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ABSTRACT

Isometric nickel copper ferrite nanoparticles witomposition NjisCuysFe,0, synthesized using hydrothermal
technique. Nanoparticles were characterized usimgvger X-ray diffraction, Fourier transform infrared
spectroscopy, dynamic light scattering techniqueansing electron microscopy and energy dispersive
spectroscopy. The nanoparticles obtained were &f A@ in size. Haemolysis of blood, microbial tolagy, and
teratology on chick embryos were performed usingoua standard biological assays. The material i@snd to

be non haematotoxic and non-teratogenic. The Brdtfassay showed that the level of total proteintent to be
insignificantly altered in the treated chick embsydhe material demonstrated an excellent antioXigoperty of
75% when studied using DPPH free radical scavengasgay. The nanoparticles synthesized have shown
substantial inhibition of pathogenic bacteria suels Streptococcus mutans, Bacillus substilis, Psewhas
aeruginosa and Escherichia coli. Based on the aqurevidences and in comparison with the knownt&syiit was
inferred that the biocompatibility and the abilib§ nickel copper ferrite nanoparticles to inhiblitet growth of the
selected pathogenic bacteria, opens the doors neva arena for the usage of nanoparticles synthdsizeclean
room filters as antibacterial agents. They can digoconsidered for use as air filters for pathogeameasal masks.
Because of the inhibition it has caused against@trcoccus mutans, a significant contributor foottodecay, it
can be incorporated in tooth pastes, mouth waskes potent antibacterial agent.

Keywords: Hydrothermal route, haemolysis, embryo toxicologgratology, microbial toxicity, free radical
scavenging, filters.

INTRODUCTION

Increased focus on cancer therapy and cancer atadicin the scientific field has led to the inugations on
magnetic materials in the application of targetedgddelivery and hyperthermia [1]. Magnetite is osuech
substance which is widely used in biomedical apgpiims [2,3]. Nickel copper ferrite particles anwérse spinel
structure, with isometric symmetry, that are ususdpresented by the formula fFget[A%*, F€*JoctO,* (A= Ni,

Cu,..) [4]. Nickel copper ferrites were previousiged in microwave applications and electromagné¢icices.
Copper substitution in nickel ferrite is done todifp the properties of the material which is usadmaking of
many devicedyut the material has been sparingly used for bidgcatdpplications [5].

Among several synthetic routes available, hydrattaditechnique is known to be one of the most affeanethods
for processing advanced materials [6]. The techigudefined as “any heterogeneous or homogendumrsical
reaction in the presence of a solvent (whether @aggier non-aqueous) above the room temperaturatgmessure
greater than 1 atm in a closed system” [7]. Thehouwtfacilitates the size and morphology control tioé
nanoparticles and it does not involve any posttsgis heat treatment, which may cause secondalyraggations
[8]. It is one of the most efficient techniques fwocessing nano-hybrid and nanocomposite matggéhls
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Risk assessment is the major aspect that is t@hsidering in order to use the nanoparticles idgical systems.
In this regard, chick embryos are mainly studieduiaderstanding the embryonic development of highemmals

because of their anatomical similarities [10]. Tlaeg cost effective and ethical restrictions amégtéd to day 18 of
the embryonic development and after hatching [Thfse embryos are employed in most of the indsstoi@ssess
toxicology of several chemicals, drugs, materiplant extracts, etc [12].

The present study aims at investigating the tramdsecy of nickel copper ferrite nanoparticles othex known
biocompatible ferrites like magnetite, zinc ferriggc. Possibility of biomedical applications ofkel copper ferrite
with composition Nj sCuy sFe,0,4 synthesized by hydrothermal route was investigft8fl Streptococcus mutans
a gram positive bacteria that is said to be a magotributor for dental caries [14P,seudomonas aeruginosaa
gram negative bacteria which is one of the mostrnomair borne pathogen, that cause pneumoniacssipdick,
gastrointestinal infection, urinary tract infectsrskin infections [15]Bacillus subtilisis gram positive bacteria
which is known to infect immunocompromised patiefit6] and Escherichia coligastroenteritis, urinary tract
infections, and neonatal meningitis [17]. Antibaigkactivity of the title material was tested augtithese bacteria.
Toxicology of the material was assessed usingkckimbryos by assaying its teratogenicity [18] atgb aby
analysing the total protein content of the embifyi®20]. In addition, haematotoxicity [21] of theatarial was also
tested, along with determination of the antioxidaature by DPPH (2,2-Diphenyl-1-picrylhydrazyl) dreadical
scavenging assay [22] and microbial toxicity byilzatterial assay [23].

EXPERIMENTAL SECTION

2.1 Hydrother mal synthesis of nickel copper ferrite

Nickel copper ferrite nanoparticles of compositibiysCuysFe0, were synthesized by hydrothermal route in
General Purpose stainless steel (SS 316) autocfmestded with Teflon liners. 1% aqueous solutidnEDTA
(Ethylene diamine tetraacetic acid, Rankem) wapared in a beaker using ultrapure water (puritypfto 18.2
MQ-cm, Elga Option Q7) and placed for continuousrigtiy using a magnetic stirrer. To that, 0.125 M Keic
Chloride Hexahydrate (NigBH,O, Sigma-Aldrich), 0.125M Copper (ll) chloride dinate (CuCG.2H,0, Sigma-
Aldrich) and 0.5M Ferric Chloride Hexahydrate (Fg6H,O, Sigma-Aldrich) were added in 1:1:2 ratio of
Ni:Cu:Fe. Here, EDTA acts as hexadentate chelaiggnt and helps in the formation isometric niokapper
ferrite. To ensure proper mixture of the chemicatsring was done for at 1 hr [24]. To this mix@ui8 M NaOH
(Sodium hydroxide, Rankem) aqueous solution wasaddntil thepH reached 12, which was measured using
ELICO pH meter. Here NaOH acts as a reducing agent. Apihiacreased, precipitation occurred. The precipitate
thus formed was transferred into a Teflon linerm&asure volume of 20uL of 1% SDS was added intditiee,
which acts as a surfactant. which was then planetthé General Purpose autoclave and kept insiddutinace
(Thermotek, Mysore, India). Temperature of the & was adjusted to 180°C and the process wasoruh lr.
After the completion of the process, the synthabsiziekel copper ferrite were collected from theslirand washed
at least 8 to 10 times using double distilled watéth the help of a neodymium magnet (NdFeB magnet

2.2 Characterization studies

Powder XRD analysis was done to confirm the phaséypof the synthesized nanoparticles using Rigdkni
Flux Il (Japan) instrument, with Cu as target matefl.5406 A). The crystallite size was determinsihg Debye-
Scherrer’s formula,

_ 094
[ cos@

Where,D is the average crystallite sizejs the wavelength of the X-ray usefljs the angular line width of half
maximum intensity, and is the Bragg’s angle in degrees. Fourier transfmfnared spectroscopy (FTIR) analysis
was done to study the functional groups presetitérdesired material using Jasco FTIR 360 plusgrilapize of the
desired nanoparticles was confirmed by using Dypatight scattering (DLS) technique (Nanotracwave,
Microtrac®, USA). Morphological and elemental composition veamlysed using scanning electron microscope
(SEM) and energy dispersive spectroscopy (EDS)eatiely (Hitach? S-3400N, Japan).

2.3 Evaluation of antioxidant activity using DPPH assay
Antioxidant property of the Nickel copper ferritgnthesized was assessed by its 1, 1-diphenyl 3Apiatrazyl
(DPPH) free radical scavenging ability [25-27].

DPPH free radical scavenging was observed uponsexpdo the desired nickel copper ferrites nandapest by the
colour change in the solution from violet to palellgw. It was measured at 517 nm using UV-Vis
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spectrophotometer (ELICOSA 165, India). DPPH is easily photodegradablegckehis experiment was performed
under less intense light.

Percentage of DPPH-free radical scavenging actiwviig calculated based on the absorbance readinys the
following formula:

('A\i _AS)X:LOO
A

Where, £,) is the absorbance of the control aAg {s the absorbance of the sample.

2.4 Haemolysis assay
Haemolysis assay was performed in order to studyyibis of RBC with respect to the change in iswiioy of the
solution in the presence of the title compound lsgsized [28].

Blood stock solution was prepared using Dulbecpbigsphate buffer saline (DPBS) such that the mixtantains
~5x10° RBC/ml [29]. It was then exposed to different camtcations of the synthesized nanoparticles fors3 Fihen
contents were later centrifuged and the absorbafdbe supernatant was measured at 541 nm using/igV-
spectrometer using<IDPBS as reference.

Using the absorbance reading, percentage of hasiaalas calculated as bellow

meo

P

% haemolysis

Where, ) is the absorbance of the samplg,) (s the absorbance of the negative control @gjli§ the absorbance
of the positive control.

2.5 Teratogenicity assay
Embryotoxicity assay was performed using 4-dayfeltilized hen eggs. These eggs were collected iational
Hatcheries (Gundlupete, Karnataka, India).

About 18 eggs of approximately equal weight werkected from hatcheries and were divided into ttsets of 6
each, namely set A, set B and set C. In eachlseteggs were labelled as B, N1, N2, N3, N4 andWtere B
denotes for blank eggs in which R0 of sterile ultrapure water was injected and N1 ® fdpresent the eggs in
which the serially diluted concentrations (6 mgtmD.375 mg/ml) of the material synthesized wejedied.

Inoculation was done on the day 4 as mentionedeeawith the help of a sterile needle and a Bdnwétropipette.
After injection, the opening was sealed using cangbx. The eggs were then placed in the incubdt&7aC
(Lead® instruments (P) Ltd) until the T2ay.

After the completion of the incubation period, eggere dissected on £2lay to check the inhibition in the growth
of the embryo and teratogenicity [30-3dart and liver from the embryos were collectedbiochemical assay.

2.6 Bradford protein assay

On 12" day of administration of the synthesized nanopiadi embryos were removed and washed in phosphate
buffer saline and dissected to isolation of heamtl #ver. Heart and liver were removed carefullydawere
homogenised properly usingc DPBS in agate mortar in a ratio of 1:5 (w/v). Thamogenised mixture was then
centrifuged at 10,000 rpm for 10 min at 4 °C. Thpegnatant was collected and a total protein assasyperformed
using Bradford’s standard assay protocol [33-35].

After incubation, the contents in the vials weradat 595 nm using UV-Vis spectrometer for absarbaradings.
For positive control, the prepared BSA stock solutivas used instead of nanomaterial and for negjatimtrol, 800
ul of ultrapure water and 200 ul of the Bradforédgent were used. The results obtained were tablukate
calculation was done as follows:
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(A=A 100

‘Ap—Ajj

Where, A) is the absorbance of the sampl,) (s the absorbance of the negative control @gjli§ the absorbance
of the positive control.

2.7 Antibacterial assay

Antibacterial property of the nickel copper ferr@gnthesized was assessed agatissherichia coligram-negative
facultative anaerobe, MTCC 1698pseudomonas aeroginog@ram-negative aerobe, MTCC 4673acillus
subtilis (gram-positive bacilli, MTCC *121)Streptococcus mutan@ram-positive facultative anaerobe, MTCC
497), procured from MTCC (Microbial Type Culturell@ation and Gene Bank, Chandigarh, India).

The details of the media used are given in Tablexperiments were performed in 96-well microplatgsadding
respective nutrient media and different concerratiof nanoparticles synthesized into the wells38p

Table. 1 Typesof media used for different bacteria employed in the current assay

Name of the Bacteria Medium used Manufacturer
Escherichia coli Luria Broth HIMEDIA
Pseudomonas aeroginogaluria Broth HIMEDIA
Bacillus subtilis Luria Broth HIMEDIA
Streptococcus mutans | Brain Heart Infusion Broth HIMEDIA

The plates were then labelled and placed in incutsttaker for a 24 hr of incubation. After the ihation period,
plates were scanned using microplate reader an600rhe absorbance readings were noted and catmdatvere
done using the following formula to obtain the gtbywercentage of the bacteria.

g

:ﬁxloo
C -

p n

Where, P, is the percentage growtB,is the absorbance of the sample with inocul@is the absorbance of the
sample blankC, is the absorbance of the positive control @adthe absorbance of the negative control.

Percentage inhibitiorX) can be calculated from the formula:

P =100-P,
RESULTS

3.1 Characterization results
Synthesized nickel copper ferrite material wasalae 100 °C for 24 hr. The dried material was teeraped and
ground gently using agate mortar before takingrittharacterization.

3.1.1 Powder XRD analysis

Graph shows that the major peaks (111), (220),)(3@®R2), (301), (422), (511) and (440) corresptmctubic
inverse spinel structures of nickel ferrites asytneatch with JCPDS card no. 74-2081. The major peako
correspond to the typical cubic ferrite structuaesording to JCPDS card No. 03- 875. Furtherclatiarameters
were calculated and it was confirmed that a = banda = B =y = 90°, proving that the material synthesized
belongs to isometric symmetry. The average crys&atize of the title material synthesized was waled using
Debye-Scherrer’s formula and was found to be 32rima. powder XRD pattern obtained is shown in Fig. 1.

3.1.2FTIR analysis

FTIR spectrum of the title compound is shown in.Fig The absorption band at ~400tmorresponds to the
stretching vibrations of F&-0? and M%-0 bonds in octahedral sites. Whereas the lettercttesponds to metal
ions, which in this case are Gwand Ni2. The absorption band at ~580 trprresponds to the stretching vibrations
of Fe”-07 in tetrahedral sites. C=C bonds and C-O bendibgations were noted at ~1600¢rand ~1150cm
locations. A broad band at ~3400tmenoted the presence of O-H bonds mostly adsortmed &tmospheric
moisture by KBr during pellet making.
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Fig. 1. Powder XRD analysis showing isometric symmetry of the nanoparticles
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Fig. 2. FTIR analysis of the material prepared

3.1.3 SEM analysis

Scanning electron microscopy was carried out teetstend the morphology of the synthesized matértzd. results
show that the cube-like nickel copper ferrite nagstals were obtained by the hydrothermal synthédigform
morphology of nanoparticles was also observed &s isethe images in Fig. 3.
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Fig. 3. (A,B). SEM analysis of the synthesized Ni-Cu Ferrites showing cubic hanocrystals

3.1.4 EDSanalysis
The EDS analysis in the Fig. 4 is indicating thHa¢ thaterial synthesized exhibits the presence akehi copper,

iron and oxygen conforming that the synthesizedenmtis nickel copper ferrite.

x 0.001 cps/eV

R e
10 12 14 16 18 20
keV

Fig. 4. EDS demental analysis showing the presence of Ni, Cu, Fe, O

3.1.5DLSanalysis
Dynamic light scattering analysis was done usirgrtanoparticles size analyser and the resultshanersin Fig. 5.

The analysis shows an average particle size of @#.and 95 percentile of the particles fall inte tange of 55.55
nm.

Percentiles
%Tile Size(nm)
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100 — ; ‘ ; ; — 50
i I f b 20.00 | 140.5
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Q 70 35 32 40.00 98.01
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s e R e s s o 3. ML 90.00 | 58.73
i | ‘ ] - ¥ 95.00 | 55.55
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Size (nm) Dia(nm) | Vol% | Width

857 | 100 | 926
Fig. 5. Particle sizedistribution of Ni-Cu nanoparticles
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3.2 DPPH freeradical scavenging assay

DPPH-free radical scavenging activity of the saraplas calculated by taking absorbance readinganfi using
UV-Vis Spectrophotometer and is tabulated. Theltesibtained showed a good free radical scavengitigity of
72% at a concentration of 6 mg/ml nickel copperitermaterial as evideritom Fig. 6. It was also observed that
there was only a slight reduction in the activityhathe reduction in the concentration of the matdyy half (i.e., 3
mg/ml). At 0.375 mg/ml, the nanoparticles showe#o5¥ DPPH-scavenging activity.

0.375 mg/mi | 53 7>
0.75 mg/mi N 59 %
1.5 mg/m N 65 %
3 MmN 70%
6 /I 2%

Concentration of particles

Fig. 6. Freeradical scavenging ability of the synthesized material

3.3 Haemolysis assay

Percentage of haemolysis activity of the samples eedculated by taking absorbance reading at 54uging UV-
Vis Spectrophotometer. The results obtained shawyl 1% of haemolytic activity for 0.375mg/ml comteation
of the nickel copper ferrite nanoparticles synthedias evident from Fig. 7. It was also observadttiere was only
slight increase in the haemolysis activity with remse in the concentration of the material. At 6nig/
concentration, the material showed only 4% of hdgsim From this observation, we can infer that $hethesized
nickel copper ferrite nanomaterials are haematobilyi compatible.

0.375 mg/m| | %
0.75 mg/m! | 2°
1.5 mg/m! [ 2
3 mg/m! N 3%
6 mg/m! N <

Concentration of particles

Fig. 7. Haemolysis assay

3.4 Embryotoxicity assay

3.4.1 Teratogenicity assay

Embryos were observed carefully for morphologidai@malities. The wing formation in test group vedecked
and compared with that of blank. Likewise, the Igr@nd beak formation were also observed. As suaie tlvas no
strong evidence of the growth inhibition and tegataicity in the embryoshere were no signs of hepatomegaly
and cardiomegaly and the breast plate was foutbe goroperly formed. There were no deformationsealt limbs
and wings found in the embryos at all the concéioina of the material used (i.e., from 6mg/ml t8 mg/ml), as
evident from Fig. 8. This shows that the injectékel copper ferrite nanoparticles did not show &ématogenicity

in the embryos.
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Making an insertion

1.5 mg/ml

Sealing the opening '

| Control

Fig. 8. Teratogenecity assay at different concentrations of Ni-Cu ferrites

3.4.2 Total protein assay

The homogenates of the heart and liver were celkcifter observing the teratogenicity of the erabrgn day 12
and total protein assay was performed using Brddforeagent and Bovine serum albumin as standards.
Absorbance readings were taken at 595 nm and gegef protein content was calculated. The resifitained
are represented in Fig. 9. The protein contenh@liver slightly reduced in the presence of nickepper ferrite
material, when compared to that of blank. There m@smuch variation in the total protein contentampared to
that of blank, in the presence of 1.5 mg/ml and 0nig/ml concentrations of nickel copper ferrite enatl. Whereas
in the presence of 3 mg/ml and 6 mg/ml concentnatia noticeable decrease in the total proteinecdinid 40% was
observed. Similar results were observed in the ohfige total protein content of the heart as welbm the results
obtained, we infer that the desired nickel copparite nanoparticles caused a minimal amount oftgimo
degradation within the biological system.

3.5 Antibacterial assay
Nickel copper ferrite nanoparticles showed 82%ndiibition in the growth oP. aeruginosa80.42% inhibition of
E. coli, 77.32% inhibition of S. mutans and 76.30% inllsitin the growth oB. subtilis,as shown in Fig. 10.

B6 mg/mmi 83 mg/ml 81.5 mg/ml @0.75 mg/ml @ Blank
60%
T
IS
50% A - e
e = S
0 | / AL - otk
40% e o
B PP -. el
FIFI -
% T o
30% N :. j;::; :. SIS
FIIIP i
FFIID Ol
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20/0 B :- P, AL
ks PIIITS - S
FIFIS — it
- o s s Al = ;;;:;
10% {7 e o
P " R
I :;;;;
0% e o
-
Total Protein in Liver Total Protein in Heart

Fig. 9. Total protein assay
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82%

80.42%

77.32%

E.coli P.aerogenosa B.subtilis S.mutans

Fig. 10. Activity of thetitle nanocrystals against pathogenic bacteria
DISCUSSION

Cubic inverse spinel structured nickel copper fernanoparticles were successfully fabricated uhgdrothermal
conditions. The method followed was a facile, otep shydrothermal route, which was cost effectivel aras
employed in achieving the nanopatrticles of deséied and shape. The synthesized nanoparticleschearacterized
using powder XRD, FTIR, DLS, SEM and EDS. The chaazation results showed that the synthesizeetiahis
of cubic symmetry with an average crystallite si¥e32nm and contains Ni, Cu, Fe and O as its coreptn
confirming that the synthesized material was nidagper ferrite. DLS results show an average parsize of ~85
nm. The material was tested against red blood soips and against 4-day-old chick embryos to umaiedsits
haemolytic activity and teratogenicity. It was domied that the synthesized nickel copper ferriteaparticles did
not show any toxicity towards blood and showed eratbgenic effects. Foreign objects that enterbiby can
cause several types of adversities which includgepr degradation. Hence, the embryos were sultjeictehe
synthesized material at ithfferent concentrations to understand the changéise level of total protein content in
the heart and liver tissues. The material did Baise any significant degradation in the total pnotentent of the
heart and liver of the chick embryos. In additionthat, the nanoparticles showed good antioxidaopgrty and
also caused a successful inhibition in the growtlzscherichia coli, Streptococcus mutans, Bacillulstitg, and
Pseudomonas aeroginobacteria.

Ferrites of heavy metals like nickel, cobalt, capmnd zinc are known to possess properties treatcarrently
employed in magnetic storage devices, corrosioistea® coatings, biomedical devices, etc [F¥wer researches
have been done in employing these ferritesrfasivo applications owing to the toxic nature of heavytate There
are interesting studies on the antibacterial pitypef these heavy metals, which is a curious tapithis era of
bacterial drug resistance against many of the srahdntibiotics [40]. Magnetite has been extengivekearched
for its biological activity though it inherently das the antimicrobial activity only by the virtuef dts
biocompatibility [41]. Although magnetite is biocpatible to humans and animals, it is not known as a
antibacterial substance. Some studies showed thghetite can be a concentration dependent antifeateaterial
[42]. Based on the results obtained, we infer that thulkehicopper ferrite nanoparticles synthesized aogem
advanced than magnetite and otkmown ferrites of heavy metals like nickel, cobalbpper and zinc as nickel
copper ferrite nanoparticles are not only biocoifpatbut also possess excellent antibacterial amébxdadant
nature. This makes nickel copper ferrite as anl ichegerial for application in biological systems.

CONCLUSION
Eloquent hydrothermal technique was employed irota synthesize biocompatible, cubic symmetrikeliderrite

nanoparticles. The nanoparticles synthesized weaeacterized using powder XRD, FTIR, DLS, SEM araiSE
Toxicological studies revealed that the synthesipederial is not haematotoxic as it did not causedisruption of
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red blood corpuscles upon exposure. Embryotoxititgickel copper ferrite material was tested orcklémbryos.
The results obtained showed no evidences of tezatoidy in the embryos. Total protein content of thearts and
livers from these embryos was measured to confiereffect of the nanoparticles on the embryos amas evident
from its results that there was only a slight véoiain the amount of proteins upon exposure te titaterial. Apart
from being completely biocompatible, the synthedim@terial also possesses excellent antioxidamgpty of 72%
DPPH free radical scavenging activity. Nickel copperrite synthesized successfully inhibited thevgh of
Escherichia coli, Streptococcus mutans, Bacillustitis, and Pseudomonas aeroginobacteria. These bacteria are
said to cause tooth decay, food infections, anérséyulmonary infections. Based on the evaluagsdlts and in
comparison with the properties of other known fes; the present authors conclude that the niakgper ferrite
nanoparticles synthesized are ideal for biomedipglications as they are biocompatible and alsibacterial in
nature, in addition to their excellent antioxidaature.
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