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Abstract

Loading rHUEPO-alpha drug on the surface of magnesium oxide nanoparticles further improves the
effect of the drug as a treatment for anemia. After preparation of magnesium oxide nanoparticles by
precipitation method, it was diagnosed by X-ray diffraction and Transmission Electron Microscopy.
the loaded was diagnosed by Docking program, UV-Visible and Transmission Electron Microscopy.
The study of LD50 was for thirty male mice. Magnesium Oxide nanoparticles had an average
crystallite size of 8.42 nm. oral LD50 test was 896 mg/kg. Docking results presented a high energy
binding with force linkage due to the link of the oxygen atom of MgO NPs with three hydrogen bonds
of amino acids in the rHUEPO-alpha structure. The UV-Visible result was certain that all rHUEPO-
alpha drug was loaded on the surface of MgO NPs. TEM shows that the average particle size was
9.94 nm after loaded of the rHUEPO-alpha drug on MgO NPs while was 9 nm before the loaded.
Magnesium oxide nanoparticles may exhibit an effect on increasing the efficacy of rHuEPO-alpha
after the loaded, leading to elevated hemoglobin and reduced anemia disease.
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Introduction drug epoetin alfa treatment was the first recombinant
Human Erythropoietin (rHUEPO), it's also called

Erythropoietin (EPO) is a glycoprotein hormone  rHUEPO-alpha that approved by the US Food and
that is similar to cytokine composed of 165 amino acid ~ Drug Administration for the treatment of anemia in
residues that are made up of about 60% protein and  patients with renal failure, myelodysplasia, and cancer
40% carbohydrate [1]. The primary structure of the  chemotherapy [3]. Most patients with anemia have
EPO hormone which has asparagine at three positions  resistance to rHUEPO therapy and have been related to
(38, 24 and 83), for linked with oligosaccharide  inflammation, oxidative stress, and iron deficiency [4].
as an N-linked side, and one serine amino acid at  Therefore, patients may use a high dose of rHUEPO,
position 126 that bind to short oligosaccharide for ~ and this dose can cause adverse effects, such as
O-linked glycosylation [2], as shown in Fig. 1. The  hypertension, cardiac diseases, and thrombosis. Thus,
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Fig. 1 Primary structure of EPO hormone (2)

safer and more effective strategies must be found
to treat anemia [5]. Magnesium oxide nanoparticles
(MgO NPs) are important in many applications due
to high adsorption surface area, a high surface to
volume ratio,chemical, specific magnetic, thermal, and
electrical properties [6]. There has been extensive study
of MgO NPs for drug delivery, diagnosis, inhibition
of bacterial adverse, and anticancer [7]. Loading the
drug with nanoparticles gives a feature such as reduced
side effects, drug delivery to organ targeted, protecting
the drug from degradation, and prolonged drug release
[8]. Proteins are functionally significant biomolecules,
and nanoparticle protein binding has found critical
applications in catalysis and protein structural change
perception [9]. By interacting directly with their
receptors on cell membranes, most proteins promote
nanoparticle internalization [10].

Experimental

Magnesium nitrate Mg(NO,),(H,0),, Sodium
hydroxide (NaOH) and Polyvinyl pyrrolidone (PVP)
(C¢HgNO), were provided from comapney of Sigma-
Aldrich.

Preparation of MgO NPs

The preparation of MgO NPs was achieved
by precipitation method. Mg(NO;),(H,0),,
Polyvinylpyrrolidone (PVP) and NaOH were dissolved
by deionized water (DIW). (0.01 M, 50 mL) of PVP
was added to (1 M, 50 mL) of Mg(NO,),(H,0), under

ultrasonic sonication at 25 °C. The added 50 mL of 1
M NaOH under ultrasonic sonication for 2 h. The white
precipitate of Mg(OH), was formed. The precipitate
was centrifuged, washed several times with DIW and
dried for 3 hours at 80 °C. The calcination process was
carried out using a muffle furnace for 3 hours at 600
°C. The white powder of pure MgO NPs was obtained.

Determination the toxicity of MgO NPs using
LD50 test

Thirty male mice of albino BALB/c were obtained
from University of Mustansiriyah / Iragi Center for
Cancer Research and Medical Genetics. The weights of
the mice were 25-30 grams, and were housed in plastic
cages at a temperature between 21 to 25 °C. The mice
were divided into five groups I to V, each group include
six rats. The oral dose of MgO NPs for mice was 30
days:

Group | as a control that received DIW.

Groups I, 111, 1V and V were daily administered
with of MgO NPs (500, 750, 1000 and 1250) mg/kg,
respectively.

Loaded rHUEPO-alpha Drug with MgO NPs

The loaded rHUEPO-alpha drug with MgO NPs as a
treatment of anemia was investigated by docking, UV-
visible and TEM studies.

Docking Study

The downloaded of rHuUEPO-alpha structure by
protein data bank, has been used code of rHUEPO-
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alpha structure which are (1EER) [11]. A molecular
docking of rHUEPO-alpha with MgO NPs was
performed by Molecular Graphics Laboratory (MGL)
with used auto dock with version 1.5.6.

UV-Visible Study

The activity unit of rHUEPO-alpha represented
by 1U can be converted to mass unit represented by
microgram based on that each 120 IU of rHUEPO-
alpha equal to 1 microgram [12], therefore 900 1U
of rHuEPO-alpha equal to 7.5 pug. A 7.5 pg/mL of
rHUEPO-alpha were prepared from the rHUEPO-
alpha drug 4000 1U/0.4 mL. The drug of rHUEPO-
alpha was loaded on the surface of MgO nanoparticles
accordingly; 0.01 gm of MgO NPs was added to 10
mL, 7.5 pg/mL of rHuEPO-alpha. Then, the mixed
solution was shaking using water bath sonication
at 25 °C for (0, 15, 30, 45) minutes. To monitor the
percentage of loading, a UV-Vis spectrum was used in
this study.

Results and Discussion

Characterization of MgO Nanoparticles
X-Ray Diffraction of MgO Nanoparticles

The structure of the MgO NPs has been investigated
by XRD as shown in Fig. 2. Five major diffraction
peaks appeared at 20 = 36.92°, 42.85°, 62.18°, 74.56°,
and 78.45° correspond to millers (111), (200), (220),
(311) and (222) respectively, this result is matching
with the card number of MgO (JCPDS 045-0946)
cubic structure. In addition, no impure peaks in the
XRD pattern are observed which indicates the purity of
MgO NPs prepared, this result was in agreement with
the result of Shah R et al [13].

The average crystallite size of MgO NPs was
calculated by Debye Scherrer Eq. (1) [14]

D = kA/Bcosb (1)

Where k = 0.9 which considered Scherrer constant,

1o
25 30 35 40 45 50 55 60 65 70 75 80
20 (degree)

Fig. 2 XRD of MgO NPs.

A = 0.154 nm, is the wavelength of the Copper
radiations, B is the full width at half maximum and 6
is the angle of the Bragg diffraction peak. The mean
crystallite size of MgO NPs was 8.42 nm. There is an
inverse relationship between the width of the peaks of
the XRD pattern and the size of nanoparticles, as the
broadening peaks refer to a decrease in nanoparticles
size [15]. In another study, it had observed that the
average particle size decreased with the use of PVP
and the intensity of the XRD peaks decreased with
broad peak [16].

Transmission Electron Microscopy of MgO
Nanoparticles

The morphology of MgO NPs was investigated
using TEM. Figure 3 shows the TEM of sample
prepared by co-precipitation method.

Fig. 3 TEM image of MgO NPs.

These results of TEM showed that the particles of
MgO NPs were spherical shape. The average particle
size obtained was 9 nm. This result of average particle
size was good agreement with XRD data. The results
of the morphology of the prepared MgO NPs prepared
are in agreement with the results of Jain U et al [17].
They had obtained the spherical shape of the MgO NPs
that prepared by precipitation method using Mg(NO,),
and NaOH. The homogenous morphology and particle
size dispersion for nanoparticles is proportionated with
using PVP. This due to the PVP that makes the particle
size of nanoparticles became restricted and decreases
accumulation, as long as the concentration of PVP is
high sufficiently [18].

UV-Vis Spectroscopy of MgO Nanoparticles

UV-Vis absorption spectrum of MgO NPs has been
recorded within the range from 200 to 400 nm. Figure
4 shows the maximum peak was 204 nm of MgO NPs,
was in agreement with Nemade KR et al [19], they
observed the broad peak of UV-Vis of MgO NPs was
203 nm while the average size was 9.2 nm.

http://www.nanobe.org
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Fig. 4 UV-Vis image of MgO NPs.

Evaluation LD50 of MgO Nanoparticles

The toxicity of MgO NPs on mice using oral LD50
test was applied depending on the Karber arithmetic
[20], as shown in Eq. (2). After 30 days of observing
the number of dead mice in several groups, the LD50
was measured by Karber equation which was 896
mg/kg. The mortality of one mice belonging to the
fourth group was observed at a concentration of 1000
mg/kg of oral MgO NPs, three rats from six rats
belonging to the fifth group were observed mortality at
a concentration of 1250 mg/kg of oral MgO NPs [21].

LD50 = LD - sum (axb)/n )

Where (LD) is the lowest lethal dose in the group,
(n) is the number of mice in each group, (a) is the dose
difference and (b) is the mean mortality (number of
mice dead in second group + number of mice dead in
first group /2)

LD50 =1000-625 /6 = 896 mg/kg
Loaded rHUEPO-alpha with MgO Nanoparticles
Molecular Docking

The molecular docking approach has been popularly
used in the prediction of protein-ligand interactions.
The measure of the affinity of protein-ligand defines
as a binding energy [22]. The binding energy between
rHUEPO-alpha and MgO NPs were -2.17 kcal/mol and
-3.14 kcal/mol at the lowest and highest of binding
energy respectively, according to the local of MgO in
rHUEPO-alpha chains, as shown in Figs. 5 and 6.

Figure 5(A) shows the structure of rHUEPO-alpha
with MgO expected site to interact with low binding
energy -2.17 kcal/mol. Figure 5(B) shows that the
MgO NPs were surrounded by arginine, phenylalanine,
leucine, alanine and tryptophan. In addition, MgO NPs
were linked to serine by a hydrogen bond with oxygen
atom of MgO NPs with bond length 2.152 A.

Figure 6(A) represents the expected site to interact
with high binding energy -3.14 kcal/mol. Figure 6(B)
shows that the MgO NPs were linked with tyrosine,
phenylalanine, and serine by hydrogen bonds with
oxygen atom of MgO NPs withbond lengths 1.681 A,
1.70 A and 2.07 A, respectively. Thus, the high energy
binding with force linkage due to the linked of the

@

Fig. 5 (A) Docking between rHUEPO-alpha and MgO NPs.
(B) Closest interacting of MgO NPs with some amino acids of
rHUEPO-alpha structure. At binding energy -2.17 kcal/mol.

Table 1 Results the toxicity of MgO NPs for the determination of the LD50 after oral receive of male mice for 30 days

Groups ~ Number of mice  Dose of MgO NPs (mg/kg) Number of mice dead Dose difference (a) Mean mortality (b) Probity (axb)
| 6 0 0
1 6 500 0 500 0 0
1" 6 750 0 250 0 0
v 6 1000 1 250 0.5 125
\% 6 1250 3 250 2 500
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Fig. 6 (A) Docking between rHUEPO-alpha and MgO NPs,
(B) Closest interacting of MgO NPs with some amino acids of
rHUEPO-alpha structure. At binding energy -3.14 kcal/mol.

oxygen atom of MgO NPs with three hydrogen bonds
of amino acids in rHUEPO-alpha structure. Behzadi
E et al [23], observed there was linked between
MgO NPs with albumin by docking studies. They
demonstrated that the structure of albumin not altered
or distorted due to the binding of MgO NPs with the
albumin molecule.

UV-Visible Study

The period loaded of all rHUEPO-alpha on the
surface of MgO NPs at 278 nm was 45 minutes at 25
°C, as showing in Fig. 7. Thus it is possible to prepare
a concentration of 7.5 pg/mL of rHuEPO-alpha loaded
on MgO NPs as anemia treatment. Lu J et al [24], used

0.5
—O0 min
0.4 — 15 min
—30 min
0.3 —45 min
8
<
0.2
0.1
0 . . ,
250 275 300 325 350

Wavelength (nm)

Fig. 7 Loaded of rHUEPO-alpha on MgO NPs surface at 278
nm (1) refer to rHUEPO-alpha without MgO NPs for zero min
(2) refer to rHUEPO-alpha with MgO NPs for 15 min, (3) refer
to rHUEPO-alpha with MgO NPs for 30 min and (4) refer to
rHUEPO-alpha with MgO NPs for 45 min.

2000 1U/kg dose of rHUEPO-alpha and injected the
subcutaneously of rats. According to the hematology
results, the increased erythrocyte and hemoglobin
levels occurred without side effects [24].

Transmission Electron Microscopy of MgO
NPs Loaded with rHUEPO-alpha

Figures 8 of TEM show the loaded of the rHUEPO-
alpha drug on MgO NPs at 25 °C for 45 minutes. The
average particle size was 9.94 nm.

e Epgind

Fig. 8 TEM images of rHUEPO-alpha drug loaded with MgO
NPs.
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