pug.mL
At highest dose, the NPs
S + N
Plant/ Anacardium No data/ a- 20, 40, 60, algtri]\llki)tlt?d 79 x026% enzym:t
‘ Au . ‘ 80,and 100 Acarbose i [217]
occidentale Spherical glucosidase mLt highest dose, acarbose
He. inhibited 95.68 + 1.38%
enzyme activity.
Average: 100. 200, inh;Alatitr:g gzs; deiszelrizea,:t?\jit ;
Plant/ Physalis ge: 300, 400, o enzy Vi
- Au 15/ a-amylase Acarbose The amount of enzyme [82]
minima . and 500 S .
Spherical _1 inhibition by acarbose is not
ug.mL .
mentioned.
- -1.
Plant/ Aeonium A 35-55/ a-amylase 10-120 Acarbose I(Iicszﬁié\agr'\tl)zss)e)legg;Sg.mLm’L’ [92]
haworthii J Spherical Y pg.mL?t 30 L He-

Table 2. In vivo assessment of the antidiabetic effects of green-synthesized silver and gold nanomaterials.

Biological

Animal type/

source/ NPs Size (nm)/ Number of Diabetic Rout.es. of 2Antidiabetic .
I Morpholog Dose . . administr . Major outcome Ref
Scientific type animal in each model ation techniques
name y group
The blood
glucose levels in
the groups
administered 50,
Plant/ 50, 100 . . Streptozot Blood 100, 200, and
1-100 ! ! Diabet ! !
Ziziphora Ag S heric/al 200, 400 Wisz:altc/ 5 ocin- No data glucose 400 mg.kg? [110]
clinopodioides P mg.kg? induced rat assay AgNPs were
significantly
reduced after 10
and 20 days
(P<0.05).
The FBG levels
Average: : FBG assay, and HbiAC in the
Plant/ Salvia 40+5 / 10 Diabetic Streptozot Intraperit .\, o ccay, groups
sclarea he Quasi- mg.kg? Wistar rat/ 6 ocin- oneal and insulin dministered 10 (111]
) ' induced rat injection administere
spherical assay mg.kg AgNPs
were
Nanomed J. 12(4): 546-592, Autunm 2025 585
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Biological

source/ NPs
Scientific type

name

Size (nm)/
Morpholog
y

Dose

Animal type/
Number of
animal in each
group

Diabetic
model

Routes of
administr
ation

2Antidiabetic
techniques

Major outcome

Ref

Plant/
Origanum Ag
majorana

Plant/ Ferula
assafoetida

Plant/ Kickxia
elatine

Plant/ Cassia
auriculata

Plant/
Lawsonia Ag
inermis

Plant/
Momordica Ag
charantia

586

Average:
305/
Mostly
spherical

35-40/
Spherical

Average:
42.47/
Spherical

40-100/
Nearly
spherical

Average:
14.9/
Spherical

Average:
22.5/
Spherical

20
mg.kg?

100
mg.kg?

150,
300, and
450
mg.kg?

50 and
200
mg.kg?

200
mg.kg?

100 and
200
mg.kg?

Diabetic
Wistar rat/ 5

Diabetic
Wistar rat/ 4

Diabetic
Sprague
Dawley rat/ 5

Diabetic
Wistar rat/ 3

Diabetic
Wistar rat/ 6

Diabetic
Wistar rat/ 6

Streptozot
ocin-
induced rat

Streptozot
ocin-
induced rat

Alloxan-
induced rat

Streptozot
ocin-
induced rat

Streptozot
ocin-
induced rat

Streptozot
ocin-
induced rat

Oral

Oral

Oral

Intraperit
oneal
injection

Oral

Oral

Blood
glucose
assay

Blood
glucose
assay

FBG

FBG assay

FBG assay
and fasting
insulin assay

Blood
glucose
assay, OGTT
assay, and
fasting
insulin assay

significantly
reduced and
insulin level also
increased
(P<0.001).

The blood
glucose levels in
the groups
administered 20
mg.kg* AgNPs
were
significantly
reduced after 28
days (P<0.05).

The blood
glucose levels in
the groups
administered
100 mg.kg™*
AgNPs were
significantly
reduced after 28
days (P<0.05).

The FBG levels in
the groups
administered
150, 300, and
450 mg.kg?
AgNPs were
significantly
reduced after 7,
14, and 21 days
(P<0.01).

The levels of FBG
in groups
administered 50
and 200 mg.kg?
AgNPs were
significantly
reduced after 10
days (P<0.01).

The blood
glucose levels in
the group
administered
200 mg.kg?
AgNPs were
significantly
reduced after 14
days and the
fasting insulin
level also
increased
(P<0.001).

The blood
glucose levels in
the groups
administered
100 and 200
mg.kg* AgNPs
after 14 days
and OGTT level

[112]

[113]

[114]

[115]

[116]

[117]
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Biological
source/
Scientific
name

NPs
type

Size (nm)/
Morpholog
y

Animal type/
Number of
animal in each

group

Dose

Routes of
administr
ation

Diabetic
model

aAntidiabetic
techniques

Major outcome

Ref

Plant/
Ventilago
maderaspatan
a

Plant/ Emblica
phyllanthus

Plant/
Gymnema
sylvestre

Plant/
Catharanthus
roseus

Plant/
Phagnalon
niveum

Ag

Ag

Ag

Ag

Ag

10-50/
Spherical

5-47/
Spherical

Average:
21.5/
Spherical

Average:
45/
Spherical

12-28/
Spherical

20

me kg Albino rat/ 3

150 and
300
mg.kg?

Albino mouse/
6

100 and
200 Wistar rat/ 6
mg.kg?

500
mg.kg?
with
agueous
Cathara
nthus
roseus
extract

Wister rat/ 10

10

me kg™ Wistar rat/ 5

Nanomed J. 12(4): 546-592, Autunm 2025

Streptozot Not
ocin- mentione
induced rat d

Alloxan-
induced
mouse

Oral

Streptozot
ocin-
induced rat

Oral

Streptozot
ocin-
induced rat

Intragastri
cally

Alloxan-

. Oral
induced rat

Blood
glucose
assay,
HbA:C
assay, and
insulin assay

Blood
glucose
assay

Blood
glucose
assay and
fasting
insulin assay

OGTT assay

FBG assay
and OGTT
assay

after 120 min
were
significantly
reduced and the
fasting insulin
level increased
(P<0.001).

The blood
glucose level and
HbA1C in the
group
administered 20
mg.kg* AgNPs
decreased after
15 days and the
insulin level
increased after
15 days.

The blood
glucose levels in
the groups
administered
150 and 300
mg.kg* AgNPs
were
significantly
reduced after 3,
and5hand 4,7,
10, and 15 days
(P<0.05).

The blood
glucose levels in
the groups
administered
100 and 200
mg.kg* AgNPs
were
significantly
reduced after 14
days and the
fasting insulin
level also
increased
(P<0.05).

The OGTT levels
in the groups
administered

500 mg.kg*
AgNPs with
agueous
Catharanthus
roseus extract
were
significantly

reduced after 60
and 120 min

(P<0.05).

The FBG levels in
the groups
administered 10
mg.kg* AgNPs
after 15 and 21

[118]

[119]

[120]

[121]

[123]
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Biological
source/ NPs

Scientific type

name

Size (nm)/
Morpholog
y

Dose

Animal type/
Number of
animal in each

group

Diabetic
model

Routes of
administr
ation

2Antidiabetic
techniques

Major outcome

Ref

Plant/
Eryngium
thyrsoideum
Bioss

Ag

Plant/ Ajuga

A
bracteosa i

Plant/
Moringa Ag
olifera

Plant/
Pterocarpus Ag
marsupium

Plant/ Thymus
serpyllum

588

Average:
45/
Spherical

500-5000/
Tube like

20-40/
Spherical

Average:
132.6/
Spherical

Average:
42/
Spherical

2.5
mg.kg?

200 and
400
mg.kg?

0.2
mg.kg?

200
mg.kg?

5and 10
mg.kg?

Rat/ 5

Balb/c mouse/
6

Wistar rat/ 6

Wistar rat/ 8

BALB/c
mouse/ 10

Alloxan-
induced rat

Alloxan-
induced
mouse

Streptozot
ocin-
induced rat

Streptozot
ocin and
nicotinami
de-induced
rat

Streptozot
ocin-
induced
mouse

Intraperit
oneal
injection

Oral

Oral

Oral

Oral

FBG assay
and HbA:C
assay

Blood
glucose
assay and
insulin assay

Blood
glucose
assay and
insulin assay

Blood
glucose
assay

FBG assay,
IPGTT assay,
and ITT
assay

days were
significantly
reduced (P<0.05)
and OGTT level
after 90 and 120
min decreased.

The levels of FBG
in groups
administered 50
and 2.5 mg.kg?
AgNPs were
significantly
reduced after 7
and 15 days and
the level of
HbA:C also
decreased
(P<0.05).

The blood
glucose levels in
the groups
administered
200 and 400
mg.kg* AgNPs
were
significantly
reduced after 14
days and the
insulin level also
increased
(P<0.05).

The blood
glucose levels in
the groups
administered 0.2
mg.kg* AgNPs
were
significantly
reduced after 28
days and the
insulin level also
increased
(P<0.001).

The blood
glucose levels in
the groups
administered
200 mg.kg?
AgNPs were
significantly
reduced after 14
days (P<0.001).

The FBG levels in
the groups
administered 5
and 10 mg.kg™*
AgNPs
decreased after
7,14, 21, and 28
days; Besides,
IPGTT and ITT
decreased.

[124]

[126]

[127]

[128]

[95]
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Biological
source/
Scientific
name

NP

[

type

Size (nm)/
Morpholog
y

Dose

Animal type/
Number of
animal in each

group

Diabetic
model

Routes of
administr
ation

aAntidiabetic
techniques

Major outcome

Ref

Plant/
Zingiber
officinale

Plant/
Taverniera
couneifolia

Plant/ Psidium
guajava

Plant/ Nigella
sativa

Plant/
Momordica
charantia

Plant/ Musa
paradisiaca

Plant/
Eysenhardtia
polystachya

Ag

Ag

Ag

Ag

Ag

Ag

Ag

Average:
123.8/
Spherical

15-31.44/
Spherical

51.12-
65.02/
Spherical

Average:
77.7/
Spherical

Not
mentioned
/ Tubular
clusters

30-60/
Spherical

10-12/
Spherical

200
mg.kg?

10
mg.kg?

200 and
400
mg.kg?

Not
mention
ed

50
mg.kg?

50 pg.kg
1

5and 10
pg.mL*

Nanomed J. 12(4): 546-592, Autunm 2025

Wistar rat/ 8

Wistar rat/ 5

Wistar rat/ 6

Albino mouse/
5

Wistar rat/ 8

Sprague—
Dawley rat/ 5

Zebrafish/ 20

Streptozot
ocin-
induced rat

Alloxan-
induced rat

Streptozot
ocin-
induced rat

Alloxan-
induced
mouse

Streptozot
ocin-
induced rat

Streptozot
ocin and
nicotinami
de-induced
rat

Glucose-
induced
zebrafish

Intraperit
oneal
injection

Oral

Oral

Oral

Oral

Oral

Dispersing
of samples
in the
vehicle

FBG assay

FBG assay
and OGTT
assay

Blood
glucose
assay

Blood
glucose
assay

FBG assay

Blood
glucose
assay and
insulin assay

Blood
glucose
assay and
insulin assay

The FBG in the
groups
administered
200 mg.kg?
AgNPs
decreased after
3,5, and 7 days.

The FBG levels in
the groups
administered 10
mg.kg* AgNPs
after 14 and 21
days were
significantly
reduced (P<0.05)
and OGTT level
after 60, 90, and
120 min
decreased.

The blood
glucose levels in
the groups
administered
200 and 400
mg.kg* AgNPs
were
significantly
reduced after 1,
7,14, and 21
days (P<0.001).

The blood
glucose levels in
the groups
administered
AgNPs
decreased after
14 and 28 days.

The FBG levels in
the groups
administered 50
mg.kg* AgNPs
were
significantly
reduced after 21
days (P<0.05).

The blood
glucose levels in
the groups
administered 5
ug.kg AgNPs
were
significantly
reduced after 8
weeks and the
insulin level
increased
(P<0.05).

The blood
glucose levels in
the groups
administered 5

[129]

[122]

[130]

[131]

[132]

[133]

[134]
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Biological
source/
Scientific
name

NPs
type

Size (nm)/
Morpholog
y

Dose

Animal type/
Number of
animal in each

group

Diabetic
model

Routes of
administr
ation

aAntidiabetic

N Major outcome Ref
techniques

Plant/
Solanum
nigrum

Plant/ Datura
stramonium

Plant/ Ziziphus
jujuba

Plant/ Cassia
fistula

590

Ag

4-25/
Spherical

75.1-
156.5/
Nearly

spherical

7-27/
Spherical

55.2-98.4/

Rectangula
rand

triangular

10
mg.kg?

500,
750, and
1000
ug.mL?

0.5 and
1 mg.kg?

60
mg.kg?

Alloxan-

Wistar rat/ 5 induced rat

Alloxan-

Albino rat/ 6 induced rat

Streptozot
ocin-
induced rat

Sprague-
Dawley rat/ 5

Streptozot
ocin-
induced rat

Wistar rat/ 5

and 10 pg.mL?
AgNPs were
significantly
reduced after 14
the insulin level
also increased
(P<0.05).

The blood
glucose levels in
the groups
administered 10
mg.kg* AgNPs
after 14, and 21
days were
significantly
reduced (P<0.05)
and OGTT level
after 60, 90, and
120 min
decreased.

Blood
glucose
assay and
OGTT assay

Oral [135]

The FBG levels in
the groups
administered
Not 500, 750, and
mentione FBG assay 1000 pg.mL?
d AuNPs were
significantly
reduced after 21
day.

[136]

The FBG and
HOMA-IR levels
decreased in
groups receiving
1 mg.kg™ AuNPs,
while insulin
levels
increased signific
antly after 21
days (P<0.03)
and at a dose of
0.5 mg.kg?, FBG
decreased and
insulin increased
non-significantly,
but HOMA-IR
levels were
significantly
reduced
(P<0.05).

FBG assay,

HOMA-IR,

and insulin
assay

Not
mentione
d

[137]

The FBG levels in
the group
administered 60
mg.kg? AuNPs
were
significantly
reduced after 15
and 30 days and
HbA1C were
significantly
reduced after 30
days (P<0.05).

FBG assay
Oral and HbA:C
assay

[139]
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Biological
source/
Scientific
name

NPs
type

Size (nm)/
Morpholog
y

Dose

Animal type/
Number of
animal in each

group

Diabetic
model

Routes of
administr
ation

aAntidiabetic
techniques

Major outcome

Ref

Plant/
Dittrichia
viscosa

Plant/
Gymnema
sylvestre

Plant/
Sargassum
swartzii

Plant/ Smilax
glabra

Plant/
Fritillaria
cirrhosa

Plant/
Chamaecostus
cuspidatus

Au

Au

Au

Au

Au

Au

20-50/
Spherical

Average:
50/
Spherical

Average:
37/
Spherical

Average:
21/
Spherical

40-45/
Spherical

Average:
50/ Mostly
spherical

2.5
mg.kg?

0.5
mg.kg?

0.5
mg.kg?

50
mg.kg?

10 and
20
mg.kg?

0.75 and

15
mg.kg?t

Nanomed J. 12(4): 546-592, Autunm 2025

Sprague-
Dawley rat/ 6-
8

Wistar rat/ 6

Wistar rat/ 6

Wistar rat/ 6

Wistar rat/ 6

Wistar mouse/
6

Streptozot
ocin-
induced rat

Alloxan-
induced rat

Alloxan-
induced rat

Streptozot
ocin-
induced rat

Streptozot
ocin-
induced rat

Streptozot
ocin-
induced
mouse

Intraperit
oneal
injection

Oral

Oral

Oral

Oral

Oral

Blood
glucose
assay

FBG assay,
HbA:C assay,
and insulin
assay

FBG assay,
HbA:C assay,
and insulin
assay

FBG assay,
HbA:C assay,
and insulin
assay

FBG assay,
HbA:C assay,
and insulin
assay

FBG assay
and insulin
assay

The blood
glucose levels in
the group
administered 2.5
mg.kg* AuNPs
were
significantly
reduced after 21
days (P<0.02).

The FBG levels
and HbA:C in the
groups
administered 0.5
mg.kg* AuNPs
were
significantly
reduced after 28
days and insulin
level also
increased
(P<0.001).

The FBG levels
and HbiAC in the
groups
administered 0.5
mg.kg* AuNPs
were
significantly
reduced after 28
days and insulin
level also
increased
(P<0.001).

The FBG levels
and HbiAC in the
groups
administered 0.5
mg.kg* AuNPs
were
significantly
reduced after 6
weeks and
insulin level also
increased
(P<0.01).

The blood
glucose levels
and HbiAC in the
groups
administered 10
and 20 mg.kg™*
AuNPs were
significantly
reduced and
insulin level also
increased after
28 days (P<0.01).

The blood
glucose levels in
the groups
administered
0.75and 1.5

[140]

[141]

[218]

[219]

[220]

[221]

591



H. Barabadi et al. / Antidiabetic activity of silver and gold nanomaterials

Biological
source/
Scientific
name

NPs
type

Size (nm)/
Morpholog
y

Dose

Animal type/
Number of
animal in each
group

Diabetic
model

Routes of
administr
ation

2Antidiabetic
techniques

Major outcome

Ref

Plant/
Eryngium
thyrsoideum
Bioss

Plant/ Phoenix
dactylifera L

Plant/
Sambucus
nigra L.

Plant/
Trigonella
foenum

Plant/
Solenostemm
a argel

Au

Au

Au

Au-Ag

Au-Ag

Average: 9/
Spherical

Average:
42.5/
Spherical

4-26/
Spherical

Average:
73.18/
Spherical
and
irregular

Average:
106/ Quasi-
spherical

1,2.5,
and 5
mg.kg?

10
mg.kg?

0.3
mg.kg?

2 mg.kg?

Not
mention
ed

Wistar rat/ 5

Albino mouse/

Wistar rat/ 6

Wistar rats/ 5

Wistar rats/ 10

Streptozot
ocin and
nicotinami
de-induced
rat

Alloxan-
induced
mouse

Streptozot
ocin-
induced rat

Streptozot
ocin-
induced rat

Streptozot
ocin-
induced rat

Intraperit
oneal
injection

Oral

Oral

Oral

Oral

FBG assay

Blood
glucose
assay

Blood
glucose
assay and
insulin assay

Blood
glucose
assay

Blood
glucose
assay

mg.kg* AuNPs
decreased after
21 days and
insulin level also
increased.

The FBG levels in
the groups
administered 1,
2.5, and 5 mg.kg
1 AuNPs were
significantly
reduced after 7,
14, and 21 days
(P<0.05).

The blood
glucose levels in
the groups
administered 10
mg.kg* AuNPs
decreased after
28 days.

The blood
glucose levels in
the groups
administered 0.3
mg.kg* AuNPs
were
significantly
reduced after 14
days and insulin
level also
increased
(P<0.01).

The blood
glucose levels in
the groups
administered 2
mg.kg?! Au-Ag
NPs were
significantly
reduced after 7
weeks (P<0.05).

The blood
glucose levels in
the groups
administered
Au-Ag NPs were
significantly
reduced
(P<0.05).

[125]

[222]

[223]

[224]

[225]

2Antidiabetic techniques: Fasting blood glucose test (FBG assay); Oral glucose tolerance test (OGTT); Hemoglobin A1C human assay

(HbA:C); Intraperitoneal glucose tolerance test (IPGTT); Insulin tolerance test (ITT); Homeostatic model assessment for insulin resistance
(HOMA-IR)
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