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ABSTRACT

Methods: Extraction of Syzygium cumini was done and was used for silver nanoparticle synthesis. The synthesized nanoparticles were characterized 
by ultraviolet-visible spectroscopy, Fourier transform infrared spectroscopy, scanning electron microscopy, and transmission electron microscopy, 
which confirms the availability of nanosilver particles with marginally spherical morphology. The particles were then carried forward for treating 
impaired diabetic wounds in Wistar rat models. Regular photography was done and wound healing parameters were monitored throughout the study 
along with analyzing other parameters such as biochemical, hematological, and histological parameters.

Results: The study showed that the sizes of the synthesized nanoparticles are below 100 nm. The results obtained from in vivo studies showed efficient 
wound healing potential of silver nanoparticles as compared to pre-existing drug povidone-iodine, i.e., the percentage reduction in wound area after 
therapy is 96.09% in case of biosynthesized silver nanoparticle-treated group, 97.7% reduction in chemically synthesized silver nanoparticle-treated 
group, 64.28% reduction in case of pre-existing drug povidone-iodine-treated group, 37.5% reduction in case of diabetic control group (diabetic), and 
97.5% reduction in normal control group (non-diabetic). Results showed that biosynthesized silver nanoparticles showed less toxicity with respect to 
liver and kidney functions. Skin histology results showed increased sign of wound healing in biosynthesized silver nanoparticles. Hematology results 
showed no such variation.

Conclusion: The study will help to synthesize new economically viable potential biosynthesized nanoparticles along with providing the approach to 
develop the medication at nanoscale level.

Keywords: Nanoparticle synthesis, Characterization, Wound healing activity, Hematology, Histology, Liver and kidney function test.

INTRODUCTION

Nanotechnology is providing its great contribution in the routine lives 
of human beings [1-3]. Nanoparticles below 100 nm are reported to 
have unique characteristic properties, i.e. they have high surface-to-
volume ratio [4,5]. Various methods are available for synthesizing 
nanoparticles [6,7]; among them, the commercial methods of 
physical [8] and chemical methods [9,10] are the common one. But 
certainly, they have some disadvantages as in the physical method of 
nanoparticle synthesis, astronomically immense and costly instruments 
are required which exploit large area for the synthesizing purpose, and 
the process of aerosols are hazardous to the environment [11-13]. The 
chemical synthesis of nanoparticles employs utilization of rigorous and 
toxic chemicals withal this method which requires a highly stringent 
protocol [14,15]. The nanoparticles thus synthesized by such methods 
are toxic to the environment and ultimately result in environmental 
degradation [16]. The biological method of nanoparticle synthesis 
is an alternative approach for these conventional methods, as the 
method is quite non-hazardous, frugal, facilely scaled up, and does 
not require multiple steps [17,18]. Plants, microorganisms, fungi, 
bacteria, yeast, actinomycetes, etc., are some of the components in the 
biological system [19], which are designated for synthesizing metal 
nanoparticles [20-22]. The phytoconstituents available in the plant 
extract (P.E) are kenned to have the capacity of synthesizing metal 
nanoparticles and are withal utilized as capping agent [23-28]. Thus, 
the plant metabolites act both as reducing and capping agents for metal 

nanoparticles [29-32]. The most consequential constituents present 
in the P.E responsible for nanoparticle synthesis and their capping 
are flavonoids, terpenoids, and phenols [33]. Metal nanoparticles are 
reported to have good antibacterial activity [34-36]. Few antibiotics are 
available in the market, but the development of resistance by pathogens 
against particular antibiotic is a common process, thus a high dose of 
such antibiotic is required [37-41]. Wound healing is a very prevalent 
phenomenon, but in diabetic wound, the healing process gets delayed 
due to lowering of several physiological processes [42,43], which 
ultimately leads to infectious wounds and then delayed healing [44-47]. 
Hence, in this study, an ecofriendly approach for biosynthesizing 
metal nanoparticles has been applied, which is low cost, facilely 
scaled up, feasible, and may act as better therapeutic agent for wound 
management.

MATERIALS AND METHODS
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Objective:  Green  synthesis  of  nanoparticles  has  been  used  as  an  alternative,  efficient,  less  expensive,  and  ecofriendly  method.  Ancient 
approaches employed for nanoparticle fabrication were chemical and physical methods having various disadvantages as they are costly and potentially
 harmful  to  the  environment,  use  of  harsh  chemicals  and  stringent  protocol  for  synthesizing  nanoparticles.  The  present  study  is  focused  on  the 
synthesis of silver nanoparticles by bio-availed as well as chemical route and evaluation of their wound healing potential in Wistar rat model.

Materials
Magnetic bead, conical flask, test tubes, scissors, surgical blade 
for  surgical  process,  transparent  polythene  sheet,  permanent 
marker  for  measurement  of  wound  area,  graph  paper,  and 
One-touch  glucometer  (ACCU-CHEK  Sensor  Comfort)  of  Roche 
Diagnostics  were  purchased.  The  required  chemical  such  as  silver 
nitrate metal salt was purchased from Fisher-Scientific. Streptozotocin 
(STZ) was purchased from Sigma– Aldrich Co., USA. Simple ointment base.
 Anesthetic  Ether,  normal  saline,  and  the  reference  drug  used  was 
povidone-iodine.
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Methods
Collection of leaves and extract preparation
Fresh leaves of Syzygium cumini were collected from the campus of 
Botanical garden, Jiwaji University, Gwalior. The leaves were washed 
exhaustively by distilled water and then dried on filter paper. The leaves 
were then grinded by denotes of motor pistal followed by filtration so 
as to abstract the solid waste. Solvent extraction [48-50] of leaves was 
then done using 30% ethanol and water. The extract was then stored at 
4°C for further use [51-53].

Synthesis of silver nanoparticles and characterization
0.01 M of AgNO3 salt solution was taken in Erlenmeyer flask. The 
reduction of nanoparticles was done using S. cumini leaf extract, whereas 
chemical synthesis of the nanoparticles was done using NaBH4 where 
PVP was used as a capping agent. The reducing agents were integrated 
drop wise until the colloidal suspension appears. The solution was then 
allowed to mix on a magnetic stirrer at room temperature, until the color 
change appears. The suspension was then allowed for centrifugation, 
and then pellets were collected, washed, and then dried [54]. The 
sample was then stored for further use. The synthesized nanoparticles 
were then allowed to go through various characterization processes 
so as to understand the size and shape distribution. Ultraviolet-visible 
(UV-VIS) spectroscopy, Fourier transform infrared spectroscopy (FTIR), 
scanning electron microscopy (SEM), transmission electron microscopy 
(TEM), etc., are some of the characterization techniques that were opted 
for the characterization process [55].

In vivo study

The present work was performed in compliance with the Germane 
laws and institutional guidelines and the study was approved by the 
Animal Ethical Committee of Jiwaji University. All the thirty male 
Wistar rats of weight approximately 250–300 g were obtained from 
the Defence Research and Development Establishment, Gwalior, 
India.

Acclimatization of all the animals to laboratory conditions was done 
(25–30°C and at 45–55% relative sultriness for 12 h, each of light 
and dark cycle) prior to experiment [56]. The effective concentration 
of nanoparticles was chosen for in vivo study. The animals were then 
divided into five groups, which were treated with biosynthesized silver 
nanoparticles (Group 1), chemically synthesized silver nanoparticles 
(Group 2), presubsisting drug povidone-iodine (Group 3), diabetic 
controls (DC) that were left untreated (Group 4), and normal controls 
(NC) that were left untreated (Group 5).

Diabetes was induced in overnight-fasted rats by single intraperitoneal 
injection of freshly prepared STZ (45 mg/kg body weight) in 0.1 M 
citrate buffer, pH 4.5 [57]. Hyperglycemia was corroborated by checking 
the blood glucose (by ACCU-CHEK sensor glucometer) after 48 h of STZ 
injection. Rats exhibiting blood glucose >200 mg/dl at 48 h after STZ 
injection were used for the experiments and regular monitoring of 
blood glucose level was done throughout the study.

Dorsal surgery was done after giving anesthesia. The animals were 
anesthetized with diethyl ether and 2.0×2.0 cm2 excision wound was 
developed. The wound healing parameters that were estimated during 
in vivo assessment include area quantification which was done by 
utilizing a Ruler method [58]. Data obtained from quantification of the 
area were analyzed by one-way ANOVA, where values are statistically 
significant at p<0.05 (*), **p<0.01. Monitoring of all parameters such 
as biochemical (liver and kidney function), hematological, and skin 
histology parameters was done.

Kidney and liver functions were estimated in blood plasma by utilizing 
standard kits [59,60]. Automated blood analyzer was used to evaluate 
various hematological parameters such as hematocrit (Hct), platelet 
(PLT) count, hemoglobin concentration (Hb), total erythrocyte count 

(red blood cell [RBC]), and total leukocyte count (white blood cell 
[WBC]).

For skin histology, each specimen (skin tissue) was cut with a blade from 
all groups. The cut piece was fixed with 10% formalin and embedded 
in paraffin. The skin of the wound was cut in 5 µm and stained with 
hematoxylin and eosin and then visualized under light microscopy to 
determine various parameters.

RESULTS AND DISCUSSION

Characterization of metal nanoparticles
Visible change in the color was observed in the metal salt solution from 
white foggy to brown which denotes the formation of nanoparticles. 
The change in the color of the solution is due to change in the surface 
plasmon resonance of the particles.

UV-VIS spectroscopy
The UV-VIS spectroscopy showed SPR spectrum absorbance at 419 nm of 
silver nanoparticles synthesized by biological route (Fig. 1) and 409 nm 
of silver nanoparticles synthesized by chemical route (Fig. 2), which is 
already recorded for silver nanoparticles. The position of the spectra may 
shift depending on the size and shape of the synthesized nanoparticles.

FTIR analysis
The FTIR results obtained from biosynthesized silver nanoparticles 
give characteristic peaks. The peak at 3429.22/cm, 2734.24/cm, 
1762.26/cm, 1655.25/cm, 824.00/cm, and 800/cm, which corresponds 
to the vibration, stretching, and bending characteristics of the chemical 
functional group, presents within the sample. The various peaks 
obtained refer to O-H stretch of phenols, C-H stretch of aldehydes, 
C=O stretch of carboxylic acids, N-H bend of primary amines, C-CH 
bending of aromatics, and C-Cl stretching vibration of alkyl halides. The 
presence of various chemical functional groups suggests that probably 
the phytochemical utilized for reduction purpose during synthesis may 
be acting as a capping agent for nanoparticles (Fig. 3).

The FTIR results obtained from chemically synthesized silver 
nanoparticles give characteristic peaks. The peak at 2929.29/cm, 
1550.24/cm, 1418.24/cm, 1156.28/cm, 1023.28/cm, 951.30/cm, 
755.31/cm, 688.29/cm, and 615.31/cm, which corresponds to the 
vibration, stretching, and bending characteristics of the chemical 
functional group, presents within the sample. The various peaks thus 
obtained refer to 0-H stretching vibrations, C-H asymmetric stretching 
vibrations, C=O stretching vibration, C-N stretching vibrations, and 
CH2 bending vibrations. The presence of various chemical functional 
groups suggests that the chemical utilized for reduction purpose during 
synthesis may be acting as a capping agent for nanoparticles (Fig. 4).

TEM analysis
TEM results of biosynthesized silver nanoparticles showed that the 
nanoparticles were ranging from 16 to 45 nm, with an average size of 
42.40nm. Most of the silver nanoparticles were roughly circular with 
smooth edges. The phytochemical constituents in the S. cumini leaves such 
as tannins, phenols, terpenoids, proteins, saponins, and flavonoids may 
act as reducing agents during the synthesis of silver nanoparticles (Fig. 5).

TEM analysis of chemically synthesized silver nanoparticles showed 
that the silver nanoparticles were ranging from 15 to 42 nm, with an 
average size of 38.1 nm (Fig. 6).

SEM analysis
SEM analysis limpidly depicts that the nanoparticles synthesized by 
both biological and chemical routes were of spherical and ellipsoidal 
shapes (Figs. 7 and 8).

In vivo study
During 16 days of topical therapy of nanoparticles on wounds, the 
glucose level in STZ-induced diabetic rats was monitored regularly 
throughout the therapy.
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Evaluation of change in area and age of wound during therapy
During 16 days of topical therapy of different metal nanoparticle 
formulation on wounds of diabetic Wistar rats, the wound area 
reduction that took place is shown in Table 1.

Evaluation of wound contraction and epithelialization
The rate of rejuvenating was calculated and expressed as percentage 
contraction. The changes in the percentage of wound contraction and 
epithelialization are shown in Table 2.

Biochemical parameters
Urea level, uric acid level, and creatinine level (kidney function 
test)
During 16 days of topical therapy of nanoparticles on wounds, kidney 
function test done afore and after therapy revealed that the highest 
elevation of urea, uric acid, and creatinine level among all groups was 
optically discerned in Group 3. The changes in the urea level, uric acid 
level, and creatinine level are shown in Table 3.

Fig. 2: Ultraviolet-visible analysis of chemically synthesized silver 
nanoparticles

Fig. 3: Fourier transform infrared analysis of biofabricated silver 
nanoparticles

Fig. 1: Ultraviolet-visible analysis of biofabricated silver 
nanoparticles

Fig. 4: Fourier transform infrared analysis of chemically 
synthesized silver nanoparticles

Fig. 5: Transmission electron microscopy analysis of 
biofabricated silver nanoparticles

Fig. 6: Transmission electron microscopy analysis of chemically 
synthesized silver nanoparticles
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Serum glutamate pyruvate transaminase (SGPT), serum glutamate 
oxaloacetate transaminase (SGOT), and bilirubin level (liver 
function test)
During 16 days of topical therapy of nanoparticles on wounds, liver 
function test done afore and after therapy revealed that the highest 
elevation in SGPT, SGOT, and creatinine was optically discerned in Group 3. 
The changes in the SGPT, SGOT, and bilirubin level are shown in Table 4.

Results obtained from liver and kidney function analysis have shown 
that chemically synthesized silver nanoparticles have enhanced wound 
rejuvenating activity but they withal have incremented toxicity level in 
liver and kidney. Hence, biologically synthesized silver nanoparticles 
can be utilized as an excellent alternative for treating impaired diabetic 
wounds because of their consequential wound rejuvenating activity 
with low toxicity level in liver and kidney.

Hematological parameters
Evaluation of changes in hematological parameters in various groups 
after completion of therapy is listed in Table 5.

Previous studies have shown that the normal range of PLT count in 
laboratory rats is 680–1200 103/µL, Hct is 37.9–49.9%, WBC count is 
1.96–8.25 103/µL, RBC count is 7.27–9.65 106/µL, and hemoglobin is 
13.7–17.6 g/dL. The results thus obtained have shown that the topical 
application of nanoparticles on wounds has no such effects or too much 

variation from their normal range on hematological parameters such 
as Hct (%), PLT count (103/µL), and Hb concentration Hgb (g/dL), but 
there is a partial decline in RBC counts in Group 2. Also, there is a partial 
elevation in WBC counts in Groups 1, 3, and 4.

Group 2, i.e., chemically synthesized silver nanoparticle-treated group 
during in vitro studies, has shown good antibacterial activity but has 
reduced wound healing activity in comparison to other nanotreated 
group which is clearly visually shown in Fig. 10.

Group 3, i.e. reference drug (povidone-iodine)-treated group does 
not get healed properly and showed delayed wound healing, along 
with marginal inflammation throughout the study, thus considered 
as non-paramount for wound therapy (Fig. 11).

Group 4, i.e., DC, showed no denotement of auto healing of wounds 
along with increased inflammation (Fig. 12).

Group 5, i.e., NC, showed auto healing along with paramount reduction 
of wound area (Fig. 13).

Table 1: Percentage reduction in wound area after therapy along with complete healing of wound (in days)

Groups Percentage reduction in wound area after therapy (in %) Complete healing (in days) Significance level
Group 1 96.09% reduction 15th day p=0.011*
Group 2 97.7% reduction 14th day p=0.002**
Group 3 64.28% reduction No complete healing p=0.04*
Group 4 37.5% reduction No complete healing Non-significant
Group 5 97.5% reduction 13th day p=0.016**
Data were analyzed by one-way ANOVA. Values are statistically significant at P<0.05*, **p<0.01. ANOVA: Analysis of variance

Table 2: Percentage of epithelialization level and wound contraction

Groups Percentage of wound contraction Percentage of epithelialization level

Before therapy (on 4th day) After therapy (on 16th day) Before therapy (on 4th day) After therapy (on 16th day)
Group 1 21.10% 94.11%* (p<0.05) 19.8% 92.1%* (p<0.05)
Group 2 29.14% 93.10%* (p<0.05) 22.35 96.6%* (p<0.05)
Group 3 16.08% 64.08% (p>0.05) 13.2% 73.2% (p>0.05)
Group 4 25.01% 37.08% (p>0.05) 22.1% 45.4% (p>0.05)
Group 5 36.18% 97.42% (p<0.05) 28.6% 97.7% (p<0.01)
Data were analyzed by one-way ANOVA. Values are statistically significant at *p<0.05*, **p<0.01. ANOVA: Analysis of variance

Fig. 7: Scanning electron microscopy analysis of biofabricated 
silver nanoparticles

Fig. 8: Scanning electron microscopy analysis of chemically 
synthesized silver nanoparticles

Photography of wound at different time intervals
In Group 1, i.e., biosynthesized silver nanoparticle-treated group, there
 is amended wound healing with increased rate of hairation along 
with reduced scar which can be optically discerned in Fig. 9.
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Histopathological parameters
The results obtained from histological observation of skin tissue 
sections were divided into three grades; Grade 1: Low level, 
Grade 2: Moderate level, and Grade 3: Good level on the basis of 
availability of the various parameters chosen for histological observation 
of the skin tissue section, after therapy, as shown in Figs. 14-18 [61].

Biosynthesized silver nanoparticle-treated group showed 
Grade 1: Collagen fibers, sebaceous glands, epithelialization; 
Grade 2: Hair follicles, melanocytes, neovascularization, granulation 
tissue; and Grade 3: Fibrosis, inflammatory cells showing lymphocytes 
and neutrophils, capillary, and venule.

Chemically synthesized silver nanoparticle-treated group 
showed Grade 1: Collagen fibers, melanocytes, epithelialization; 
Grade 2: Sebaceous glands, hair follicles, inflammatory cells showing 
lymphocytes and neutrophils, granulation tissue; and Grade 3: Fibrosis, 
neovascularization, capillary, and venule.

Reference drug povidone-iodine–treated group showed 
Grade 1: Collagen fibers, granulation tissue, epithelialization; 
Grade 2: Melanocytes and sebaceous glands; and Grade 3: Hair follicles, 
ducts, inflammatory cells showing lymphocytes and neutrophils, 
capillary, and venule, neovascularization, and fibrosis showing 
fibrocytes with elongated nucleus.

DC group showed Grade 1: Granulation tissue; Grade 2: Melanocytes, 
collagen fibers, and epithelialization; Grade 3: Hair follicles, ducts, 
sebaceous glands, inflammatory cells showing lymphocytes and 
neutrophils, capillary, and venule, neovascularization, fibrosis showing 
fibrocytes with elongated nucleus.

Table 3: Changes in urea level, uric acid level, and creatinine level

Groups Urea (mg/dl) Uric acid (mg/dl) Creatinine (mg/dl)
Group 1 (biosynthesized silver nanoparticles) 51±2.16 3.9±0.6 0.59±0.02
Group 2 (chemically synthesized silver nanoparticles) 54.6±1.4 5.2±0.1 0.91±0.01
Group 3 (preexisting drug) 47.9±0.6 3.9±0.2 0.72±0.07
Group 4 (diabetic control) 48.3±2.5 3.03±0.1 0.45±0.04
Group 5 (normal control) 34.6±1.7 2.46±0.1 0.42±0.02
Values are presented as mean±standard error

Table 4: Changes in SGPT level, SGOT level, and bilirubin level

Groups SGPT (U/L) SGOT (U/L) Bilirubin (mg/dL)
Group 1 (biosynthesized silver nanoparticles) 49.8±1.3 81.1±4.6 0.85±0.04
Group 2 (chemically synthesized silver nanoparticles) 54.6±2.4 88.8±4.6 0.92±0.1
Group 3 (preexisting drug) 51.9±3.6 82.3±5.6 0.87±0.22
Group 4 (diabetic control) 52.8±2.4 80.0±4.5 0.86±0.04
Group 5 (normal control) 37.2±1.6 50.6±2.4 0.65±0.05
Values are presented as mean±standard error. SGPT: Serum glutamate pyruvate transaminase, SGOT: Serum glutamate oxaloacetate transaminase

Table 5: Changes in hematological parameters of different groups

Total leukocytes  
(WBC×103/mm3)

Total erythrocyte 
count/RBC  
(106/µL)

Hemoglobin concentration  
(g/dl)

Platelet count  
(103/µL)

Hematocrit  
(%)

Hematological parameters

9.6±0.3 6.89±0.34 10.35±0.96 690.2±78.30 36.26±3.12 Group 1 Groups  
(values are 
presented as 
mean±SD)

10.7±0.2 6.36±0.09 9.21±0.47 765.2±82.32 38.32±0.21 Group 2
9.9±0.8 5.82±0.93 11.61±0.28 672.8±67.65 34.42±0.98 Group 3
11.9±0.1 6.23±0.69 11.23±0.86 679±48.22 38.02±2.39 Group 4
5.9±0.9 8.26±0.02 14.20±0.91 760±38.33 43.67±2.01 Group 5
Values are presented as mean±SE. SE: Standard error

Fig. 11: Visible observation of wound healing in Group 3

Fig. 9: Visible observation of wound healing in Group 1

Fig. 10: Visible observation of wound healing in Group 2 Fig. 12: Visible observation of wound healing in Group 4

Fig. 13: Visible observation of wound healing in Group 5
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NC group showed Grade 1: Hair follicles, ducts, sebaceous glands, 
granulation tissue, melanocytes, collagen fibers, epithelialization; 

Grade 2: Capillary and venule, neovascularization, fibrosis showing 
fibrocytes with elongated nucleus; and Grade 3: Inflammatory cells 
showing lymphocytes and neutrophils.

CONCLUSION

The present study clearly depicts the efficiency of S. cumini leaf extract 
in the synthesis of silver nanoparticles. The P.E itself acts as reducing 
as well as capping agent, the synthesized particles are stable at room 
temperature and do not show agglomeration. The P.E used had proven 
to be an efficacious implement for synthesizing silver nanoparticles in 
the size range below 100 nm when analyzed by TEM and the shape of 
the particles is spherical/ellipsoidal which is clearly visually seen in 
the SEM analysis. The FTIR results obtained corroborate the presence 
of functional groups present within the phytochemical constituents of 
P.E. The synthesized nanoparticles showed potential wound healing 
potential in STZ-induced diabetic rats with low toxicity as compared 
to the chemically synthesized nanoparticles, with no such significant 
changes in hematological parameters, along with positive sign of wound 
healing as seen in skin histology results. Thus, it can be concluded 
that biosynthesized silver nanoparticles can be utilized as a better 
therapeutic implement for treating impaired diabetic wounds with 
increased wound healing efficacy, reduced scar, and health-care cost.
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