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Abstract: Background: Using a variety of chemical compounds and biomolecules, researchers have
been working on new antidiabetic drugs for many years. Anti-diabetic research is increasingly using
nanomaterials because of their unique qualities, such as their tiny size, biocompatibility, and ability
to penetrate cell membranes for drug delivery. Using extract of T. couneifolia coated with silver
nanoparticles as a model for diabetes mellitus research was one of the goals of this work. Methods:
Uv-Vis spectroscopy was used to measure the TAgNPs surface plasmon resonance. FTIR spectroscopy
confirmed the attached functional groups, XRD analysis confirmed the size and crystallinity, scanning
electron microscopy revealed that the majority of the particles were spherical, and EDX performed
the elemental analysis. For 21 days, alloxan-induced diabetic Wistar rats (N = 25, n = 5/group)
were administered 10 mg/kg body weight of photosynthesized AgNPs as a standard animal model,
while those in the untreated normal control group C, received distilled water as a control, diabetics
who were treated with 0.5 mg/kg of body weight of glibenclamide, 10 mg/kg of methanolic T.
couneifolia extract, and diabetics who were given 10 mg/kg of body weight of synthetic AgNPs
derived from T. couneifolia in the DAgNPs group. At the conclusion of the treatment, lipid, liver
and kidney profiles were re-examined to determine whether or not the treatment had been effective
(day 21). Oral glucose doses of 2 g/kg of body weight were administered to each group, and blood
glucose levels were measured at various intervals (day 21). Fasting glucose levels were measured
using a glucometer. Each animal’s urine was tested for leukocytes, nitrites, and bilirubin using
lab-made prepared assay kits. One-way ANOVA and Dunnett’s test were used for statistical analysis.
Results: The surface plasmon resonance effect was examined with UV-vis, it showed a sharp peak at
412 nm. X-ray diffraction measurements indicated that the produced nanoparticles were between 15
to 31.44 nm in size. Alloxan-induced diabetic rats were fed AgNPs derived from phytosynthesized
AgNPs, compared to diabetic control rats, diabetic rats treated with AgNPs showed a considerable
improvement in their dyslipidemia status. Over the course of the days, it also lowered blood glucose
levels. A reduction in blood glucose levels, a rise in body weight, and significant improvements in
the lipid, liver, and renal profiles were also seen. Conclusions: The present findings revealed that
plant mediated silver nanoparticles significantly improved the alloxan induced diabetic changes in
various treated rats and might be used for the treatment of diabetes.
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1. Introduction

Diabetes, which is defined by high blood glucose levels (BGL), is one of the most
prevalent complications of changing human lifestyles, and is generally linked to dietary
habits, age, and genetics. Patients with diabetes have an increased risk of cardiovascular
illness, kidney disease, neurological diseases, and hypertension, according to data from the
US Department of Health and Human Services [1]. Type I and Type II (diabetes mellitus) are
the most common forms of diabetes, whereas gestationaldiabetes affects pregnant women.
For the most part, Type 2 Diabetes (T2D) attracts the most attention since it affects a huge
percentage of the world’s populous because to insulin resistance in adipose tissue, muscle
and liver due to decreased insulin production from pancreatic 3-cells [2].

Nanomedicine has been studied as a therapy for diabetes in the recent past [3,4]. For
the treatment of diabetes, researchers are also developing a variety of anti-diabetic agents,
however some are restricted by their poor pharmacokinetic qualities [4,5].

There are several factors that contribute to the development of diabetes but one of
the most important is the oxidative stress caused by reactive oxygen species (ROS). When
glucose and fatty acids are overloaded, ROS are formed [6]. This may be attributed to a
variety of factors, including overeating and under-exercising. Apoptotic cell death in the
pancreatic beta-cells, according to Rohdes, is the cause of insulin depletion in people with
diabetes [7]. According to research by Volpe et al., oxidative stress may cause the death
of pancreatic -cells and the subsequent occurrence of diabetes problems. Hyperglycemia
causes diabetes-related issues because of an imbalance in ROS, which results in increased
oxidative stress and cell death, according to them. It is so possible to manage these diabetic
consequences by decreasing ROS production [8].

Because of the disease’s progressive nature requires a better treatment plan, including
the development of new medications [9]. Diabetic patients require new preventative and
treatment measures, since medication therapy has not been totally effective [10]. Despite
the lack of safety and effectiveness, humans have long used several herbs to treat diabetes
experimentally [7]. An alternative to synthetic agents must be tested now, which is why
herbal medicine is being investigated [11].

Since the previous decade, the use of AgNPs in a wide range of industries has grown
significantly. As an anti-microbial agent, silver was first employed in the 1990s as sil-
ver colloids to treat a variety of illnesses [12]. The size, distribution, and shape of AgNPs
(agglomerates of nanoparticles) all influence their unique features [13]. Nanoparticles are at-
tracting a lot of attention these days, thanks to their many potential uses in a variety of fields,
including catalysis, optics, antimicrobials, and the manufacture of biomaterials [14,15]. To
make AgNPs, a variety of methods have been used. In contrast to chemical, physical
and microbiological synthesis, photosynthesis does not need a lengthy cultivation and
maintenance procedure, dangerous chemicals, or significant energy requirements [16-18].

Taverniera couneifolia is a member of family Papilionaceae is 60-100 cm shrub with
pubescent branches. Inflorescence uni-trifoliolate, with leaflets 0.6-2.5 cm long, whole,
mucronate, pubescent (at first), then subglabrous; stipules connate, and amplexicaul (at
first), about three millimetres long. Axillary raceme up to 10 cm long inflorescence, bracts
c. 2.5 mm, pedicel 1-2.5 mm long, Calyx 4-5 mm length, silky, 2.5 mm long teeth deltoid,
purple with macrescent flecks on the corolla. The vexillum and keel are both larger than the
wing’s span. Vegetables having 1-3 echinate and ovoid joints, pubescent joints [19]. The
present project was therfore arranged to investigate the antidiabetic potency of biogenic
nanoparticles prepared by T. couneifolia methanol extract using rats as an animal model.
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2. Materials and Methods
2.1. Chemicals and Instruments

Aqua regia, DMSO, AgNOj3, NaOH, ddH;O, formalin, normal saline solution, and
diethyl ether were among the chemicals, disposable syringes, a dissecting board, cotton
and a box contains surgical instruments were used.

Various instruments including Shimadzu UV-1800 UV-vis spec-trophotometer, FT-IR
(PerkinElmer model-983/G detector, Chelmsford, MA, USA), SEM (JSM, JEOL 3010, Tokyo,
Japan), XRD (JDX 3532 JEOL, Tokyo, Japan) were used in the current project.

2.2. Plant Collection and Extraction

T. couneifolia was collected in its full matured form during the month of May 2019
from the area of Barganato federally administered areas (FR), area of district Bannu, Khy-
berpakhtoonkhwa Province, Pakistan.

After being cleaned three times in distilled water, it was placed in a cool, dry place to
dry for fifteen days before being used. The plant was ground into a fine powder. This was
followed by vigorously shaking 100 g of powder in 300 mL of 75 percent methanol. The
methanol plant extract was dried in a rotary evaporator and filtered via Whatmann Grade
1 filter paper after seven days. Weighted and kept at 4 °C, the resultant thick sticky gummy
crude extract will be used in future research [20].

2.3. Investiagtions of Phytoconstituents

Various Bioactive plant metabolites were checked according to previously published pro-
tocols [21,22]. Briefly, the following tests have been used for the detection of phytochemicals:

Test for alkaloids: The ammonia solution (3 mL) was added to a test tube containing
1 g of dry powder samples. For a short period of time, they were permitted to stand. To
remove the powder samples, 10 mL of chloroform was added to the test tube samples,
shaken, and then filtered. Using a water bath, chloroform was evaporated, and 2 mL of
Mayer’s reagent was added to the mixture. The existence of a cream-colored precipitate
confirms the presence of alkaloids.

Test for glycosides: The extract is degraded in tab contains water for two hrs with
concentrated HCI before being filtered. When the chloroform layer has been separated,
10 percent ammonia solution is added to the chloroform layer and shaken into the filtered
hydrolysate, which now contains 2 mL of hydrolysate. Glycosides are indicated by a pink
color.

Test for saponins: T. couneifolia crude extracts were diluted with dis-tilled water (20 mL)
and the test tube was shaken by hand for 15 min to remove the stock solution. No foam
formation indicates absence of Saponins.

Test for proteins: To treat the filtrate, a single drop of a 2 percent copper sulphate
solution is added to a 2 mL solution. Ethanol (95 percent) and potassium hydroxide
pellets are added to this mixture. The presence of proteins is shown by the ethanolic layer
becoming pink.

Test for amino acid: Naphthalene solution (10 mg ninhydrin in 200 mL acetone) is added
to 2 mL aqueous filtrate with two drops of ninhydrin solution. There was no color change
observed conforms the absence of amino acids.

Test for phytosterols: Acetic anhydride is used to dissolve the extract (50 mg). A further
drop or two of strong sulfuric acid is added to this mixture. The absence of phytosterols
was indicated by no color change.

Test for phenolic compounds: Using 50 mg of extract, 5 mL of distilled water has been
used to make the solution. Add a few drops of a neutral 5 percent ferric chloride solution
to stabilize it. The presence of phenolic compounds is indicated by a dark green color.

Test for flavonoids: The stock solution of T. couneifolia was diluted with sodium hydrox-
ide solution and a few drops were added (0.5 mL). The plant crude extract had a bright
yellow colour before the addition of a few drops of diluted H,SO4 acid, which made it
colourless. This indicates that flavonoids are present.
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Test for tannins: The stock crude extract solution (0.5 mL) was dissolved in chloroform
(5 mL) and added acetic anhydride (1 mL). Finally sulphuric acid (1 mL) was added
carefully to the solution along the wall sides of the vessel. A green colour was formed,
showing the presence of tannins.

Test for coumarins: 1 mL of extract was mixed with 1 mL of 10% NaOH. Coumarins
may be detected by the yellow color they produce.

2.4. Green Synthesis of AgNPs

As previously reported, the bottom-up technique was used to synthesize AgNPs.
AgNO; (0.085 mg) was dissolved in 500 mL of ddH,O to prepare 1 mM solution, The crude
extract (100 mg) was mixed with 50 mL of double-distilled water and before a specific
amount of extract was obtained (100 1L, 300 pL, 500 uL, 800 L, 1000 uL, 1500 pL, 2000 pL,
2500 and 3000 pL. 10 mL for each sample). An ultraviolet range of 200-800 nm was fixed.
The pH was varied between 6 and 12. At pH 11 a sharp peak at 412 nm, was obtained
which indicates the formation of AgNPs.

2.5. Physicochemical Characterizations of AGNPs

Various routinely used techniques (i.e., FTIR, XRD, UV-Vis, EDX and SEM were used
to characterize the freshly synthesized AgNPs [23].

UV-Vis spectroscopy in the wavelength range of 200-800 nM was used to evaluate the
surface plasma resonance (SPR) bonds of the biosynthesized AgNPs, in accordance with a
previously described approach, their surface composition of active/functional groups were
carried through FTIR spectroscopy within the mid-range of IR 4000-500 cm ™!, according
to a previous published method. Their size and crystal structure were investigated by
XRD, according to a method previously reported. Their morphology was observed by SEM,
following a previous method. Their elemental composition of photosynthesized AgNPs
was analyzed by EDX [24].

2.6. In Vivo Induction of Diabetes

The method of Sengottaiyan et al. [25] was followed. Alloxan 200 mg per kg, intrap-
ertoneally was injected into albino Wistar rats, aged eight weeks and weighing 140-150 g
resulted in diabetes mellitus in the animals (DM). After 72 h, those with blood glucose
levels of 220 mg/dL or above were diagnosed with diabetes.

2.7. In-Vivo Acute Toxicity

The acute toxicity of AgNPs was determined by administering dosages of 10 or
20 mg per kg of body weight. For up to 72 h, a trained (in the presence of a physician)
observer maintained note of any neuro-logical, physiological, and behavioural changes in
the animals, recording any deaths or lethality on a daily basis. As previously described [25],
the experiment was conducted out with 10 mg/kg body weight AgNPs.

2.8. Experimental Treatments in Animals and Ethics

In Islamabad, Pakistan, the National Institute of Health (NIH) Sciences bought the
albino Wistar rates. The NIH suggested pellets of feed were provided to them.

Furthermore another step to split the animals (n = 25) into 5 groups with each group
consisting of 5 animals.

C: Normal control got just distilled water.

DAC: diabetic control, alloxan 200 mg/kg body weight.

DG: Glibenclamide 0.5 mg/kg body weight administered to diabetes rates.

DE: T. couneifolia extract 10 mg/kg body weight administered to diabetes rates.

DAgNPs: Diabetic rates that received 10 mg/kg of T. couneifolia-derived AgNPs.

After 21 days the animals were sacrificed through diethyl ether anesthesia.
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2.9. Oral Glucose Tolerance Test

Each group was given 2 g/kg body weight of glucose and the blood glucose level
was checked every 30 min for 30 min, 60 min, 90 min, and 120 min after the glucose was
administered in order to perform an oral glucose tolerance test. Tests for fasting blood
sugar levels were also carried.

2.10. Serology of Various Treated Groups

Via the retro-orbital puncture blood samples were taken and at 1000x g for 15 min
samples were centrifuged. The serum was collected and kept at low temperatures (—80 °C).
The results were then analyzed. The LDL-c, HDL-c, triglyceride levels, total cholesterol,
total protein, bilirubin, creatinine, and ALT and ALP levels were determined using the
method [25-27].

2.11. Urine Analysis

Samples were taken from each animal and varied levels of leukocytes, nitrite and
urobilinogen were measured as well as leukocytes, nitrite, urobilinogen and protein.

2.12. Statistical Analysis

All the data were expressed as mean £ SD from three independent experiments,
and the statistical significance between the groups was analyzed using one-way ANOVA
followed by Tuckey test using Origin 18. If p-value < 0.05, the data were considered
significant.

3. Results
3.1. Qualitative Assesment of Bioactive Metabolites

The crude methanolic extract of T. couneifolia included terpenoids, quinons, carbo-
hydrates, phenols, alkaloids, flavonoids, tannins, glycosides and amino acids, the crude

extract did not exhibit any colour change for coumarins, sterols, proteins and saponins
(Table 1).

Table 1. Qualitative phytochemical analysis of T. couneifolia methanolic extract.

Tests Present (+) Absent (-)

Coumarins -
Terpenoids +
Amino acids
Carbohydrates
Sterols -
Quinones
Phenols
Alkaloids
Flavonoids
Tannins
Glycosides
Proteins -
Saponins -

+ +

S T

3.2. Green Synthesis of AgNPs

T. couneifolia extract (100 uL, 300 uL, 500 puL, 800 uL, 1000 nL, 1500 pL, 2000 uL,
2500 pL and 3000 pL) and a silver nitrate solution (0.085 g by weight) 1 mM solution were
combined and the colour of the solution changed from yellow to dark brown, indicating the
reduction of silver ions (Ag+) and the formation of nanoparticles (Figure 1a). The synthesis
mechanism was explained by the SPR effect. There are a lot of flavonoids, sugars, phenolic
constituents, and alkaloids in the T. couneifolia plant, which helped to form AgNPs.
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Absorbance

400 500 600 700 800
Wavelength(nm)

(b)
Figure 1. UV spectrum of biosynthesis of silver nanoparticles (a,b).

3.3. Physicochemical Characteristics
3.3.1. UV-Vis Analysis

At 412 nm and 0.5 to 0.9 intensity, the sharpest absorbance peak was recorded after
24 h, regardless of the quantity of AgNPs (Figure 1b). The various sizes of AgNPs were
attributed for the wavelength discrepancy.

3.3.2. FTIR Analysis

T. couneifolia plant extract functional groups were identified and predicted by FTIR
measurements. For both plant extract and AgNPs FTIR spectra were recorded (Figure 2).
The FTIR signal at 3248 cm ™! was ascribed to O-H stretching and bending bonds in the
crude plant extract. Phenols are clearly visible in the sample because of the prominent peak
in the O-H band. As a result of the peak at 2934 cm~! (meth-ylene stretching), symmetric
and nonsymmetric C-H stretching bands have been created. The C=C stretch at 1600 cm ™!
shows the conjugation of two aromatic rings of phenols. The peak at 923 cm~! is not in the
plan C-H bend and vibration. IR absorption tests reveal the presence of flavonoids, also
known as aromatic cyclic phenols, in plant extracts from this area. The IR spectra of the
produced AgNPs clearly show that plant biomolecules interacted with AgNPs, most likely
via their oxygen functions, which serve as reducing and capping agents.
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Figure 2. (a) T. couneifolia methanol extracts FTIR spectra; (b) Biogenic NPs FTIR Spectra.

3.3.3. XRD Analysis

Bragg reflections with twotheta degree values of 27.64°, 32°, 38°, 46°, and 64° match
the XRD pattern’s (111), (200), (111), (220), and (311) sets of planes, respectively. This shows
that the phytogenic AgNPs are crystallised (Figure 3).

200
38.12 (111)

150 -
=
S
= 100 -
‘" 32.06 (200)
=
2
= 46.15 (200)

64.43 (220
50 4@ 27.64 (111) ( ) 77.22 (311)
L L] L LJ
40 50 60 70 80

2 theta (degree)

Figure 3. XRD pattern of T. couneifolia AgNPs.
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Based on these findings, we may conclude that AgNPs have a face-centered cubic
structure. This structure’s lattice constant was determined to be % 4.0855 A (Miller equation),
and different sized AgNPs such as (31.22, 31.41, 11.90, 10.35, 13.65, and 15 nm) and its
average size was determined 18 nm using the Scherrer equation.

3.3.4. SEM Analysis

SEM examination of powdered AgNPs was used to identify the morphology of the
phytogenic AgNPs. Even after seven days, the green AgNPs maintained their spherical
form and did not aggregate (Figure 4).

UaprF

Figure 4. SEM image of T. couneifolian AgNPs.

3.3.5. EDX Analysis

The EDX detector linked to the SEM machine was used to determine the elemental
composition of the biosynthesized AgNPs (Figure 5). In the graph, a sharp peak at 3 Kev
proved that Ag was present, supporting the existence of AgNPs. 41.19 percent Ag was
present of the total makeup. As well as C and N and O and Mg and Si and Cl were
discovered using EDX investigation.

I e Spectrum 3
12
2 Mg Cl
Ma =
=i &
T T T T T T T ! T ! T 7 T u T X T i T T
u] 2 4 E g 10 12 14 16 18 2
Full Scale 1307 cts Cursor: 19,897 ke’ (0 cis) ke

Figure 5. EDX spectrum representing elemental analysis of the greenly synthesized AgNPs.
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3.4. In Vivo Effects of T. couneifolia-Mediated AgNPs on Diabetes
3.4.1. Phytogenic AgINPs Does Not Cause Acute Toxicity

The potential toxicity of the phytogenic AgNPs was checked for any neurological
and behavioral changes. AgNPs were administered (orally) in rats using different doses
(10-20 mg/kg) and were checked at various time intervals (i.e., 2, 24, 48, and 72 h). No
changes were found from the phytogenic AgNPs. Thus, 10 mg/kg dose was selected as
safe for our subsequent experiments.

3.4.2. Phytogenic AgNPs Lower High Blood Glucose Levels

Alloxan-induced diabetes rates (DG, DE, and DAgNPs groups) were compared to
Glibenclamide (0.5 mg/kg), which was utilized as a reference medication, at various time
intervals (i.e., beginning day/day 1, day 7, day 15, and day 21).

The group DG is greater than D. AgNPs and DE is greater than T. AgNPs in terms of
blood glucose level improvement (Figure 6).

350

300

N

a

o
1

200 -

150

100

Blood Glucose Level(mg/dL)

4]
o

Day 1 Day 7 Day 14 Day 21
Time

Figure 6. Blood glucose analysis of various treated groups; * p < 0.05; ** p < 0.01; *** p < 0.001 reveals
statistically difference between groups.

A glucose tolerance test was used to evaluate the improvement in hyperglycemic
conditions among groups of rats treated with 10 mg/kg AgNPs. Glucose was administered
orally to the animals. Glibenclamide (0.5 mg/kg body weight) was utilized as a refer-
ence medication to evaluate the impact of extract and AgNPs on Glibenclamide’s activity
(Figure 7). Animals with diabetes that were treated with AgNPs (DAgNPs) exhibited a
substantial drop in glucose levels compared to those who were not treated. Glycemic levels
declined in a similar fashion during a period of 120 min: Greater than DAgNPs and DE
is DG (the group DG was administrated with standard drug glibenclamide). As a result,
compared to DG, phytogenic AgNPs reduced blood glucose levels in alloxan-induced
diabetic rats.

400 —

350

300
250 -
200

150 —

Blood Glucose Level {mg/dL)

100

Time

Figure 7. Effect of methanolic extract and synthesized T. couneifolia AgNPs on oral glucose tolerance test.
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Alloxan induced diabetes effected the body weight of various treated groups. The
results showed loss of body weight in diabetic animals (DAC group) as compared to that
of control (C group) (Figure 8). Rats treated with NPs and extract markedly improved the
changes in body weight.

180

160—_
140—_
120;
100;

30—-

60

Body Weight (mg/dL)

40 —

20 —

o -

Day1 Day 7 Day 14 Day 21

Time
Figure 8. Body of various treated groups; * p < 0.05 reveals statistically difference between groups.

3.4.3. Serological and Urine Parameters

Blood cholesterol and lipid profile play a crucial role in the metabolism. Diabetes is
being a metabolic disorder is affected in the experiment by the various treatments. Result
showed levels of cholesterol, HDL-c, LDL-c, and TGs were increased in DAC group rats as
compared to that of DC (Figure 9). However significant recovery effects were demonstrated
by DAgNPs and DE groups.

200 - =]
180 -

.. 160 +

dL

= 140 4

mg

—_— 120 -
100 -

80 —

Lipid Profile

60 —
40 -

20 -

o -

TG T.C LDL HDL

Figure 9. Lipid profile of various treated groups; * p < 0.05; ** p < 0.01; *** p < 0.001 reveals statistically
difference between groups.

Liver profile is very sensitive in diabetes. In the present study alloxan caused diabetes
caused abnormal changes in liver profile of various treated rats. Finding showed tha ALT,
ALP, and SBR levels in DAC were higher than in C, indicating impaired liver function
(Figure 10). The abnormal changes were restored by the treatment of by DAgNPs and DE
in rats.

Diabetes and hyperglycemia also showed abnormal serological effects in kidney of
various treated groups. Finding showed that DAC animals had higher blood urea, albumin
protein and creatine levels than C animals (Figure 11).
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Figure 10. Liver profile of various treated groups; * p < 0.05; ** p < 0.01 reveals statistically difference
between groups.
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Figure 11. Kidney profile of various treated groups; * p < 0.05; ** p < 0.01 reveals statistically difference
between groups.

Urine analysis plays a crucial role in the anti-diabetic activities of silver nanoparti-
cles. Diabetes mellitus in addition to serum abnormality also affects the urine profile of
various treated rats. Urine analysis of the present project confirmed that most of the urine
constituents are increased in diabetic animals compared to that of control animals (Table 2).

Table 2. Effect of methanolic extract and synthesized T. couneifolin AgNPs on urine analysis.

LEU URO PRO PH SG BIL GLU
Group1-Control - - - 5 1 - -
Group2-DM 14 1.5 30 + 0.3 9 1.55 1.09 255 + 15
Group3-DM control - 1 28 +£0.4 4 1 1 -
Group4-T Extract - 0.9 15 5.3 1.33 1.06 -
Group5-T NPs - 1.1 14 £ 0.15 4.8 1.12 1.02 -

4. Discussion

It is well-known that phytochemical components are physiologically active chemicals,
and that they exert their effects on a wide range of health conditions via a variety of
biological pathways [28].

The polar plant crude extracts included the majority of secondary metabolites [29].
After biochemical screening, methanolic extracts of T. couneifolia included phenols, proteins,
tannins, alkaloids, sterols and polysaccharides, amino acids, and terpenoids. It is possible
that these bioactive chemicals are responsible for their antibacterial and antioxidative
properties. The flavonoid groups that have shown high potential biological activities, such
as antioxidant, anti-inflammatory, antibacterial, anti-cancer, and anti-allergic responses, are
well documented [30-33]. Phenomenal compounds known as tannins and its derivatives
are regarded as main antioxidants or free-radical scavengers, respectively [34-38].
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For the synthesis of NPs, diverse portions of plant extracts are environmentally benign,
cost-effective, and safe. A methanolic extract of the whole T. couneifolia was used to make
AgNPs in the current work.

In order to synthesis AgNPs, the addition of extract and the pH value were optimized.

It was necessary to fine-tune these two variables in order to produce AgNPs with
the desired properties.The colorless solution became brown, suggesting the development
of silver nanoparticles (AgNPs) in it. Spectroscopic detection of AgNPs was made easier
by the brown hue of silver, which is well-known. As with other plant extracts, AgNP
synthesis might take anywhere from a few minutes to many hours [39]. The flavonoids
and polyphenols in Camellia sinensis were shown to be nanoparticle capping agents in
the research [40]. Hudlikara et al. [41] synthesized titanium dioxide NPs in the 25-100
nm range using Jatropha curcas L. as a capping agent together with curcacycline A and
curcacycline B [42]. With the 4-30 nm wavelength, Ocimum sanctum leaf extract yielded
Ag NPs in only 8 min. The proteins serve as a protective covering for the nucleic acids.
S. aureus and E. coli may be suppressed [43,44]. Silver nanoparticles 10 nm in size was
found in 25 min at 45 °C, while using the plant Solanum xanthocarpum [45]. Plants, bacteria,
and other life forms, as well as bio-molecules, are often utilized in the production of NPs.
Non-toxic or less dangerous compounds are used in this kind of synthesis.

When aqueous silver nitrate solution was added to geranium leaf broth (P. graveolens),
stable crystalline silver nanoparticles were synthesized extracellularly by enzymes. The
bioreduction of metal ions in solution resulted in a significant concentration of stable silver
nanoparticles in the 1640 nm size range. Open, quasi-linear superstructures of synthesized
nanoparticles were seen, and the majority of them seemed to be cylindrical in shape [46].

With increasing exposure to time, UV spectra indicated a high absorption peak at
411 nM. T. couneifolia extract contains phytoconstituents that may reduce the quantity of
silver ions (Ag+) in the aqueous solution, which might explain the rise in intensity. Similar
outcomes were shown to be true [47,48].

FTIR has become a significant method for determining the functional groups involved
in the interactions between metal particles and biomolecules. Chemical analysis of the
AgNPs’ surface composition is carried out using this technique, as are searches for biomolec-
ular capping and stabilizing agents. Ag+ ions may have been reduced by the presence of
several functional groups. A potent reducing agent, like the flavonoids in the T. couneifolia
extract, may indicate the synthesis of AgNPs via the reduction process. It is yet unknown
how it works, therefore further research is needed [49].

T AgNPs were found to be crystallized by XRD at a size of 18.92 nm. Uv-vis spectra
from the liquid after 25 days showed the same findings.

T. couneifolic-mediated AgNPs were found to be spherical, hexagonal, and irregular in
form, as determined by SEM examination. Plants and plant components have different NP
shapes and sizes. Phytoconstituents such alkaloids, flavonoids, tannins, and phenols were
present since the whole plant was employed in this research. Our findings are in accord
with those of earlier research. Squamosal leaf extract was discovered to contain AgNP
particles with an average diameter of between 20 and 100 nM, according to the study [49].
Desmodium gangeticum AgNPs, on the other hand, showed spherical nanoparticles of 8 to
90 nM in diameter [33]. T. couneifolia reduced silver ion to elemental silver, as seen by the
sharp silver signal peak. Metallic AgNPs generally exhibit an optical absorption peak of
around 3.25 keV as a consequence of the SPR process.

From EDX spectrum, it was clear that T. couneifolia had percent yield of 41.57% of
AgNPs, and this is also in agreement with previous studies [50].

Acute oral poisoning of AgNPs usually results in animals going through a series
of behavioral abnormalities. Observations were taken over a period of time ranging
from 0 min to 72 h in order to determine whether or not the test medications caused any
undesirable or harmful side effects in the animals. This study’s findings demonstrate that
the medications in question did not cause any negative side effects in the animals that were
tested. Phytogenic AgNPs have been studied before [51-55].
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There was no difference in blood glucose levels between normal control and diabetic
rats (alloxan-induced diabetic rats) [56]. Uncontrolled glucose management in diabetic
rats has resulted in hyperglycemic conditions, which have been seen [57,58]. The fact that
diabetic rats treated with AgNPs return to normal levels in terms of biochemical indicators
shows that AgNPs are helpful. T. couneifolia extract had less hypoglycemic effect than
AgNPs in alloxan-induced diabetic rats. T. couneifolia extract had no effect on blood glucose
levels after 21 days of oral administration. When given glucose orally, diabetic rats were
tested to see how well T. couneifolia extract and AgNPs treated groups affected their glucose
tolerance levels. The results were compared to those of the standard medication DG group.
In the DAgNPs-treated rats, blood glucose levels were significantly lower than in the
control group. Over the course of two hours, the DG, DE, and DAgNPs groups had the
most effective chemicals for reducing blood glucose levels. It has been found that D AgNPs
therapy improves blood glucose levels that are equivalent to DC treatment. Several research
have used the alloxan-induced diabetes rat model [59,60]. Furthermore, the mechanism of
action of alloxan has been widely studied [61]. These findings are in line with other studies
that have shown that the treated groups had a lower overall area under the curve than the
DC group when using blood glucose concentration as a routine and significant biological
measure to determine how well a patient’s condition is improving while receiving diabetes
therapy [62].

Before and after treatment, the experimental rats’” body weights were compared.
Swanston-Flatt et al. believe diabetes is related with weight loss, which may be attributed
to muscle wastage [63]. Diabetes-induced rats (DC) demonstrated considerable weight loss
in our experiment.

It is essential that lipid profile be performed in T2D patients since elevated lipid levels
have been linked to cardiovascular infections and are typically detected in uncontrolled
diabetes. Due to decreased cholesterol manufacturing in diabetes, cholesterol retention
is reduced [64]. As a result, the enhanced activation of fatty acids from adipose tissue
disrupts lipid metabolism. Hyperlipidemia was seen in healthy rats when alloxan was
given to diabetic rats; this indicates that the medication causes hyperlipidemia in healthy
rats [60]. Total cholesterol, triglycerides, HDL, and LDL levels were measured before and
after treatment with T. couneifolia extract and AgNPs. A rise in cholesterol, triglyceride,
and HDL levels was seen in alloxan-induced rats. To put it another way, alterations in
serum lipid levels are unquestionably a consequence of unregulated production of lipids
by prolonged CAMP [65]. In diabetic rats treated with AgNDP, cholesterol, triglycerides, and
LDL levels dropped significantly, whereas HDL levels rose [66].

Diabetes is a set of diseases that disturbs all the body organs. It was found that the
liver effected due to this reason, the quantity of ALT, ALP, and SBR increased in diabetic
animals (DAC) as compared to control animals, but AgNPs group had significantly the
levels of ALT, ALP, and SBR levels [65].

Blood urea, albumin protein, and creatinine concentrations in diabetic animals (DAC)
are higher than in the control group, which is related with diabetes. These findings are
in line with previous works that AgNPs has reduced blood urea, albumin protein, and
creatinine levels [66].

5. Conclusions

Plant biogenic silver nanoparticles using methanol extract of T. couneifolia as a reducing
agent showed a significant green remedy for diabetes-associated syndromes as well as a
potential anti-hyperlipidemic agent.

Author Contributions: Conceptualization, M.N.U.H., R.A.K. and G.M.S.; methodology, EM.; soft-
ware, N.A.A.; validation, A.E.A.; data curation, HM.A. All authors have read and agreed to the
published version of the manuscript.

Funding: We are thankful to Higher Education Commission (H.E.C.) of Pakistan for financial support
under the project Ref. No. 20-17575/NRPU/R&D/HEC/2021.



Nanomaterials 2022, 12, 1035 14 of 16

Institutional Review Board Statement: All the protocols of the current project was approved by the
Institutional Ethical Review Board.

Informed Consent Statement: All the authors are agree.
Data Availability Statement: As per Journal criteria.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

Liu, Z.; Li, W,; Li, X.; Zhang, M.; Chen, L.; Zheng, Y.; Sun, G.; Ruan, C. Antidiabetic effects of malonyl ginsenosides from Panax
ginseng on type 2 diabetic rats induced by high-fat diet and streptozotocin. J. Ethnopharmacol. 2013, 145, 233-240. [CrossRef]
[PubMed]

Karthick, V.; Kumar, V.G.; Dhas, T.S.; Singaravelu, G.; Sadiq, A.M.; Govindaraju, K. Effect of biologically synthesized gold
nanoparticles on alloxan-induced diabetic rats—An in vivo approach. Colloids Surf. B Biointerfaces 2014, 122, 505-511. [CrossRef]
Lautamaki, R.; Airaksinen, K.E.J.; Seppanen, M.; Toikka, J.; Luotolahti, M.; Ball, E.; Borra, R.; Harkonen, R.; lIozzo, P;
Stewart, M.; et al. Rosiglitazone improves myocardial glucose uptake in patients with type 2 diabetes and coronary artery
disease: A 16-week randomized, double-blind, placebo-controlled study. Diabetes 2005, 54, 2787-2794. [CrossRef] [PubMed]
Tornio, A.; Niemi, M.; Neuvonen, PJ.; Backman, ].T. Drug interactions with oral antidiabetic agents: Pharmacokinetic mechanisms
and clinical implications. Trends Pharmacol. Sci. 2012, 33, 312-322. [CrossRef] [PubMed]

Rajeswari, A.; Kumar, V.G.; Karthick, V.; Dhas, T.S.; Potluri, S.L. Hydrothermal synthesis of hydroxyapatite plates prepared using
low molecular weight heparin (LMWH). Colloids Surf. B Biointerfaces 2013, 111, 764-768. [CrossRef]

Wright Jr, E.; Scism-Bacon, ].L.; Glass, L.C. Oxidative stress in type 2 diabetes: The role of fasting and postprandial glycaemia. Int.
J. Clin. Pract. 2006, 60, 308-314. [CrossRef]

Christopher, J.R. Type 2 Diabetes-a Matter of B cell Life and Death. Science 2005, 307, 380-384.

Volpe, C.M.O.; Villar-Delfino, PH.; dos Anjos, PM.E,; Nogueira-Machado, J.A. Cellular death, reactive oxygen species (ROS) and
diabetic complications. Cell Death Dis. 2018, 9, 119. [CrossRef]

Modli, P. Diabetes beyond insulin: Review of new drugs for treatment of diabetes mellitus. Curr. Drug Discov. Technol. 2007, 4,
39-47. [CrossRef]

Baynes, ].W.; Thorpe, S.R. The role of oxidative stress in diabetic complications. Curr. Opin. Endocrinol. Diabetes Obes. 1996, 3,
277-284. [CrossRef]

Alarcon-Aguilara, FJ.; Roman-Ramos, R.; Perez-Gutierrez, S.; Aguilar-Contreras, A.; Contreras-Weber, C.C.; Flores-Saenz, ].L.
Study of the anti-hyperglycemic effect of plants used as antidiabetics. J. Ethnopharmacol. 1998, 61, 101-110. [CrossRef]

Wong, K.K.Y.; Liu, X. Silver nanoparticles—The real “silver bullet” in clinical medicine? Medchemcomm 2010, 1, 125-131. [CrossRef]
Satyavani, K.; Gurudeeban, S.; Ramanathan, T.; Balasubramanian, T. Biomedical potential of silver nanoparticles synthesized
from calli cells of Citrullus colocynthis (L.) Schrad. J. Nanobiotechnol. 2011, 9, 43.

Kalimuthu, K; Babu, R.S.; Venkataraman, D.; Bilal, M.; Gurunathan, S. Biosynthesis of silver nanocrystals by Bacillus licheniformis.
Colloids Surf. B Biointerfaces 2008, 65, 150-153. [CrossRef] [PubMed]

Smitha, S.L.; Nissamudeen, K.M.; Philip, D.; Gopchandran, K.G. Studies on surface plasmon resonance and photoluminescence
of silver nanoparticles. Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 2008, 71, 186-190. [CrossRef]

Bae, C.H.; Nam, S.H.; Park, S.M. Formation of silver nanoparticles by laser ablation of a silver target in NaCl solution. Appl. Surf.
Sci. 2002, 197, 628-634. [CrossRef]

Basavaraja, S.; Balaji, S.D.; Lagashetty, A.; Rajasab, A.H.; Venkataraman, A. Extracellular biosynthesis of silver nanoparticles
using the fungus Fusarium semitectum. Mater. Res. Bull. 2008, 43, 1164-1170. [CrossRef]

Jha, AK; Prasad, K. Green synthesis of silver nanoparticles using Cycas leaf. Int. . Green Nanotechnol. Phys. Chem. 2010, 1,
P110-P117. [CrossRef]

Ali, S.; Nasir, E. Flora of West Pakistan. No. 100, Papilionaceae; University of Karachi: Karachi, Pakistan, 1977.

Nisar Ul Haq, M.; Wazir, S.M.; Ullah, E; Khan, R.A.; Shah, M.S.; Khatak, A. Phytochemical and biological evaluation of defatted
seeds of Jatropha curcas. Sains Malays. 2016, 45, 1435-1442.

Harborne, A.J. Phytochemical Methods a Guide to Modern Techniques of Plant Analysis; Springer Science & Business Media: Berlin,
Germany, 1998.

Jain, V.C,; Shah, D.P; Sonani, N.G.; Dhakara, S.; Patel, N.M. Pharmacognostical and preliminary phytochemical investigation of
Lawsonia inermis L. leaf. Rom. J. Biol.-Plant Biol 2010, 55, 127-133.

Khan, N.A; Niaz, A.; Zaman, M.I; Khan, FA ; Nisar-ul-haq, M.; Tariq, M. Sensitive and selective colorimetric detection of Pb2t
by silver nanoparticles synthesized from Aconitum violaceum plant leaf extract. Mater. Res. Bull. 2018, 102, 330-336. [CrossRef]
Das, G.; Patra, ].K.; Debnath, T.; Ansari, A.; Shin, H.S. Investigation of antioxidant, antibacterial, antidiabetic, and cytotoxicity
potential of silver nanoparticles synthesized using the outer peel extract of Ananas comosus (L.). PLoS ONE 2019, 14, €0220950.
[CrossRef] [PubMed]

Bunghez, LR.; Patrascu, M.E.B.; Badea, N.; Doncea, S.M.; Popescu, A.; Ion, R M. Antioxidant silver nanoparticles green synthesized
using ornamental plants. J. Optoelectron. Adv. Mater. 2012, 14, 1016-1022.


http://doi.org/10.1016/j.jep.2012.10.058
http://www.ncbi.nlm.nih.gov/pubmed/23147499
http://doi.org/10.1016/j.colsurfb.2014.07.022
http://doi.org/10.2337/diabetes.54.9.2787
http://www.ncbi.nlm.nih.gov/pubmed/16123370
http://doi.org/10.1016/j.tips.2012.03.001
http://www.ncbi.nlm.nih.gov/pubmed/22475684
http://doi.org/10.1016/j.colsurfb.2013.06.040
http://doi.org/10.1111/j.1368-5031.2006.00825.x
http://doi.org/10.1038/s41419-017-0135-z
http://doi.org/10.2174/157016307781115476
http://doi.org/10.1097/00060793-199608000-00001
http://doi.org/10.1016/S0378-8741(98)00020-8
http://doi.org/10.1039/c0md00069h
http://doi.org/10.1016/j.colsurfb.2008.02.018
http://www.ncbi.nlm.nih.gov/pubmed/18406112
http://doi.org/10.1016/j.saa.2007.12.002
http://doi.org/10.1016/S0169-4332(02)00430-0
http://doi.org/10.1016/j.materresbull.2007.06.020
http://doi.org/10.1080/19430871003684572
http://doi.org/10.1016/j.materresbull.2018.02.050
http://doi.org/10.1371/journal.pone.0220950
http://www.ncbi.nlm.nih.gov/pubmed/31404086

Nanomaterials 2022, 12, 1035 15 of 16

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Vessal, M.; Hemmati, M.; Vasei, M. Antidiabetic effects of quercetin in streptozocin-induced diabetic rats. Comp. Biochem. Physiol.
Part C Toxicol. Pharmacol. 2003, 135, 357-364. [CrossRef]

Mansour, H.A.; Newairy, A.-S.A.; Yousef, M.IL; Sheweita, S.A. Biochemical study on the effects of some Egyptian herbs in
alloxan-induced diabetic rats. Toxicology 2002, 170, 221-228. [CrossRef]

Siddiqui, M.H.; Al-Whaibi, M.H.; Mohammad, F. Nanotechnology and Plant Sciences: Nanoparticles and Their Impact on Plants;
Springer International Publishing: Cham, Switzerland, 2015; ISBN 9783319145020.

Suresh, S.N.; Nagarajan, N. Antimicrobial activity and preliminary phytochemical analysis of Begonia malabarica Lam. |. Pure Appl.
Microbiol. 2009, 3, 801-803.

Gonzalez-Guevara, J.L.; Gonzalez-Lavaut, ].A.; Pino-Rodriguez, S.; Garcia-Torres, M.; Carballo-Gonzalez, M.T.; Echemendia-
Arana, O.A.; Molina-Torres, J.; Prieto-Gonzalez, S. Phytochemical screening and in vitro antiherpetic activity of four Erythtroxy-
lum species. Acta Farm. Bonaer 2004, 23, 506-509.

Kasthuri, ].; Veerapandian, S.; Rajendiran, N. Biological synthesis of silver and gold nanoparticles using apiin as reducing agent.
Colloids Surf. B Biointerfaces 2009, 68, 55-60. [CrossRef]

Anyasor, G.N.; Ogunwenmo, O.; Oyelana, O.A.; Akpofunure, B.E. Phytochemical constituents and antioxidant activities of
aqueous and methanol stem extracts of Costus afer Ker Gawl. (Costaceae). Afr. ]. Biotechnol. 2010, 9, 4880—4884.

Igbinosa, O.0.; Igbinosa, E.O.; Aiyegoro, O.A. Antimicrobial activity and phytochemical screening of stem bark extracts from
Jatropha curcas (Linn). Afr. ]. Pharm. Pharmacol. 2009, 3, 58-62.

Thitilertdecha, N.; Teerawutgulrag, A.; Rakariyatham, N. Antioxidant and antibacterial activities of Nephelium lappaceum L.
extracts. LWT-Food Sci. Technol. 2008, 41, 2029-2035. [CrossRef]

Lee, C.P-D.; Hsiu, S.-L.; Hou, Y.-C. Flavonoids in herbs: Biological fates and potential interactions with xenobiotics. J. Food Drug
Anal. 2002, 10, 3. [CrossRef]

Vadlapudi, V.; Kaladhar, D. Antimicrobial study of plant extracts of Datura metel L. against some important disease causing
pathogens. Asian Pac. |. Trop. Dis. 2012, 2, S94-597. [CrossRef]

Akharaiyi, F.C. Antibacterial, phytochemical and antioxidant activities of Datura metel. Int. . PharmTech Res. 2011, 3, 478-483.
Ayoola, G.A.; Coker, H.A.; Adesegun, S.A.; Adepoju-Bello, A.A.; Obaweya, K.; Ezennia, E.C.; Atangbayila, T.O. Phytochemical
screening and antioxidant activities of some selected medicinal plants used for malaria therapy in Southwestern Nigeria. Trop. J.
Pharm. Res. 2008, 7, 1019-1024.

Alabri, TH.A.; Al Musalami, A.H.S.; Hossain, M.A.; Weli, A.M.; Al-Riyami, Q. Comparative study of phytochemical screening,
antioxidant and antimicrobial capacities of fresh and dry leaves crude plant extracts of Datura metel L. ]. King Saud Univ. 2014, 26,
237-243. [CrossRef]

Vilchis-Nestor, A.R.; Sanchez-Mendieta, V.; Camacho-Lépez, M.A.; Gémez-Espinosa, R M.; Camacho-Lépez, M.A.; Arenas-
Alatorre, J.A. Solventless synthesis and optical properties of Au and Ag nanoparticles using Camellia sinensis extract. Mater. Lett.
2008, 62, 3103-3105. [CrossRef]

Padalia, H.; Moteriya, P; Chanda, S. Green synthesis of silver nanoparticles from marigold flower and its synergistic antimicrobial
potential. Arab. J. Chem. 2015, 8, 732-741. [CrossRef]

Hudlikar, M.; Joglekar, S.; Dhaygude, M.; Kodam, K. Green synthesis of TiO, nanoparticles by using aqueous extract of Jatropha
curcas L. latex. Mater. Lett. 2012, 75, 196-199. [CrossRef]

Singhal, G.; Bhavesh, R.; Kasariya, K.; Sharma, A R; Singh, R.P. Biosynthesis of silver nanoparticles using Ocimum sanctum (Tulsi)
leaf extract and screening its antimicrobial activity. J. Nanopart. Res. 2011, 13, 2981-2988. [CrossRef]

Amin, M.; Anwar, F; Janjua, M.R.S.A ; Igbal, M. A ; Rashid, U. Green synthesis of silver nanoparticles through reduction with
Solanum xanthocarpum L. berry extract: Characterization, antimicrobial and urease inhibitory activities against Helicobacter pylori.
Int. ]. Mol. Sci. 2012, 13,9923-9941. [CrossRef] [PubMed]

Chandran, S.P; Chaudhary, M.; Pasricha, R.; Ahmad, A.; Sastry, M. Synthesis of gold nanotriangles and silver nanoparticles using
Aloevera plant extract. Biotechnol. Prog. 2006, 22, 577-583. [CrossRef] [PubMed]

Roopan, S.M.; Madhumitha, G.; Rahuman, A.A.; Kamaraj, C.; Bharathi, A.; Surendra, T.V. Low-cost and eco-friendly phyto-
synthesis of silver nanoparticles using Cocos nucifera coir extract and its larvicidal activity. Ind. Crops Prod. 2013, 43, 631-635.
[CrossRef]

Pant, G.; Nayak, N.; Prasuna, R.G. Enhancement of antidandruff activity of shampoo by biosynthesized silver nanoparticles from
Solanum trilobatum plant leaf. Appl. Nanosci. 2013, 3, 431-439. [CrossRef]

Vivek, R.; Thangam, R.; Muthuchelian, K.; Gunasekaran, P; Kaveri, K.; Kannan, S. Green biosynthesis of silver nanoparticles from
Annona squamosa leaf extract and its in vitro cytotoxic effect on MCF-7 cells. Process. Biochem. 2012, 47, 2405-2410. [CrossRef]
Zaheer, Z. Bio-conjugated silver nanoparticles: From Ocimum sanctum and role of cetyltrimethyl ammonium bromide. Colloids
Surf. B Biointerfaces 2013, 108, 90-94. [CrossRef]

Kalakotla, S.; Jayarambabu, N.; Mohan, G.K.; Mydin, R.B.S.M.N.; Gupta, V.R. A novel pharmacological approach of herbal
mediated cerium oxide and silver nanoparticles with improved biomedical activity in comparison with Lawsonia inermis. Colloids
Surf. B Biointerfaces 2019, 174, 199-206. [CrossRef]

Hassanisaadi, M.; Bonjar, G.H.S.; Rahdar, A.; Pandey, S.; Hosseinipour, A.; Abdolshahi, R. Environmentally safe biosynthesis of
gold nanoparticles using plant water extracts. Nanomaterials 2021, 11, 2033. [CrossRef]


http://doi.org/10.1016/S1532-0456(03)00140-6
http://doi.org/10.1016/S0300-483X(01)00555-8
http://doi.org/10.1016/j.colsurfb.2008.09.021
http://doi.org/10.1016/j.lwt.2008.01.017
http://doi.org/10.38212/2224-6614.2738
http://doi.org/10.1016/S2222-1808(12)60130-3
http://doi.org/10.1016/j.jksus.2013.07.002
http://doi.org/10.1016/j.matlet.2008.01.138
http://doi.org/10.1016/j.arabjc.2014.11.015
http://doi.org/10.1016/j.matlet.2012.02.018
http://doi.org/10.1007/s11051-010-0193-y
http://doi.org/10.3390/ijms13089923
http://www.ncbi.nlm.nih.gov/pubmed/22949839
http://doi.org/10.1021/bp0501423
http://www.ncbi.nlm.nih.gov/pubmed/16599579
http://doi.org/10.1016/j.indcrop.2012.08.013
http://doi.org/10.1007/s13204-012-0164-y
http://doi.org/10.1016/j.procbio.2012.09.025
http://doi.org/10.1016/j.colsurfb.2013.02.023
http://doi.org/10.1016/j.colsurfb.2018.11.014
http://doi.org/10.3390/nano11082033

Nanomaterials 2022, 12, 1035 16 of 16

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Heydari, M.; Yousefi, A.R.; Nikfarjam, N.; Rahdar, A.; Kyzas, G.Z.; Bilal, M. Plant-based nanoparticles prepared from protein
containing tribenuron-methyl: Fabrication, characterization, and application. Chem. Biol. Technol. Agric. 2021, 8, 53. [CrossRef]
Shurpik, D.N.; Sevastyanov, D.A.; Zelenikhin, P.V.; Padnya, P.L.; Evtugyn, V.G.; Osin, Y.N.; Stoikov, L.I. Nanoparticles based
on the zwitterionic pillar[5]arene and Ag™*: Synthesis, self-assembly and cytotoxicity in the human lung cancer cell line A549.
Beilstein ]. Nanotechnol. 2020, 11, 421-431. [CrossRef]

Padnya, P.; Gorbachuk, V.; Stoikov, I. The Role of Calix [n] arenes and Pillar [n] arenes in the Design of Silver Nanoparticles:
Self-Assembly and Application. Int. J. Mol. Sci. 2020, 21, 1425. [CrossRef] [PubMed]

Charbgoo, F; Ahmad, M.B.; Darroudi, M. Cerium oxide nanoparticles: Green synthesis and biological applications. Int. ].
Nanomed. 2017, 12, 1401. [CrossRef] [PubMed]

Malapermal, V.; Botha, I.; Krishna, S.B.N.; Mbatha, ].N. Enhancing antidiabetic and antimicrobial performance of Ocimum
basilicum, and Ocimum sanctum (L.) using silver nanoparticles. Saudi J. Biol. Sci. 2017, 24, 1294-1305. [CrossRef]

Gylling, H.; Miettinen, T.A. Cholesterol absorption, synthesis, and LDL metabolism in NIDDM. Diabetes Care 1997, 20, 90-95.
[CrossRef]

Attanayake, A.P; Jayatilaka, K.A.P.W.,; Pathirana, C.; Mudduwa, L.K.B. Study of antihyperglycaemic activity of medicinal plant
extracts in alloxan induced diabetic rats. Anc. Sci. Life 2013, 32, 193. [CrossRef]

Ragini, V.; KVSRG, P; Bharathi, K. Antidiabetic and antioxidant activity of Shorea tumbuggaia Rox. Int. ]. Innov. Pharm. Res. 2011,
2,113-121.

Frode, T.S.; Medeiros, Y.S. Animal models to test drugs with potential antidiabetic activity. J. Ethnopharmacol. 2008, 115, 173-183.
[CrossRef] [PubMed]

Swanston-Flatt, S.K.; Day, C.; Bailey, C.J.; Flatt, PR. Traditional plant treatments for diabetes. Studies in normal and streptozotocin
diabetic mice. Diabetologia 1990, 33, 462-464. [CrossRef]

Eleazu, C.O.; Eleazu, K.C,; Ironkwe, A.; Iroaganachi, M. A. Effect of Livingstone potato (Plectranthus esculenthus NE Br) on diabetes
and its complications in streptozotocin induced diabetes in rats. Diabetes Metab. . 2014, 38, 366-374. [CrossRef]

Shaik, A.H.; Rasool, S.N.; Reddy, A.V.K,; Kareem, M.A.; Krushna, G.S.; Devi, K.L. Cardioprotective effect of HPLC standardized
ethanolic extract of Terminalia pallida fruits against isoproterenol-induced myocardial infarction in albino rats. J. Ethnopharmacol.
2012, 141, 33-40. [CrossRef]

Shanmugasundaram, E.R.B.; Rajeswari, G.; Baskaran, K.; Kumar, B.R.R.; Shanmugasundaram, K.R.; Ahmath, B.K. Use of
Gymnema sylvestre leaf extract in the control of blood glucose in insulin-dependent diabetes mellitus. J. Ethnopharmacol. 1990, 30,
281-294. [CrossRef]

Shanmugam, S.; Bhavani, P. Studies on the comparison of phytochemical constituents and antimicrobial activity of Curcuma longa
varieties. Int. . Curr. Microbiol. Appl. Sci. 2014, 3, 573-581.

Kumar, CM.K; Yugandhar, P,; Savithramma, N. Biological synthesis of silver nanoparticles from Adansonia digitata L. fruit pulp
extract, characterization, and its antimicrobial properties. |. Intercult. Ethnopharmacol. 2016, 5, 79. [CrossRef] [PubMed]


http://doi.org/10.1186/s40538-021-00254-3
http://doi.org/10.3762/bjnano.11.33
http://doi.org/10.3390/ijms21041425
http://www.ncbi.nlm.nih.gov/pubmed/32093189
http://doi.org/10.2147/IJN.S124855
http://www.ncbi.nlm.nih.gov/pubmed/28260887
http://doi.org/10.1016/j.sjbs.2015.06.026
http://doi.org/10.2337/diacare.20.1.90
http://doi.org/10.4103/0257-7941.131970
http://doi.org/10.1016/j.jep.2007.10.038
http://www.ncbi.nlm.nih.gov/pubmed/18068921
http://doi.org/10.1007/BF00405106
http://doi.org/10.4093/dmj.2014.38.5.366
http://doi.org/10.1016/j.jep.2012.01.011
http://doi.org/10.1016/0378-8741(90)90107-5
http://doi.org/10.5455/jice.20160124113632
http://www.ncbi.nlm.nih.gov/pubmed/27069729

	Introduction 
	Materials and Methods 
	Chemicals and Instruments 
	Plant Collection and Extraction 
	Investiagtions of Phytoconstituents 
	Green Synthesis of AgNPs 
	Physicochemical Characterizations of AgNPs 
	In Vivo Induction of Diabetes 
	In-Vivo Acute Toxicity 
	Experimental Treatments in Animals and Ethics 
	Oral Glucose Tolerance Test 
	Serology of Various Treated Groups 
	Urine Analysis 
	Statistical Analysis 

	Results 
	Qualitative Assesment of Bioactive Metabolites 
	Green Synthesis of AgNPs 
	Physicochemical Characteristics 
	UV-Vis Analysis 
	FTIR Analysis 
	XRD Analysis 
	SEM Analysis 
	EDX Analysis 

	In Vivo Effects of T. couneifolia-Mediated AgNPs on Diabetes 
	Phytogenic AgNPs Does Not Cause Acute Toxicity 
	Phytogenic AgNPs Lower High Blood Glucose Levels 
	Serological and Urine Parameters 


	Discussion 
	Conclusions 
	References

