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a b s t r a c t

Diabetic ketoacidosis (DKA) is regarded to be a communal complication of both type 1 and type 2 dia-
betes mellitus in children and adolescents. Successful therapy of DKA in children requires prompt
diagnosis, strict monitoring of medical indicators, and prompt action. Thymoquinone (Tq) from black
cumin loaded chitosan nanoparticles (ChNPs) intend to assess an effective agent to overcome this
problem. XRD, FTIR, SEM, and TEM were used in the physicochemical analysis. Enzymatic activity of a-
amylase and a-glucosidase was used in in vitro tests of anti-diabetic efficacy. Protecting insulin against
enzyme breakdown is a crucial part of the insulin delivery mechanism. In the STZ-induced diabetes RIN-
5F cell line, the anti-apoptotic capability of Tq-ChNPs was demonstrated through the NF-kB mediated
apoptotic pathway. The combination of thymoquinone and chitosan NPs demonstrated that a wide va-
riety of incredibly effective substances to elevate their curative effects, thus contributing to the growth of
clinical and pharmaceutical fields.
© 2023, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

DKA is the most common diabetes-related cause of mortality in
children [1,2]. DKA rates upon type 1 diabetes diagnosis have varied
from 15 % to 83 % with most North American and European studies
finding 40 % [3,4]. Depending on population socioeconomics and
ethnicity, Asymptomatic urine screening detects most new in-
stances of diabetes in Japanese children and adolescents [5],
however 5 % of type 2 diabetes patients had DKA at diagnosis [6].
25 % of children with Type 2 Diabetes Mellitus have DKA upon
diagnosis [7]. This is most prevalent in African-American, least
likely in Hispanic, and least probable in Canadian First Nation teens
[8]. New-onset type 1 diabetes in young children is associated with
DKA [9]. Infections, insulin omission, or insulin pump failure may
cause DKA in children with diabetes. DKA is the leading cause of
paediatric diabetes-related deaths, despite a 0.5 % fatality rate.
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Cerebral edoema causes 62%e87 % of DKA mortality. DKA is caused
by insulin shortage and elevated levels of counterregulatory hor-
mones such catecholamines, glucagon, cortisol, and growth hor-
mone [10,11]. Absolute insulin insufficiency occurs in previously
undiscovered type 1 diabetes mellitus (T1DM) and when patients
on treatment intentionally or unintentionally skip insulin, partic-
ularly the long-acting component of a basal-bolus regimen [12].
Infants seldom have the “adult” triad of polyuria, polydipsia, and
weight loss, making diabetes mellitus diagnosis difficult. This may
partly explain the greater severity of first-presentation DKA in this
age group [13]. Nano formulations' therapeutic properties provide
anticipated results with these problems, helping to control the
clinical severity. In order to investigate the effects of thymoquinone
from black cumin coated with chitosan nanoparticles, this research
was created. Herbal remedies have recently gained popularity as an
adjunct to oral antidiabetic drugs as a result of the numerous
studies that have shown their beneficial synergistic effects. Addi-
tionally, Nigella sativa (NS) is thought to be safer than oral anti-
diabetic medications [14]. The seeds of the black cumin plant, Ni-
gella sativa L., a member of the Ranunculaceae family, are often
used as culinary spices. The Unani, Ayurvedic, and Chinese systems
of medicine have all employed Nigella sativa's seeds, oils, and
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extracts as medicinal agents for centuries. Thymoquinone (Tq), one
of the key bioactive chemicals that was shown to have a protective
effect against diabetes [15], is primarily responsible for the thera-
peutic actions of these plants. This study has looked at the use of
herbal remedies to treat diabetes problems brought on by strep-
tozotocin (STZ). The use of nanosized drug carriers can solve the
problems of inadequate bioavailability and systemic side effects. It
is possible that NPs can improve the absorption through the mouth
and intravenous tissue retention of poorly soluble medications by
adhering to the capillary walls. Experiments with higher doses to
increase absorption were successful, although they were toxic to a
number of vital organs [16]. In order to make accurate predictions
about drug bioavailability, it is necessary to choosemedicinal plants
and their compounds that possess optimal hydrogen bonds, mo-
lecular weights, partition coefficients, log P-values, and rotatable
bonds. Despite its low priority in cancer prevention, bioavailability
of the relevant chemical at the target site is of the utmost impor-
tance. According to research byMaksymchuk et al. [17] black cumin
(Nigella sativa) seed oil and the main chemical in it, thymoquinone,
have shown anti-hyperglycemic efficacy in STZ-induced diabetes.
The findings also revealed that the therapy may have protected
against issues with organs connected to diabetes. It is also known
that nanoparticles have a wide range of activities, and current
research on nanoparticles for the treatment of infectious diseases
and black cumin has shown anti-obesity and anti-diabetic out-
comes through elevating phosphorylated Sirtuin 1 (SIRT1) levels in
skeletal muscle and liver and activated protein kinase (AMPK) in
the muscle [18]. When streptozotocin acts on B cells, it causes
noticeable changes in the levels of insulin and glucose in the blood.
The process by which pancreatic B cells absorb STZ involves the
glucose transporter (GLUT2). One way to stop STZ from making
people diabetic is to lower their GLUT2 expression. One possible
explanation for STZ's toxicity is its strong alkylating capabilities.
While STZ is responsible for DNA damage, the combined effects of
nitric oxide (NO) and reactive oxygen species (ROS) may amplify
these negative effects. Peroxynitrate, a very poisonous compound,
can be formed when reactive oxygen species and NO react inde-
pendently. Thus, STZ toxicity is significantly reduced by intracel-
lular antioxidants or NO scavengers [19]. Due to its ability to keep
-cells in good shape, black cumin has lately gained interest as an
anti-diabetic drug. This plant possesses a novel medicinal potential
due to the significant role of diabetes mellitus plays in global
mortality rates. Uncontrolled diabetes can cause damage to multi-
ple organ systems. Therefore, developing various drug delivery
methods to enhance the oral bioavailability of hydrophobic phy-
tochemicals is crucial. The capacity of cationic polymeric nano-
particles (NPs) to deliver lipophilic compounds on to the locations
of their operations even as minimising off-target effects has drawn
the attention of researchers. Chitin is partially deacetylated to
produce the polymer known as chitosan (Cs). It is a kind of natural
cationic polysaccharide that is risk-free, non-toxic, and non-
antigenic. It has a long history of usage as a nanoparticle carrier
[20]. Through electrostatic self-assembly, thymoquinone and chi-
tosanmay be used to create chitosan nanoparticles. Themedicine is
embedded in a lipid core of the nanoparticles, which have a coating
of chitosan covering the core [21]. Patients are now able to choose
from a wide variety of synthetic anti-diabetic medications, such as
oral synthetic hypoglycemic treatments like sulfonylureas group,
parenteral insulin therapy, and particular enzyme inhibitors like
acarbose and miglitol. Despite their usefulness, these medications
are prohibitively costly and are often linked to symptoms such as
insulin resistance, bulimia nervosa, brain shrinkage, hepatotoxicity,
stomach discomfort, and flatulence [22,23]. By improving periph-
eral glucose utilisation, lowering hepatic glucose output, and
inhibiting gluconeogenesis, Tq improves glycemic status in
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diabetes [24]. People who have trouble digesting glucose may find
relief with Tq since it lowers insulin resistance, glucose uptake,
hepatic gluconeogenesis, blood sugar, cholesterol, triglycerides,
and overall body mass index [25]. Like metformin, it improves
glucose tolerance by mimicking the releases of insulin from
pancreatic beta cells in response to glucose [26]. Therefore, the
reason for this research was to define and describe nanoparticles of
thymoquinone and chitosan were synthesised utilising a range of
preparationmethods. To improve Tq's therapeutic potential against
juvenile diabetes, however, thymoquinone has not yet been
formulated into thymoquinone-loaded chitosan nanoparticles (Tq-
CsNPs). As a result, In vitro tests were performed on the produced
NPs. Our primary goal was to demonstrate the efficacy of the nano-
sized product in addressing challenging cases of paediatric dia-
betes. Both a-amylase and a-glucosidase have been shown to have
anti-diabetic effects. Tq-ChNPs' direct anti-diabetic action on RIN-
5F cells and its positive effects were also investigated. Tq-ChNPs
have an apoptotic effect in RIN-5F cell lines through modulation
of Bcl-2 and Bax variants of NF-kB. The NPs' capacity to cure pae-
diatric diabetes if too much thymoquinone or chitosan is present in
them.

2. Methodology

2.1. Synthesis of thymoquinone loaded chitosan nanoparticles

Chitosan nanoparticles (Cs NPs) were created using an anionic
gelation technique by Anand Raj et al. [27]. In brief, 50 mL of 1 %
acetic acid solution and 500 mg of 85 % deacetylated chitosan were
combined, and the mixture was agitated at 1000 rpm for 25 min
until it was clear. The solution was sonicated to a pH of 5, and then
1 mg/mL of TPP was added and combined and this led to Cs NPs.
The already-made Cs NPs were combined with 45 mg of Tq and
5mL of DMSO to create Tq-Cs NPs. Before being collected by cooling
spinning for 35 min at 14,000 rpm, rinsed under lyophilized con-
ditions, using distilled water using a freeze dryer, the liquid was
agitated for 2 h.

2.2. Characterization

Powdered X-ray diffraction (XRD) (X'PERT PROPAN analytical,
PHILIPS, USA) was used to determine their degree of crystallinity.
Debye Scherrer's formula, D¼ 0.94/cosq, where k is the wavelength
of the X-ray, b is the widest point along the ZnO line, and h is the
angle of diffraction, was used to determine the size of the crystals in
Tq-Ch NPs [28]. FTIR was used to pinpoint the functional groups
between 4.5 and 0.5 mm. The FTIR data was acquired using a Bruker
(Vertex 70 FTIR-FT Raman) spectrometer, gathered Tq, Tq-Cs NPs,
Cs, and Cs NPs spectra. The spectra were averaged across three
scans with a resolution of 1 cm1. Using photon correlation spec-
troscopy or dynamic light scattering, the zeta potential, hydrody-
namic size, polydispersity index value, and colloidal stability of
dispersed CsNPs, Tq, and Tq-CsNPs were examined (DLS). Distilled
water was utilised to keep the sample volume constant throughout
analysis (1 mL). The zeta potential of stabilised Tq-Ch NPs was
evaluated using a 90 plus particle size analyzer (Brookhaven In-
struments Corporation, Holtsville, NY, USA [29]. The Hitachi S-4500
was used as a SEM to look at the Tq-Ch NPs. The synthesised and
stabilised formulations were created on a copper grid coated with
carbon by simply dropping a very little bit of the sample on the grid,
wiping off any excess solution using blotting paper, and letting the
films dry for 5 min under a mercury lamp. Synthesised Tq-Cs NPs
were scanned at 300 kV bymeans of a high-resolution transmission
electron microscope (TEM, JEM 1400, software DM-3, Japan) to
determine their surface shape and particle size.



Fig. 1. Schematic representation of Tq-ChNPs and its potential on DKA.
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2.3. In vitro antidiabetic assays

2.3.1. a-amylase activity
A test tube was filled with a mixture that was homogeneously

mixed with 250 ml of Tq-Ch NPs at various concentrations (20,
40, 60, 80, and 100 mg/mL), 250 ml of starch 2.0 % (w/v), and
250 ml of a solution containing 1 U ml�1 a-amylase. The enzy-
matic reaction was stopped by adding 500 ml of a colourant
Fig. 2. XRD analysis of Cs, Cs NPs, Tq and Tq-ChNPs.
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(dinitrosalicylic acid, DNS) after 3 min of incubation at 20 �C.
After keeping the mixture in boiling water, 250 ml of a-amylase
was added right away. For 15 min, the mixture was heated. After
that, it was cooled and mixed with 5 ml of distilled water. The
control group followed the same protocol as the test groups,
except they used distilled water instead of extract. The % inhi-
bition was determined by taking the absorbance of each test tube
content at 540 nm [30].
Fig. 3. FTIR analysis of Tq-ChNPs, Tq, Cs NPs and Cs peak patterns and positions varied
significantly.



Fig. 4. A) Hydrodynamic size and distribution of Tq-ChNPs B) Zeta potential of Tq-ChNPs.
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2.3.2. a-glucosidase activity
Mixtures of 0.1 M of phosphate buffer solution, 50 ml of different

amounts of Tq-Ch NP (20, 40, 60, 80, and 100 mg/ml), and 5 mM 4-
nitrophenyl-D glycol pyranoside (PNPG) substrate were kept at
37 �C for 5 min. Then, starting with a total of Each well was sup-
plemented with 100 ml of an a-glucosidase solution containing 0.15
Uml�1. After 15 min of mixing, 100 ml of 200 mM sodium carbonate
was added to stop the process. With the help of a microplate reader,
405 nm was found to be the absorption. After each test was done
three times, the results were added up [31].

2.3.3. Maintenance of cell culture
RIN-5F cell lines were placed in a controlled environment with a

relative humidity of 70 % and 5 % carbon dioxide (CO2) in Roswell
Park Memorial Institute (RPMI) medium that was enhanced with
10 % foetal bovine serum,100 mg/ml of streptozotocin, and 100 U/ml
of penicillin.

2.3.4. Cell culture therapy
After growing RIN-5F cells to 80 % added in RPMI-1640with 10 %

foetal calf serum, the cells were treated with Tq-Ch NP solution in
10 mM citrate buffer (pH 4.5). There were five distinct sets of cells
used in this study. Normal RIN-5F cells (Group 1), RIN-5F cells
uncovered to streptozotocin (10 mM) for 24 h (Group 2), RIN-5F
cells treated with Tq-Ch NP (15, 30, or 60 mg/ml) for 24 h (Groups
3, 4, and 5). The cells were collected after treatment and rinsed in a
medium buffer containing a little amount of phosphate-buffered
saline (PBS). Mitochondrial content was extracted through
centrifugation-based cellular fractionation.

2.3.5. MTT test
The 96 well plates were used for the cell viability experiment

based on the mitochondrial reductase enzyme. Approximately
Fig. 5. A), SEM images of Cs NPs and B) T
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5 � 103 streptozotocin-treated cells were employed per well. After
24 h incubation, the cells were treated with 10 min with Tq-Ch NP
at several doses. Following incubation, 100 ml (1 mg/ml) of MTT, a
tetrazolium dye solution, was added to the cells for 4 h without
refrigeration, and then the medium containing MTT was removed
and swapped with 100 ml of dimethyl sulfoxide. The ELISA reader
was used to measure the intensity of the purple crystal formed
when MTT was converted into formazan. Absorbance was
measured at 570 nm, and results were analysed in comparison to
cells used as controls.
2.3.6. Staining for apoptosis
DAPI (1 mg/mL) and 2,7-dichlorodihydrofluorescein diacetate

(DCF-DA) in PBS were used to stain nuclei in order to observe
morphological alterations brought on by apoptotic stimuli. Briefly
stated, 6 well plates of RIN5F (5 � 105 cells) were cultivated before
being treated to STZ and Tq-Ch NP for 24 h. After two PBS buffer
washes, the cells were stained. The cells were analysed using
fluorescent microscopy with a 377e355 nm filter.
2.3.7. Flow cytometric evaluation of apoptosis
Streptozotocin (10 mM) was added to 6-well plates containing

RIN-5F cell lines, and the plates were incubated for 24 h to detect
apoptosis using flow cytometry. Tq-Ch NP was then given to the
cells for 24 h. The cells were stained with annexin-V/PI after a 24-h
exposure to Tq-Ch NP at a concentration of 60 mg/ml 100 ml of cell
suspensionwere treated with 5 mL of propidium iodide (PI) and 5 ml
of Annexin V conjugated to fluorescein is incubated in a dark room
at 25� Celsius for 15 min. Flow cytometry was used to detect
apoptosis after 400 ml of binding buffer was added to the suspen-
sion (Becton Dickinson FACSc an, CA, USA).
q-CsNPs; C) TEM image of Tq-CsNPs.



Fig. 6. In vitro antidiabetic activity of Tq-CsNPs with A) a-amylase activity and B) a-glucosidase activity. Results were plotted with mean ± standard deviation of three replications
and statistical significance at P � 0.05 using ANOVA followed by Tukey's HSD test.

Table 1
The effects of Tq-ChNPs on cell viability in Streptozotocin induced
apoptosis pancreatic b-cells. In this table the values are given in
mean ± SD.

Cell lines (mg/ml) % of cell viability

Normal RIN-5F cells 100.0 ± 6.9a

Streptozotocin 43.02 ± 3.4b

Tq-ChNPs (20 mg/ml) 51.02 ± 2.9b

Tq-ChNPs (60 mg/ml) 62.09 ± 3.5c

Tq-ChNPs (100 mg/ml) 70.04 ± 4.8d

Different alphabets indicates significant among groups (p < 0.05).
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2.3.8. The western blotting method
RIPA (Ingredients (1X lysis buffer, 1X protease inhibitor cocktail,

PMSM-1Mm, and water) were used to lyse the cells after a quick
wash in DPBS. The buffer was centrifuged and placed in the freezer
to speed up the dissolution of the clumps. Using a syringe, the
lysate was extracted. After incubating on frozen ground for 30 min,
the lysate was spun at high speed in a centrifuge. The Folins Lowry
method, as outlined by Markwell et al. [32], was used to determine
the protein content. A reference point for comparison was BSA.
Warming the SDS sample buffer dissolved the samples. Using an
attempting to resolve gel concentration ranging from 6 to 10%, we
separated the proteins using SDS-PAGE. For the samples, a mixture
of 20 ml and approximately 30 mg of protein was prepared. The
proteins were forwarded to a PVDF membrane after the gel was
run. The membrane had previously been submerged in methanol
for a duration of 2 min. In the transfer cassette, the gel and mem-
brane were positioned such that the membrane faced the cathode.
Every hour of the night, the membrane-gel sandwich cassette was
198
submerged in 20 V transfer buffer. Upon transfer, the membrane
was rinsed three times with 25ml of TBS for 5 min. Subsequently, it
was incubated for 1 h in 25ml of blocking solution, which consisted
of non-fat dry milk, Tween 20, and TBS. Primary antibodies against
Bax, Bcl-2, NF-B, and b-actin were next applied to the blotted
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membrane following three washes in TBST (Tris-buffered saline
with tween). After that, the membrane was incubated in blocking
solution with a secondary antibody that was conjugated to horse-
radish peroxidase for 1 h at room temperature. After a 5-min wash
in TBST, we used enhanced chemiluminescence to identify the
target protein (ECL).

2.3.9. Statistical analysis
All of the trials were conducted on three separate occasions. We

ran the statistical models on the data using GraphPad Prism 8.0,
which is developed by GraphPad Software and is located in Cali-
fornia, USA. To compare means, the data were subjected to a one-
way ANOVA test. For comparisons that involved more than one
variable, an appropriate post hoc test had also been run. A p-value
of less than 0.05 was considered to indicate statistical significance.

3. Results and discussion

3.1. Characterization

The main objective of this study was to prove the effectiveness
of the nano-sized product in treating difficult instances of paedi-
atric diabetes. The anti-diabetic effects of both a-amylase and a-
glucosidase have been demonstrated. Fig. 1 shows the detailed
scheme representation of Tq-ChNPs and its potential on DKA. X-ray
diffraction research verified that Tq-ChNPs exist in a crystalline
phase. Bragg's reflection peaks of hexagonal phase were seen in the
XRD patterns of Cs, CsNPs, Tq, and Tq-ChNPs (Fig. 2). These peaks
were located at 2 ¼ 10.2�, 10.5�, 0.5�, and 35.7�. As the Cs chains
dissolved, they left behind a single floppy peak in an otherwise
opaque network topology. A loss of periodicity and crystallinity is
reflected in a decrease in crystallite size, whichwas indicated by the
Fig. 7. Live and dead cell assay of RIN-5Fcells treated with PBS Control at 10� magnificatio
60 mg/ml (d), Tq-CsNPs at 100 mg/ml (e).
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appearance of a wide peak [33]. The nanoscale crystal structure of
Tq was determined by high-resolution X-ray powder diffraction,
providing insight into Tq's chemical role. A 10-0.40313-point peak
at 8.4997 with a 100 % relative intensity were seen in the XRD
spectrum of Tq collected for this investigation, that agrees with the
previous Rietveld refinement XRD of Tq on the base scale [34]. It
was challenging to identify faint signals due to Bragg's peaks that
overlapped. Taking into account the conventional Tq solid's
infrared spectrum. The Tq-ChNPs surface functional groups were
identified using FTIR (Fig. 3). The sharp, strong, and weak peaks in
the spectra of Tq confirmed that the characteristic peak identified
at 1702 cm1 was due to the presence of Tq, together with the
essential functional groups CeH, eCH2, eCH3, CeO, and CeC.
Mohammed et al. [35] observed that the peaks in the spectra were
consistent with those previously reported in the literature.
Hydrogen bonding might be responsible for the size difference
between Cs and CsNPs. Maximum frequencies for aliphatic CeH
stretching are reported by Nivethaa et al. [36] to be 2900 cm�1,
for NeH bending to be 1662 cm�1, for primary alcoholic CeO
stretching to be 1414 cm�1, and for hydroxyl group C3 stretching
to be 1098 cm�1. Tq-CsNPs size distribution as a function of re-
ported intensity. The intensity distribution's size was compared to
the measured cumulant fit. The Tq-CsNPs exhibit a mean hydro-
dynamic diameter (Z) of 92.25 nm, as determined by dynamic light
scattering (DLS) research. The determination of the zeta potential
value of Tq-ChNPs provided insights into their surface charge and
stability characteristics. The electrical conductivity of the substance
was measured to be 0.321 mS per centimeter (mS/cm), while its
zeta potential was determined to be 15.36 mV (mV) as shown in
Fig. 4. Nanoparticle surface charges and thermodynamic stability
were investigated using the zeta potential. According to the stan-
dard norm, carboxy methyl hexanoyl Cs has a high zeta potentiality
n, 100 nm (a), Streptozotocin (b), treated with Tq-CsNPs at 20 mg/ml (c), Tq-CsNPs at
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of þ47.2 mV, which is consistent with the high ionic conductivity
and sufficient nutrient carrier stability observed in CsNPs; a surface
charge of þ30 mV or less, or �30 mV or less, can prevent particle
aggregation [37]. According to the CsNPs, the surface's texture was
not consistent but rather rough and uneven, with obvious straps
and shrinkage. The formation of Tq-CsNPs is achieved by the fusion
of two water-based phases, one comprising polymer Cs and
another of poly-anion. However, the SEM image and the
manufacturing process don't appear to line up. The spherical form
and average particle size of the synthesised CsNPs (Fig. 5. A) and
(Fig. 5. B) Tq-CsNPs, which is around 50 nm, are clearly visible. In
TEM images of Tq-CsNPs showed (Fig. 5. C) spherical shape,
whereas high resolution transmission electron microscopy (TEM)
of Tq-CsNPs with a narrow field of view showed that the resulting
Tq-CsNPs were shaped like rhombohedra [38].

3.2. In vitro antidiabetic assays

3.2.1. a-amylase activity
In the current investigation, demonstrated a considerable,

concentration-dependent suppression of a-amylase enzyme activ-
ity. Tq-CsNPs at doses of 20, 40, 60, 80, and 100 mg/ml inhibited the
activity of the a-amylase enzyme by 7.67, 8.3, 9.4, 12.01 and 15.49 %,
respectively. At the same doses, the reference standard acarbose
inhibited a-amylase activity by 8.45, 10.9, 12.6, 15.98, and 18.43 %
(Fig. 6 A). The hydrolysis of a-1,4-glycosidic bonds in starch,
Fig. 8. Effects of Tq-ChNPs on DEHP induced apoptosis features in RIN-5F cells at 10� magn
60 mg/ml (c), Tq-CsNPs at 100 mg/ml (d). II) ROS. (III) The cell death percentage stained wit
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glycogen, and other oligosaccharides is catalysed by alpha amylase.
Inhibiting their function in the human digestive system is thought
to be a useful method for managing diabetes. Additionally, these
outcomes could result in a reduction in the absorption of mono-
saccharides. a-amylase inhibitors that are efficient and safe have so
long been searched after. Starch decreased alpha-amylase's cata-
lytic activity in vitro.

3.2.2. a-glucosidase activity
Tq-CsNPs values were discovered to have their glucosidase ac-

tivity, which inhibits a-glucosidase. When a-glucosidase inhibition
took place, it resulted in glycemic control by the addition of these
natural Tq-CsNPs molecules in in vitro tests (Fig. 6 B). According to
the in vitro data, the cereal Tq-CsNPs possesses antidiabetic quali-
ties. Tq-CsNPs at doses of 20, 40, 60, 80, and 100 mg/ml inhibited the
activity of the a-amylase enzyme by 9.87, 18.97, 38.8, 65.8 and 66.8
% respectively. At the same doses, the reference standard acarbose
inhibited a-amylase activity by 15.87, 28.98, 68.3, 68, and 69.98.
Similar to this, a-glucosidase activity has a mild inhibitory effect on
glucose absorption. Consequently, the results indicate that pro-
duced from barley G functions as a potential antidiabetic drug [39].

3.2.3. MTT assay
With 45 % at 10mM, cell death was achieved. RIN-5F cells treated

with Tq-Ch NP, however, displayed improved cell viability in
response to the cytotoxicity caused by STZ. In order to assess the RIN-
ification, 100 nm, I) DAPI stain; Control (a), Streptozotocin (b), treated with Tq-CsNPs at
h annexin-V/PI with flow cytometer.



Fig. 9. Effect of Tq-ChNPs NF-kB activation and Protein expression of Bcl-2 and Baz in
RIN-5F cell lines. Values includes means ± SD (n ¼ 3) of all three individuals. (1. RIN-5F
cells; 2. Streptozotocin, 3. Tq-ChNPs).
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5F cells' viability, MTT test was performed (Table 1). Different STZ
concentration ranges were used to treat the cells. It was discovered
that STZ 10 mM for 24 h drastically reduced cell viability performed
with Control, treated with streptozotocin, treated with Tq-Ch NP at
three different concentrations 20, 60, 100 mg/ml showed in Fig. 7aef
respectively. Additionally, this is similar to the result, it has been
shown that pancreatic b-cells necrosed in response to large doses of
STZ, but low doses of STZ produced cell death through apoptosis [40].
Similarly, after being treated with STZ, cell viability, as measured by
the MTT assay, was shown to drop by around 40 %. The cellular
viability of streptozotocin-treated cells was significantly enhanced
by pre-treatment with N-acetylcysteine (NAC) [41]. After being
treatedwith the extract for 24 h, cells that had been pre-treatedwith
STZ showed increased vitality when administered with concentra-
tions of 10 and 100 mg/mL of the extract, respectively. The p-values
for these treatments were 0.1667 and 0.0564, suggesting a tendency
towards significance. There was no discernible improvement in cell
viability after 48 or 72 h of therapy [42]. RIN-5F cells, a cell line
generated from rat islet tumors, to analyze insulin secretion in order
to assess the effect of nymphayol on this biological process. There
was a dose-dependent effect of the molecule Nymphayol on insulin
secretion. Significant effects were observed in low glucose and high
glucose conditions at values of 10 and 40 mM, respectively. Thus, it
can be inferred that nymphayol's effects on insulin secretion are not
due to cytotoxicity [43].

3.2.4. Apoptosis evaluation using flow cytometry
Increased ROS production and the oxidative stress it created

directly triggered a number of metabolic abnormalities and
apoptosis under these conditions [44]. The effects of ROS-derived
oxidative stress include lipid peroxidation and lipotoxicity, which
damage proteins and cause the pancreatic beta-cells to continually
degrade, particularly in hyperglycemic circumstances [45]. Using
staining techniques an examination of the cellular and nuclear
morphology has been carried out. The findings of the DAPI staining,
which was used to see the DNA damage, are shown in Fig. 8aI & II.
STZ-treated RIN-5F cells for 24 hoursexhibited a number of
morphological changes in comparison to untreated cells, the most
notable of which were aberrant nuclei, characterised by shattered
nuclei and chromatin. Cell and nuclear damage were also reduced
in RIN-5F cells following STZ treatment. As can be shown in Fig. 8b,
after being treated with 10 mM STZ, RIN-5F pancreatic b-cells
produced much more intracellular reactive oxygen species (ROS)
than control RIN-5F cells. The amount of ROS in the cells was
nonetheless decreased by Tq-ChNPs therapy as shown in Fig. 8c and
d, different dosage of Tq-ChNPs at 60 and 100 mg/ml. When STZ
containing were applied Tq-ChNPs to RIN-5F cells, the amount of
apoptosis was calculated using a FACS test. The proportion of cells
experiencing early/late apoptosis increased significantly when
10 mM STZ was used to trigger apoptosis for 24 h (Fig. 8. III), Flow
cytometry analysis compared to groups of normal cell lines. After
24 h of treatment with Tq-ChNPs, programmed cell death in cells
exposed to STZwas significantly reduced, suggesting that these
particles might be used to prevent the loss of pancreatic beta cells.
Similarly, pancreatic b-cell survival requires mitogen-activated
protein kinase (MAPK) and numerous other intracellular and
extracellular routes, phosphatidylinositol 3-kinase (PI3K), and nu-
clear factor (NF)eB [46]. By coordinating with Bax, Bak, Bcl-xS, and
Bcl-xL, Bcl-2 regulates both apoptosis and anti apoptosis. The Bcl-2
family regulates apoptosis, and this is combined with awell-known
death pathway in the apoptotic signal [47].

3.2.5. Western blot analysis
Therefore, as a result of our research, the reduced amount

elevated Bcl-2 protein levels and Bax (Fig. 9A) shows that the cell
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survival was stimulated via the NFeB pathway (Fig. 9B). Tq-Ch NP
may have triggered this pathway in RIN-5F diabetic cells caused
by STZ. It has been shown that a high level of anti-apoptotic
protein production may protect pancreatic b-cells against the ef-
fects of STZ treatment. The results are comparable to the findings
that were published by Varastea et al. [44], who said that the
flavone compound cirsimaritin has the ability to protect INS-1
pancreatic b-cells from the considerable apoptosis that is gener-
ated by STZ.

4. Conclusions

Possible mechanisms and method of action in paediatric
diabetes are provided by the current investigation. Tq-ChNPs
have been shown to reverse streptozotocin-induced diabetes in
children when tested for their anti-diabetic action in vitro. a-
amylase and a-glucosidase enzymatic tests are examples of the
antidiabetic activities. In addition, Tq-ChNPs were studied for
their direct anti-diabetic impact on RIN-5F cells. Tq-ChNPs have
an apoptotic effect in RIN-5F cell lines through modulation of
Bcl-2 and Bax variants of NF-kB. These results provide compel-
ling evidence that Tq-ChNPs may serve as the effective thera-
peutic agent for diabetes and other biomedical conditions.
Therefore, Tq-ChNPs may be utilised without risk to cure dia-
betes in children. To determine its therapeutic effectiveness on
persons with diabetes, a well-defined and suitably powered
randomised controlled clinical study is urgently needed.
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