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Abstract: In this study, the zinc oxide prepared from three different precursors: zinc sulfate heptahydrate, zinc nitrate hexahydrate and
zinc acetate dihydrate, has been tested in vitro on different cell types belonging to eukaryotic and prokaryotic: erythrocytes, leukocytes,
Candida albicans and Bacillus BS3 who is thermophilic bacteria, sporulating and multiresistant to antibiotics. The effect of ZnO
nanoparticles on the above cells was observed directly via optical microscopy. The results show a separate action of each oxide at the
various cells studied. Tests conducted on cells of human blood show that ZnO synthesized from the zinc acetate dihydrate is the most
hemolytic oxide. It causes a complete hemolysis of erythrocytes and a total alteration of leukocytes. A total inhibition of the growth of
Candida albicans was observed in the case of ZnO synthesized from zinc sulfate heptahydrate. Bacterial cells BS3 even if they are spore
forming, are multiresistant to antibiotics and high temperatures. They were eradicated by the three aforementioned synthetic oxides

losing their shape, changing their size, their mode of association, Gram stain and ability to reproduce.
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1. Introduction

Nanotechnology is now widely considered one of the
promising technologies of this century [1-3]. Thanks to
special properties due to their small size, the zinc oxide
nanoparticles are used in many fields. In the field of health
and hygiene as a bactericidal agent [4-8] and antifungal
[9,10], in the treatment of wastewater for recycling [11], as
an antimitotic agent observed in the rootlets of seeds [12],
and in food as a preservative [13]. The objective of this
study is to test the effect, directly in vitro, of nanoparticles
of metal oxide ZnO synthesized from three precursors [4] on
different types of cells:

e The cells of human blood: erythrocytes and leukocytes
which have a crucial role in sustaining life and human
health; it is a test of tolerance of human cells to these
oxides;

e Fungal cells: Candida albicans isolated from a vaginal
candidiasis;

o Bacterial cell BS3: Gram-positive bacillus, spore-forming,
multiresistant to antibiotics, B-lactamase-producing and
thermophilic [14]. The choice of this bacterium based on
its exceptional ability to withstand not only the chemical
bactericidal agents but also the physical and
environmental factors.

2. Materials and Methods

The preparation of zinc oxide nanoparticles was carried out
from three different precursors: zinc sulfate heptahydrate,
zinc nitrate hexahydrate, and zinc acetate dihydrate
according to the methods described by Zegaoui et al. [4].

Table 1: Notation adopted for the oxides prepared from
different precursors [4]:

Sample | Notation Precursor used
ZnO(S) ZnS04, 7TH20

ZnO(X) | ZnO(N) Zn(NO3)2, 6H20
ZnO(A) Zn(CH3C00)2, 2H20

1) The effect of ZnO synthesized from three different
precursors on the red cell (hemolysis test):

The fresh human blood was collected on a sterile tube
containing sodium citrate as anticoagulant in a volume to
four volumes of blood. Packedred blood cells are subjected
to four washes with sterile physiological saline water [15].
1mg / ml of each oxide dissolved in sterile physiological
saline is mixed with 50ul of packedred blood cells.The
control tube is free of oxide. The preparations are then
incubated in the dark for 1 hour at room temperature.They
are centrifuged at 1500 rotation / min for 3 minutes.The
observation of hemolysis is performed directly with the
naked eye. Each test is repeated three times.

2) The effect of ZnO synthesized from three different
precursors on leukocytes:

In test tubes, 1 ml of fresh human blood, collected in EDTA
is mixed with 1 mg of the oxide to be tested. The control
tube is free of oxide. The preparations are incubated in the
dark for 1 hour at room temperature. Thin smears films were
formed, after homogenization of the blood, on clean slides
followed by May-Grinwald-Giemsa staining (MGG). An
observation is made under an optical microscope at a
magnification x 1000 to illustrate the behavior of leukocytes
regarding the tested products. Each experiment is repeated
three times.
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3) The effect of ZnO synthesized from three different
precursors on Candida albicans:
A colony of Candida albicans, collected on a solid
Sabouraud’s medium, is inoculated into a tube containing
the same liquid medium, followed by incubation for at 37°C
for 24h. Iml of the sterile Sabouraud’s medium liquid is
mixed with 1mg oxide to be tested and 50ul removed from
the stock culture of Candida albicans. The control tube
contains no oxide. The preparations are incubated in the dark
at 37 ° C for 24 hours. A drop of suspension is deposited
between slide and cover slip. Quantification of the yeast is
carried out by observation with an optical microscope at a
magnification x 400. Growth score is determined and
recorded for each slide as compared to the control. The
number of repetitions is three times.

4) The effect of ZnO synthesized from different
precursors on the bacterium BS3

BS3 bacterium is a thermophilic bacillus, Gram-positive, at
an optimum growth temperature of 50 ° C. This bacterium
has been isolated in the city of Meknes in Morocco [14]. It is
a bacterium gifted of particular resistance to heat, pH, and
salinity. BS3 is sporulating bacterium, multi-resistant to
antibiotics and producer of the most thermophilic -
lactamase [14]. This highly resistant bacterium was used in
the test of the above zinc nanoparticles to show their
antibacterial effectiveness. From a culture of BS3 of 24h on
Muller Hinton broth, we collected 1ml of the bacterial

suspension in a series of sterile tubes in which we added 1
mg of zinc oxide nanoparticles to be tested.The tube as a
control is free of zinc nanoparticles. These preparations were
incubated at 50 ° C and in the dark for 3 hours. The number
of repetitions is three times. Test tubes are centrifuged and
the pellets are spread on slides. After Gram staining,
observation is carried out under an optical microscope at
x1000 magnification. A bacterial culture on Muller Hinton
agar was carried out subsequently for each test taking as
inoculum previous old culture 18h, this test confirms the
complete degeneration of bacterial cells.

3. Results and Discussion

1) Hemolysis Test

This test is performed to find out the in vitro effect of ZnO,
synthesized from various precursors, on human erythrocytes.
The results show a hemolytic effect of ZnO(A) following a
red blood cell lysis thereby releasing hemoglobin, the tube
has a pigmented red supernatant and a white pellet exploded
erythrocytes (Photo B Figure 1). ZnO(N) causes a slight
hemolysis compared to the control (picture C Figure 1).
However, ZnO(S) has no effect on hemolysis of erythrocytes
tested. They retain their intracellular hemoglobin content
comparable to that of the control (picture A Figure 1).

"y

| -
Figure 1: Tests carried out in the presence of hemolysis ZnO(S) (picture A), ZnO(A) (picture B) and ZnO(N) (picture C). The
control tube is shown in the photos with the letter T.

These results allow us to infer that the zinc oxide
synthesized from zinc acetate is acting adversely on the
integrity and permeability of the erythrocyte membrane,
most likely by acting on the parameters involved in
membrane transport. The erythrocyte has a high hemoglobin
content, which is near saturation, giving it a high oncotic
pressure. This natural water call to the red blood cell, giving
it a shape of a biconcave sphere and may break (hemolysis)
in the absence of active pumps Na+ and K+ driving back
ceaselessly water [16, 17]. Breakage of these pumps may
cause a massive influx of water into the middle intra
cytoplasmic and cause a red blood cell lysis. ZnO(S)
produces no hemolysis, the float remains clear. However
ZnO(N) causes a slight hemolysis compared to the control.

This difference in biological activity of the three oxides was
observed on other types of plant prokaryotic cells and

eukaryotic [4, 12]. It can be explained by a difference in the
shape and size of the synthesized nanoparticles. The
observation of zinc oxide by TEM (Transmission Electron
Microscopy) shows that ZnO prepared from zinc acetate is
composed of grains about 40 nm that are uniform hexagonal
shape. The ZnO prepared from zinc nitrate is present in an
elongated shape which the length can reach 800 nm and a
diameter of approximately 100 nm in average. For ZnO
prepared from zinc sulfate, the oxides are highly
agglomerated and are in clusters form of large grains and
having an average size greater than 100 nm [4].

2) Test on leukocytes

This test is performed in order to realize the in vitro effect of
ZnO, synthesized from various precursors, on human
leukocytes. Figure 2 shows the optical microscope
observation of the blood smear. It confirms the hemolytic
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effect of ZnO synthesized from zinc acetate dihydrate; the
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Figure 2: Photos of stained blood smears with

.‘

MG. A: test with ZnO (S); B: tes?with ZnO (A); C: test with ZnO (N); D:

the leukocytes are completely deformed and altered, their
nucleus has granular inclusions (picture B Figure 2).

b

control test.(X1000 Magnification).

The control shows a smear with normal red blood cells and
two intact polynuclear neutrophils (image D Figure 2). The
smear mounted from the blood treated with zinc oxide
synthesized from zinc sulphate heptahydrate, shows a
normal preparation with the red blood cells and an intact
lymphocyte (image A Figure 2). The blood treatment by zinc
oxide synthesized from zinc nitrate hexahydrate shows a
small attack on the red blood cells whereas the leukocytes
keep their normal appearance (picture C Figure 2). This
eukaryotic and human cells tolerance test to these three
types of zinc oxide, allows us to rank according to their
degree of toxicity and increasing their effective efficacy on
microbial growth. Either respectively ZnO(S), ZnO(N) and
ZnO(A), indicating that ZnO(S) has no toxic effect on blood
cells. The selectivity of zinc oxide of the action on the
prokaryotic and eukaryatic cells has been already reported
by Reddyet et al [18] which showed that human T
lymphocytes were more resistant to the toxicity of ZnO
compared with Escherichia coli and Staphylococcus aureus.

3) The effect on Candida albicans

Candida albicans cause vulvovaginal candidiasis manifested
by clinical signs that are especially vaginal and vulvar
itching [19]. They affect 75% of women at least once in their
lives (with relapsing forms in 10% of cases) [20]. These
fungi are the majority of the severity of nosocomial
infections. Epidemiological studies from 1990 show that

Candida yeasts ranked fourth in the infectious agents
responsible for nosocomial septicemia frequency, and the
first for mortality [21].

This test is performed to demonstrate the in vitro effect of
ZnO, synthesized from various precursors, on Candida
albicans. The results obtained clearly show the total
eradication of this pathogenic microscopic fungus in its
treatment by ZnO(S) (picture A Figure 3). Whereas at a
concentration Img/ml of ZnO(N) and of ZnO(A) (picture B
and C figure 3), the presence of this fungus persists, but at a
lower density and a smaller size compared to control that
shows budding yeast associated with pseudomyceliums
(image D Figure 3).

These results are consistent with tests on pathogens in which
the ZnO(S) is the most effective with a bactericidal activity
at very low MIC (Minimum Inhibitory Concentration) [4].

By analyzing these results, it is clear that the inhibitory
activity of the growth of Candida albicans by the ZnO(S) is
the most important. Tolerance of leukocytes and
erythrocytes of this oxide and its remarkable antifungal
effect made ZnO(S) a non-toxic molecule to blood cells and
having a particular antifungal activity.
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' ip. A: test with ZnO (S); B: test with

ZnO (A); C: test withZnO (N); D: control test. (X400 Magnification)

4) Sequels on the BS3 bacterium

This test is performed to see the effect in vitro of zinc oxide
nanoparticles, synthesized from various precursors, on the
morphological behavior of multiresistant and thermophilic
bacterial cell BS3. The results obtained show that in the case
of the control (picture D Figure 4) the bacterium has a
Gram-positive bacillary form. The addition of ZnO(S),
ZnO(A) or ZnO(N) in the bacterial culture, shows after 3
hours of incubation changes in the appearance of the
bacterial cells. For ZnO(S) there is first a conversion of most
of the Gram-positive bacterial cells to Gram-negative, which
can be explained by an alteration of the wall leading to the
dispersal of the bacterium contained (picture A Figure 4).
The cells have a different mode of association of the control,
an agglomeration and a tendency towards the formation of
clusters of cells tangled and poorly demarcated. Bacterial
density decrease indicating an inhibition of growth.

Treatment with ZnO(A) leads to a change in the size of the
cells which become smaller, an attack of the bacterial walls
displayed by changing the Gram stain and an attack of the

bacteria illustrated by empty and pale cells (picture B Figure
4). The test carried out with ZnO(N) shows a change in the
shape and size of the bacteria. The cells are inflated and a
fluorescent appearance, indicating a change in membrane
permeability, intracellular accumulation of zinc oxide and an
incoming flow of water. Gram staining is best preserved in
this case in most cells, thereby suggesting a different site of
action (picture C Figure 4).

The cell viability test confirms a complete eradication of all
bacteria; none of them remained alive after 18 hours of
incubation following treatment by the various oxides. The
bactericidal effect of these synthetic nanoparticles tested in
this study on the spore-forming bacterial strain BS3 feature
exceptional resistance to antibiotics, the high temperatures
and salinity, foreshadows the promising role of these oxides
in the clean-up of the environment, food conservation and
anti-infective therapy.
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Figure 4: A: Photos of Gram staining of bacteria BS3. A: test with ZnO (S); B: ZnO test W|th (A); C: test with ZnO (N); D:
control test (X 1000 Magnification).

4. Conclusion

The effect of ZnO nanoparticles on eukaryotic and
prokaryotic cells tested varies depending on the precursor by
which they are synthesized. All the results obtained in this
work allowed us to conclude that zinc oxide synthesized by
the zinc sulphate heptahydrate has an inhibitory role on the
growth of resistant microorganisms and pathogens and
shows no toxicity in vitro of the human blood cells, hence its
interest in the anti-infective use of food preservation and
remediation of the environment.

References

[1

[2]

[3]

[4]

[5]

Y.Q. Fu, J.K. Luo, X.Y. Du, AJ. Flewitt, Y. Li, G.H.
Markx, A.J. Walton, W.1. Milne. Recent developments
on ZnO films for acoustic wave based bio-sensing and
microfluidic applications. Sensors and Actuators B,
143 (2010) 606-619.

J. Das and D. Khushalani. Synthesis and
Photocatalysis of ZnIn2S4 Nano/Micropeony. Physical
Chemistry C, 114 (2010) 2544-2550.

Z.L. Wang. ZnO nanowire and nanobelt platform for
nanotechnology. Materials Science and Engineering R,
64 (2009) 33-71.

O. Zegaoui, N. Moukrad, 1. Daou, F. Rhazi Filali, L.
Louazri and H. Ahlafi , Study of the influence of the
shape and size of the ZnO nanoparticles synthesized
from different precursors on the antibacterial activity.
Journal of Advances in Chemistry, 10 N° 2 (2014)
2246-2253.

S. Mustafa, H. M.Khan , I. Shukla , F. Shujatullah, M.
Shahid , M. Ashfag , A. Azam. Effect of ZnO
nanoparticles on ESBL producing Escherichia coli

6]

[7]

(8]

[9]

[10]

[11]

[12]

Klebsiella spp. Eastern Journal of Medicine, 16 (2011)
253-257.

C. Karunakaran, V. Rajeswari and P. Gomathisankar.
Antibacterial and photocatalytic  activities of
sonochemically prepared ZnO and Ag-ZnO. Journal of
Alloys and Compounds, 508 (2010) 587-59.

K. H. Tam, A. B. Djurisi¢, C. M. N. Chan, Y. Y. Xi, C.
W. Tse, Y. H. Leung, W. K. Chan, F. C. C. Leung, D
W. T. Au. Antibacterial activity of ZnO nanorods
prepared by a hydrothermal method. Thin Solid Film,
516 (2008) 6167-6174.

L. Zhang, Y. Ding, M. Povey, D. York. ZnO
nanofluids—A potential antibacterial agent. Progress in
Natural Science, 18 (2008) 939-944.

M. Thenmozhi, K. Kannabiran, R. Kumar, V. Gopiesh
Khanna. Antifungal activity of Streptomyces sp.
VITSTKY and its synthesized Ag20/Ag nanoparticles
against medically important Aspergilluspathogens.
Journal de MycologieMédicale, 23 (2013) 97-103.

E. Ghasemian, A. Naghoni , B. Tabaraie, T. Tabaraie.
In vitro susceptibility of filamentous fungi to copper
nanoparticles assessed by rapid XTT colorimetry and
agar dilution method. Journal de MycologieMédicale,
22 (2012) 322-328.

Q.Li, S.Mahendra, D.Lyon, L.Brunet, M.Liga, D.Li,
P.Alvarez. Antimicrobial nanomaterials for water
disinfection and  microbial control:  Potential
applications and implications. Water Research, 42
(2008) 18: 4591-602.

N. Moukrad, F. Rhazi Filali, I. Daou and O. Zegaoui.
Phytotoxic activity of the zinc oxyde nanoparticles
synthesized from different precursors on germination
and radicle growth of seeds lepidiumsativum.
International Journal of Scientific and Research
Publications. 4 (2014) 2250-3153.

Volume 4 Issue 5, May 2015
WWWw.ijsr.net

Paper ID: SUB154761

Licensed Under Creative Commons Attribution CC BY

2422




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

V. Vasilache, C. popa, C. filote, M. A. cretu, M. benta.
Nanoparticles applications for improving the food
safety and food processing. 7th International
Conference on Materials. Science and Engineering, 12
(2011)24 -26.

F. Rhazi Filali, A. Zaid, Z. Zekhnini. Recherche des
bactéries thermophiles résistantes aux antibiotiques
dans les bains traditionnels. Comparative Immonology
Microbiology & infectiousDiseases. 20 (1997) 335-
344.

Y. Ouedraogo, O. Nacouima, I.P. Guissou, F.
Guedegulna. Evaluation in vivo et in vitro de la
toxicité des extraits aqueux d'écorces de tige et de
racines de mitragynainermis (wilid).o.ktz
(RUBIACEAE). Pharm. Méd. Trad. Afr. 11(2001) 13-
29.

A. Heinz, H. Passow. Role of external potassium in the
calcium- induced potassium efflux from human red
cell ghosts. J. Membrane Biol. 57(1980) 119-131.
B.Roelofsen. Characterization of the lipids involved in
the (Na++ K+)- and Ca2+ -activated ATPase in the
human erythrocyte membrane by using highly purified
phospholipases. FEBS Lett. 45(1977)183 190.

K. M.Reddy, K.Feris, J. Bell, D. G.Wingett, C.
Hanley, A.Punnoose. Selective toxicity of zinc oxide
nanoparticles to prokaryotic and eukaryotic systems.
Applied Physics Letters, 90(2007) 213-902.

L. Repentigny, D. Lewandowski, P.Jolicoeur.
Immunopathogenesis of oropharyngeal candidiasis in
human immunodeciency virus infection. Clin
Microbiol Rev, 17 (2004) 729-59.

JD. Sobel. Vulvovaginal candidosis. Lancet, 369
(2007) 1961-71.

MB. Edmond, SE. Wallace, DK. McClish, MA.
Pfaller, RN. Jones, RP. Wenzel. Nosocomial
bloodstream infections in United States hospitals: a
three-year analysis. Clin Infect Dis, 29 (1999) 239-44.

Paper ID: SUB154761

Volume 4 Issue 5, May 2015

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

2423





