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The present study describes a rapid method for synthesis of metallic silver nanoparticles using callus (CAgNPs) and leaf extracts
(LEAgNPs) ofCucumis sativus and evaluation of its wound healing activity in ratmodel.The prepared silver nanoparticles showed a
peak at 350 nm corresponding to the surface plasmon resonance band.The FTIR spectroscopy measurements showed the presence
of the possible biomolecules. X-ray diffraction analysis confirmed the crystalline structure of the synthesized silver nanoparticles.
TEM images showed the size of the synthesized CAgNPs with diameter ranged from 21 nm to 23 nmwith polygonal shape whereas,
in the case of LEAgNPs, spherical shape was noticed with an average size between 11 nm and 19 nm.The EDX results indicated the
chemical composition at specific locations on synthesized nanoparticles. Furthermore the topical application of ointment prepared
using synthesized AgNPs was found to show enhanced wound healing activity in Wistar albino rat model. By the 21st day, the
ointment base containing 5% (w/w) of silver nanoparticles showed 100% potential wound healing activity than the standard drug
as well as control bases. Results strongly showed that the ointment base containing LEAgNPs was found to be very effective in
wound repair mechanism in the experimental rats.

1. Introduction

Nanoparticle synthesis and characterization is an emerging
field of nanobiotechnology, due to their huge applications in
the fields of physics, chemistry, biology, and medicine. The
synthesis of nanomaterials with the use of green chemicals
has vital importance in medicinal and technological aspects.
Metallic silver nanoparticles have a wide range of applica-
tions in the field of environmental pollution control, drug
delivery system, material chemistry, and so on [1, 2]. Silver
nanoparticles provide a powerful platform in biomedical
applications of biomolecular recognition, biosensing, drug
delivery, andmolecular imaging [3, 4]. Silver is well known as
it is one of the most universal antimicrobial substances and it
is highly toxic to microorganism which shows the biocidal

effect against microbial species. The chemical synthesis of
silver nanoparticles can cause several occupational hazards
like carcinogenicity, genotoxicity, cytotoxicity, and general
toxicity [5]. Plant extracts have been applied for synthesis of
silver nanoparticle which highlights the possibility of rapid
synthesis and may also reduce the steps in downstream
process, thereby making the cost efficient protocol [6, 7].
For thousands of years silver has been used as a healing
and antibacterial agent throughout the world [8]. As tradi-
tionally used physical and chemical methods for synthesis
of silver nanoparticle are quite expensive and involve haz-
ardous chemicals, there is a need to develop rapid, non-
toxic, and ecofriendly procedure for synthesis of nanopar-
ticles using plant based bioactive compounds via green
technology.
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Cucumber (Cucumis sativus L.) belongs to the Cucur-
bitaceae family; the medicinal properties of cucumber had
been well described since ancient times. Different parts of
the plants, namely, leaf, fruit, and seeds, have been explored
for their therapeutic benefits [9]. It is believed that they
promote refreshing, cooling, healing, soothing, emollient,
and itching effect to irritated skin [10]. Antihyaluronidase
and antielastase activities have been proven for their cosmetic
properties [11]. Few bioactive compounds have been derived
from this plant belonging to different chemical groups. Bitter
principles of cucurbitacins are the characteristic properties
of this species [9]. There were very few reports on the wide
use of cucumber plant used as folk medicine [12]. In most of
the developing world, plants or herbal products have forever
played important roles in the treatment of wounds, intestinal
problems, coughs, and sneezes.

Wound healing is a complex multifactorial process that
results in the contraction and closure of the wound area and
restoration of a functional barrier. Repair of injured tissues
occurs as a sequence of events, including inflammation, pro-
liferation, and migration of different cell types. Many plant
species have been shown to possess therapeutic potential as
promoters of wound healing activity.Medicinal plant extracts
have been widely used in facilitating wound healing process
with a high degree of success rate [13–16]. Earlier reports
have described the effect of crude plant extracts on wound
healing activity [17]. Most recently, Bhuvaneswari et al. [18]
described a method for synthesis of bioactive compound
loaded stable silver nanoparticles from aqueous leaf extracts
ofNaringi crenulata and studied its wound healing activity in
experimental rat model. Although different medicinal plant
extracts as well as nanoparticles have been tried for the
wound healing treatment in the recent past, there were no
reports on wound healing activity using either crude extracts
or the silver nanoparticles synthesized using Cucumis sativus
plant extracts so far. Also effective and potential wound
healing agents from medicinal plants are not available at
present. In view of the above, there is an urgent need for the
development of efficient wound healing agents derived from
traditional medicinal plants. The present study was focused
on synthesis and characterization of bioactive molecules
loaded metallic silver nanoparticles using cucumber callus
and leaf extracts and evaluation of its wound healing activity
in Wistar albino experimental rat models.

2. Materials and Methods

2.1. Plant Materials. Leaves of cucumber were collected
from the Greenhouse, Department of Biotechnology, Periyar
University, Salem-11. Callus samples were collected from in
vitro culture. Fresh leaves of cucumberwere surface washed
with running tap water and then rinsed with sterile distilled
water to remove the adhering impurities. Silver nitrate was
purchased fromMerck, Mumbai, India.

2.2. Biosynthesis of Silver Nanoparticles. The preparation of
silver nanoparticles was carried out by using two different
methods as follows: (I) boiledmethod: the fresh leaves (5 gm)
and callus tissues (5 gm) individually were collected and cut

into fine pieces and we added 10mL of sterile distilled water
for both samples. The samples were allowed to boil at 60∘C
for 10min. After boiling, extracts were filtered and used
for silver nanoparticle synthesis. (II) Centrifuged method:
fresh leaves (5 gm) and callus tissues (5 gm) individually
were weighed and ground to fine powder by using mortar
and pestle and we added 10mL of sterile distilled water to
the samples subjected to centrifugation at 10,000 rpm for
10min. After centrifugation, the supernatant was collected
and used for silver nanoparticle synthesis. The plant extracts
(10mL) from boiled as well as centrifuged samples were used
as reducing agents for synthesis of silver nanoparticles. An
aqueous solution of 1mM silver nitrate solution (90mL) was
added for the reduction of silver ions for all the samples and
incubated in the dark conditions overnight and the control
sample (silver nitrate without adding plant extract) was also
maintained.The reduction of silver ionswasmonitored by the
color change of the synthesized nanoparticles.

2.3. Characterization of SynthesizedMetallic Silver Nanoparti-
cles. Preliminary characterization of the synthesizedmetallic
silver nanoparticleswas carried out usingUV-vis spectropho-
tometer. The reduction of silver ions was monitored by
measuring the absorbance of the reaction mixture in a range
of wavelength from 200 to 700 nm using UV-vis spectropho-
tometer (Systronics 2350 double beam spectrophotometer)
to find an absorbance peak. After incubation, the samples
were centrifuged at 10,000 rpm for 10min and the pellet
was dissolved in sterile distilled water and we washed the
nanoparticles for 3 times to remove the impurities. Then
the centrifuged samples were air dried and used for further
characterization.

Both silver nanoparticles (CAgNPs and LEAgNPs) were
then subjected to FT-IR spectroscopy measurements using
“Perkin-Elmer makes model spectrum RXI” in the transmit
mode in the range of 4000–400 cm−1 inKBr pellets to find the
possible functional groups. The X-ray diffraction measure-
ment for biosynthesized AgNPs was carried out on Shimadzu
Model XRD 6000 using Cu k

𝛼
radiation which was facilitated

at 40KV and with a wavelength of 1.54187 nm. Subsequently
the X-ray patterns were obtained in the 2𝜃 range of 20∘–
80∘. The size andmorphology of the synthesized AgNPs were
studied using transmission electron microscopy (TEM, Carl
Zeiss Ultra 55 model) and the size of the nanoparticles was
determined using the Sigma Scan Pro Software. Furthermore,
the presence of elemental silver region was confirmed by X-
ray energy dispersive spectrometer (EDAX) attached with
TEM.

2.4. Preparation of AgNPs Based Ointment. A simple oint-
ment was prepared by trituration in a ceramic mortar and
pestle using white soft paraffin base. Three batches of the
simple ointment (Batches A, B, and C) were prepared and
used for wound healing experiments. Batch A ointment was
preparedwithout any nanoparticles and standard drug. Batch
B ointment contains 5%w/w Betadine (standard drug) and
Batch C ointment consists of synthesized LEAgNPs. These
ointments were prepared as per Indian pharmacopeia by
fusion method.
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Table 1: Effect of externally applied green synthesized LEAgNPs based ointment on excision wound model in experimental rats.

Treatment groups Wound contraction (mm2) on day ± SE and percentage of wound contraction
Day 0 Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 Day 21

Control 507.64 ± 0.70 474.60 ± 4.72 398.76 ± 3.29 362.73 ± 5.87 282.09 ± 6.63 204.8 ± 10.12 95.39 ± 4.68 33.11 ± 2.90
Std. drug 506.48 ± 2.38 462.52 ± 2.36 350.14 ± 11.5 298.57 ± 3.56 177.7 ± 5.71 80.33 ± 9.95 18.48 ± 2.09∗ 5.17 ± 1.35∗

AgNPs 508.34 ± 1.20 415.48 ± 5.52 329.84 ± 3.49 262.10 ± 7.26 138.1 ± 3.12 16.16 ± 2.06∗ 2.33 ± 0.59∗ 0 ± 0.00
∗The values are mean ± SEM (𝑛 = 4) with statistically significant difference in comparison with control group: 𝑝 < 0.05.

(a) (b) (c) (d)

Figure 1: Visual observations of color change in the reaction mixtures: (a) callus extract, (b) CAgNPs, (c) leaf extract, and (d) LEAgNPs.

2.5. Wound Healing Activity

2.5.1. Experimental Animals. Healthy adult male Wistar rats
(150–200 g) were randomly selected for the present in vivo
studies. Rats were housed individually in polypropylene cages
in well ventilated environmental conditions (temperature of
25 ± 2∘C, relative humidity of 55 ± 10%, and 12 : 12 light : dark
cycle). The rats were fed with standard pellet diet (Amrut rat
and mice feed, Sangli, India) and water ad libitum. All the
experiments were conducted in accordance with the approval
of the Institutional Animal Ethics Committee, Mother Teresa
Women’s University, Kodaikanal (IAEC Approval Number
001/BT/MTWU/IAEC/0209/2013/02 and CPCSEA Registra-
tion Number 933/PO/c06/CPCSEA).

2.5.2. Excision Wound Healing. The rats were anesthetized
with diethyl ether before and during the infliction of experi-
mental wounds. The hairs were removed by shaving the back
of all the rats and ethanol (70%) was applied on the region
before making the wound. Excision wound of 500mm2 was
created on the depilated dorsal thoracic region of the rats.
After wound creation, experimental animals were divided
into the following three groups, each group consisting of 6
rats.

Group 1: negative control was treated with blank oint-
ment formulation (Batch A). Group II: wounds were treated
topically with standard drug Betadine as positive control

(Batch B). Group III: wounds were treated with an ointment
base prepared with synthesized silver nanoparticles using
centrifuged leaf extracts of cucumber (Batch C).

2.5.3. Wound Contraction and Epithelization Period. The
ointment was topically applied daily once until the wounds
were completely healed. Wound area was measured at day
zero (500mm2) and once every 3 days after wounding.
Excision wound margins were measured on 3rd, 6th, 9th,
12th, 15th, 18th, and 21st day after treatment using transparent
paper. The tracing of the wound was then shifted to graph
paper, and the measured wound surface area at different
days after wound creation was employed to calculate the
percentage of wound contractionwhichwas expressed as unit
(mm2) percentage reduction of original wound size (Table 1).

2.6. Statistical Analysis. Data were expressed as a mean ±
standard error. Statistical analysis was carried out using
one-way ANOVA and differences in mean between paired
observations were considered statistically significant when 𝑝
values were <0.05.

3. Results and Discussion

3.1. Biosynthesis of Silver Nanoparticles. In the current study,
the cucumber plant extracts were prepared adopting two
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Figure 2: UV-vis spectroscopy analysis in the range of 300–700 nm for AgNPs synthesis: (a) CAgNPs and (b) LEAgNPs and FT-IR spectral
analysis of biosynthesized AgNPs: (c) CAgNPs and (d) LAgNPs.

methods for extracellular synthesis ofmetallic silver nanopar-
ticles (CAgNPs and LEAgNPs). Both the callus and leaf
extracts were mixed with an aqueous solution of silver nitrate
resulting in color change from green to reddish brown
depending on the intensity and the size of nanoparticles. The
color changewas due to the excitation of surface plasmon res-
onancewith theAgNPs [5, 19].The color changewas recorded
by visual observation in both callus and leaf extracts when
incubatedwithAgNO

3
solution (Figures 1(a)–1(d)).The color

intensity was found to be higher with centrifuged extract
than the boiled extract. Therefore, further characterization
was carried outwith theAgNPs synthesized using centrifuged
extracts (both callus and leaf samples) only.

3.2. Characterization of Synthesized Silver Nanoparticles

3.2.1. UV-Vis Spectroscopy. UV-visible spectroscopy is one of
the valuable techniques for structural characterization and

stabilization of silver nanoparticles. It is known that silver
nanoparticles are expected to exhibit a UV-visible absorption
peak maximum in the range of 300–500 nm. The reduction
of pure Ag+ ions to Ag0 was monitored by measuring UV-
visible spectrum of the reaction media at regular intervals.
In the present study, the silver surface plasmon resonance
was observed at 350 nm showing shift of the maximum
wavelength. An increased intensity could be due to increasing
of the number of nanoparticles produced as a result of
reduction of silver ions present in the aqueous medium.
Earlier report confirmed thatmaximumabsorbance occurred
due to presence of silver particles [20]. The absorbance
spectrum area increased with the increase in reaction time.
The possible reason for this result could be due to the
bioreduction of silver ion by the presence of biomolecules
in the leaf extracts [7]. The control solutions of cucumber
callus or leaf extract or 1mM AgNO

3
neither developed

the characteristic brown colors nor did they display the
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Figure 3: XRD pattern exhibiting the facets of crystalline nature of synthesized AgNPs: (a) CAgNPs and (b) LAgNPs.

characteristic peaks in the present study. Results confirmed
that the reduction of AgNO

3
did not occur under the reaction

conditions. Similar results were also demonstrated recently
[18, 21, 22]. It is well recognized that the optical absorption
peak of metal nanoparticles was dominated by surface plas-
mon resonances (SPRs) that shift to longer wavelengths with
increasing particle size due to the capping agent [23, 24].
It is reported that the SPR was mainly depending upon the
size and shape of AgNPs [25]. In general, the number of
SPR spectra decreases as the symmetry of the nanoparticle
increases [26]. The UV-vis spectrum was also recorded after
24 h incubation showed that there was no increase in the
absorption spectra which confirms the complete synthesis
of silver nanoparticles (Figures 2(a) and 2(b)). The SPR
absorbance was extremely sensitive to the nature, size and
shape of the particles formed, their interparticle distances,
and the surrounding media. Pimprikar et al. [27] described
the influence of level of active biomolecules present in the
biological samples on nanoparticle formation.

3.2.2. Fournier Transform Infrared Spectroscopy. FT-IR
spectroscopy analysis was characterized to identify the
biomolecules that were bound specifically on the synthesized
AgNPs. Synthesized silver nanoparticles using centrifuged
callus extracts (CAgNPs) showed peaks at 3426, 2926,
2103, 1896, 1639, 1232, 1059, and 669 cm−1 (Figures 2(c) and
2(d)). The peaks produced at 3426 cm−1 represent the OH
stretching (binding of silver ions with groups) which contains
alcohols and phenols. The spectra at 2926 cm−1 denote CH
stretching which reveals the presence of alkenes group.
The band at 2103 cm−1 stretches alkynes group. The peak
at 1869 cm−1 stretches CH which contains aromatic group.
The peak at 1639 cm−1 represents C-C stretches, indicating
the presence of alkenes. The spectra at 1232 cm−1 indicate
CO stretching alcohols, carboxylic acids, esters, and ethers.
The peak at 1059 cm−1 stretches C-N containing aliphatic

amines. Synthesized silver nanoparticles by centrifuged leaf
extracts (LEAgNPs) showed peaks at 3764, 3433, 2923, 2859,
2359, 2206, 2110, 1639, 1392, 1243, 1070, 667, and 465 cm−1
(Figure 2(b)).The peak produced at 3764 cm−1 indicates N-H
stretches amide group. The peak at 3433 cm−1 represents
the OH stretching (binding of silver ions with OH groups)
phenols and alcohols. The band at 2859 cm−1stretches
C-H indicates the presence of alkanes group, while at
2359 cm−1stretch with O-H group represents the presence
of carboxylic acids, and peaks at 2206, 2110 cm−1with
C-C stretch confirms the presence of alkynes group. The
peaks at 1243, 1070 cm−1 represent C-N stretching aliphatic
amine groups. The bands appearing at 667, 465 cm−1 are
due to the presence of alkyl halides (C-Br) stretching.
These abovementioned peaks clearly showed that the active
biomolecules involved in the reduction and capping of
silver ions were different in both extracts. The cucumber
leaf extracts are rich resources of phytoconstituents, like
cucurbitacin, flavonoids, and phenols that were capped on
synthesized AgNPs. Macromolecules such as proteins could
easily bind and interact with silver salts through either free
amine groups or cysteine residues that are ultimately involved
in stabilization of the synthesized silver nanoparticles [22].
As mentioned earlier, amine and phenol groups were the
surface active molecules present in the leaf extracts and
participated in the reduction of metal ions and stabilization
of nanoparticles in the reaction mixture [22, 28] and the
protein secondary structures were altered after reaction of
Capsicum annuum L. extract with silver ions [29]. These
results together suggested that the functional groups of these
bioactive compounds proved to have potential to act as
reducing and stabilizing agents during the synthesis of silver
nanoparticles in this study.

3.2.3. X-Ray Diffraction Analysis. The exact nature of the
AgNPs synthesized was studied through XRD analysis. The
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Figure 4: TEM images of synthesized AgNPs: (a) CAgNPs and (b) LAgNPs and EDX spectrum exhibited the strong signal of silver from
synthesized nanoparticles: (c) CAgNPs and (d) LEAgNPs.

result clearly showed strong andnarrowdiffraction peaks that
indicated the synthesized AgNPs were found to be crystalline
in nature (Figures 3(a) and 3(b)). A number of Bragg’s
reflection peaks were noticed at 2𝜃 values of 38.116∘, 44.277∘,
64.426∘, and 77.472∘ corresponding to the (111), (200), (220),
and (311) planes for callus extracts of cucumber and reflection
peaks observed at 2𝜃 values of 38.116∘, 44.277∘, 64.426∘, and
77.472∘ corresponding to (111), (200), (220), and (311) planes
for leaf extracts. The peaks indicate the face-centered cubic
(fcc) structure ofAgNPs, which are closely linkedwith JCPDS
(file number 04-0783) for silver. The results of XRD peaks
strongly reveal the synthesis of silver nanoparticleswith sharp
bands of Bragg peaks, and this may due to the stabilization of
the synthesized nanoparticles by the reducing agents present
in the callus and leaf extract and provides the crystalline
nature of the silver nanoparticles [30]. The present results
clearly suggested that the synthesized AgNPs were crystalline
in nature due to the presence of bioactive molecules in plant
extracts.

3.2.4. FESEM and EDAX Analysis. TEM images illustrated
the shape and the size of the synthesized AgNPs. According
to the TEM micrograph, the surface morphology of the
synthesized silver nanoparticle noticed was spherical and
polygonal shapes (Figures 4(a) and 4(b)). The average size
of the CAgNPs with diameter ranged from 21 nm to 23 nm

whereas the sizes of the LEAgNPs were found to be in the
range of 11–19 nm.Most of the synthesized nanoparticles were
found to be aggregated and only a few of themwere scattered,
as observed under TEM. Xu and Käll [31] demonstrated
that the shape of metal nanoparticles considerably altered
their optical and electronic properties due to the presence of
various bioactive molecules. The presence of metallic silver
in the synthesized nanocrystals was further authenticated
by EDAX analysis. The EDX results indicated the chemical
composition at specific locations on the synthesized CAgNPs
and LEAgNPs (Figures 4(c) and 4(d)). The EDAX spectrum
of AgNPs showed a strong signal from the silver atoms and
weaker signals from oxygen and other atoms. Results clearly
suggested that the sharp spectrum of silver atom confirmed
the reduction of silver nitrate to silver nanoparticles. Metallic
silver nanocrystals showed strong absorption spectra in the
range of 2.5–4 keV. Similar results were also reported by
Gardea-Torresdey et al. [32] and Vijayakumar et al. [33].
Recently Jeeva et al. [22] obtained AgNPs with spherical
shape showing strong absorption spectra in the range of 2.5–
4 keV by using C. coriaria leaf extracts and Bhuvaneswari et
al. [18] also noticed spherical shape metallic silver nanocrys-
tals that showed strong absorption peak in the range of 2.5–
4 keV using N. crenulata leaf extracts. The strong spectrum
signals were likely to be due to the X-ray emission from active
biomolecules available in the plant extracts [22, 34].
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Figure 5: Progress of cutaneous wound healing in negative-control rats untreated (a1–a3), positive control rats treated with standard drug
Betadine ointment (b1–b3), and experimental rats treated with biomolecules loaded LEAgNPs based ointment (c1–c3). Wounds of the dorsal
skin before and after treatment without (a1–a3), and with (b1–b3, c1–c3) ointments.

3.3. Evaluation of Wound Healing Activity. For wound heal-
ing activities, the male Wistar albino rats were randomly
divided into 3 groups of six rats in each group. Rats from
Group I served as negative control treated with an oint-
ment base (Batch A) while Group II rats acted as positive
control treated with standard drug (Betadine, Batch B) and
the formulated ointment base containing synthesized silver
nanoparticles (LEAgNPs) (Batch C) was applied on Group
III rats. The excised wound healing area was measured on
3rd, 6th, 9th, 12th, 15th, 18th, and 21st days and the wound
healing area was measured accordingly. After excision of
wound, there was no death observed for any of the rats in
the study groups and no remarkable changes were noticed
in animal behaviour. The area of wound contraction with
Batch A ointment treatment was reduced to 474mm2 of the
original size (500mm2) on day 3, 282mm2 on day 12, and
33mm2 on day 21 [Figures 5(a1–a3)]. The area of wound

contraction in Batch B ointment (standard drug) was reduced
to 462mm2 of the original size (500mm2) on day 3, 177mm2
on day 12, and 5mm2 on day 21 [Figures 5(b1–b3)]. And the
area of wound contraction in Batch C ointment (nanoparticle
based ointment) was reduced to 415mm2 of the original size
(500mm2) on day 3, 138mm2 on day 12, and 0mm2 on day
21 [Figures 5(c1–c3)]. There was complete epithelization with
nanoparticle based ointment treated rats when compared to
untreated group and Betadine treated group and the least
wound healing activity was noticed in control compared to
the standard drug (Figure 5). It is noteworthy tomention that
the topical application of the silver nanoparticles incorpo-
rated ointment base (BatchC) showed a significant (𝑝 < 0.05)
rate of wound healing activity in rats compared to that of
control and standard. The time for wound closure was found
lesser, and the percentage of wound healing area diameter
noticed was much more with the ointment containing silver
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nanoparticles treated group rats (21 days for 100% contrac-
tion). The results of this study clearly showed enhanced
levels of wound contraction in experimental rats treated
with ointment base containing the synthesized LEAgNPs
which may be due to the presence of cucurbitacin (bioactive
molecule) in the synthesized AgNPs. The reason could be
due to the presence of cucurbitacin triterpenoid substances
which are well known for their bitterness and toxicity in
the synthesized AgNPs [9]. Akhtar et al. [35] developed a
topical skin care creamwith cucumber plant, which increases
the transepidermal water loss which strengths the antiacne
effects. Wound healing activity was reported by using var-
ious plant extracts including Kalanchoe petitiana [36] and
Flabellaria paniculata [37] and by using AgNPs derived from
Naringi crenulata [18] in the recent past. The present wound
healing activity results showed that cucumber bioactive
molecules loaded LEAgNPs ointment base was found to be
potential for effective epithelial wound repairmechanism and
softens the skin in experimental rats, due to the presence of a
rejuvenating agent in cucumber than other plant species used
earlier.

4. Conclusion

In conclusion, the present study highlighted the synthesis and
characterization of silver nanoparticles from Cucumis sativus
L. and wound healing activity of the nanobased ointment
application on experimental rats. An effective method for
synthesis of metallic silver nanoparticles using callus and
leaf extracts of cucumber was established and synthesized
AgNPs were characterized by UV-vis spectroscopy, FT-IR,
XRD, FESEM, and EDAX. FT-IR results confirmed the pres-
ence of possible functional groups in the synthesized silver
nanoparticles. XRD peaks indicated that the synthesized
silver nanoparticles were highly stable and crystalline in
nature for silver. TEM results revealed that the obtained
silver nanoparticles were spherical and polygonal in shape.
EDAX analysis confirms the presence of elemental silver. In
the present study, the nanobased ointment had facilitated
100% potential wound healing activity within 21 days in
experimental rats and increased breaking strength of the
repaired tissues. Therefore, the nanobased ointment could
be used in the pharmaceutical industry in the near future.
The present green biosynthesis of AgNPs protocol using
plant extracts has several advantages over microorganisms:
(1) sustainable supply of materials for large scale synthesis of
NPs; (2) plant extract not containing toxic substances, and
(3) variety of bioactive molecules available in different plant
species. To the best of our knowledge, this is the first report
on formulation of nanobased ointment from cucumber plant
species and its efficacy against wound healing potential in rat
model.
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