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Abstract

Emerging nanobiotechnology has provided innovative techniques to synthesize nanoparticles through biological methods to
explore the potentialities of biological sources like phytoextracts, microbes, animal secretions and excretion. This research stud-
ies the potential of vermiwash to synthesize the silver and gold nanoparticles and evaluate its in vitro effect of antimicrobi-
al and antidiabetic activities. The characterization of the nanoparticles was analyzed through various techniques. Ultraviolet
(UV)-Visible spectroscopy showed the maximum absorption spectrum at 413 nm for silver and 541 nm for gold nanoparticles.
Fourier transform infrared spectroscopy (FTIR) revealed the reducing agent involved in nanoparticles synthesis. Scanning elec-
tron microscope (SEM) images revealed the size of the silver and gold nanoparticles as 24 nm and 50 nm, respectively. Energy
dispersive X-ray (EDAX) analysis revealed the elemental composition of the synthesized nanoparticles. X-ray diffraction (XRD)
analysis confirmed the crystalline nature of the nanoparticles that displayed the preferential orientation of the crystals toward the
(111) plane. Antimicrobial activity was assessed using the resazurin assay method. A minimum inhibitory concentration (MIC)
of less than 7.8 ug was observed in Staphylococcus aureus and Klebsiella pneumoniae. In the antifungal activity, MIC at 250 ug
was noted in Mucor sp. and Candida albicans. Antidiabetic activity was assessed by a-amylase and a-glucosidase inhibitory
assay. ICso of a-amylase and a-glucosidase activity of the silver nanoparticles was noted as 218 and 221 ug/mL, respectively.
IC 50 value for the enzymatic assay dose-dependently confirmed the effect. Conclusively biosynthesized nanoparticles from
vermiwash showed potential efficiency of antibacterial, antifungal and antidiabetic activities.

Keywords: Antimicrobial, Antidiabetic, Minimum inhibitory concentration, Nanobiotechnology, Nanoparticles

INTRODUCTION

Vermiwash is a liquid extract obtained from vermicom-
posting beds and is used as an organicfertilizer for crop
plants. Generally, it is the wash of earthworms present
in the medium collected after the passage of water
through the different layers of worm culture unit ( Vada-
malaikrishnan and Fathima, 2021). The composition
and quality of vermiwash vary depending on the raw
organic matter used for vermicomposting. The compo-
sition of vermicompost and vermiwash prepared from
the same organic matter is essentially the same. It
comprises numerous chemicals, viz, hormone, mucous,

enzyme, vitamins, proteins, different macro and micro-
nutrients, and microbes that distinguish the two prod-
ucts ( Das et al., 2014). It is rich in nutrients, vitamins,
growth hormones that act as a disease and pest sup-
pression agent( Machfudz et al., 2020).

Besides its role as a biofertilizer to increase crop
productivity, it can also be applied in disease suppres-
sion and pest control due to the presence of essential
antimicrobial and antipest chemicals (Kanchan et al.,
2013, and Sudeshna Thakur & So0d,2019)]. Earlier
studies reported that the effect of vermiwash and mu-
cus extracted from Eisenia fetidaon Fusariumgramine-
arum greatly inhibited the growth of pathogenic fungi,
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which significantly influenced both the quality and pro-
duction of wheat Triticum aestivum(Akinnouye-Adelabu
et al.,2019). Earthworm vermiwash was found to have
potent antimicrobial activity (Govindarajan and Praba-
karan, 2012). The advantage of biological systems has
unique biocompatibility with functional biomolecules,
which improves the reduction of metal ions (Rai and
Ingle, 2021). Hence, nanobiotechnology was employed
in this study to biosynthesize metallic nanoparticles
such as silver and gold using vermiwash through bio-
logical methods.

Nanobiotechnology is the combination of biotechnology
and nanotechnology that have several applications in
biological fields. Biotechnology deals with metabolic
and other physiological processes of biological re-
sources, including microorganisms, along with nano-
technology, nanobiotechnology can play a vital role in
improving, establishing and implementing many useful
tools in the study of life. Nanoparticles range between
1 and 100 nanometers in size, untraceable by the hu-
man eye. It attributes different physical and chemical
properties to its larger material counterparts. Materi-
al properties alter as their size reaches the atomic scale
due to the increased surface area to volume ratio, re-
sulting in the material’s surface atoms influencing mate-
rial performance. Due to their nanoscale dimension,
nanoparticles have a huge surface area to volume ratio
compared to bulk material, such as powders, plates,
and sheets. This unique feature made nanoparticles to
possess specific optical, physical and chemical proper-
ties, as they are tiny enough to confine their electrons
and produce quantum effects.

Of all nanomaterials, gold and silver nanoparticles are
the most explored nanostructures for biomedical appli-
cations. The unique properties of GNPs have been
exploited for many advanced biomedical applications
such as in bio-imaging, gene delivery, contrast en-
hancement of X-ray computed tomography, targeted
drug delivery, diagnostics, plasmonic bio-sensing, col-
orimetric sensing, tissue engineering, photo-induced
therapy, and cancer therapy. Silver nanoparticles are
noticeable due to their attractive physicochemical prop-
erties and biological functionality, including their high
antimicrobial efficiency (destroying or inhibiting the
growth of microorganisms and especially pathogenic
microorganisms) and relatively nontoxic, a wide spec-
trum of bactericidal properties, anticancer properties,
and other therapeutic abilities, their unique ability to
form diverse nanostructures and their relatively low
manufacturing cost (Duran et al., 2016). Various photo
sources, microbial sources like bacteria, fungi and al-
gae are reported to be effective in biological method of
nanoparticle synthesis and are effective in therapeutic
applications such as antimicrobial, antidiabetic, antican-
cerous, anti-inflammatory, antioxidative and so on. But
limited reports are available in animal source-mediated

nanoparticle synthesis, especially at the invertebrate
level. Based on this context, the present work was
framed i) to synthesis the silver and gold nanoparticles
from Vermiwash, ii) to analyze the spectroscopic, mor-
phological, chemical and structural characterization of
the synthesized nanoparticles, iii) to evaluate the in
vitro antimicrobial activities and iv) ) to study in vitro
antidiabetic activities.

MATERIALS AND METHODS

Chemicals and materials required

Vermiwash was procured from Manidharma Biotech
Pvt.Ltd,India contains excretory products and excess
secretions of earthworms plus micronutrients from soil
organic molecules. It has high quantities of nitrogen,
phosphorus, potash, calcium, magnesium and zinc.
Silver nitrate (AgNO; 99.99%), aurochloric acid (H
AuCl,, 99.99%) , Whatman filter paper No1, nutrient
agar, nutrient broth, potato dextrose agar, potato dex-
trose broth, 96-well microtiter plate, resazurin tablet
(C12HgNNaO, ), a —amylase, starch solution (1% wi/v),
3,5-dinitrosalicylic acid (DNSA reagent), sodium phos-
phate buffer, a-glucosidase, acarbose, Na,CO; and p-
nitrophenyl-a-D-glucopyranoside (pNPG) were used .

Microorganisms used:

Bacterial species

Pseudomonas aeruginosa (P.aeruginosa) ATCC
27853,Klebsiella  pneumoniae (K.  pneumoniae)
ATCC2146, Salmonella typhi (S. typhi) ATCC14028,
Staphylococcus aureus ( S. aureus) ATCC 25923 and
Bacillus.subtilis ( B.subtilis) ATCC 6633.

Fungal species

Aspergillus niger (A. niger) ATCC6275, Aspergillus fla-
vus (A. flavus) ATCC9643, Aspergillus fumigatus( A.
fumigatus) ATCC 1022, Mucor sp. ATCC 56650 and
Candida albicans ( C.albicans) ATCC 10231.

Biosynthesis of silver and gold nanoparticles
Vermiwash was procured from Manidharma Biotech
Pvt.Ltd and filtered using Whatman filter paper No1.
Ten millilitres of the filtrate was added to 90 ml of 1mM
silver nitrate solution to synthesize of silver nanoparti-
cles (Jain, 2009). The change in the colour of the solu-
tion from light yellow to dark brown indicated the biore-
duction of silver nitrate. To synthesize gold nanoparti-
cles, 10-mL filtrate was added to 90 mL of 1mM chloro-
auric and gold chloride reduction ( Aljabali et
al.,2018) .The change in the colour of the solution from
light yellow to dark purple was observed.

Characterization of silver and gold nanoparticles
The biosynthesized silver and gold nanoparticles were
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monitored using a UV-Visible spectrophotometer. The
absorption spectrum band was noted within the range
of 200-900 nm. FTIR characterization revealed the
functional groups in nanomaterials. SEM and EDAX
provided detailed high-resolution images and percent-
ages of the elemental composition of the synthesized
nanoparticles. XRD analysis was done to identify and
characterize the compounds in the nanoparticles based
on the diffraction pattern

In vitro antimicrobial activity

Antimicrobial activity was determined by the resazurin
microtiter assay method ( Sarkar et al.,2007). Any col-
our changes from purple to pink or colorless were rec-
orded as positive. The lowest concentration at which
colour change occurred was taken as the minimal in-
hibitory concentration (MIC) value (Gulnaza and Sa-
vitha, 2013). Minimum inhibitory concentrations (MICs)
are the lowest concentration of an antimicrobial that will
inhibit the visible growth of a microorganism after over-
night incubation.

In vitro antidiabetic activity:

a-amylase inhibition assay was conducted to quantify
the amount of maltose liberated during the experi-
mental process( Bhutkar and Bhise 2012). Inhibition of
a- glucosidasewas conducted by the method performed
by Kim et al., 2005. Acarbose was used as a positive
control in both assays. Inhibition of the enzyme activity
was calculated as-

RESULTS AND DISCUSSION

Biosynthesis and characterization of silver and
gold nanoparticles

The change in the colour within 24hr from light yellow
to dark brown and light yellow to purple confirmed
the bioreduction of silver and gold , respectively ( Fig

1a -1d) UV-Visible spectroscopy identified the for-
mation of metal nanoparticles in the reaction mix-
ture. The maximum absorbance monitored with the
wavelength ranging between 200 and 900 nm was
peaked at 413 nm for silver nanoparticles and 541 nm
for gold nanoparticles (Fig 2 (a) and (b). A similar ab-
sorbance spectrum of about 410 nm was noted in the
celomic fluid of Eudriluseuginae-mediated silver nano-
particle synthesis (Lekshmi Packia et al., 2014). The
biosynthesis of gold nanoparticles using Chenopodium
album leaf extract showed a similar peak of absorb-
ance at 540 nm (Dwivedi and Gopal, 2010). The char-
acteristic surface plasmon band from 500 to 550 nm
indicates the spherical shape of gold nanoparticles.
This band appears due to the surface plasmon oscilla-
tion modes of conduction electrons, which are coupled
through the surface to external electromagnetic fields.

FTIR spectra with the peak value of the infrared region
for the synthesized silver and gold nanoparticles are
shown in Fig 3a and b. From the peak value, the func-
tional groups and nature of chemical bonds are deter-
mined using IR chart. The frequency (cm-1) of charac-
teristic vibration due to the synthesis of silver nanopar-
ticles was observed as 3500-3200 (O-H stretch, H
bonded alcohols and phenols), 1650-1580 (N-H bond,
Primary amines),1390-1380( C-H bending, aldehyde)
whereas gold nanoparticles showed characteristic vi-
bration with two peaks of about 3500-3200 (O-H
stretch, H bonded alcohols and phenols) and 1650—
1580 (N-H bond, Primary amines). In an earlier study
of photo source-mediated synthesis of nanoparticles,
FTIR revealed a broad peak at 3304.06 corresponded
to O-H stretch of phenol, a medium peak obtained at
2916.37 and 2846.93 showed C-H stretch of alkane,
medium broad peaks at 1595.13 corresponded to N-H
bend of amine, a weak peak at 1381.03 represented
the C-H bend of alkane, medium peak at 1029.99 cor-
responded to C-O stretch of alkane and reported that
the aldehyde group has played a role in nanoparticle

(a) (b)

(c) (d)

Fig. 1. Synthesis of Nanoparticles (a) Agcontrol (b) silver nanoparticle synthesis (c) Au control (d) gold nanoparticle

synthesis
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Fig. 3(a). FTIR spectra of silver nanoparticles
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Fig. 4. SEM image of (a) silver nanopatrticles and (b) gold nanoparticles

synthesis ( Happy Agarwal et al., 2018) which is a sup-
porting reference for this work. An earlier study sug-
gested that various functional groups like O-H stretch-
ing of phenol and alcohol, the group of N-H, O-H, and
C-H bend aldehyde are said to be involved in nanopar-
ticle synthesis. (Guo et al., 2015). From the obtained
fair peaks in our study, surface residue and functional
groups like phenol, hydroxyls, and aldehydes, which
were attached to the nanoparticles' surface, confirmed
their role in synthesis for efficient reduction and stabili-
zation.

The high resolution, three-dimensional images of nano-
materials produced by scanning electron microscopy
provided topographical, morphological and composi-
tional information. SEM image revealed the size range
of silver nanoparticles as 24 nm due to hydrogen bonds

and electrostatic interactions between the bioorganic
capping molecules bound to the silver nanoparticles.
Similar results were reported in silver nanoparticle syn-
thesis using dried fruit extract of the plant T. Terrestris
(16 to 28 nm).( Gopinath et al., 2012, and Bhau et al.,
2015). Basavegowda et al. (2013) synthesized gold
nanoparticles in size range of 10-50 nm using Punica
granatum (PuG) extract as a reducing agent, whereas
the size of gold nanoparticles synthesized ranges from
47 -51 nm in this work. EDAX spectra of the nanoparti-
cles are given in figures 5(a) and (b). It is an analytical
technique, which is used for the identification of compo-
sitions of different elements in a specific sample. It
relies on an interaction between some sources of X-ray
excitation and a sample. It can be used to determine
which chemical elements are present in a sample
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(qualitative analysis) and can be used to estimate their
relative abundance (quantitative analysis). The intensi-
ties of peaks provided the elemental concentration of a
specific element present in a sample ( Paulkumar et al.,
2014). EDAX spectra revealed a peak for elemental
silver at 3kev and a strong peak of gold at 2kev® In this
analysis, the elemental compositions of silver and gold
nanoparticles in the sample were found to be 54.85 and
24.53%, respectively confirmed the nanoparticle
synthesis.

XRD patterns of the biosynthesized silver and gold na-
noparticles are shown in Fig. 6 (a) and (b). The promi-
nent peaks at the 2 theta value that correspond to the
Miller indices of the synthesized silver and gold nano-
particles are shown in Table 1.XRD analysis showed
that the most intense signal of crystalline silver and
gold nanoparticles displayed the preferential orientation

T T T v v T
p 0s 1 16 2 25 J 5 4 a5
Full Scale 2215 cts Cursor. 10038 (4 cts)

¥ v
b 0s 1 1 25
Pl Scale S cts Cursor 10 064 (5 cts)

Fig. 5(a). EDAX spectrum of silver nanoparticles

3 35 4 a5 L]

of the crystals toward the (111) plane at the 2 theta
value of 63.260. This specific plane proved the structure
of the face center cubic structure of metallic nanoparti-
cles (fcc), the crystalline nature of the synthesized na-
noparticles. (Garibo et al.,2020). The scattering of X-
rays from atoms produces a diffraction pattern, which
contains information about the atomic arrangement
within the crystal. It computes the molecular form fac-
tor by accounting for the scattering factors of all atoms
in the molecule and their relative positions ( Thanh-truc
et al., 2019). The XRD pattern indicated that biosynthe-
sized nanoparticles are crystalline.

In vitro antimicrobial and antidiabetic activity

The resazurin microtiter assay was conducted to study
the antimicrobial activity of silver and gold nanoparti-
cles at various concentrations ranging from about 1000,

55 L 65 ! 15 8 85 9 95 10
kaV)

Fig. 5(b). EDAX spectrum of goldnanoparticles
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Fig. 6 (a). XRD pattern of silver nanoparticles
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Fig. 6(b). XRD pattern of gold nanopatrticles
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Table. 1. Peak list analysis of XRD patterns of nanoparticles

Nanoparticles 20 d(Ang) FWHM (deg) h k | Crystallite size (nm)
36.69 2.44 0.15(2) 1 0 0 57.16
. 42.91 2.1 0.19(3) 1 1 0 46.70
Silver
63.26 1.47 0.17(7) 1 1 1 56.69
76.41 1.25 0.18(4) 2 1 0 56.20
32.85 2.72 0.10(3) 1 0 0 86.54
36.69 2.44 0.16(2) 1 0 0 53.33
Gold 42.87 2.1 0.17(5) 1 1 0 53.40
63.26 1.47 0.18(7) 1 1 1 53.28
76.41 1.25 0.16(4) 2 1 0 67.29

500, 250, 125, 62.5, 31.2 ug,15.6 and 7.8 pg are
shown in Fig. 7(a) and (b) and Fig. (8a) and (b). Among
the bacterial species, silver nanoparticles showed
low MIC of< 78 puyg for S.aureus and
K.pneumoniae, and 7.8 ug against P.aeruginosa,
S.typhi and B.subtilis, which was similar to work in Pro-
cyanidin Capped Silver Nanoparticles Where P. aeru-
ginosa with MIC of 31.25 ug/mL and even as low as
15.63 pg/mL for S. aureus. ( Badeggiet al., 2020) and
for gold nanoparticles P.aeruginosa ,S aureus and B.
subtilis exhibited MIC at 125 ug, whereas K. pneumoni-
ae and S. typhi exhibited MIC at 250 pg.( Table 2 and
Fig. 9). Earlier studies reported antibacterial activities
of polychaete extract in disc diffusion wherein the maxi-
mum antibacterial activity was observed against S. au-
reus that showed 13 mm zone of inhibition followed by

was noted in Abelmoschus mediated nanoparticle syn-
thesis (Chidambaram Jayaseelan et al., 2013), which is
effective in our study and the coelomic fluid of Eudrilus
euginae was reported to possess antifungal activities
against A. flavus ( Nadana et al., 2020) as also evi-
denced in our study. Hence, it is evident from the pre-
sent study, silver and gold nanoparticles biosynthe-
sized from vermiwash possessed antimicrobial efficacy.

In vitro antidiabetic activity of silver and gold
nanoparticles

The antidiabetic activity was analyzed through a-
amylase and a-glucosidase assay in this study. It re-
vealed that the silver and gold nanoparticles dose-

Table. 2. MIC values of silver and gold nanoparticles for

E. coli (10 mm), P.aeruginosa (10 mm), and S. typhi (9 bacterial species

mm) (Singh et al., 2014). Of the different methods MIC Value (ug) _ MIC value (ug)

Bacterial species

adopted, the nanoparticles exhibited the antibacterial AgNPs AuNps
property identical to the results obtained in the present  P. aeruginosa 7.8 125
study. Among fungal species, silver nanoparticles K. pneumoniae Less than 7.8 250
showed MIC at 250 ug in Mucor sp and C.albicans and s typhi 78 250
500 pg of MIC was noted in A.niger, A.flavus, and g aureus Less than 7.8 125
A.fumigatus ( Table 3 and Fig. 10). Similar antifungal g ¢ _ptilis 78 125

activity against C. albicans (18mm zone of inhibition)

Pseudomonas aeruginosa

Klebsiella pneumoniae

Psendomonas aeruginosa | Salmonelia gphi

Klebsiellla pneumoniae !

Staphylococcns anrens
Salmonella typhi | Bacillus subtilis
Staphylococcus aurens
, .. IR Std &
Bacillus subtilis * -
DMSO

Negative control

. -\J

(a) ’ (b)

Fig. 7. MIC of (a) silver and (b) gold nanopatrticles in bacterial species at different concentrations. 1-1000 ug; 2-500 ug;
3-250 ug; 4-125 ug; 5-62.5 ug; 6-31.2 ug; 7-15.6 ug;8- 7.8 ug. Std-streptomycin (Positive control), DMSO-Vehicle control
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Fig. 8. MIC of (a) silver and (b) gold nanoparticles in fungal species at different concentrations. 1-1000 ug; 2-500 ug; 3-
250 ug;4-125 ug; 5-62.5 ug; 6-31.2 ug; 7-15.6 ug;8 7.8 ug. Std-streptomycin (Positive control), DMSO-Vehicle control
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Fig. 9. In vitro antibacterial activity

dependently showed an inhibitory effect on the en-
zymes (Fig. 11 and 12). IC 50 values of o- amylase
activity was found to be 218 and 221 ug/ml for the sil-
ver and gold nanoparticles, respectively and for a- glu-
cosidase, the IC50 values of about 384 and 290 ug/ml
for the silver and gold nanoparticles, respectively, are
exhibited in our study, which is comparatively found to
be less than the IC50 values of the metallic nanoparti-
cles like silver and gold synthesized through phytoex-
tracts and microbial sources. For example, IC50 values
of silver nanoparticles in the a- amylase activity (280.39
and 273.48 pg/m)l reported in phytoextracts (Vishnu
Kiran and Murugesan, 2013). Likewise, Colpomeni-
asinuosa (Marine algae) exhibited a-amylase (IC50-
490+0.02mg/ml) and a- glucosidase (IC50-
385 + 0.02 mg/ml) activity, which is similar to the reports
of the inhibitory assay performed in biosynthesized na-
noparticles (Manam and Murugesan, 2014). a-amylase
and a-glucosidase are carbohydrate digestion enzymes
that convert them stepwise to simple sugars and are
suitable for absorption. Inhibition of these enzymes is
needed in non-insulin diabetics to slow down the re-
lease of glucose into blood (Thatoi et al., 2016). The
inhibitory efficiency of AgNPs for the amylase activity
shall play an important role in controlling hyperglycemia
and, therefore, will be able to cope with diabetes

600

500 S00 S00 S00

400

concentration

e ?S'@ N
> K
F-‘a}nge'i;‘l\ sp(e"cies

Fig.10. In vitro antifungal activity

( Debnath et al.,2020). Comparatively synthesized
nanoparticles showed a minimal IC 50 value in
a- amylase assay than a- glucosidase assay. Thus the
antidiabetic potential of silver and gold nanoparticles
synthesized from biological resources like vermiwash is
significant.

Conclusion

The present study gives perceptivity to the antimicrobial
and antidiabetic potential of the vermiwash combined
with silver and gold nanoparticles. The combined
approach of nanobiotechnology using vermiwash was
confirmed and characterized using various techniques.
Compared to gold nanoparticles, silver nanoparticles

Table 3. MIC values of silver and gold nanoparticles for
fungal species

MIC Value (ug) MIC value (ug)

Fungal Species AgNPs AuNps
A.niger 500 250
A. flavus 500 250
A.fumigatus 500 250
Mucor sp. 250 500
C.albicans 250 250
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Fig.11. Inhibitory activity of a-amylase

were found to be effective in the in vitro antimicrobial
and antidiabetic activity. Vermiwash, as the excretion of
earthworm, is known for its use as a biofertilizer in plant
growth  promotion, pest control and disease
suppression agent.  Present findings explored its
antimicrobial and antidiabetic properties, and these
biological applications need to be further explored
using in vivo experimental models to substantiate the
results obtained in this study. Identifying compounds
with therapeutic applications will be helpful for encoun-
tering various issues like microbial drug resistance,
diabetic management, etc. This finding would benefit
future research and turn the focus on animal sources to
exploit their potentialities in developing therapeutic and
pharmaceutical products.
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