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Current treatment systems for tendon injuries are very few and do not ensure complete cure. This is a serious
health concern for sports persons and the aged population. It is known that the nano- or microsized particles of
natural products such as jeera/cumin seed (Cuminum cyminum) has been used traditionally as a home remedy
for the treatment of tendon injuries. Nevertheless, these particles are likely to perform better due to their
smaller size, increased absorption and local delivery in conjunction with nanotechnology. In this context, the
major objective of this study was to synthesize silver-capped nanoparticles using aqueous extract of Cuminum
cyminum (CCE) and to assess their in vitro non-cytotoxic effect with the perspective of clinical application to
enhance tendon tissue regeneration. The presence of phytochemicals in CCE was studied by qualitative and
quantitative methods. Cuminum cyminum nanoparticles (CCNP) were synthesized by the bioreduction method
using silver nitrate and the particles were characterized by X-ray diffraction analysis (XRD), Fourier Transform
Infra Red Spectroscopy (FTIR), Zeta potential measurement and scanning electron microscopy (SEM). The
antioxidant effect of the particles was studied using total antioxidant activity and reducing power assay.
Simultaneously, primary Tenocytes were isolated from rabbit Achilles tendon by collagenase and dispase
digestion/treatment and characterized for Type 1 collagen. Further, in vitro non-cytotoxicity of the CCNP in
direct contact with L929 mouse ﬁbroblast cells and primary Tenocytes, respectively, was evaluated by MTT
assay. Physico-chemical characterizations conﬁrmed the formation and stability of the nanosize of CCNP with
antioxidant property. Again, MTT assay conﬁrmed the non-cytotoxicity of CCNP with L929 ﬁbroblasts and
primary Tenocytes. CCNP may be attributed as an ideal candidate for therapeutic application towards a faster
restoration of worn-out/injured tendon tissue confronted by the geriatric and athlete communities.
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1. Introduction
Even today science is not able to reason why the most
important chord in humans tears. Several studies have
revealed that 60–75% of the Achilles tendon ruptures
occur in sportspersons. The distribution over the world
of Achilles tendon rupture varies considerably from
country to country according to the respective national
sports traditions (Schneider et al. 2018). The tendon is
the connective tissue between the bone and muscle,
aiding movement and resisting tension, transferring
http://www.ias.ac.in/jbiosci

muscle-generated force to bones and thus limiting
muscular damage (Best and Garrett 1994). Again, the
tendon has the ability to act as a good buffering system,
absorbing shocks and thus have the capacity to withstand high tensile forces (Sharma and Maffulli 2006).
Tendon injuries could be caused by trauma, but mostly
by wear and tear due to aging or overuse of tendon
(Thomopoulos et al. 2015). Acute tendon injuries
include complete or partial rupture of tendons, causing
loss of movement. Acute forms of tendon injuries are
caused by external trauma, while in chronic tendon
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injury, extrinsic and intrinsic factors are common.
Intrinsic factors such as biomechanical faults and
alignment play causative roles in Achilles tendon
injuries in athletes (Sharma and Maffulli 2006)
The tendon shows limited capacity of regeneration
and usually forms scar tissue with inferior mechanical
properties. It could result in weakening of the healed
tendon and possible re-rupture of the tendon (Vailas
et al. 1978). Usually the healing of Achilles tendon
takes place within 4–8 weeks, but in the case of athletes, sports activities are recommended only after 4–12
months (Parchi et al. 2016). To overcome these problems, stem-cell-based therapies are adopted as a new
regenerative strategy to prevent scar formation in the
healing of the injured/damaged tendon and improve its
mechanical properties.
Today, in modern medicine, nanoparticle drug
delivery systems are widely used in many therapeutic
ﬁelds such as cancer, tissue engineering, etc. The focus
of nanotechnology aims to overcome the limitations of
tissue regeneration in the mechanical strength of temporary structural frameworks/scaffold and delivery of
growth factors (Jayaraman et al. 2015). Owing to their
nanosize, nanoparticles may be employed as delivery
vehicles of growth factors, drugs and genetic materials
(Wahajuddin 2012). Alhough there are different
approaches for the synthesis of nanoparticles, the
bioreduction method or the green synthesis method is
preferred for the preparation of phyto-nanoparticles and
have the added advantage of overcoming deleterious
consequences of chemically synthesized nanoparticles
(Jain et al. 2009). This is based on the fact that many
plant-derived phytochemicals possess reducing agents
enabling their usage in green synthesis of nanoparticles. Besides this, zinc and noble metals like silver and
gold have also been used for the synthesis of
nanoparticles through the green concept (Pourmortazavi et al. 2015; Thatoi et al. 2016; Ovais et al.
2017). In this context, silver nanoparticles become
suitable for the preparation of phyto-nanoparticles due
to their antibacterial (Liu et al. 2010), antimicrobial
(Kim et al. 2007) and antifungal activities (Nasrollahi
et al. 2011). In addition, plant sources also comprise
different groups of phytochemicals such as ﬂavonoids,
alkaloids, phenols, etc., some of which may be
responsible for the reduction of silver ions. The addition of Cuminum cyminum extract to the metal ion
solution facilitates the reduction of Ag? ions to the
oligomeric clusters of silver atoms (Ag0) within 5 h.
Hence, the major advantage of green nanoparticles
including their nontoxicity, ease of availability, cost-

effectiveness and eco-friendliness were considered in
the design of this study.
Plant extracts ðCCEÞ þ Agþ
! AgNPs

Bioreduction

!

Ag0

The plant Cuminum cyminum has many
therapeutic values popular in traditional medicine
for curing many diseases, including tendon injury.
Cuminum cyminum is a ﬂowering plant which
belongs to the family Apiaceace, native to the
territory from the Middle East stretching east to
India (Boning 2010). Cumin seeds can be used in
their ground form or as whole seeds and are an
inevitable constituent of eastern Asian cuisine. The
phytoestrogen in cumin seeds is also known for its
anti-osteoporotic effects (Shirke et al. 2008). The
biocompatibility, bioavailibility and stability of
Cuminum cyminum in its pure form are limited.
So, for the application of tendon tissue
regeneration, a unique concept of amalgamating
traditional
knowhow
with
cutting-edge
nanotechnologies has been attempted in this
study in order to synthesize phytochemically
incorporated silver nanoparticles.
2. Materials and methods
2.1 Materials
Seeds of Cuminum cyminum were collected from a
local shop in Thiruvananthapuram, Kerala, India. Cell
lines (L929 mouse ﬁbroblast cells) were purchased
from the National Centre for Cell sciences (NCCS),
Pune, India. All chemicals and reagents were of analytical grade. Biochemicals were purchased from M/s.
Sigma, St. Louis, MO, USA, and Sisco Research
Laboratories (SRL) Pvt Ltd, India.

2.2 Methods
2.2.1 Preparation of seed extracts of Cuminum cyminum (CCE): Collected seeds of Cuminum cyminum
were washed, shade-dried and powdered. The powdered material (10 g) was soaked in 100 ml water,
heated in the water bath at 50°C for 20 min and ﬁltered
using Whatmann’s No. 1 ﬁlter paper (Milan et al.
2008). These extracts were used for the qualitative and
quantitative studies.
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The aqueous extract of Cuminum cyminum was used
for qualitative phytochemical analysis like Wagner’s
test, Mayer’s test for alkaloids, Ferric chloride test for
phenols, alkaline reagent and lead acetate tests for
ﬂavonoids, Benedict’s test and Fehling’s test for carbohydrates, foam test for saponins, and ferric chloride
test for tannins. The ‘??’ and ‘?’ symbols were
assigned for a semi-quantitative evaluation, comparing
the intensity of the colour formed in the sample after
reaction to that of the colour formed in the respective
standard of each assay.
2.2.2 Estimation of total antioxidants: The total
antioxidant capacity of the CCE was evaluated by the
phosphomolybdenum method (Prieto et al. 1999). The
extracted sample (3 ml) was combined with 3 ml of
reagent solution (0.6 M sulfuric acid, 28 mM sodium
phosphate and 4 mM ammonium molybdate). Totally 4
replicates were used for analysis. The tubes containing
the reaction solution were incubated at 95°C for 90
min. Then, the absorbance of the solution was measured at 695 nm using a UV-VIS spectrophotometer
against a blank after cooling to room temperature.
Methanol (0.3 ml) alone was used as the blank and
quercetin with methanol as the standard. The total
antioxidant activity was expressed as the number of
gram equivalent of ascorbic acid from the standard
calibration curve.
The reducing power of CCE was determined as per
the method of Oyaizu (1986). Different concentrations
of test sample were prepared by taking 0.5–2.5 mg/ml
from stock (5 mg/ml) and made up to 1 ml with distilled water. This was mixed with 2.5 ml phosphate
buffer (0.2 M, PH 6.6) and 2.5 ml potassium hexacyanoferrate (0.1 %) followed by incubation at 50°C in
a water bath for 20 min; the reaction terminated by the
addition of 2.5 ml of TCA (tri-chloro-acetic acid)
(10%). The upper portion of the solution (2.5 ml) was
mixed with 2.5 ml distilled water and 0.5 ml FeCl3
solution (0.01%), incubated for 10 min at room temperature and the absorbance was measured at 700 nm
against the blank solution. The reducing power was
calculated as equivalent mmol of Fe2?/g sample.
2.2.3 Synthesis and characterizations of nanoparticles: 2.2.3.1 Green synthesis of Cuminum cyminum
silver nanoparticles (CCNP) For the synthesis of
silver nanoparticles by bioreduction method, an equal
volume of pale yellow colored CCE was added to 0.1
M aqueous silver nitrate (AgNO3) (1 : 1 ratio) solution
at room temperature. The pH of the extract was
adjusted to neutral condition (pH 7.4) before adding the
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silver nitrate solution. The reaction was carried out
under dark condition to reduce the effects of photo
activation. The synthesis was primarily conﬁrmed by
color change, from pale yellow to grey, and by UV
visible spectroscopy. After the synthesis, the solution
was centrifuged at 5000 rpm for 20 min; the precipitate
was washed thrice with deionized distilled water at
5000 rpm and the dried, powdered and used for further
studies (Hari et al. 2014).
2.2.3.2 Physico-chemical
characterizations
of
CCNPs Dynamic light scattering (DLS) based on the
laser diffraction method with multiple scattering techniques was employed to study the average size frequency of Cuminum cyminum silver nanoparticle
(CCNP). The prepared sample was dispersed in
deionized water followed by ultra-sonication. Then, the
solution was ﬁltered and centrifuged at 5000 rpm for
15 min at 25°C and the supernatant was collected. The
supernatant was diluted for 4 to 5 times and then the
charge was analyzed using HORIBA ZETA sizer SN100.
The chemical composition of the synthesized silver
nanoparticles was studied by using FTIR spectrometer
(Perkin-Elmer LS-55 - Luminescence spectrometer,
USA). The solutions were dried at 75°C and the dried
powders were characterized in the range 4000–400
cm-1 using the KBr pellet method.
The phase variety and grain size of synthesized silver
nanoparticles was determined by X-ray diffraction
spectroscopy (Philips PAN analytical). The synthesized
silver nanoparticles were studied with CUK a radiation
at a voltage of 30 kV and a current of 20 MA with a
scan rate of 0.030/s. Different phases present in the
synthesized samples were determined by X0 pert highscore software with search-and-match facility.
The 3D surface topography of synthesized silver
nanoparticles from CC extract was observed by scanning electron microscope (FEI, NOVA NANOSEM
500). A thin layer of gold was coated on the samples to
make them conductive. Then, the samples were visualized in SEM at an accelerating voltage of 20 KV. The
aspect ratio and frequency distribution curve was prepared based on the SEM microimages.
2.2.4 In vitro cytotoxicity assessment of CCNPs using
L929 mouse ﬁbroblast cells and primary Tenocytes:
2.2.4.1 MTT assay: CCNP in direct contact with L929
ﬁbroblasts The 3-(4, 5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) assay is a simple
non-radioactive colorimetric assay to measure cell
cytotoxicity, proliferation or viability. Metabolically
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active cells are able to convert the MTT in a yellow
water-soluble tetrazolium dye to a water-insoluble dark
blue formazan by reductive cleavage of the tetrazolium
ring.
L929 ﬁbroblast cells were pre-seeded into a 96-well
microtitre plate (5000 cells/well) and grown in DMEM
(Dulbecco’s modiﬁcation of Eagles’ medium –
10%FBS, 1% antibiotic-antimycotic) and incubated for
24 h. Once the cells have attached, CCNPs were added
in different concentrations (20, 40, 60, and 80 lg/ml of
PBS) to the wells (quadruplets) containing cell culture
media and incubated for 24 h at 37°C in a CO2 incubator. Cells treated with 30% ethanol in the same
conditions were taken as negative control and another
set incubated without any treatment as experiment
control. After the incubation at each time interval, the
medium was removed and 10% MTT reagent (5 mg/ml
in serum free 10% DMEM) added to each well. The
plates were kept for 3 h incubation in dark. The formazan crystals formed were solubilized with MTT lysis
buffer (20% SDS in 50% dimethyl formamide). The
color developed was quantitated in an ELISA plate
reader (BioRad systems, USA) (measuring wave
length: 570 nm; reference wave length: 630 nm). The
cell survival (CS) expressed as percentage was calculated as follows:
CS ¼ ðOD drug exposed cell=Mean
OD control wellsÞ  100
A graph was plotted by plotting concentration of
drugs in the X-axis and percentage viability in the
Y-axis.
2.2.4.2 MTT assay: CCNP in direct contact with primary Tenocytes Tendon harvest and isolation of
Tenocytes: The leg portion of normal rabbit (3–4
months old) was dissected. The tendon was exposed by
opening the skin and the tendonous portion between
the insertion to the bone and the muscle–tendon junction was resected. The harvested tendon (0.5 g) was
washed with sterile PBS and in antibiotic PBS (1%),
sliced into smaller pieces and washed.
The washed sample was then digested with 0.3%
collagenase Type I (Gibco, UK; prepared by dissolving
30 mg of Type I collagenase in 10 ml sterile PBS and
ﬁltered) for 3 h at 37°C. After incubation, the digests
were sieved through a 100 lm nylon cell strainer (BD
Falcon, UK) to remove matrix debris, and the ﬁltrate
was suspended in 5 ml DMEM Ham’s/F-12 media,
supplemented with 10% FBS, 1% penicillin and
streptomycin. (The 10% FBS helps to neutralize the

collagenase enzyme activity and also provides nutrients
to the cells.) The ﬁltrate was centrifuged at 2000 rpm
for 10 min and the pelleted cells were washed in sterile
PBS and re-suspended in supplemented DMEM/F-12
(10% FBS). The viability assessment using trypan blue
exclusion method was carried out and the harvested
cells were plated into cell culture T25 ﬂask and
maintained in 10% FBS DMEM Ham’s/F-12 supplemented media in a humidiﬁed incubator at 37°C and at
5% CO2. This was to allow the cells a period of
recovery prior to experimentation.
Characterization of Tenocytes – Collagen Type I
immunostaining and DAPI nuclei stain: The isolated
primary Tenocytes (19104 cells) were seeded on coverslips and allowed growth until conﬂuency in 6 well
plates. These were ﬁxed in 3.9% (w/v) paraformaldehyde overnight, and rinsed with PBS thrice for 5 min
each and then moved to Collagen Type I immunostaining. To permeabilize, the ﬁxed cells were washed
with PBS containing 2% triton X 100 thrice, and
blocked with 10% BSA. Later, primary antibody
(monoclonal anticollagen type I – Sigma in 1:1000
dilution in PBS) was added onto the coverslip and
incubated for 2 h in a humid chamber at room temperature. After incubation, the slides were washed with
PBS and secondary antibody (Anti rabbit IgG-FITC –
Sigma Aldrich in 1:200 dilution in PBS) was added to
each slide, and incubated for 1 h in dark. After incubation, the slides were washed with PBS and with
DAPI (1 ll in 50 ml PBS) three times for 5 min each.
Then, the coverslips of stained cells were dried,
mounted with permanent mountant (Flurosave
Reagent) and observed under a confocal microscope
(LSM 510 Meta).
Viability assessment of primary Tenocytes with silver
nanoparticles (CCNP): Isolated Tenocytes were preseeded into a 96-well microtitre plate (2.4 910 3cells/
well) and grown in 10% DMEM. Once the cells have
attached and attained conﬂuence, CCNP in different
concentrations (20, 40, 60, and 80lg/ml of PBS) was
added into each well (quadruplicates) containing cell
culture media and incubated for 24 h at 37°C. Cells
treated with 30% ethanol in the same conditions were
taken as negative control and another set incubated
without any treatment as experiment control. After the
incubation at each time interval, MTT assay was performed and the results analyzed, as in section 2.4.1
2.2.5 Statistical analysis: The data were statistically
analyzed using one-way analysis of variance (ANOVA)
performed using the Vassar Stats statistical program
and the differences were considered signiﬁcant at p B
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0.05. All of the experimental values are expressed as
the mean ± SD. Unless mentioned elsewhere, all
in vitro experiments were performed in triplicates to
obtain independent values.
3. Results
3.1 Qualitative analysis of CCE
From the qualitative evaluation of CCE, the presence of
phenols, alkaloids, ﬂavonoids, steroids, terpenes and
tannins was detected through different biochemical
methods. Carbohydrate was not detected from our test
method (table 1).
3.2 Antioxidant properties of CCE
The antioxidant activity of CCE with respect to standard quercetin has been compared and represented
graphically (ﬁgure 1). The gram equivalence of ascorbic acid is calculated and it is found to be 89.965 mg of
ascorbic acid/gram of cumin.
From the results of reducing power assay of CCE by
the Oyaizu method, the gram equivalence of Fe2? was
found as 0.843mmol/gram of cumin (ﬁgure 2).
3.2.1 Characterization of silver nanoparticles formed
by green synthesis (bioreduction): The synthesized
nanoparticles using the green synthesis/bioreduction
method utilizing silver nitrate and CCE were characterized using various methods. The nanoparticle was
formed at 5 h.
It was observed that the pale yellow color of the
solution progressively changed to grey color (ﬁgure 3)
due to the bioreduction of silver nitrate to silver ions
with the help of reducing agents in this plant. It was
considered as an indication of the proper formation of
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silver nanoparticles and was monitored by UV visible
analyzer and the graph was plotted (ﬁgure 4).
The Zeta potential measurement of CCNP using
DLS yielded an average size of 521.402 nm (ﬁgure 5
and table 2) and a Zeta potential value of -82 mV
(ﬁgure 6). Higher negative or positive values indicated
higher stability for CCNP.
The crystalline nature of silver nanoparticles was
conﬁrmed by the analysis of XRD pattern as shown in
ﬁgure 7. 100% relative intensity of the silver
nanoparticles was found at 2 theta value 31.99, which
conﬁrmed the diffraction peak of silver. The results
thus illustrate that the synthesized silver nanoparticles
were crystalline in nature.
The FTIR spectrum analysis showed that both the
CCNP and CCE exhibited almost similar peaks (ﬁgure 8). The similarity in the peaks indicated the presence of same functional groups. This might be due to
the involvement of CCE in the synthesis of CCNP, and
the similar functional groups in the peaks were 3290
cm-1, 3224 cm -1 (strong alcohol O-H stretch), 1577
cm -1, 1557 cm -1 (weak aromatic C=C and strong
C=O amide), 1394 cm -1 (strong NO2 stretch and
weak aromatic C=C), etc. Some peaks of CCE were not
detected in FTIR of CCNP (2931cm -1 and 1258 cm
-1
), since speciﬁc functional groups of CCE may be
used in the reduction of silver SEM evaluation of
CCNP to conﬁrm the existence of very small
nanoparticles (ﬁgure 9). Due to the uneven distribution
of nanoparticles, the aspect ratio of nanoparticles was
calculated and frequency distribution curve was plotted. From the aspect ratio calculation, total average
particle size of CCNP was found to be 44.32 nm.
Larger particles of silver nanoparticles were formed
due to aggregation of nanoparticles which might be
induced by the evaporation of solvent during sample
preparation.
3.3 In vitro cytotoxicity evaluation of CCNP
with primary Tenocytes and L929 mouse ﬁbroblast
cells

Table 1. Qualitative analysis of CCE
Alkaloids
Phenols
Flavonoids
Carbohydrates
Steroid
Terpenes
Tannins

a) Wagner’s test
b) Mayer’s test
a) 5% Ferric chloride test
a) Alkaline reagent test
b) Lead acetate test
a) Benedict test
a)Salkowski test
a) Copper acetate test
a) 0.1% Ferric chloride test

??
??
?
?
?
?

3.3.1 Isolation of Tenocytes and characterization: The
phase contrast micrograph of Tenocytes on the 3rd and
5th days of culture showed growth and proliferation of
cells in the culture wells with their typical slender
ﬁbroblast-like morphology (ﬁgure 10a, b).
3.3.2 Immunoﬂuorescence and DAPI Staining: Immunoﬂuorescence staining revealed the positive
expression of Type I collagen of Tenocytes

23

Page 6 of 14

D. S. Amrutha et al.

Figure 1. Total antioxidant capacity of CCE.

Figure 2. Reducing power assay of CCE.

(ﬁgure 11a). The cells treated without primary antibody
were considered as negative control. The Type I collagen expression of Tenocyte was determined with the
help of a primary antibody that speciﬁcally binds to the
Type I collagen in the sample. This can be identiﬁed
with the help of ﬂuorescent-labeled secondary
antibody.
The healthy nuclei and their integrity were visualized
in both samples with the help of DAPI counter-staining. DAPI is a nuclear-speciﬁc stain that binds to
nucleus of the viable cell and produces blue ﬂuorescence. The amount of ﬂuorescence produced is directly

proportional to the number of Tenocytes and in turn an
indicator of their proliferation.
3.3.3 MTT assay: CCNP in direct contact with Tenocytes and L929 mouse ﬁbroblast cells: The viability of
both Tenocytes and L929 ﬁbroblasts remained constant
when cells were treated with CCNP at concentrations
20, 40, 60 and 80 lg (ﬁgure 12 and table 3). There
were four replicates for each concentration. The maximum viability for Tenocytes and L929 Mouse
ﬁbroblast cells were observed in Group III and IV
(60and 80 lg of CCNP respectively). There was no

Green synthesis of C. cyminum silver nanoparticles

Figure 3. Visual change of CCE solution during CCNP synthesis.

Figure 4. UV spectrum of CCNP at 5 h.

Figure 5. DLS of CCNP.
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Table 2. DLS of CCNP
Diameter (nm)

Frequency undersize (%)

402.44
454.69
513.71
580.41
655.76

13.12
38.802
68.163
89.906
98.665

Average diameter size = 521.402

Figure 8. FTIR spectra of CCNP and CCE (red lines and
black lines respectively). Each peak in the spectra indicates
functional groups present in the CCE extract as well as
CCNP.

ﬁbroblast cells and a signiﬁcant difference in Groups
III and IV from II.

Figure 6. Zeta potential of CCNP.

Figure 7. XRD pattern of CCNP.

signiﬁcant decrease in the viability (ﬁgure 12) and it
showed maximum viability in Group IV (cells treated
with 80 lg of CCNP) when compared to the control
Tenocytes. In the case of Tenocytes, there was significant difference between the negative control and other
groups and between Group II and V (P\0.001). The
signiﬁcant difference between negative control and
other groups was also seen in the case of L929 mouse

4. Discussion
Nanoparticles can be exploited to create new treatments
in different areas like oncology, radiology, nerve
regeneration and tissue regeneration (Parchi et al.
2016). Novel drug delivery systems fabricated by
nanotechnology have emerged. These delivery systems
have the ability to sense, diagnose, image and cure
many diseases (Goldberg et al. 2007). The major
advances of nanoparticle-based drug delivery are
enhanced transport of drugs through the cell membrane, resulting in low clearance from the body (Qiu
and Bae 2006), increased dispersibility for homogenous drug transport and release with high mechanical
properties. An important application of nanodelivery
system is in the treatment of tendinitis.
Green synthesis of metallic nanoparticles is gaining
relevance today, since people have realized the toxic
effects of chemically synthesized nanoparticles (Babu
et al. 2012). In the synthesis of biological nanoparticles
the presence of capping or stabilizing agents is
involved on the surface of the particle, which prevents
the agglutination of the particles. Many plant phytochemicals act as reducing agents in the green synthesis
of nanoparticles, which helps in overcoming deleterious consequences of chemically synthesized nanoparticles (Jain et al. 2009). Silver nanoparticles have a
vital role among nanoparticles. Silver nanoparticles act
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Figure 9. Scanning electron micrographs of CCNP: (a) 50009, (b) 1000009, (c and d) clumps of nanoparticles –
2000009, (e and f) 2400009 and 2500009, respectively. The average particle size of the CCNP is &44 nm.

as antimicrobial agents, because they can inhibit the
respiratory chain and ATP synthesis of microorganisms. They are also capable of accelerating the woundhealing process in the case of burns (Gupta and Gupta
2005). Besides, silver nanoparticles have shown great
effects in retinal therapies, wound healing, pharmaceuticals and DNA sequencing along with other uses
like optics, catalysis, electronics and Raman scattering
(Atiyeh et al. 2007; Aroca et al. 2005). Furthermore,
high doses of silver nanoparticles that cause toxicity
are discussed but sublethal doses which do not cause
toxicity are not discussed (Wang et al. 2015). Based on
background literature, an attempt has been carried out
to synthesize and characterize phytochemical/plant
extract (Cuminum cyminum-ncorporated silver
nanoparticles for tendon tissue engineering.
In this study, Cuminum cyminum was extracted
successfully and further phytochemical screening
showed the presence of various phytochemicals such as
ﬂavonoids, phenols, terpenes, alkaloids, etc.,

responsible for the antioxidant and antimicrobial
properties of the plant (Al-Snaﬁ 2016). The reducing
and antioxidant capacity of CCE was done as a preliminary screening for phytochemicals in the preparation of phytonanoparticles followed by their physicochemical characterizations and biological evaluations
proposed for tendon tissue regeneration. The green
synthesis of nanoparticles is of profound importance in
new therapeutic strategies because of their antimicrobial and antioxidant activities and low toxicity compared to their chemical counterparts. The nanoparticles
were synthesized according to the procedure of Hari
et al. (2014) and were characterized using different
methods such as DLS and Zeta potential, XRD, FTIR
and SEM. The stability of a particle can be described
according to its Zeta potential. DLS analyzed the
average particle size of CCNP, but signiﬁcant size
differences were observed by the SEM and DLS
analyses. This may be due either to the aggregation of
nanoparticles or the attachment of several biomolecules
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Figure 10. (a and b) Phase contrast micrographs of isolated Tenocytes on days 3 and 5 at 109. (c and d) Bright ﬁeld image
of Tenocytes at day 5 at 209 and 409.

Figure 11. Immunoﬂuorescent micrographs of Tenocytes expressing Type I collagen immunostaining (a), negative control
(b) without primary antibody (109).

of the plant extract on the surface of the nanoparticles
(Tc et al. 2011). The aspect ratio of nanoparticles from
SEM images were calculated and found to be 44.32
nm. The frequency distribution curve shows maximum
number of nanoparticles at the range of 0-40. The Zeta
potential with the range of C?30 and B-30 mV is

attributed to be stable compounds (Sun et al. 2007). In
another study carried out by Badaway et al. (2010), the
Zeta potential of the chemically synthesized nanoparticle was -40 mV. In our observation, the Zeta
potential for CCNP was -82 mV, which indicated
higher stability than normal silver nanoparticles. XRD
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Figure 12. MTT cell viability assay of Tenocytes and L929 ﬁbroblasts. Each value represent mean ± SD, n=5. The different
alphabets indicate signiﬁcant differences between different groups at p B 0.05: ‘a’ and ‘p’ indicate control, ‘b’ and ‘q’
indicate negative control (30% ethanol treated group), ‘c’ indicates signiﬁcant difference of group I and II CCNP treated
tenocytes from negative control, ‘d’ indicates signiﬁcant difference from CCNP treated Tenocytes at dose of 80 lg from
group I ,‘r’ indicates the signiﬁcant difference of CCNP treated L929 cells from negative control, ‘s’ and ‘t’ indicate
signiﬁcant difference of 60 and 80lg CCNP treated L929 from group I.
Table 3. Different sample groups for MTT
Group
Name
Control
Negative
Control
Group I
Group II
Group III
Group IV

Sample
Cells alone (In
PBS)
Cells? 30%
ethanol
Cells ? CCNP
(20 lg)
Cells ? CCNP
(40 lg)
Cells ? CCNP
(60 lg)
Cells ? CCNP
(80 lg)

% Viability of
Tenocyte

% Viability
of L929

100

100

35.95944

35.95944

73.46854

68.26547

76.84213

70.23654

82.16329

79.4586

86.79147

85.34946

pattern conﬁrmed the crystalline nature of CCNP.
100% relative intensity of the particle was shown at the
2 theta value of 31.999°. XRD pattern of CCNP
compared with the standard is similar to the results of
Kudle et al. (2014). There is signiﬁcance for the

crystalline structure of nanoparticles since they have
importance in cytotoxic effects (Suman et al. 2013).
The FTIR spectra of CCE and CCNP showed similarity
in their peaks, which indicated the presence of the same
functional groups – strong alcohol O-H stretch, weak
aromatic C=C and strong C=O amide, strong NO2
stretch and weak aromatic C=C in both the samples
(ﬁgure 8) and are comparable with the results of
Jeyasree et al. (2017). From this, it is conﬁrmed that
the synthesized particles of Cuminum cyminum are
incorporated into the silver nanoparticles. The ultrastructure depicted the nanosize of the particles where
the average size of CCNPs was calculated as *80 nm
with spherical shapes (Kudle et al. 2014).
A preliminary tendon tissue study was performed
initially with primary isolation of Tenocytes using Type
I collagenase enzyme. The isolated Tenocytes have
shown typical morphological features within 3–5 days
of isolation. The presence of Tenocytes was conﬁrmed
using the Type I collagen immunostaining, in which the
primary antibody Type I collagen is speciﬁc to Tenocytes and the secondary antibody used was FITC. The
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ﬂuorescent micrographs of Type I collagen proved that
the isolated cells were Tenocytes and DAPI staining
conﬁrmed the integrity of the nucleus. This DAPI stain
speciﬁcally binds to the adenine–thymine rich region in
the DNA and, due to its ﬂuorescent property, it is
extensively used in ﬂuorescent microscopic studies.
The in vitro non-cytotoxicity of CCNP was determined on L929 normal ﬁbroblast cells as well as in rat
primary Tenocytes. MTT assay is a colorimetric assay
that measures the reduction of yellow 3-(4,5dimethythiazol- 2-yl)-2,5-diphenyl tetrazolium bromide (MTT) by mitochondrial succinate dehydrogenase. Results have shown that both types of cells are
viable (L929 ﬁbroblasts and primary tenocytes) at
concentrations 60 and 80 lg respectively (ﬁgure 12).
According to the study carried out by Shahoon et al.
(2013), chemically synthesized silver nanoparticles
have toxic effect in the concentration of 50 lg. But
CCNP showed no toxic effect even at a higher concentration of 80 lg, which might be attributed to the
presence of the phytochemicals from Cuminum cyminum. It is known that high concentrations of silver
nanoparticles are toxic to cells. But here, along with
each concentration of CCNP (20, 40, 60, and 80 lg/
ml), above 50% viability on cells were observed
proving that the concentration of Ag released from
AgNO3 was not affecting the viability of cells, but
exhibited more cell response at the mentioned concentration. Also, there was signiﬁcant difference
between the negative control and all test groups, and
the viability, though not reaching 100% of the
untreated control, is far more signiﬁcant than negative
control (P\0.001), showing the cytocompatibility of
phytonanoparticles, which is also supported by earlier
studies (Das et al. 2013; Katti et al. 2009).
To date, tendon injury treatments have not showed
much improvement. This study reveals the signiﬁcant
role of plant-derived secondary metabolites and biologically synthesized nanoparticles in tendon tissue
engineering. Gershlak et al. (2017), who recently successfully synthesized a ‘prevascularized scaffold’ from
decellularized spinach leaves, opine that most of the
current bioengineering approaches are limited by the
physical and intellectual isolation of basic research in
different organisms, respective of their biological
kingdom. This critical challenge could be overcome by
exploiting cross-kingdom contributions and the abundance and rapid growth of many plant species may
provide cheaper, abundant and sustainable scaffold
materials. The future perspective of the current study is
the development of CCNP incorporated tissue engineering scaffolds for tendon tissue regeneration. To our

knowledge, this is the ﬁrst attempt of merging traditional knowhow with modern techniques for tendon
tissue regeneration.

5. Summary
The phyto-nanocomposite developed by the bioreduction method from Cuminum cyminum having antioxidant and non-cytotoxic properties could be further
developed for therapeutic applications in tendon injuries. Future studies focusing at developing CCNP-incorporated scaffolds for tendon tissue regeneration is
warranted. This study stands unique in combining the
incipits from traditional medicine with cutting-edge
nanotechnology for the creation of indigenous, costeffective alternatives to currently existing/yet-to-bedeveloped healthcare solutions.
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