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Diabetes is a silent killer with increased global public health burden along with several life threatening
complications. Myocardial infarction was diagnosed in 60% of diabetic patients worldwide. In this study,
the synthesized nanocomposites were subjected to Ultraviolet–Visible Spectroscopic analysis,
Photoluminescence Spectroscopic analysis, X-ray diffraction (XRD), Fourier-transform infrared spec-
troscopy (FTIR), dynamic light scatting (DLS) and Field Emission Scanning Electron Microscope (FE-
SEM) & energy dispersive X-ray analysis (EDAX) analysis. Further in vivo studies were performed on
young male Wistar rats. Young male Wistar rats were induced diabetes with streptozotocin induced dia-
betes model and the diabetic rats confirmed with blood glucose were utilized for further study. The rats
were grouped into control, diabetic, diabetic induced treated with 5 mg/kg of SCP-D-P nanocomposites
and diabetic induced treated with 10 mg/kg of SCP-D-P nanocomposites. After treatment period the rats
were estimated for diabetic functioning parameters such as glucose level, insulin level, c-peptide, HOMA-
IR and cardiac functioning parameters such as total cholesterol, triglycerides, CK, LDH, MDA, NO, GSH,
CAT, SOD, GST. Rats were subjected to echocardiography analysis for assessing the cardiac function.
Inflammatory markers TNF-a and IL-b were estimated to analyze the anti-inflammatory property of
SCP-D-P nanocomposites and it is further confirmed with histopathological analysis of cardiac tissue with
H&E staining. Further we assessed the impact of SCP-D-P nanocomposites on p62/Keap1/Nrf2 signaling
pathway which is plays a vital role in myocardiac ischemia. Our results of nanocomposite analysis depicts
SCP-D-P nanocomposites is a potent nanoparticles which persuasively decreased the diabetic inducing
factors, ameliorated cardiac functioning. Histological analysis clearly depicts SCP-D-P nanocomposites
prevented diabetic induced cardiac tissue damage via activating p62/Keap1/Nrf2 signaling pathway.
Over all our results confirms SCP-D-P nanocomposites is potent anti-diabetic, cardioprotective molecule.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction (Bommer et al., 2017). By the year 2045 the number of diabetic
Diabetes a silent killer is a global burden both to the health sector
and the financial sector. The incidence rate of diabetes is drastically
increases in the age group of people between 20 and 79 years
patients globallywill increase to 693millions.WorldHealthOrgani-
zation (WHO) had declared diabetes has serious pathology of the
21st century and it ranks seventh leading cause of death in the year
2016 (GBD, 2015; WHO, 2016; Cho et al., 2018). The prolonged dia-
betic condition inpatients leads to variousother complicationwhich
is classified as macro and microvascular complications. Macrovas-
cular complication includes stroke, coronary artery disease and
peripheral arterial disease whereas microvascular complications
include retinopathy, neuropathy, nephropathy etc (Harding et al.,
2019). Myocardial infarction was diagnosed in 60% of diabetic
patients and the risk of developing myocardial infarction is 6–10
times higher in diabetic patients compared to non-diabetic patients
(Ferannini et al., 2020; Dedov et al., 2015). American Heart Associa-
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tion (AHA) had published treating diabetic patients with cardiovas-
cular disease is more complicated than the non-diabetic patients
(Arnold et al., 2020).

Nanotechnology is an emerging field with wide applications in
various areas such as engineering, food industries, clothing indus-
tries, cosmetics, medical diagnostics, pharmaceutical etc (Chadha
2013). The role of nanotechnology in the field of medicine is a
promisinghope for thehealth careworkersandpatientswithvarious
chronic diseases. Nanoparticles were used in drug delivery system,
vaccinations, implantation of nanotransmitter helps to monitor
patient atmicrolevel (Kaurav et al., 2018). The biocompatible nature
and the size with increased surface, increased cell permeability and
target specific properties of nanoparticles to be utilized in the med-
ical field. Various types of nanoparticles are synthesized such as sil-
ver, zinc, gold etc. besides tin oxide nanoparticles possess numerous
pharmacological properties such as antioxidant, cytotoxic, antibac-
terial etc (Roopanet al., 2015;Vidhu andPhilip, 2015). Nanocompos-
ites are lighter in weight and utilized as novel drug nanocarriers due
to their surface properties (Ali and Ahmed, 2018). Thus synthesizing
nanocomposite with tin oxide may be effective nanomedicine to
treat diabetic associated myocardiac ischemia.

Recently, phytomedicine plays a vital role in treating various
chronic diseases in particular life style diseases such as diabetes,
hypercholestrol, obesity etc. The bioactive compounds in medicinal
herbs were classified based on their structure and functional prop-
erties. D-Pinitol, 3-O-metthyl-D-chiro-inositol is cyclitol which is
present mostly in the plants belonging to Leguminosae and Pina-
ceae. It is also present in fenugreek seeds, soybean, ice plant and
species of Retama genus which is consumed as food and also used
in traditional medicines (Lee et al., 2014; Lahuta et al., 2018;
Christou et al., 2019). It possess various pharmacological properties
such as anticancer (Rengarajan et al., 2012), antidiabetic (Gao et al.,
2015), anti inflammatory (Zheng et al., 2017), antioxidant (Lee
et al., 2019), antitumor (Lin et al., 2013) etc.

The cardioprotective property of D-pinitol was not yet eluci-
dated hence in the present study we analyzed the cardioprotective
effect of D-pinitol-based nanocomposites in diabetic rats those are
highly risk group for cardiac complications and more complicated
to be treated. D-pinitol, the phytochemical was incorporated in tin
oxide-chitosan-polyethylene glycon polymer to increase its effi-
cacy and its role in the activation of p62/Keap1/Nrf2 signaling
pathway in the diabetic rats were studied.

2. Materials & methods

2.1. Preparation of tin oxide – chitosan – polyethylene glycol – D

pinitol (SCP-D-P) nanocomposites

SCP-D-P nanocomposites were prepared in the laboratory with
tin oxide nanoparticles. To 20 ml of chitosan solution, 0.3 g of tin
oxide nanoparticles was added and the chitosan-tin oxide
nanoparticles mixture was further added to 20 ml of polyethylene
glycol to form a Tin oxide-Chitosan-PEG nanocomposite. Tin oxide-
Chitosan-PEG nanocomposite was further encapsulated with 50 ml
of D-pinitol solution by placing on a hot plate at 80 �C for 6 h with
continuous stirring. After 6 h incubation white precipitate was
formed and the solution was subjected to centrifugation at
15,000 rpm for 15 min at �4. The sediment was collected and
washed thrice with deionized water and dried at 200 �C for 3 h.
The powdered nanoparticles were stored in sterile vials and sub-
jected to further characteristic analysis.

2.2. Ultraviolet–visible spectroscopic analysis

SCP-D-P nanocomposites were subjected to UV–Vis spectro-
scopic analysis with Perkin Elmer, (USA). The samples were placed
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in quartz cuvette and analyzed between the wavelength 1200 and
200 nm. The experiments were performed thrice and the data were
analyzed.

2.3. Photoluminescence Spectroscopic analysis

SCP-D-P nanocomposites photoluminescence spectroscopic
analysis was done on the based on the spectra results obtained
at kexc = 405 nm (Roithner Laser Technik, Germany). The experi-
ment was performed thrice and the results were subjected to fur-
ther analysis.

2.4. X ray diffraction (XRD) analysis

XRD pattern of SCP-D-P nanocomposites was assessed in D8
Advance Bruker system. The system is equipped with copper scin-
tillation counter and the samples were subjected to analysis at
45 mA and 40 kV voltage. The samples were scanned for about
0.02–0.5 sec and the results were noted.

2.5. Fourier transform infra red (FT-IR) spectroscopic analysis

The SCP-D-P nanocomposites were subjected to infra red anal-
ysis in NicoletiS50. The sample was mixed with potassium bromide
pellets and the mixture was placed on to the scanning disc. The
samples were scanned between the wavelengths of 500 and
4000 cm�1.

2.6. Dynamic light scattering (DLS) analysis

The hydrodynamic radii of SCP-D-P nanocomposites were
determined with DLS studies using Nano-ZS (Malvern).

2.7. Field emission-scanning electron microscope (FE-SEM) & energy
dispersive X-ray (EDAX) analysis

The synthesized SCP-D-P nanocomposites were subjected to
field- emission scanning electron microscope FE-SEM, s-4800II,
Hitachi, 15 kV equipped with EDAX.

2.8. Experimental animals

Young male Wistar rats were used as experimental animals in
the current study. All rats were utilized in this study were recog-
nized with standard attention in compliance with protocols by
the National Institutes of Health, United States. The rats were pro-
cured from Xi’an Jiaotong University, Xi’an, 710032, China and the
procedure to be performed on rats was clearly explained before the
ethical committee Xi’an Jiaotong University Health Science Center
(IAEC No: 2019-1077). The rats were maintained in clean labora-
tory condition and the bedding was changed for every two days.
The rats were fed with standard laboratory pellet diet ad libidum.
The rats were treated with utmost care and concern and no mortal-
ity was observed throughout the experimental period.

2.9. Induction of diabetes

Streptozotocin (STZ) induced diabetes model was chosen for the
current study to induce diabetes in rats. The rats were injected
with single intraperitoneally dose of 35 mg/kg STZ dissolved in
0.1 M citrate buffer (pH 4.4) in high fat diet fed rats. The induction
of diabetes was confirmed after 14 days of STZ shot by estimating
the blood glucose levels. 11 mmol/l was considered as reference
value the rats which had more than 11 mmol/L was considered
diabetic and used in the present study



Fig. 1. Characterization of nanocomposites. Spectroscopic analysis. Ultraviolet–Visible Spectroscopic analysis (A) and photoluminescence Spectroscopic analysis (B) of
synthesized SCP-D-P nanocomposites.

Fig. 2. Characterization of nanocomposites. X-ray Diffraction analysis (A), Fourier Transform Infra Red spectroscopic analysis (B), Dynamic Light Scattering Analysis (C) of
synthesized SCP-D-P nanocomposites.
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2.10. Experimental design

The rats were grouped into 4 Group I rats control rats – healthy
non diabetic rats, Group II – Diabetic rats received only saline
throughout the experimental period,

Group-III – Diabetic induced rats were treated with 5 mg/kg of
SCP-D-P nanocomposites through oral gavage and Group IV – Dia-
3

betic induced rats were treated with 10 mg/kg of SCP-D-P
nanocomposites.

2.11. Estimation of glucose

The fasting blood sugar of control, diabetic and diabetic treated
with SCP-D-P nanocomposites. The fasting retro orbital blood was



Fig. 3. Characterization of nanocomposites. Field emission scanning electron microscopic analysis & EDAX analysis of synthesized SCP-D-P nanocomposite.

Fig. 4. Hypoglycemic effect of SCP-D-P nanocomposites in diabetic induced rats. T. The non diabetic control (Group I), diabetic induced (Group II), diabetic induced SCP-D-P
nanocomposites low (Group III) and high dose (Group IV) treated rats were assessed for insulin resistance. FG- Fasting glucose, post parandial blood glucose levels, insulin, c-
peptide and HOMA-IR value. Experiments were performed with commercially available kits. Each bar shows the mean ± SD of triplicates and ‘#’ p < 0.05 was considered as
statistically significant.
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Fig. 5. Hypocholesterolemic effect of SCP-D-P nanocomposites in diabetic induced rats. The non diabetic control (Group I), diabetic induced (Group II), diabetic induced SCP-
D-P nanocomposites low (Group III) and high dose (Group IV) treated rats were assessed for TC – Total cholesterol, TG – Triglycerides to assess the cholesterol levels.
Experiments were performed with commercially available kits. BW- Bodyweight and HW – Heart weight were also measured. Each bar shows the mean ± SD of triplicates and
‘#’ p < 0.05 was considered as statistically significant.

Fig. 6. Effect of SCP-D-P nanocomposites on cardiac function in diabetic induced rats. The non diabetic control (Group I), diabetic induced (Group II), diabetic induced SCP-D-
P nanocomposites low (Group III) and high dose (Group IV) treated rats were assessed for cardiac function with echocardiographic analysis. LVEDs – Left ventricular end
systolic diameter, LVEDs – Left ventricular end diastolic diameter, LVEF – Left ventricular ejection factor and NT-proBNP – N-terminal pronatriuretic peptide. Each bar shows
the mean ± SD of triplicates and ‘#’ p < 0.05 was considered as statistically significant.
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Fig. 7. Cardioprotective effect of SCP-D-P nanocomposites in diabetic induced rats. The non diabetic control (Group I), diabetic induced (Group II), diabetic induced SCP-D-P
nanocomposites low (Group III) and high dose (Group IV) treated rats were assessed for CK – creatine kinase, LDH – lactate dehydrogenase, MDA – malondialdehyde, NO –
nitric oxide, GSH – glutathione, CAT – catalase, SOD – superoxide dismutase and GST – glutathione-S-transferase to analyze cardiac functioning. Experiments were performed
with commercially available kits. Each bar shows the mean ± SD of triplicates and ‘#’ p < 0.05 was considered as statistically significant.

Fig. 8. Anti-inflammatory effect of SCP-D-P nanocomposites in diabetic induced rats. The non diabetic control (Group I), diabetic induced (Group II), diabetic induced SCP-D-P
nanocomposites low (Group III) and high dose (Group IV) treated rats were assessed for pro inflammatory cytokines TNF-a, IL-1b to analyze the anti-inflammatory effect.
Experiments were performed with commercially available kits. Each bar shows the mean ± SD of triplicates and ‘#’ p < 0.05 was considered as statistically significant.
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collected early morning for the estimation of fasting blood sugar.
The blood sugar levels were estimated with glucose estimation
kit purchased from Crystal Chem, USA.
2.12. Estimation of insulin & C peptide

The postprandial levels of insulin were estimated in control,
diabetic and diabetic treated with SCP-D-P nanocomposites. Insu-
lin was estimated with ELISA kit purchased from BioCompare,
USA and the c-peptide levels were estimated with ELISA kit pur-
chased from RayBiotech. The procedures were followed as per
the manufacturer’s protocol.
6

2.13. Homeostasis model assessment–insulin resistance (HOMA-IR)
value

HOMA-IR value of control, diabetic and diabetic treated with
SCP-D-P nanocomposites was calculated using the formula.

HOMA-IR ¼ Fasting glucose ðmMol=lÞXFasting insulin ðlU=mlÞ=22:5:
2.14. Body weight

The body weight of the control and experimental rats were esti-
mated and the means values were recorded. The relative heart



Fig. 10. Effect of SCP-D-P nanocomposites on p62/Keap1/Nrf2 signaling in diabetic induced rats. The non diabetic control (Group I), diabetic induced (Group II), diabetic
induced SCP-D-P nanocomposites low (Group III) and high dose (Group IV) treated rats were assessed for p62, Keap1, Nrf2 gene expression using RT-PCR analysis. The
percentage of increase gene expression was assessed with Quantity One Software and the values were depicted as graph. Each bar shows the mean ± SD of triplicates and ‘#’
p < 0.05 was considered as statistically significant.

Fig. 9. Effect of SCP-D-P nanocomposites of cardiac tissues of diabetic induced rats. Longitudinal section of H&E stained cardiac tissues of non diabetic and SCP-D-P
nanocomposites treated diabetic induced rats. (Group I) Control non diabetic rats (Group II) Diabetic induced rats (Group III) Diabetic induced 5 mg/kg SCP-D-P
nanocomposites treated rats (Group IV) Diabetic induced 10 mg/kg SCP-D-P nanocomposites treated rats.
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weight of each rat was also measured to assess the impact of dia-
betes on heart.

2.15. Biochemical analysis

The total cholesterol and triglycerides were estimated in the
serum of experimental rats. Total cholesterol and triglycerides
were estimated with the kits purchased from Sigma Aldrich USA.
The experiment was carried as per the manufacturer’s protocol.

2.16. Echocardiography analysis

The rats were anesthetized with 1.5% isoflurane and placed on
heating pad to maintain normothermia. The rats were subjected
to transthroacic echocardiography analysis with high resolution
micro imaging system (Visual Sonic Vevo 2100) with 40 MHz
transducer. The heart rate and ECG of the rat were continuously
monitored throughout the procedure. The hearts were imaged to
assess left ventricular end systolic diameter, left ventricular end
diastolic diameter, left ventricular ejection fraction and N-
terminal pronatriuretic peptide.

2.17. Cardiac marker analysis

The cardiac markers were estimated with the kits the commer-
cially available creatine kinase was quantified with the kit pro-
cured from ThermoFischer Scientific, USA, lactate dehydrogenase,
Glutathione S-transferase from MyBioSource, USA, lipid peroxida-
tion assay, super oxide dismutase from BioVision, nitric oxide, glu-
tathione and catalase activity were estimated from the kits
procured from Sigma Aldrich, USA. The experiments were per-
formed according to the manufacturer’s protocol.

2.18. Estimation of proinflammatory cytokines

The estimation of cytokines tumor necrosis factor-a (TNF-a),
interleukin (IL)-1b was quantified with commercially available
ELISA kit procured from Invitrogen, USA. The experiment was per-
formed as per the manufacturer’s protocol. The absorbance of sam-
ples was measured at 405 nm and the concentration of samples
was calculated based on standard curve drawn.

2.19. Histopathological analysis

Haemtoxylin & Eosin (H&E) staining was performed to analyze
the ameliorating effect nanocompoiste against histopathological
damage caused due to diabetic induction. The formalin fixed car-
diac tissue were subjected tissue processing and the tissues were
fixed with paraffin wax blocks. The blocks were sectioned into
5microns sections using rotary microtome and the sections
deparaffinized in a hot water bath. The section were then coated
on to an albumin coated slides and stained with H&E stains. The
sections were then visualized under light microscope and pho-
tographed. The images were then assessed for cardiac lesion score
with ImageJ software.

2.20. RT-PCR analysis

The cardiac tissue of control, diabetic and diabetic induced SCP-
D-P nanocomposites treated rats were subjected to RT-PCR analy-
sis to quantify the m-RNA expression of p62, Nrf2 and Keap1pro-
teins which plays a vital role in myocardiac ischemia. 1 mg of
tissues were homogenized with 1 ml of TriZOL reagent and to the
homogenate 500 ml chloroform was added and centrifugation for
10,000 rpm 15 min at 4 �C. The supernatant was collected and to
the equal amount isopropanol was added to precipitate RNA. The
8

mixture was subjected to centrifugation for 12,000 rpm 15 min at
4 �C and the pellet was collected after centrifugation. The RNA pel-
let was rinsed with 70% ethanol thrice and the pellet was air dried
in clean chamber. The RNA was then dissolved with sterile milliQ
water and subjected to RNA quantification with NanoDrop spec-
trophotometer. The RNA was converted to cDNA using the HiScript
II Q RT SuperMix kit (Vazyme, China) and utilized for RT-PCR anal-
ysis. The PCR analysis was done with KAPATaq Ready Mix DNA
Polymerase in thermocycler with specific thermocyclic condition.
The amplified PCR products were then subjected to gel elec-
trophoresis with 2% agarose gel. The gel were scanned to detect
the band density of cDNA products and each gene were normalized
with internal control gene b-actin. The band intensities were quan-
tified with Quantity One Software (BioRad, USA).

2.21. Statistical analysis

The data obtained were statistically assessed with statistics
software GraphPad Prism, USA. Analysis of Variance (ANOVA)
was used to find the difference between groups and the Student’s
Newman-Keuls post hoc test was done. In all cases p < 0.05 was
considered as statistically significant.

3. Results

3.1. Characterization of nanocomposites

3.1.1. Spectroscopic analysis
The spectroscopic analysis of synthesized nanocomposite was

performed with Ultraviolet–Visible Spectroscopic analysis and
photoluminescence Spectroscopic analysis and the results were
depicted in Fig. 1A&B. UV–Vis spectroscopic analysis shows an
absorbance band at 294 nm and photoluminescence Spectroscopic
analysis shows a sharp band at 367 nmwhich confirms the synthe-
sis of SCP-D-P nanocomposites.

3.1.2. XRD analysis
Fig. 2A depicts the results X-ray diffractometer pattern of SCP-

D-P nanocomposites and peaks were observed in 110, 101, 200,
211, 220, 312, 112, 301, 321 indicating a crystalline structure of
SCP-D-P nanocomposites.

3.1.3. FT-IR spectroscopic analysis
Fig. 2B illustrates the FT-IR results of SCP-D-P nanocomposites.

Distinctive vibration patterns were observed between the wave
length of 3500–600. The bands obtained at 823 and 626 may be
due to the stretching vibration of tin oxide. The band obtained at
3419, 1613, 1248, 1091 are due to stretching vibration of O–H,
C=O, C–OH, C=O respectively.

3.1.4. DLS analysis
Fig. 2C shows the results of dynamic light scattering analysis of

SCP-D-P nanocomposites. The graph represents the average size of
nanocomposite as 150 nm and it is also confirmed with XRD
analysis.

3.1.5. FE-SEM & EDAX analysis
SCP-D-P nanocomposites were subjected to FE-SEM analysis to

assess the surface morphology and the results were depicted in
Fig. 3. The images shown spherical structure of naocomposites
agglomerated together. Further EDAX analysis was performed to
confirm the presence of tin. Sharp characteristic peaks were found
in EDAX graph which indicates presence of tin. Distinctive peaks
were found lesser then 1 keV may be due to carbon, nitrogen and
oxygen exhibited by pinitol.
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3.1.6. Hypoglycemic effect of SCP-D-P nanocomposites in diabetic
induced rats

Fig. 4 depicts the glycemic status of SCP-D-P nanocomposites
treated diabetic induced rats. Compared to diabetic rats the levels
of both fasting and post parandial blood sugar levels were
decreased SCP-D-P nanocomposites treated diabetic induced rats.
Insulin and c-peptide levels were increased in SCP-D-P nanocom-
posites treated diabetic induced rats compared to diabetic
untreated rats. C-peptide levels of 10 mg/kg SCP-D-P nanocompos-
ites treated rats were comparatively equal to the levels of control
non-diabetic rats. HOMA-IR value is decreased in SCP-D-P
nanocomposites treated diabetic induced rats compared to dia-
betic untreated rats.

3.1.7. Hypocholesterolemic effect of SCP-D-P nanocomposites in
diabetic induced rats

Fig. 5 shows the results of the total cholesterol and triglycerides
levels in SCP-D-P nanocomposites treated diabetic induced rats.
Compared to diabetic rats the total cholesterol levels were
decreased in SCP-D-P nanocomposites treated diabetic induced
rats. No significant difference observed between the levels in
triglycerides of diabetic untreated and SCP-D-P nanocomposites
treated diabetic induced rats.

3.1.8. Effect of SCP-D-P nanocomposites on body weight in diabetic
induced rats

Diabetic induced untreated rats shown a drastic decrease in
body weight compared to the control rats whereas SCP-D-P
nanocomposites treated diabetic induced rats shown increase in
the body weight compared to diabetic induced rats. The relative
heart weight of SCP-D-P nanocomposites treated diabetic induced
rats were decreased than the diabetic induced untreated rats.

3.1.9. Effect of SCP-D-P nanocomposites on cardiac function in diabetic
induced rats

Cardiac functioning of SCP-D-P nanocomposites treated diabetic
induced rats were assessed with echocardiographic analysis and
the results were tabulated in Fig. 6. The left ventricular end systolic
and diastolic diameter were decreased in SCP-D-P nanocomposites
treated diabetic induced rats compared to the diabetic untreated
rats. Left ventricular ejection factor is significantly decreased in
diabetic induced untreated rats compared to the control rats.
SCP-D-P nanocomposites treated diabetic induced rats shown sig-
nificant increase in left ventricular ejection factor. N-terminal
pronatriuretic peptide levels were drastically increased in diabetic
induced untreated rats compared to control non diabetic rats. SCP-
D-P nanocomposites treated diabetic induced rats shown signifi-
cant decrease in the N-terminal pronatriuretic peptide levels com-
pared to diabetic induced untreated rats.

3.2. Cardioprotective effect of SCP-D-P nanocomposites in diabetic
induced rats

Fig. 7 depicts the levels of cardiac markers in control non-
diabetic, diabetic and SCP-D-P nanocomposites treated diabetic
induced rats. Diabetic induced untreated rats shown significant
increase in the levels of creatine kinase and lactate dehydrogenase
compared to the control rats. SCP-D-P nanocomposites treated dia-
betic induced rats shown decrease in the levels of creatine kinase
and lactate dehydrogenase compared to the diabetic induced rats.
Lipid peroxidation and nitric oxide levels were decreased in SCP-D-
P nanocomposites treated diabetic induced rats compared to dia-
betic induced rats. The antioxidants glutathione, catalase, superox-
ide dismutase and glutathione-S-transferase were increased in
SCP-D-P nanocomposites treated diabetic induced rats compared
to the diabetic induced rats.
9

3.3. Anti-inflammatory effect of SCP-D-P nanocomposites in diabetic
induced rats

Fig. 8 illustrates the levels of pro inflammatory markers TNF-a
and IL-1b in control and SCP-D-P nanocomposites treated diabetic
induced rats. Both the inflammatory cytokines were increased in
diabetic induced rats compared to control rats whereas SCP-D-P
nanocomposites treated diabetic induced rats shown significant
decrease in the level proinflammatory cytokines compared dia-
betic induced untreated rats.

3.4. Effect of SCP-D-P nanocomposites of cardiac tissues of diabetic
induced rats

The longitudinal section of H&E stained cardiac tissues of non
diabetic and SCP-D-P nanocomposites treated diabetic induced rats
were photographed and the representative images were depicted
in Fig. 9. Fig. 9A shows normal cardiac fibers without any shrinkage
or congestion of interfibillar capillaries. Diabetic induced rats
shown increased shrinkage of cardiac fibers and interfibillar capil-
laries congestion (Fig. 9B). SCP-D-P nanocomposites treatment
decreased the diabetes induced damage both the low dose and
high shown normal cardiac fiber tissue. Compared high dose
SCP-D-P nanocomposites treated rats (Fig. 9D) low dose SCP-D-P
nanocomposites treated rats shown slight shrinkage of cardiac
fibers (Fig. 9C).

3.5. Effect of SCP-D-P nanocomposites on p62/Keap1/Nrf2 signaling in
diabetic induced rats

p62/Keap1/Nrf2 signaling plays a vital role in preventing
myocardiac ischemia hence we assessed the effect of SCP-D-P
nanocomposites in diabetic induced rats. Diabetic induction
decreased the gene expression of key signaling molecules p62,
Keap1, Nrf2 in the cardiac tissue. SCP-D-P nanocomposites treat-
ment significantly increased the gene expression of p62, Keap1,
Nrf2 in cardiac tissue of diabetic induced rats thereby prevented
the diabetic induced cardiac damage (Fig. 10).
4. Discussion

Nanobiotechnology is a blooming filed which had spread its
wings in almost all the areas of diagnosis, drug delivery system,
nanomedicine etc. Nanocompistes are materials which possess
unique properties such as enhanced chemical reactivity, biocom-
patibility, increased surface are, biodegradability and non toxic in
nature. They are highly dispersible in aqueous medium (Kaurav
et al., 2018). Nanocomposites were synthesized with various natu-
ral polymers such as polyethyelene glycol, starch, chitosan etc. Chi-
tosan is a polysaccharide which is non toxic, biocompatible and
interacts with biomolecules (Manek et al., 2020; Hu et al., 2011).
Polyethylene glycol are highly soluble in water and non toxic, they
possess antibacterial property (Kalarikkal et al., 2020). Hence in the
current study we synthesized nanocomposites with chitosan-
polyethyelene glycol. Various metallic and metal oxide nanoparti-
cles were utilized in nanocomposite synthesis zinc oxide, gold, Iron
(III) oxide, tin oxide etc. In the present study we used tin oxide
nanoparticles which possess numerous pharmacological
properties.

Phytochemicals such as terpenoids, flavanoids, polyphenols,
tannins, steroids are used to various ailments and they are effective
and don’t render any side effects. D-Pinitol is one such phytochem-
ical widely distributed as inositol ether in plants belonging to the
family of Leguminosae (Christou et al., 2019; González-Mauraza
et al., 2016). D-Pinitol possess numerous medicinal properties such
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as anti-inflammatory, antidiabetic, antioxidant, antitumour,
antibacterial etc (Sánchez-Hidalgo et al., 2020). The efficacy of D-
pinitol on myocardial complications was not yet studied hence in
the current study we synthesized tin oxide-chitosan-
polyethyelene glycol nanocomposite encapsulated with D-pinitol.

The spectroscopic analysis with UV–Vis spectroscopy and pho-
toluminescence spectroscopy confirms the synthesis of tin oxide-
chitosan-polyethyelene glycol-D-pinitol nanocomposites. SCP-D-P
nanocomposites shown ideal XRD pattern indicating the crys-
talline structure of composite. The functional groups present in
the SCP-D-P nanocomposites was analyzed with FTIR analysis.
The bands indicating the stretches of tin oxide such as O–H, C=O,
C–OH, C=O were observed. The results of Dynamic Light scattering
analysis indicates the nanocomposites size as 150 nm which is
ideal for a nanodrug. The surface morphology of the nanocompos-
ite was studied with FE-SEM analysis which shown agglomerated
spherical structures and the EDAX analysis confirms the presence
of tin in nanocomposite. The physical characterization analysis of
SCP-D-P nanocomposites confirms the synthesis of a ideal
nanocomposite to be utilized in nanomedicine.

Hyperglycemia in diabetic patients leads to various complica-
tion, the uncontrolled glucose levels impair organ and tissues. Neu-
ronal and endothelial cells are most susceptible to the
hyperglycemic condition hence the diabetic patients with uncon-
trolled glucose levels are more prone to neuronal diseases
(Galicia-Garcia et al., 2020; Merovci et al., 2021). Reports suggest
prolonged intake of insulin may increase the risk of hypoglycemic
condition in patients which leads to morbidity and mortality
(Finfer et al., 2009; McDonnell and Umpierrez, 2012; Hulkower
et al., 2014). Thus, maintaining glucose levels in diabetic patients
is a critically task, therefore in the present study we assessed the
efficacy of SCP-D-P nanocomoposites in controlling the glucose.
Our results prove SCP-D-P nanocomoposites effectively fast and
proprandial sugar levels. It also increased the insulin levels and
c-peptide levels. Previous reports suggests D-pinitol activates
PI3K/Akt pathway thereby prevents insulin resistance [18], it also
stimulates mobility of glucose transporters (GLUT4) thereby
increase the insulin sensitivity (Dang et al., 2010). The reduction
in the glucose levels in diabetic induced SCP-D-P nanocomoposites
treated rats may be due to hypoglycemic effect of D-pinitol.

Diabetes leads to various other complications such as retinopa-
thy, neuropathy, cardiovascular diseases etc. The incidence of car-
diovascular diseases is increasing in diabetic patients and the
treating such patients are also complicated. The angiographic stud-
ies of diabetic patients reveals they are more prone to atheroscle-
rotic diseases (Martín-Timón et al., 2014). Compared to non
diabetic patients with myocardial infraction the survival rate is
lower in nondiabetic patients (Leon and Maddox, 2015). Ischemic
heart disease accounts about 12% of total death incidence and it
more common between the age group 34 and 75 yrs (Perugini
et al., 2010). The drug which controls glucose levels as well as pre-
vent diabetic induced myocardiac diseases is need of today. There-
fore we assessed the cardioprotective effect of SCP-D-P
nanocomposites in streptozotocin induced diabetic rats.

SCP-D-P nanocomposites decreased the total cholesterol levels
in diabetic induced rats and it increased the body weight of rats.
Oxidative stress plays a critical role in diabetic induced complica-
tions especially in myocardial ischemia. Hyperglycemia leads to
increased oxidative stress markers such as TBARS, MDA, oxidative
nitrotyrosine, oxidative carbonyl in mycardiac ischemia patients
and it also lowers the antioxidant levels (Rösen et al., 2001). Cell
culture study with aortic smooth muscle cells confirms the ROS
production during diabetic condition. In the present study also dia-
betic rats showed decreased levels of antioxidants and increased
level of reactive oxygen species. SCP-D-P nanocomposites treat-
ment significantly decreased the oxidative stress levels and
10
increased the levels of antioxidants (Inoguchi et al., 2000). Choi
et al. (2009) demonstrated D-pinitol decreased lipid peroxidation,
reduces liver enzymes induces hypercholesterolemia. D-Pinitol
increased the antioxidant enzymes in diabetic induced and
decreased the reactive oxygen species. Our study correlates with,
the increase in antioxidant status by SCP-D-P nanocomposites
treatment may be due to the antioxidant property of D-pinitol.

Echocardiography analysis of Type1 diabetic patients shown
early diastolic and atrial filling, increased supra ventricular prema-
ture bears causing diastolic dysfunction. Patients with asymp-
tomatic diabetes are more prone to left ventricular diastolic
dysfunction causing stiffness of myocardial and vascular tissues
(Kenchaiah and Vasan, 2015). Our echocardiography results have
proven SCP-D-P nanocomposites have decreased the left ventricu-
lar end systolic and diastolic diameter, increased the left ventricu-
lar ejection fraction in diabetic induced rats. It also decreased the
mycardiac ischemia marker protein N-terminal pronatriuretic pep-
tide this correlates which indicates SCP-D-P nanocomposites
decreases the risk mycardiac ischemia in diabetic rats. Inflamma-
tion, is a key player of initiation, progression and complication of
myocardial ischemia, hence in the current study we assessed the
anti-inflammatory property of SCP-D-P nanocomposites in diabetic
induced rats. SCP-D-P nanocomposites significantly decreased the
levels of proinflammatory cytokines TNF-a and IL-1b protein there
by prevented diabetic induced inflammation. Further our
histopathological analysis of cardiac tissue confirms SCP-D-P
nanocomposites prevented myocardiac ischemia in diabetic
induced rats.

NRF2/KEAP1 pathway is signaling pathway involved in genera-
tion of antioxidant enzymes to protect cells from oxidative stress.
During normal state NRF2 binds with KEAP1 and remains cyto-
plasm, during stress conditions NRF2 disassociates from KEAP1
and translocates to the nucleus to activate antioxidant response
element (ARE) leading to the synthesis of downstream signaling
proteins (Tan et al., 2020). p62 a selective autophagy adaptor pro-
tein, aggregation of p62 protein with NRF2/KEAP1 enhances the
disassociation of NRF2/KEAP1 binding thereby promotes NRF2
nuclear translocation. Thus activating the NRF2/KEAP1/p62 signal-
ing pathway in diabetic induced mycoardiac ischemic patients will
decrease the oxidative stress and increase antioxidant enzymes. In
our study SCP-D-P nanocomposites significantly increased the
gene expression of NRF2, KEAP1 and p62 signaling proteins
thereby prevented diabetic induced oxidative stress which leads
to myocardiac ischemia.
5. Conclusion

To conclude, in our present study we synthesized tin oxide-
Chitosan-Polyethylene glycol nanocomposite with D-Pinitol and
assessed the efficacy of SCP-D-P nanocomposites on ameliorating
cardiac ischemia in diabetic induced rats. Our characterization
analysis of SCP-D-P nanocomposites has proven it has a potent
nanodrug. SCP-D-P nanocomposites treatment have effectively
decreased the levels of glucose and increased the levels of antiox-
idants in diabetic induced rats. Echocardiography analysis have
proven SCP-D-P nanocomposites treatment have prevented the
rats from diabetic induced myocardiac ischemia, it was further
confirmed with our histopathological analysis of cardiac tissue
SCP-D-P nanocomposites treated diabetic induced rats. SCP-D-P
nanocomposites activated NRF2/KEAP1/p62 signaling proteins this
may be the reason for increase in antioxidants which would have
prevented SCP-D-P nanocomposites treated rats from diabetic
induced myocardiac ischemia. Overall, our results proves SCP-D-P
nanocomposites is a potent drug for diabetic patients to prevent
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myocardiac ischemia with further clinical trials it can authentically
proved.
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