MedDocs Publishers

%

ISSN: 2578-8760

MEDDOCS s
Open Access Publisher Journal of Nanomedicine

Open Access | Research Article

Cellular and Mitochondrial Toxicity of Raffinose
Functionalized Graphene Oxide against Mouse
Vital Organs

Parvaneh Naserzadeh; Amir Jafari*>**; Atoosa Sharifi Shekarestalkhi>**; Ali Maleki*; Rozhin Ahmadzadeh?; Faezeh Habibzadeh?;

Masod Akhshik*®; Behnaz Ashtari>**

1Endocrine Research Center, Institute of Endocrinology and Metabolism, Iran University of Medical Sciences, Tehran, Iran.

2Cellular and Molecular Research Center, Iran University of Medical Sciences, Tehran, Iran.

3Department of Medical Nanotechnology, Faculty of Advanced technologies in Medicine, Iran University of Medical Sciences,

Tehran, Iran.

“Catalysts and Organic Synthesis Research Laboratory, Department of Chemistry, Iran University of Science and technologies,

Tehran, Iran.

>Centre for Biocomposites and Biomaterials Processing, University of Toronto, Canada.

SEPI Centre, University of Windsor, Canada.

*Corresponding Author(s): Behnaz Ashtari
Department of medical nanotechnology, Faculty of
advanced technologies in medicine, Iran University of
Medical Sciences, Tehran, Iran.

Email: ashtaribeh@gmail.com

#These authors have contributed equally to this paper.

Received: May 23, 2023

Accepted: June 09, 2023

Published Online: June 16, 2023

Journal: Journal of Nanomedicine
Publisher: MedDocs Publishers LLC

Online edition: http://meddocsonline.org/

Copyright: © Ashtari B (2023). This Article is distributed under
the terms of Creative Commons Attribution 4.0
International License

Keywords: Stress oxidative; Isolation mitochondria; Cell death
signaling; Mitochondria pathway.

i

Abstract

Functionalized Nanoparticles (FNPs) using small or mac-
romolecules have attracted research interest in targeted
drug/gene delivery, tissue engineering, and imaging ap-
plications. The raffinose trisaccharide is the smallest raffi-
nose oligosaccharides that has been used in fish’s dietary
supplements. Trisaccharides usually attached at the edge
of Graphene Oxide (RafGO) nanosheets. In this study, cel-
lular and mitochondrial toxicity of RafGO nanosheets was
investigated in vital organs of the mouse. RafGO nanosheets
induced stress oxidative in brain, liver, heart, kidney and B-
lymphocytes cells and induce a dose dependent toxicity. We
have detected Reactive Oxygen Species (ROS), glutathione
content (GSH, GSSG), lysosome damage (redistribution of
acridine orange), and mitochondrial membrane potential
(MMP) and Cytochrome c. In this study we have also evalu-
ate RafGO nanosheets induced cellular toxicity pathway and
death signaling.
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Introduction

Today nano-scale biomaterial has been studied for newly
developed specific characteristics with the applications in bio-
medical devices. The variation in the characteristics have been
related to size, charge, morphology, shape, doping agents and
chemical moieties. Study of the nanosized materials, especially
carbon-based one is thriving in the fields like: therapeutic carri-
ers for targeted delivery, imaging features (e.g., quantum dots),
biosensor, photothermal therapy and tissue engineering. Gra-
phene is a single-atom-thick, two-dimensional sheet of hexago-
nally arranged carbon atoms [1,2]. The unique physicochemi-
cal properties of graphene-based material in conjugation with
a broad range of its potential applications has been reviewed
by Wang et al [3]. There are reports of graphene and its de-
rivatives cytotoxic effects on both bacteria and mammalian cells
[3]. In one of these reports, the intermediate-term effects of
the nanosheets were studied on a mouse model and tracked
for 21 days after the exposure. In this study it was concluded
that nanosheets are associated with moderate lung injury and
fibrosis, which can be mitigated by dispersing nanosheets in
biocompatible molecules [4]. In another in-vivo research in C.
Elegans model, the modified graphene oxide with PEGylated
poly-L-lysine (electrostatic adsorption), (GO/PP) showed a rela-
tively weak ROS formation. In this study it was concluded that
the GO/PP induced decomposition of H,O, and accelerated OH
production and ROS formation under thermal stress condition
rises and leads to the mitochondrial toxicity [5]. One of the in-
teresting research projects studied the effect of Graphene Ox-
ide (GO) in saline solution and its interactions with the mem-
brane-bound cytochrome-c of E.coli. GO ability in transporting
electrons from the respiratory chain and creating superoxide
anions (02e-) lead to GO reductions; however, coating GO with
bovine serum albumin (BSA) stopped GO’s reduction. From all
above it was concluded that by inhibiting direct assess of GO
via macromolecules such as BSA they can increase stability and
biocompatibility and reduce the toxicity [6]. In another interest-
ing application, under the oxidizing environment, (GO)-Fe (ll1)
complex was used as an artificial cytochrome-c that can have
a selective photo-reduce toxic effects [7]. The collaboration of
GO on the toxicity of other materials has been studied as well,
for example, it has been illustrated that the developmental tox-
icity of TDCIPP on zebrafish in the presence of GO increases.
Here the exposure of TDCIPP decreased activities of MRC en-
zymes and ATP while both engage in confronting GO. Overall
GO nanosheets has a mitigating effect and reduces the adverse
toxicity [8].

Raffinose is the smallest member of the raffinose family oli-
gosaccharides which can be found in various plants and it was
first extracted from Eucalyptus manna by Johnston in 1843
[9]. Raffinose is related to the regulations of the environmen-
tal stresses [10], it has applications in dietary supplements for
fishes, OH scavenging activity [11-13], cryopreservation [14],
aerosolization, hygroscopic effects that improves drugs charac-
teristics [15] and as an excipient (protein stabilizer) [16-19].

There are two main methods to functionalize GO, on one
hand is the non-covalent functionalization methods such as
weak hydrophobic and mt-it stacking interactions that are mainly
being responsible for the attachment of the (bio) molecules or
polymers. On the other hand, there are covalent bonding as
well, which is the oxygen-based functional groups on the GO
sheets are bonded to the organic matter. In term of interaction,
the electrostatic interactions between biomolecules’ functional

groups and the hydrogen bond, m-rt-stacking and hydrophobic
interactions are possible models of interactions that were re-
cently reported for the GO [20]. Non-covalent interaction most-
ly meets the drug delivery needs but going through covalent
reactions like etherification [21]. Beyond the probable reaction
types, it is very important what kind of (bio) molecules is at-
tached to the GO surfaces. For example, in 2018, Bidram and et
al. conjugated GO with polyethylene glycol (PEG-FA) and (PEG-
RGD) which led to internalization of both modified GO by the
tumor cells and resulted in a less cytotoxicity for noncancerous
cells [22]. If graphene oxide is toxic and able to induce dose
dependent toxicity in cancer cells, how it is possible to work
on graphene-based material in biomedical engineering? The
simple answer is in the modifications, which might give them
different properties and readers need to think of each modified
GO as a different material with different properties.

On the mechanism of the toxicity beside from what has
mentioned there is another aspect that has been mentioned
elsewhere [23,24]. The DNA binding damages through com-
plex forming mechanism, not only damages the animal and
human cell lines; and also, sharp edge damages of nanosheets
and nanopillars on bacterial membrane. In this mechanism the
membrane mechanically ruptured or deformed upon the higher
adhesion energy or energy balance respectively [25]. The accu-
mulation of oxidative stress proteins, in bacteria, has near the
GO sheets those bonds with neighboring lipid rafts, deactivates
endocytosis, and causes metabolic deficiency. In silico studies
concluded that sharpened edges of nanosheets could act like
‘blades’ that is extracting the phospholipid molecules from the
lipid bilayers over its own surfaces. This blade exacerbates the
loss of cell membrane integrity which followed by extraction-in-
duced deformation [23]. This induced deformation has been ex-
plained with the membrane wrapping in endocytosis of various
nanoparticles. Effective reduction of this toxicity in GO is also
through functionalization with large or small molecules which
can decrease the sharpness of the graphene oxide on the edg-
es. In a study, researchers found that kaolin coagulations with
graphene oxide in water, reduces the number of macronucleus
deformities and adverse effects (low survival and growth rates),
higher chemotaxis and lower galvanotaxis. In this study, we
have demonstrated that the raffinose graphene oxide despite
the advantageous properties of self-standing raffinose, still in-
duce toxicity in brain, liver, heart, kidney and the B-lymphocytes
cells. This has been demonstrated via several methods includ-
ing the cell viability, mitochondrial ROS formation, mitochon-
drial membrane potential, lipid peroxidation level, glutathione
content (GSH and GSSG), Cytochrome c expulsion assay, and
damage lysosome.

Materials and Methods
Chemical and Materials

For this study we have used Silver Nitrate (AgNO,), N, N’-
Dicyclohexylcarbodiimide (DCC), 4,4-Dimethylaminopyridine
(DMAP), Graphite fine powder extra pure (Merck, Germany),
Sodium Nitrate (NaNO3), Sulfuric Acid (98%), Potassium Per-
manganate merck, Hydrogen Peroxide. We also used MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide)
to assay activity of mitochondrial complex Il (succinate dehy-
drogenase). The formazan crystals were dissolved by Dimethyl
Sulfide (DMSO). We evaluated ROS generation and MMP by
2',7'-Dichlorofluorescein Diacetate (DCFH-DA) and Rhodamine
123 (Rh 123) probes. For the evaluation of lipid peroxidation,
Tetramethoxypropane (TEP) method was utilized. GSH and
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GSSG were determined by OPA and NEM probes. Lysosomal
membrane integrity was analyzed by acridine orange and Quan-
tikine Rat/Mouse Cytochrome ¢ Immunoassay kit (Minneapo-
lis, MN). We used different buffers including Tris-HCI, sucrose,
MgCI2, KCl, MnCl,, potassium phosphate 2-aminoethylether- N,
N, N’, N'-tetraacetic acid (EGTA), Ethylene ediamine tetra acetic
acid (EDTA) and Na,HPO, and Quentikine kit for released of cy-
tochrome c. All chemicals were of analytical and/or HPLC grade.

Instrument

UV-Vis spectrums were obtained by Jenway 6705 UV-Visi-
ble Spectrophotometer. FTIR tests were done by Bomem MBB
MB100 using KBr. DLS and Zeta Potential were measured by
Malvern model MAL1041966. Fluorometry performed in Shi-
madzu RF-5000, Japan; and MTT assay was performed in finite
200 M ELISA reader (TECAN). Flow cytometry was performed
using a BD Biosciences FACS Calibure TM flow cytometer.

Synthesis of the RafGO nanosheets

We have used the method explained (10.1021/acs.
iecr.7b00182) to synthesize graphene oxide from graphite fine
powder. Briefly, a beaker containing 20 mL H2SO4 and 0.5 g
NaNO3 is placed on a stirrer and heated to 66 °C. Then quickly
1 g of graphite fine powder was added to the solution and with
gentle proportion solution was mixed for about 1 hour. The
beaker containing the above solution was sonicated for 30 min-
utes in the bath provided with temperature of 0°C. Next, while
stirring the solution with a spatula, 3 g of potassium perman-
ganate (KMnO) was gradually added to the beaker. Then the
beaker kept overnight at room temperature followed by adding
50 mL of a mixture of water/H,0, (2/1 ratio) which induce a
color change form black to brown. Finally, solution centrifuged
at 4000 rpm for 3 min and washed till excessive KMnO, elimi-
nated (checked with testing AgNO, precipitation using the su-
pernatant. For grafting raffinose molecules on the GO, 10 mL
GO (which contain 0.024g GO) added to a solution of 0.074g
DCC and 0.005g DMAP dissolved in 50 mL 96% alcohol. Later,
0.025g of raffinose added to the solution while mixing gently
on a magnetic stirrer for 48-hour at room temperature. The re-
sulting powder was washed with distilled water and 96% EtOH
(ethyl alcohol, also known as ethanol) three times and then
dried in an oven at 60°C.

Fourier Transform Infrared Spectroscopy (FTIR)

Based on the presented FT-IR spectra, it was confirmed
that the RafGO nanosheets were successfully synthesized. The
prominent adsorption peaks of GO are at about 3434.5 cm-1
which is attributed to the hydroxy group, 1625 cm-1 which is at-
tributed to carbonyl and 1700.5 cm-1 which is attributed to C=0
bonds of the carboxyl groups [26]. The FT-IR spectrum of RafGO
represent the emerging new peak at 1725 cm-1 that stands for
ester bond formation. Moreover, the narrow sharp absorption
peak at 3425 cm-1 accounts for the presence of raffinose —OH
groups indicating the reaction between COOH-edge groups and
raffinose. In addition, the peaks of 996 cm-1 confirms the COC
link, asymmetric stretching of the furanose ring in raffinose
molecules and also located small intensity at 895 cm-1 is attrib-
uted to B-configuration of C-1-H(B) bending modes [9].

Scanning Electron Microscopy

Scanning Electron Microscopy (SEM AIS2 100, Seron Tech-
nology, South Korea) was used for morphological and topologi-
cal investigations of the prepared nanosheets and scaffolds. In

this regard, the surface was coated with a thin layer of gold us-
ing a sputter coater (SC7620, Quorum Technologies, England)
with accelerating voltage of 20kV. Then scaffolds were placed
on the copper network of microscope and covered by carbon
before imaging.

Animal model

Male mice (28+2 g) were fed with a normal standard chow
diet and tap water ad libitum. All experiments were conducted
according to the ethical standards and protocols approved by
the Committee of Animal Experimentation of Shahid Beheshti
University of Medical Sciences, Tehran, Iran. For tail vein injec-
tion (IV), 80 mice were randomly divided into eight groups (n
= 10 for each group). The mice were injected via the tail vein
with phosphate-buffered saline (PBS)-dispersed S-GO (dead/to-
tal) at dosages of 1(n=10:10), 5(n=10:10), 10(n=2:10), 15(5:10),
20(n=7:10), 25(n=9:10) and 30(n=10:10) mg/kg. We choose
LD50 dosage (5mg/kg) for our project. After IV injection the
animals were decapitated, brain, heart, liver and kidney were
quickly excised, pooled, and rinsed using isotonic saline buffer.
These samples were used for the isolation of cell and mitochon-
dria as described below.

Experimental animal design

Samples were divided into 2 groups which: Group 1; con-
trol without RafGO nanosheets. Group 2; test with RafGO
nanosheets.

Collection blood cells

Animals were euthanized with an intracardial injection of 1
mg/kg gallamine triethiodide (Specia, Paris, France) under gen-
eral anesthesia. Before euthanasia, 1 mL of peripheral blood
was collected from the tail vein. The peripheral blood samples
were stained with Giemsa staining method for further evalua-
tion.

Isolation of cells
Preparation of brain cells

Brain cells were prepared from the mice brain tissue. The
mice were anesthetized with CO, and open skull mice picking up
brain. 10% (w/v) Homogenate of brain tissue were centrifuged
at 1000 g for 10 min. The supernatant centrifuged at 17000 g
for 55 min. We showed different layer in supernatant; first layer
between 0.32 and 0.8M sucrose centrifuged for 10000 g at 60
min. Second layer between 0.8 and 1.2M sucrose diluted with
equal vol. of water centrifuged for 10000 g at 60 min [27].

Preparation of liver cells

The liver was carefully removed, transferred to a beaker con-
taining 10-20 mL of enzyme medium at 4°C, and broken up with
a blunt spatula. Additional enzyme medium was then added to
bring the volume of the suspension to 50 mL. The suspension
was divided into two equal portions and transferred to 250 mL
conical flasks, which were shaken at 37°C for 15 min and in order
to keep pH at 7.4 sodium bicarbonate solution was used. The In-
cubation of the suspension served to break up cell clumps and,
more important, to digest isolated nuclei and damaged cells.
The suspension was filtered through two layers of nylon mesh
and the cells were separated from debris by centrifuging at 50
g for 2 min. The supernatant was removed, and the cells were
resuspended in fresh medium at 4°C. In some experiments, an
additional step which appeared to bring about further improve-

Journal of Nanomedicine



MedDocs Publishers

ment in cell yield was included. After perfusion of the liver till it
was of soft consistency, the enzyme medium was replaced with
a medium containing calcium and magnesium-free Hanks’ solu-
tion including 2 mM ethylenediaminetetraacetate (EDTA), pH 7
.4. Perfusion was continued for 10 min and the remainder of the
procedure was carried out as described previously [28].

Preparation of heart cells

The mice were killed by stunning and cervical dislocation,
the heart removed quickly and placed in ice-cold bicarbonate
buffer of the same composition as the perfusion fluid until beat-
ing ceased, followed by transferring to a tared container con-
taining cold buffer and weighed. Perfusion was continued for a
period of 5-16 min per grams of heart weight. Incubation of the
tissue slices continued at 36°C until dispersion was achieved by
gentle agitation in 10 mL vials. The resulting cell suspension was
filtered and centrifuged at room temperature for 1 min at 22 g,
then washed once by resuspension in 20 mL. albumin-free buf-
fer followed by centrifugation. The washed cell pellets were re-
suspended in a total of 20 mL. These suspensions were gassed
at regular intervals with a 95% 0,, 5% CO, gas mixture [29].

Preparation of kidney cells

Mice renal proximal tubule segments were isolated and
employs collagenase digestion of the renal cortex followed by
percoll density gradient centrifugation. This procedure yielded
a preparation primarily consisting of proximal tubule fragments.
Culture medium was RPMI 1640 were added. Tubule fragments
were suspended in culture medium and plated onto collagen
gel-coated (Sigma, Type 1) plastic 12-(4.5 cm2) multi well plates
[30].

Preparation of B-lymphocytes

B-lymphocytes were positively selected from the whole
blood of mice using Dynabeads M-450 coated with anti-CD19
mAb as described previously. Briefly, platelet-depleted buffy
coats (50 ml) were mixed with 0.01 M EDTA in 25 ml RPMI 1640.
Dynabeads M-450 Pan B were added to the cell suspension us-
ing a target-to-bead ratio of 1:10. The mixture was incubated
for 30 min at 4°C, and rosette cells were captured using a sa-
marium cobalt magnet. To obtain a pure B cell population the
cell rosettes were washed seven times in 10 mi RPMI 1640 with
1% FCS. Detachment of B cells by overnight incubation Detach-
ment of cells from Dynabeads M-450 Pan B by overnight culture
was performed by incubating rosettes in RPMI 1640 with 1%
FCS for 16-20 h in a CO 2 incubator. During this incubation the
Dynabeads detached from the cells and the purified B lympho-
cytes were harvested after attracting the beads to the magnet.B
lymphocytes were isolated from PB buffy coats by positive se-
lection using anti-CD19 coated magnetic beads (Dynabeads
M-450 Pan B; Dynal, Oslo, Norway). Cells (1 Xx 10° ml) were
cultured in RPMI 1640 (GIBCO, Grand Island, NY) supplemented
with penicillin, streptomycin, and 1% fetal bovine serum [31].

Cellular toxicity assay
Cell viability

The RafGO nanosheets were utilized to evaluate their reac-
tion via measuring succinate dehydrogenase (complex Il) activ-
ity [32].

Reactive oxygen species

In this experiment, isolated cells were placed in respiration

buffer. Afterwards, DCFH (Fluorescent probe used for ROS mea-
surement) was added (final concentration, 10 uM) to cellular
suspension and next incubated for 15min at 37°C. In the next
step, the fluorescence was measured using Schimadzou RF-
5000U fluorescence spectrophotometer at the excitation and
emission wavelength of EXA= 488 nm and EMA=527 nm [32].

Glutathione redox state

The reduced glutathione (GSH) and oxidized glutathione
(GSSG) is the most important scavengers of ROS that can be
utilized as a biomarker of the redox balance in cellular oxida-
tive stress. GSH and GSSG were measured at 540 nm at 10 min
time intervals with an ELISA reader (Tecan, Rainbow Thermo,
Austria) [33].

Lipid peroxidation

We employed Thiobarbituric Acid Reactive Substances
(TBARS) assay for quantification of the products of the lipid per-
oxidation, which is Malondialdehyde (MDA). The results was
recorded by ELISA reader (Tecan, Rainbow Thermo, Austria) at
540 nm [34].

Cytochrome-c release

Cytochrome c release was detected at 450 nm according to
the instructions provided by the manufacturer of the Quan-
tikines Rat/Mouse Cytochrome ¢ Immunoassay Kit (Minneap-
olis, MN). All analysis stages were carried out using an ELISA
reader (InfiniteM 200, TECAN) at desired concentrations in all
groups.

Lysosomal damage

A lysosome is a membrane-bound organelle that comprises
over 50 hydrolytic enzymes that are capable of breaking down
various biomolecules. The lysosomes deal with garbage and re-
cycling system of the cell by digesting unwanted materials in the
cytoplasm both from outside of the cell (through endocytosis)
and inside of the cell (through autophagy). Introduction of the
damage or the permeabilization of the lysosome could activate
cell death pathway. Lysosome malfunction may have different
reasons such as reactive oxygen species. To determine the pos-
sible effects of the nanoparticles on mononuclear lysosomes,
the cells were loaded with acridine orange [35].

Isolation of mitochondria and mitochondria membrane po-
tential assay

Preparation of brain mitochondria

Brain mitochondria were isolated from the whole organs ho-
mogenized in 0.23 M mannitol, 0.07 M sucrose, 15 mM MOPS-
KOH (pH 7.2) at a ratio of 9 ml of homogenization medium per
1 gram of tissue in a Potter homogenizer with a Teflon pestle.
The homogenate was centrifuged at 700 g for 10 min and the
supernatant at 8,000 g for 10 min to precipitate mitochondria
that were washed in the same conditions [36].

Preparation of liver mitochondria

Liver mitochondria from all the groups were isolated using
differential centrifugation. First, liver sections were excised
from the euthanized rats, washed with 0.25 mol/L sucrose and
homogenized and using MSHE at 4 °C for 5 min. The superna-
tant was then centrifuged at 10000 g for 10 min. Next, intact
purified mitochondria were isolated using percoll to remove
contaminating organelles and broken mitochondria. The pel-
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let was then resuspended in 5 mL of MSHE supplemented with
20 mL of 30% percoll. This solution was spun at 95000 g in a
centrifugation for 30 min. The fraction was then collected and
washed twice with MSHE at 6300 g for 10 min. To remove the
percoll, the purified mitochondria were washed twice using 150
mmol/L KCl and MSHE sequentially [37].

Preparation of heart mitochondria

Mice heart ventricles were frozen in liquid nitrogen, pulver-
ized, and then homogenized in isolation buffer. Then the ho-
mogenate soup went through centrifuge step at 600 g for 10
min, yielding a pellet consisting of nuclei and myofibrils and a
supernatant containing mitochondria, endoplasmic reticulum,
and cytosol. The pellet was washed twice in isolation buffer, re-
suspended in nuclear extraction buffer, and centrifuged at 600 g
for 10 min. The supernatant was then centrifuged at 5,000 g for
15 min. The pellet here consisted of crude mitochondria [38].

Preparation of kidney mitochondria

Kidneys were homogenized in a buffer containing 20 mM/L
Tris/MOPS, 400 mM/L sucrose, and 2 mM/L EGTA. After initial
centrifugation at 750 g, supernatants were collected and centri-
fuged at 8,000 g for 10 min. Pellet was then resuspended and
centrifuged again at 8,000 g for 10 min [39].

Preparation of B-lymphocytes mitochondria

B-lymphocytes were lysed and isolated mitochondria from
B-lymphocytes. Mitochondria were isolated from the B-lympho-
cytes by mechanical lysis and differential centrifugation. Briefly,
B-lymphocytes were washed with cold PBS at 4 °C and centri-
fuged at 450 g. The pellet was resuspended in cold isolation buf-
fer, and the cells were disrupted by homogenization. Non lysed
B-lymphocytes and nuclei were sedimented by centrifugation at
750 g for 20 min. The supernatant was further spun at 10,000
g for 10 min twice. The pellet, contains the mitochondrial frac-
tion, was suspended in assay buffer [31, 40] prior to protein
concentration measuring with Bradford method which adjusted
to 5 mg/mL of protein.

Mitochondria membrane potential

The Rhodamine 123 (Rh 123) redistribution technique was
used for mitochondria membrane potential (MMP) measure-
ment. Isolated mitochondria (normalized to 100 mg of mito-
chondrial protein) for brain, heart, liver, kidney and B-lympho-
cytes mitochondria were suspended in 1 mL of analysis buffer,
then Rh 123 (10 uM) was added. Mitochondrial fluorescence
was analyzed via fluorimetry (Ex: 490 nm and EM: 535 nm) [32].

Statistical Analysis

Results are presented as meanstSD and all statistical analy-
ses were conducted via GraphPad Prism software, version 5. As-
says were performed in triplicate and the mean was used for
the statistical analysis. Statistical significance was determined
using the one-way ANOVA test, followed by the post-hoc Tukey
and Bonferroni tests. Statistical significance was set at P < 0.05.

Results

The synthesis of the GO and RafGO is confirmed by using
the simple FTIR technique. The omitted peaks from the spec-

trum imply that Raffinose attached to the GO and the existence
of other characteristic peaks in both GO and RafGO conforms
the grafting successfulness (Figure 1). In addition, further mor-
phological study with the FE-SEM was also used for the direct
confirmation (Figure 2). The morphology of freestanding GO
nanosheets was more crumpled and rippled and tolerated a
pre-shrunk condition and underlying causes which is related to
the exfoliation and restacking processes (Figure 2). As it was ex-
pected for the RafGO, intercalate space of the nanosheets was
enlarged. Because of the functionalization, RafGO nanosheets
showed maximized shrunk morphology, which were more sep-
arated (exfoliated). GO nanosheets layers vary between 21 to
36 nm, whereas for RafGO nanosheets layers are about 24 to
35 nm. After the physiochemical characterization, fluorescence
imaging of blood cells (1x10* cells/well) was performed and the
results are shown in Figure 3. Here you can compare the be-
fore and after the exposure to RafGO nanosheets for 60 min.
We observed that the blood cell did not have any changed in
morphology in mouse blood cells. Through the study of all the
participant group, we have observed that RafGO nanosheets
induced a significant decrease in cell viability in isolated cells
from brain, liver, heart, kidney; however, we did not record
any significant decreased viability (P<0.05) in B-lymphocytes
compared with the control group (Figure 4). As shown in Fig-
ure 5, RafGO nanosheets induced a significant increase in ROS
product in isolated cells from brain, liver (P<0.01), heart, kidney
and B-lymphocytes in comparison to control group. Moreover,
substantial decrease in cell GSH in RafGO nanosheets affected
isolated cells from brain, liver (P<0.01), heart (P<0.001) was ob-
served; however, we did not see a significant decrease (P<0.05)
in GSH in the kidney and B-lymphocytes compared with the
control group (Figure 6). Figure 7 shows RafGO nanosheets in-
duced a significant increase in GSSG isolated cells from brain,
liver (P<0.01), heart (P<0.05), and B-lymphocytes (P<0.05) but
no significant decreases in kidney compared with control group
(P<0.05). Condition for lysosome damage was slightly better,
likewise, in Figure 8, RafGO nanosheets induced a significant
increase in lysosome damage for isolated cells originated from
the brain and the liver (P<0.01) but this was not the case for the
heart, kidney and B-lymphocytes in comparison with the con-
trol group. Cellular energy metabolism of the kidney (Figure 9)
didn’t change in comparison with the control group, however,
a significant increase of Rh123 in isolated cells from the liver
(P<0.05), heart (P<0.01) B-lymphocytes (P<0.01) was observed.
Figure 10 illustrated that all isolated cells treated by RafGO
nanosheets have a significant release of cytochrome-c (P<0.01)
when compared with the control group.

Graphene Oxide

Trancemitance(%)

3900 3400 2900 2400 1900 1400 900 400

Wavebumber(Cm )

Figure 1: FT-IR spectra of graphene oxide (GO) and raffinose-
GO powder.
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Figure 2: FE-SEM of the synthesized GO (A) and Raffinose
nanosheets (B).
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Figure 3: Imaging of blood cells before (A) and after (B) expo-
sure of RafGO nanosheets Pathology of blood cells.

Cell viability

brain liver heart kidney lymphocytes
Time (hour)

Figure 4: Cell viability assay of brain, liver, heart, kidney and
B-lymphocytes before and after exposure RafGO nanosheets.
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Figure 5: ROS assay on isolated cells from brain, liver, heart,
kidney and B-lymphocytes before and after exposure RafGO
nanosheets.
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Figure 6: GSH assay on isolated cells from brain, liver, heart,
kidney and B-lymphocytes before and after exposure RafGO
nanosheets.
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Figure 7: GSSG assay on isolated cells from brain, liver, heart,
kidney and B-lymphocytes before and after exposure RafGO
nanosheets.
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Figure 8: Lysosome damage assay on isolated cells from brain,
liver, heart, kidney and B-lymphocytes before and after exposure
RafGO nanosheets.

Discussion

The induction of the toxicity in the mitochondria of the dif-
ferent tissues through the manipulation of chemical moieties
on nanoparticles’ surfaces might shed light on chemically at-
tachable candidate molecules which seem promising at first,
in fact after testing in the simulated condition (e.g. in-vitro &
in-vivo) probably target molecule successfully turn out to a
good shelter against mitochondrial toxicity or otherwise, make
it worse. In this research, we hypothesized that the probable
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Figure 9: MMP assay on isolated cells from brain, liver, heart,
kidney and B-lymphocytes before and after exposure RafGO
nanosheets.
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Figure 10: Cytochrome-c release assay on isolated cells from
brain, liver, heart, kidney and B-lymphocytes before and after
exposure RafGO nanosheets.

interactions between raffinose and graphene oxide especially in
conjugated form, reduces the GO intrinsic toxicity especially at
higher concentration. In other words, this experiment was de-
signed to measure the effects of 60-minute exposure of RafGO
on brain, heart, liver, kidney and B-lymphocytes, obtaining from
the adult male mice. For this reason, the isolated blood cell and
the suspension cells were washed. It’s been shown that RafGO
nanosheets in contact with blood cell, represents a low level of
toxicity effect in cells (figure 3).

According to the literature, different mechanisms can cause
nanoparticle or nanosheets toxicity in the animal body, several
studies showed production of different level ROS via nanoparti-
cles induced cytotoxicity [41]. Therefore, nanoparticles induced
oxidative stress by producing ROS formation under biological
conditions [42]

Interestingly, Moderate levels of ROS could induce different
cellular events such as proliferative response, signal transduc-
tion, gene expression and protein redox regulation [43]. As we
saw in Figure 5, RafGO nanosheets induced low-level toxicity in
the brain, liver, heart and kidney cells and B-lymphocytes after
exposure and the amount of ROS was revealed by fluorimetry.
Despite the fact that MTT didn’t provide any mechanistic infor-
mation on mitochondrial malfunction and cell death signaling,
this is one of the most used methods for determining cell viabil-
ity [44]. Measuring succinate dehydrogenase (complex Il) activ-
ity when exposed to the RafGO nanosheets showed a low level

of cytotoxicity in brain, liver, heart and kidney cells but not in B-
lymphocytes. The results indicated that RafGO have a low level
of toxicity in the mouse tissues. According to the literature, ROS
formation induces oxidation of thiol groups in mitochondrial
permeability transition (MPT) and make this pore to open [44].

Reduced glutathione (GSH) and oxidized glutathione (GSSG)
are the most important scavengers of the ROS that can be uti-
lized as the biomarkers of the redox balance in cells and cellular
oxidative stresses. As shown in Figure 6 and Figure 7 the incuba-
tion of all the groups with RafGO nanosheets rapidly caused a
slight decrease in GSH. Unlike GSH, the GSSG was significantly
increased in the brain and liver cells. By putting our finding
along with previous studies, it can be concluded that in terms of
non-significant changes of ROS only mitochondria of the kidney
cells remain safe and in terms of ROS and GSSG non-significant
changes the heart, kidney and lymphocytes are safe.

The result of the lysosome experiment can be seen in figure
8. It was found that the lysosomes were moderately attenuated
by the nanosheets for all groups except for the brain and kid-
ney cells. The reason for this non-phagocytic by Non-phagocytic
endocytosis like Caveolin-mediated endocytosis and this path-
way does not merge with lysosomes. The other cells use other
options for nanosheets uptake like phagocytic endocytosis (like
endo-lysosomal pathways) which resulted in the material fuse
with the lysosomes to form phagolysosomes, and by fusing
nanosheets causes lysosomal dysfunction [45].

The ROS data (Figure 5) results in brain, heart, and liver show
a convergence with MMP finding (Figure 9). Cells from the brain,
heart, and liver, possibly most affected by the opening of MPT’s
pore because of lower tolerability or lower capacity of the GSH/
GSSG system to resist against the ROS species. The most resis-
tance cells against the ROS are kidney and to some extend B-
lymphocytes and it can be concluded that the nanosheets were
controlled by GSH/GSSG system and RafGO nanosheets remain
inert in terms of the MMP. It had been illustrated that the cyto-
chrome-c released happens to all treating groups in the cytosol
fraction. The result of the released cytochrome-c is depicted in
figure 10.

Despite the fact that GO edges had been grafted with raffi-
nose almost reacted with all .COOH groups but in general it did
not change the toxicological behavior in general. Therefore, it
could be recommended the application of the larger molecules
in this regard would be very beneficial and effective in inhibition
of GO direct contact. Small molecules are not large enough to
cover and stop the contact of the GO’s direct contact with sub-
cellular parts. It is also worth to mention that all of the partici-
pated groups-initiated ROS and cytochrome-c release eventual-
ly except for the brain and kidney that did not induce lysosome
toxicity. In terms of decreasing GSH levels, heart, kidney, and
lymphocyte cells weren’t significant and the kidney cells GSSH
level, confirmed the former results again. Kidney cells by using
non-toxicities lysosomes even though induced ROS and cyto-
chrome-have the lysosome intact and shows no toxicity levels
at all. Moreover, the lymphocyte cells were similar in dead and
live assay and also GSH level, also like kidney cells they did not
show any MMP dysfunction. This means that the lymphocyte
cells, like kidney cells were resistant against RafGO nanosheets.
The liver cells showed more sensitivity and they were the only
group that showed toxicity in any test and assay [46].
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Conclusions

In our research, we studied the potential cellular and mito-
chondrial toxicity pathway of RafGO nanosheets on brain, heart,
liver, kidney and B-lymphocytes cells in vitro. It was shown that
the oxidative stress in brain, heart, liver, kidney and B-lympho-
cytes cells was directly involved. The reduced cell viability was
associated with significant increases in the intracellular ROS lev-
el and toxic alterations in mitochondria and lysosomes. These ef-
fects depleted glutathione and the oxidative stress damaged mi-
tochondrial membrane, causing cytochrome-c expulsion along
with decreased ATP level, which ultimately led to cell death.
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