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4 ABSTRACT A

Background: Ferrous sulfate is the most used supplement for treating anemia, but it can result in
unfavorable side effects. Nowadays, nanotechnology is used as a way to increase bioavailability
and decrease the side effects of drugs and nutrients. This study investigates the effects of
nanoparticles containing iron on blood and inflammatory markers in comparison to ferrous sulfate
in anemic rats.

Methods: To induce the model of hemolytic anemia, 50 mg/kg bw phenylhydrazine was injected
intraperitoneally in rats on the 1%t day and 25 mg/kg bw for the four following days. Then, rats were
randomly divided into five groups. No material was added to the nipple of the Group 1 (control).
Group 2 received 0.4 mg/day nanoparticles of iron; Group 3 received 0.4 mg/day ferrous sulfate,
and Groups 4 and 5 received double dose of iron nanoparticle and ferrous sulfate, respectively
for ten days.

Results: Hemoglobin and red blood cell (RBC) in Group 2 were significantly higher than
Group 3 (P < 0.05). In addition, hemoglobin and RBC in Group 4 and 5 were significantly higher
than Group 3 (P < 0.05). The average level of serum iron in Groups 2 and 4 was remarkably
more than the groups received ferrous sulfate with similar doses (P < 0.05). C-reactive protein
in Group 3 was more than Group 2 and in Group 5 was more compare to all other groups.

Conclusions: Single dose of nanoparticles had more bioavailability compare to ferrous sulfate,
but this did not occur for the double dose. Furthermore, both doses of nanoparticles caused lower
inflammation than ferrous sulfate.
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INTRODUCTION

Anemia 1s one of the most prevalent nutritional
deficiencies in  both  developed and developing
countries.!! About 1.62 billion people or 24.8% of the
world population suffer from iron deficiency.”! According
to the World Health Organization statistics, more than
half of the anemia in the world is due to iron deficiency.?!
Research in South of Iran reported that 30% of children,
24% of women, and 7% of men suffer from anemia. In
addition, 13.6% of pregnant women were diagnosed
with anemia.¥ Since iron acts as a part of hemoglobin,
myoglobin and some of enzymes, iron deficiency can lead
to weakness, learning dysfunction, and increase the risk
of infectious diseases.””! Furthermore, iron deficiency
is associated with increased risk of preterm delivery and
low Birth Weight and imposes large costs on the health
system. %]

Phenylhydrazine and its derivatives are one of the useful
compounds in experimental models studying anemia
due to their toxic effects on red blood cells (RBCs).
Phenylhydrazine leads to RBC hemolysis and induces
hemolytic anemia.” Hemolytic anemia is a form of
anemia which may result from either intravascular or
extravascular RBC reduction.!'!

Not only iron bioavailability is estimated very low (about
14%-18% for mixed diets and 5%-12% for vegetable
diets) but also inhibitors of iron absorption such as
phytate, tanenes, and oxalate can worsen this rate.!!

Ferrous sulfate is the common supplement prescribed for
anemia shows acceptable absorption, but recent findings
revealed that this supplement can cause unfavorable
changes in colon bacteria and increase systemic
infections and inflammatory signals of epithelium.[*]
Oral consumption of drugs with low bioavailability needs
high dose of the drug to absorb the required amount,
but the unabsorbed amount can cause undesirable
gastrointestinal complications.!"® When iron is received
through the mouth, the lower part of it is absorbed in
the upper gastrointestinal tract and the larger part goes
through the colon which can react with superoxide and
hydrogen peroxide and produce free radicals through
Fenton reaction.!” Therefore, the remaining of free iron
can stimulate the intestine, and the created discontent
makes the situation difficult for the patient to take the
medicine regularly.!'”)

Nanotechnology in one of the novel techniques that
recently Is using to increase nutrients bioavailability.
Rescarches showed that when some of the materials
are prepared in nanometer size, their bioavailability
increases."™” ' When nanocarriers were used for oral
intake of iron, iron absorption increased 1.35 times
compare to the reference ferrous sulfate.?!l In addition,
iron absorption from nanoparticles containing iron was

http://www.ijpvmjournal.net/content/7/1/1 17

13.42% more than ferrous sulfate in vitro.”?l Therefore,
it is expected that with size reduction of iron to
nanometer size, its bioavailability increases, and lower
doses of the drug would be needed to meet desirable
result, which consequently decreases unfavorable effects
in gastrointestinal system and encourages the patient to
continue the medication.

METHODS

Chemical materials used in this research including 7H,0

ferrous sulfate and phenylhydrazine was purchased from
Merck Co.

Complete blood count (CBC) was calculated by flow
cytometry method using cell counter Sysmex 8001
Erythrocyte sedimentation rate (ESR) was measured
by Westergren method. Ferritin and  high-sensitivity
C-reactive protein (hs-CRP) were measured by ELISA
method using rat ferritin and hs-CRP kit of ZellBio Co.,,
Germany. Transferrin saturation and serum iron were
calculated by Pars Azmoon Kkits, Iran.

Preparation and treatment of animals

Thirty-five  2-month-old male Wistar albino rats
weighing about 190 = 30 g were obtained from the
Faculty of Medicine, Tehran University of Medical
Sciences. During the experiment, animals were kept in
standard condition (21°C % 1°C, humidity 45%, and
12-h-light/12-h-dark cycle), each rat in a separate cage
with free access to water and standard chow. Hemolytic
anemia was induced by intraperitoneal injection of phenyl
hydrazine for 5 days: 50 mg/kg bw in the 1** day and
25 mg/kg bw in the 4 following days. Phenylhydrazine was
sterilized by poly (vinylidene fluoride) 0.22 wm filter after
dilution by sterile distilled water to avoid contamination
and probable infections following intraperitoneal
injection. This solution was kept in sterile vials away
from light. Then, animals were randomly divided into
five groups of seven rats each: N (control group),
ND (received single dose of nanoparticles containing
iron), FD (received single dose of ferrous sulfate),
NDD (received double dose of nanoparticles containing
iron), and FDD (received double dose of ferrous sulfate).

[ron supplementation was started one day after hemolytic
anemia induction, and it was lasted for 10 consecutive
days. The calculated amount of cach supplement
was added to the drinking water. The amount of iron
supplementation in groups received single dose was
0.4 mg/day and in groups received double dose was
0.8 mg/day. To prepare nanoparticles of iron, iron particle
size was reduced to nanometer size and then, it was
emulsion in aqueous solution by emulsifiers. Rats were
weighed at the beginning, in the middle, and at the end
of the experiment to follow weight changes during the
experiment. The amount of water remaining in cach cage
was calculated every day.
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Rats were sacrificed after 10 days of iron supplementation.
Blood was collected immediately after anesthetization
from rat hearts to measure CBC and ESR. In additon,
serum of rats was separated through centrifugation of
blood at 2500 rpm, 15°C for 15 min for further analysis.

Statistical analysis

Statistical significance between means was analyzed by
one-way ANOVA using SPSS 16.0 while P < 0.05 was
considered statistically as significant. Tukey test was used
for post hoc analysis.

RESULTS

Malvern test was used to determine particle size and
showed that 96% of the nanoparticles had the mean size
of 84 = 17 nm. Figure 1 depicts the size distribution of
synthesized nanoparticles of iron.

As shown in Table 1, administration of different doses
of nanoparticles containing iron and ferrous sulfate did
not change significantly ESR, total iron-binding capacity
(TIBC), ferritin, and transferrin saturation in studied
groups.

Our results showed that hemoglobin and RBC in
group ND were significantly higher than group I'D
(P < 0.05). In addition, NDD and IFDD groups had
higher hemoglobin, and RBC compare to group I'D
(P < 0.05). Hemoglobin and RBC of rats in group N
were significantly more than group I'D (P < 0.05).
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Figure I:Size distribution by number of synthesized nanoparticles
contacting iron
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The highest TIBC was observed in group ND, though the
difference between groups was not statistically significant.

Serum ferritin of group N was significantly higher than

group FD (P < 0.05).

We also observed that serum iron of group ND was
higher than group I'D significantly (P < 0.05).

Mean CRP was significantly higher in group FDD
compare to groups N, 'D, ND, and NDD and in group,
FD compares to group ND (P < 0.05).

There were no remarkable changes in transferrin
saturation and rats’ weight between studied groups.

DISCUSSION

In this research, we observed that hemoglobin, RBC,
and serum iron were increased significantly in rats
received single dose of nanoparticles containing iron
compare to rats received single dose of ferrous sulfate
which shows more bioavailability of iron in the form
of nanoparticles rather than the form of ferrous
sulfate. Different researches have been conducted
on different iron compounds, and it was observed in
all of them that reduction of particle size increases
bioavailability.”*#! For example, one study used
solid lipid nanoparticle (SLN) made from stearic
acid and chitozan and reported that absorption of
iron from SLN and SLN-chi increased 13.42 and
24.9%, respectively compare to the reference ferrous
sulfate.?) Wegmiiller et al. assessed the effect of size
reduction and encapsulation of iron pyrophosphate on
hemoglobin retention in anemic rats and reported that
bioavailability of iron pyrophosphate with mean size of
2.5 um was 43% and with the size of 0.5 um was 95%
compare to ferrous sulfate.?’!

Other studies conducted on nanotechnology mostly
studied hemoglobin, but we also measured other
blood factors. We observed that mean serum ferritin
in group ND was higher than group FD, but this
difference  was not statistically significant.  Since
phenylhydrazine injection induces inflammation and
ferritin is a positive phase protein, it is probable that

Table 1: The effect of nanoparticles containing iron and ferrous sulfate administration on blood and inflammatory markers

in anemic rats

Groups Dose (mg/kg) RBC (10%/uL) Ferritin (ug/L) Transferin saturation Hemoglobin (g/dL) TIBC (mg/dL) Serum iron (mg/dL) CRP (mg/L)

N 0 6.19+0.36* 46327 11411
FD 0.4 5.54+0.63 3638 120+18
FDD 0.8 6.35+0.13% 40329 1178
ND 0.4 6.26+0.18* 41648 12613
NDD 0.8 6.1=0.17* 40347 10612

15.3+0.31* 143+14 241+34 32924
13.5x0.9 151+23 21042 344£19¢
15.3+0.45* 14711 22711 376+23¢
14.7+0.66* 159+17 273+55% 31219
15+0.4* 133+15 281287 327+28

All results are expressed as mean%SD. *Significant compare to FD (P<0.05), TSigniﬁcant compare to FDD (P<0.05), §Signiﬁcam: compare to ND (P<0.05), ¥Signiﬁcant compare to
N, FD, ND, and NDD (P<0.05). RBC=Red blood cell, TIBC=Total iron binding capacity, CRP=C-reactive protein, SD=Standard deviation
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inflammation induced by phenylhydrazine injection has
been acted as a confounding factor. In addition, rats
received usual diet with adequate iron content during
injection and supplementation time that could prevent
iron stores from being emptied despite RBC lyse and
increasing blood cell synthesis.*!

The previous studies have shown that ferrous sulfate
supplementation for anemia treatment leads to some
noticeable undesirable effects for instance unfavorable
changes in colon bacteria, increase in systemic
infection, inflammatory signal of gastrointestinal
tract, and free radicals production through fenton
reaction which is made by the remaining free iron
unabsorbed from ferrous sulfate. Carrier et al. declared
that ferrous sulfate supplementation in rats suffering
from colon inflammation, increased plasma and
colon lipid peroxidation, and generally activity of
the disease."”” We also observed that groups received
ferrous sulfate had higher CRP compare to groups
received nanoparticles with the same dose, and CRP
in group DD was 13% more than group NDD.
Groups ND and NDD had the lowest CRP
concentrations in the experiment. The studies on other
nanoparticles such as nanoparticles of adipate tartrate
iron hydroxide and ferrihydrite nanoparticles showed
that nanoparticle supplementation reduces side effects
and inflammation induced by iron supplementation
via reduction of free radicals production, and colon
bacteria changes which are completely in consistence
with our findings.1?"!

Limitations

As we were not able to provide iron deficient diet to
induce anemia in rats, we had to use phenylhydrazine
compound which induces hemolytic anemia.

CONCLUSIONS

In this research, single dose of nanoparticles containing
iron showed more bioavailability compare to single
dose of ferrous sulfate and more efficiently restored
hemoglobin, but it was not occurred for the double dose.
Furthermore, inflammation measured in both groups
received nanoparticles was lower than groups received
ferrous sulfate at the end of the experiment.
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