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role of honey as a surfactant. The spherical features in the
images that are about 200 nm in diameter might be the
residues from the honey itself.

Antioxidant and antibacterial activities
The violet coloration of DPPH free electron in methanol
was attributed due to wide spread of electron on whole
molecule that prevents dimerization25 and therefore DPPH
produces an intense absorption peak at 517 nm. The anti-
oxidant activities of HH, IO-NPs and HHLIO-NPs with
DPPH free radical was shown in Table 1. The results

con� rmed that the antioxidant activities of HH after
being loaded onto IO-NPs increased in a dose-dependent
manner by two-fold compared with honey alone. From
Figure 4, it can be said that the absorption peaks of
DPPH radical were reduced with the increasing concentra-
tion of test samples.

The antioxidant activity of HH can be related to the pre-
sence of antioxidants like phenolics and� avonoids.26,27 The
Fe3O4 nanoparticles also signi� cantly scavenged the free radi-
cals showing good antioxidant activity. This property could be
attributed to the electron transfer from the Fe+2/Fe+3 systems

HHLIO-NPs
IO-NPs
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Figure 2 UV spectra of Himalayan honey loaded iron oxide nanoparticle (HHLIO-NPs) and iron oxide nanoparticle (IO-NPs).

Abbreviations: HHLIO-NPs, Himalayan honey loaded iron oxide nanoparticles; IO-NPs, iron oxide nanoparticles; UV, ultraviolet.

A B

Figure 3 SEM images (A ) free iron oxide nanoparticles and (B) Himalayan honey loaded iron oxide nanoparticles. This illustrates the loading of honey on nanoparticles as

suggested by the UV spectra.

Abbreviations: SEM, scanning electron microscope; UV, ultraviolet.

Neupane et al Dove press

submit your manuscript | www.dovepress.com

Dove Press
International Journal of Nanomedicine 2019:143536

In
te

rn
at

io
na

l J
ou

rn
al

 o
f N

an
om

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
3.

23
6.

12
.1

35
 o

n 
27

-J
ul

-2
02

1
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


In
te

rn
at

io
na

l J
ou

rn
al

 o
f N

an
om

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
3.

23
6.

12
.1

35
 o

n 
27

-J
ul

-2
02

1
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


28. Bhattacharya K, Gogoi B, Buragohain AK, Deb P. Fe2O3/C nanocompo-
sites having distinctive antioxidant activity and hemolysis prevention
ef� ciency. Mater Sci Eng C. 2014;42:595–600. doi:10.1016/j.
msec.2014.05.062

29. Kurian GA, Meyyappan A, Banu SA. One step synthesis of iron
oxide nanoparticles via chemical and green route–an effective com-
parison.Int J Pharm Pharm Sci. 2015;7(1):70–74.

30. Namvar F, Mohamed R. Biomedical application of green biosynthesis
magnetic iron oxide (Fe3O4) nanoparticles using seaweed (Sargassum
muticum) aqueous extract.Int J Chem Mol Eng. 2016;3(1):7–11.

31. Ferreira IC, Aires E, Barreira JC, Estevinho LM. Antioxidant activity
of Portuguese honey samples: different contributions of the entire
honey and phenolic extract.Food Chem. 2009;114:438–1443.
doi:10.1016/j.foodchem.2008.11.028

32. Liberato MCTC, Morais SM, Siqueira SMC, et al. Phenolic content and
antioxidant and antiacetylcholinesterase properties of honeys from differ-
ent � oral origins. J Med Food. 2011;14:658–663. doi:10.1089/
jmf.2010.0097

33. Guittat L, Alberti P, Rosu F, et al. Interaction of cryptolepine and
neocryptolepine with unusual DNA structures.Biochem.
2003;85:535–541. doi:10.1016/S0300-9084(03)00035-X

34. Tran N, Mir A, Mallik D, et al. Bacterial effect of iron oxide
nanoparticles onStaphylococcus aureus. Int J Nanomedicine.
2010;5:277–283.

35. Vasantharaj S, Sathiyavimal S, Senthilkumar P, et al. Biosynthesis of
iron oxide nanoparticles using leaf extract ofRuellia tuberose: anti-
bacterial properties and their applications in photocatalytic
degradation. J Photochem Photobiol B. 2019;192:74–82.
doi:10.1016/j.jphotobiol.2018.12.025

36. Suganya D, Rajan MR, Ramesh R. Green synthesis of iron oxide
nanoparticles from leaf extract ofPassi�ora foetidaand its antibac-
terial activity. Int J Curr Res. 2016;8(11):42081–42085.

37. Ahmad S, Farrukh MA, Khan M, et al. Synthesis of iron oxide–tin
oxide nanoparticles and evaluation of their activities against different
bacterial strains.Can ChemTrans. 2014;2(2):122–133.

International Journal of Nanomedicine Dove press

Publish your work in this journal
The International Journal of Nanomedicine is an international, peer-
reviewed journal focusing on the application of nanotechnology in
diagnostics, therapeutics, and drug delivery systems throughout the
biomedical � eld. This journal is indexed on PubMed Central,
MedLine, CAS, SciSearch®, Current Contents®/Clinical Medicine,

Journal Citation Reports/Science Edition, EMBase, Scopus and the
Elsevier Bibliographic databases. The manuscript management system
is completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-nanomedicine-journal

Dove press Neupane et al

International Journal of Nanomedicine 2019:14 submit your manuscript | www.dovepress.com

Dove Press
3541

In
te

rn
at

io
na

l J
ou

rn
al

 o
f N

an
om

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
3.

23
6.

12
.1

35
 o

n 
27

-J
ul

-2
02

1
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.msec.2014.05.062
https://doi.org/10.1016/j.msec.2014.05.062
https://doi.org/10.1016/j.foodchem.2008.11.028
https://doi.org/10.1089/jmf.2010.0097
https://doi.org/10.1089/jmf.2010.0097
https://doi.org/10.1016/S0300-9084(03)00035-X
https://doi.org/10.1016/j.jphotobiol.2018.12.025
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

