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Background: Decr eased par ticle size and incr eased su r face ar ea to volu m e r atio ar e beneficial pr operties of nanoparticles. However, there are contrasting reports on their potential organotoxic effects. The dose dependent toxicity effects of iron III oxide nanoparticles (Fe2O3NPs) on the biochemical indices and histology of selected organs of adult male mice were investigated.
Methods: Fifty six m ale m ice w eighin g betw een 25 -32g were randomly assigned into 4 groups (n=14), the
control/group 1 was given the vehicle/distilled water, while animals in groups (2-4) received 5 mg/kg, 25 mg/kg and
50mg/kg body weights of Fe2O3NPs (INP) respectively by intraperitoneal route of administration for 14 days after
which blood samples were drawn for biochemical analysis. Histopathology studies on the effect of graded doses of
INP on the architecture of the liver, kidney and testes of mice were carried out.
Results: Ther e w er e significan t in cr eases in plasm a sodiu m , cr eatin in e, u r ea, chlor ide, albu m in, alanine and aspartate aminotransferases (ALT and AST) in the experimental animals after the 7th and 14th days of administration of graded doses of INP compared with the control group(p<0.05). These changes were dose-dependent.
Photomicrographs showed morphological alterations including kupffer cells hyperplasia, hepatocyte necrosis, interstitial nephritis and eosinophilia of the renal tubular cells but only mild reduction in spermatid formation in testes at
25 and 50mg/kg dosage respectively.
Conclusion: The Adm inistr ation of INP br ou ght abou t dose -dependent alterations in plasma markers of
renal functions as well as hepatic enzymes activity. Deleterious morphological changes in architecture of the liver
and kidney as well as mild changes in testes of mice were associated with INP administration
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1.0 INTRODUCTION

Nanoparticles (NPs) are advantageous for medical and
industrial use due to their decreased particle size and
increased surface area to volume ratio at the nanoscale
[1]. Nanoparticles such as nanodiamonds with protein
molecules attached are used to increase bone growth
around dental or joint implants, chemotherapy drugs
attached to nanoparticles are also utilized in the
treatment of brain tumors and leukemia [2,3]. Iron oxide
nanoparticle has superparamagnetic properties and with
applications in in vivo tracking, magnetic resonance
imaging and induction of hypertemia in cancer treatment
[1,4]. However, the interaction of nanoparticles with
body organs and other biological systems have been
known to elicit attendant toxic effects thereby warranting
an in-depth understanding of their toxicity so as to
prevent any potential harmful effects on human body
[5,6]. For example, ZnO nanoparticles are reported to
stimulate toxic effects on endothelial cells, liver and
kidney and cause significant decrease in sperm count and
vitality [7,8]. An in vivo study demonstrated the
nephrotoxic potential of nanoparticles both at the tubular
and glomerular levels [9].
High levels of INP with diameter > 100nm are reported
to be trapped in liver and could accumulate in
hepatocytes triggering oxidative stress with generation
of reactive oxygen species. This phenomenon, if
sustained could lead to cell death while INP with
diameter < 10nm are likely to be eliminated through
renal clearance [4]. An experiment using animal models
revealed an inflammation of epididymis, increase in
generation of free radicals and significant reduction in
sperm numbers and mobility in male mice administered
INP [10]. Administration of high doses of iron oxide
nanoparticles has been shown to have undesirable effects
on the liver with damage to hepatocytes and elevation of
liver enzymes such as ALT, AST and ALP in serum [11].
Despite the growing literature on nanomaterials
application, information about biological effects of Iron
oxide nanoparticles on health and organ functions are
often controversial [10,12]. This study investigated the
toxic effect if any, of lower doses of Fe3O4 nanoparticles
on liver, kidney and testis functions and histology in male
mice.
2.0 METHODOLOGY
2.1 Experimental Animals
Fifty six (56) healthy adult male mice weighing between
25 – 32g were utilized as experimental animals in this
this is a cause-effect experimental study. The animals
were obtained from LadokeAkintola University of
Technology Biomedical Sciences Animal Research

Centre, Osogbo, Nigeria. They were kept under standard
laboratory conditions of 12h light and 12h dark cycle,
temperatures of 65-75°F (~18-23°C) with 40-60%
humidity throughout the experimental period. Animals
were kept in clean cages and commercial food (pellet)
and water were provided ad libtum. The animals were
allowed to acclimatize for one week before
commencement of the study.
2.2 Experimental Design
The male mice were divided into three test groups of 14
animals each and a fourth control group. The animals
were injected intraperitoneally with graded doses of Iron
III oxide nanoparticles (INP) for 2 weeks (Table 1).
Table1: Doses of INP Administered to Experimental
Animals for 2 Weeks
Groups
1 (n=14)

INP Dose (mg/kgBW)
5

2 (n=14)

25

3 (n=14)
4 (n=14)

50
distilled water and food pellet

The nanoparticles used in this study were polymer
capped nFe2O3 provided by Vive Crop Protection
(Toronto, Canada). These are small (<10nm) negatively
charged metal oxide engineered nanoparticles (ENP)
(Fe2O3) that were functionalized with a polyacrylic acid
polymer coating. The functionalization makes these
ENPs highly dispersible and stable in suspension. The
properties of these nanoparticles in solution are well
characterized as previously published [13]. All chemicals
used in this study were of analytical grade and obtained
from Sigma (St. Louis, USA).
The study protocol was approved by the Ethical Committee of Ladoke Akintola University of Technology, Osogbo
Campus, Nigeria.
2.3 Sample Collection and Storage
The treated animals and the control group were anesthetized using ether, bled via cardiac puncture, blood
samples drawn into lithium heparinized bottles and then
sacrificed. The samples were centrifuged at 1000rpm for
15 minutes using Uniscope Laboratory Centrifuge (Model
5m112 Surgifriend Medics, England). Plasma samples
were collected and stored in a refrigerator at - 200c until
laboratory analysis. Biochemical and histological investigations of liver, kidney and testis tissues were carried
out.
2.4 Biochemical Analysis
Plasma albumin was estimated based on the bromocresol
green method (AgappeDiagnostics, Switzerland). Total
protein and liver enzymes alanine aminotransferase and
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AST were analyzed using marketed reagent (Randox
laboratory limited, Crumlin, County Antrim, UK), ALP by
direct colorimetric endpoint method (Teco diagnostics,
Lakeview Ave, Anaheim, CA). Plasma electrolytes, urea
and creatinine were determined using auto analyzer (902
Hitachi Automatic Analyzer, Roche, India). Testosterone,
luteinizing hormone (LH) and follicle stimulating hormones (FSH) were quantitatively determined by microplate immunoenzymometric assay (Monobind Inc., Lake
Forest, CA, USA).
2.5 Histopathological Investigation
Samples of liver, testis and kidney tissues were excisedfrom all experimental mice after deep etheranesthesia. After removal, the tissues were immediately fixed in
10% formalin overnight while testis was fixed in Bouin’s
solution. The tissues were embedded in paraffin, cutinto
5 μm sections, placed on slides and stained with Hematoxylin- Eosin (H&E) beforehistopathological examination. The tissue sections were viewed under a light microscope (Nikon Y- 100, Germany) magnification of x100.
Statistical analyses were performed using SPSS 20.0
(SPSS Korea Data Solution, Seoul, Korea) software package. Means of all parameters were calculated for each
group. One- way analysis of Variance (ANOVA) was used
to determine significant differences between the groups.
Pairwise comparisons were made using Tukey Kramer
Multiple Comparisons Post hoc test at Statistical at
p<0.05.

Table 2: Changes in b ioch em ical par am eter s/day
in mice after administration of 5mg/kg INP (n=14)
Parameters

Control

Day 1

Day 7

Day 14

K (mmol/l)

4.30±0.69

4.28±0.6

4.33±0.76

4.43±1.08

Na (mmol/l)

125.85±19

0
134.00±2

146.06±2

162.00±4.

HCO3-

.96*
19.71±3.77

8.54
20.00±0.

0.81
22.66±3.0

68*
23.75±1.38

#

00
116.31±2.

5
123.33±3.

#

110.14±12.

Urea(mmol/

17*
17.70±3.4

50
17.70±2.6

51*
21.63±3.4

01*
24.83±4.8

l)
Cr- (umol/l)

5
117.71±16.

0*
121.33±1

4
225.66±9

7*
390.00±70

LH (m/U/ml)

0*
1.31±0.17*

9.03
1.75±0.11

0.0
1.75±0.11

.4*
2.29±0.54*

FSH (ng/ml)

0.47±0.08

0.56±0.1

1.22±0.57

1.23±0.17*

Testosterone

*
0.27±0.15

8
0.37±0.0

*
0.51±0.11

0.55±0.68

m/U/ml

*

5

Alb (g/l)

15.86±2.1

18.33±1.5

25.33±7.5

30.25±3.91

TP (g/l)

9*
29.14±4.1

2
32.33±2.

7
42.00±4.5

*
43.25±5.9

AST (IU/L)

4*
79.43±10.

31
80.67±6.

8*
94.667±5.

0*
131.87±9.2

ALT (IU/L)

74*
24.43±2.4

11
26.00±8.

03
31.00±5.2

3*
44.37±12.4

ALP (IU/L)

4
74.54±5.8

72
73.71±6.4

9†
75.24±3.1

8†
73.84±3.75

4

4

9

(mmol/l)
Cl-(mmol/l)

139.25±16.

*

significant@ *p<0.001, #p<0.05, †p<0.01; K-Potassium, Na- Sodium, Cr-Creatinine, LH- luitenizing hormone, FSH – follicle stimulating hormone, AlbAlbumin, TP-Total protein, AST- aspartate aminotransferase, ALT – alanine
aminotransferase, ALP – alkaline phosphatase

3.0 RESULTS
The mean values of analysed biochemical parameters in
all experimental animals in group 1 administered with
5mg/kg dose of INP were summarized in Table 2. There
were significant changes in plasma level of all parameters
except potassium, urea, ALT and ALP on day 7 compared
with the value in unexposed controls (p<0.05).
Decreased plasma urealevel (day 1) and ALT activity (day
7) were observed in comparison with that recorded on
day 14 (p<0.05) and (p<0.01) respectively. No mortality
was recorded throughout the period of the experiment.
Table 3 showed the pattern of changes in biochemical
parameters measured after administering engineered
INP at 25mg/kg body weight. On day 7, the level of
potassium (K) was highest in the test animals compared
to days 1 and 14 (p<0.01). The highest value of all other
parameters were recorded on day 14 in experimental
animals
than the control group with significant
changesseenin concentrations of Na, Cl-, urea, Alb, TPin
addition to AST and ALT activities (p<0.05).
After the administration of 50mg/kg Iron III oxide
nanoparticle, Cl— and urea concentrations as well as ALT
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activity were significantly increased in treated groups on
14th day compared to unexposed controls. Interestingly,
even as early as 24 h of INP injection, higher values of
testosterone (p<0.05), Na+, total protein and AST activity
were observed (p<0.01) (Table 4).
3.1 Histological Findings

Figure 1 revealed the photomicrograph of pathological
section of liver after injection with 5mg/kg of INP on day
14. Hepatocyte balloon degeneration in zones 2 and 3,
normal hepatocytes in zone 1, occasional foci of
hepatocyte necrosis and scanty eosinophils were seen.
The photomicrograph of the pathological section of the
liver after injection with 25mg/kg of INP on day 14 was
shown in Figure 2. Kupffer cells hyperplasia, marked
portal vein congestion, diffuse hepatocyte balloon
degeneration, numerous foci of hepatocyte necrosis
surrounding central veins and focal congestion of
sinusoids were observed.
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Table 3: Chan ges in an alyzed bio chem ical param eters/
day (mean±SD) in animals administered25mg/kgBW INP
(n=14)
Parame-

Table 4: Chan ges in biochem ical param eter s (m ean ±
SD)after administration of 50mg/kgBW INP (n=14)
Control

Day 1

Day 7

Day 14

K(mmol/l)

4.30±0.69*#

4.43±1.20

5.53±0.68#

6.08±1.01*

Na (mmol/

125.85±19.96

150.0±10.0†

170.00±20.0†

182.38±4.69†

l)
HCO3

†
19.71±3.77

24.00±3.46

25.00±1.00

28.75±2.54

25.32±2.86#

(mmol/l)
Cl- (mmol/

110.14±12.17

131.33±18.38

141.33±11.59

147.00±24.30

l)
Urea

*
17.70±3.45#*

22.70±6.61

24.10±5.10#

*
26.59±2.90*

mmol/l
Cr-(umol/l)

117.71±16.0*

326.00±77.95†

384.00±41.76*

406.00±75.47

LH (m/U/

1.31±0.17*

2.63±0.98

3.42±1.22*

†
2.64±1.15

FSH (m/U/

0.47±0.08*

0.72±0.27†

1.37±0.76*

1.73±0.09*†

ml)
Testos-

0.27±0.15*

0.57±0.31*

0.77±0.05

4.09±1.08*

Alb (g/l)

15.86±2.19*

23.33±5.51

32.00±2.00*

30.87±5.11*

TP (g/l)

29.14±4.14*†

34.66±2.31†

42.00±4.58*

58.26±4.68*

AST (IU/L)

79.43±10.74*

94.67±5.03†

101.00±4.36*#

131.87±31.38

ALT (IU/L)

†#
24.43±2.44#

30.00±4.36

45.00±42.04

*
53.63±19.14#

ALP (IU/L)

73.44±5.84

73.53±5.69

77.80±6.83

75.84±4.63

Control

Day 1

Day 7

Day 14

K(mmol/l)

4.30±0.69

3.87±0.11**

5.17±0.73**

4.55±1.56**

Na(mmol/l)

125.85±20.0*

143.33±5.77

150.0±10.0

165.0±16.90*

HCO3-

19.71±3.77

22.00±2.64

24.33±3.21

27.75±2.49

(mmol/l)
Cl-(mmol/l)

110.14±12.2*

119.67±5.69

126.0±13.11

144.25±3.15*

Urea

17.70±3.45#

21.00±6.10

23.63±5.20

Parameters

ters

mmol/l
Cr- (umol/l)

117.71±16.0

213.67±38.76*

334.67±38.76

390.0±70.42*

LH (m/U/ml)

1.31±0.17*

1.52±0.52

2.83±0.68

3.78±0.33*

FSH (m/U/

0.47±0.08*

0.67±0.34

1.29±0.61

1.55±0.41*

ml)
Testosterone

0.27±0.15*

0.38±0.06

0.57±0.29

0.81±0.30*

Alb (g/l)

15.86±2.19#*

20.67±3.05#

27.0±7.54

30.87±2.53*

TP (g/l)

29.14±4.14*

33.33±0.58

39.0±7.00

51.50±7.44*

ng/ml

AST (IU/L)

79.43±10.74*

84.33±10.01

100.67±20.52

130.88±9.23*

ALT (IU/L)

24.43±2.44*

26.00±11.36

33.33±7.76**

48.25±8.37*

ALP (IU/L)

74.54±5.84

75.24±3.19

73.71±6.44

76.34±6.84

terone

significant@ *p<0.001, #p<0.05, †p<0.01

Figure 3 represents the photomicrograph of pathological
section of liver after administration of 50mg/kg of INP
on day 14. This showed congestion of portal vein, foamy
degeneration of hepatocytes and focal areas of hepatocyte
necrosis. The histopathological findings of the section of
kidney of mice after injection with 5mg/kg of INP on day
14 showed focal areas of vacuolation and widespread
eosinophilia of renal tubular cells as well as a reduction
in tubular lumen size (Figure 4).
Histological changes of congestion of renal intertubular
veins and glomerular capillaries, interstitial nephritis
with focal lymphocytic aggregates in kidney tissue after
injection with 25mg/kg of INP was observed on day 14
(Figure 5). As shown in Figure 6, there were congestion
at vascular channels in medulla and pelvis, widespread
vacuolation at renal tubule cells and mild atrophy of
renal tubules after administration of 50mg/kg of INP on
day 14 in experimental animals. The histopathological
examination of the testis tissue did not show a significant
alteration for all the tested doses (photomicrographs not
shown). At 5mg/kg, normal seminiferous tubules and
mild reduction in spermatid formation was recorded. At
25mg/kg a mild reduction in thickness of seminiferous
tubules and in spermatogenic cells was seen while at
50mg/kg an observation of a mild reduction in
spermatogenic cells and formation of spermatids was
made.

significant@ *p<0.001, #p<0.05, †p<0.01
significant@ *p<0.001, #p<0.05, †p<0.01

4.0 DISCUSSION
This study showed significantly raised AST, and ALT
activities, albumin and total protein across the graded
doses of investigated nanoparticles suggesting impaired
hepatic function. This was similar to results from earlier
studies [14,15,16]although one study [16] reported a
decrease in serum albumin. Hyperalbuminemia observed
in this study could be attributed to the fact that the liver
has been shown to be capable of synthesizing increased
amount of albumin until the hepatic parenchymal
damage is severe with loss of about 95% function[17].
Minimal histological changes were observed in liver of
mice in the present study at the 5mg/kg dose of INP
while the 25mg/kg and 50mg/kg doses appeared to bring
about more significant alterations in hepatocyte
architecture reflecting the adverse effect of the increased
dose of the INP but no extensive damage to liver
parenchymal was seen. This was in agreement with
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Figure 1: The pho to m icr ogr aph o f patho lo gical section
of liver after injection with 5mg/kg of INP on day 14 (x100)

Figure 5: The photom icr ogr aph of patholo gical section
of kidney after injection with 25mg/kg of INP on day 14 (x100)

Figure 2: pho to m icr o gr aph o f patho lo gical section of
liver after injection with 25mg/kg of INP on day 14 (x100)

Figure 6: The photom icrogr aph of pathological section
of kidney after injection with 50mg/kg of INP (iron oxide
nanoparticles) on day 14 (x100)

other study that reported significant increase in hepatic
enzymes and histopathologic changes in hepatocytes in
mice treated with 150mg/kg as well as 150 and 300µg/gr
doses of INP but not in lower doses [11]. A possible
mechanism for the toxicity of INP in the liver is the
strong association of reactive oxygen species (ROS)
generation to intracellular toxicity. Other possible
mechanism is the accumulation of iron in the tissues and
organs at high doses [1]. In fact, doses of 25 and 50 mg/
kg INP administration have been shown to increase the
reactive oxygen species, lipid peroxidation, glutathione
peroxidase activity, and nitric oxide levels with a
concomitant decrease in the levels of antioxidants in
experimental animals[18].

Figure 3: pho to m icr o graph o f patho lo gical section of
liver after injection with 50mg/kg of INP on day 14 (x100)

A possible route of elimination of nanoparticles is
through renal excretion and the kidneys are also known
to be susceptible to damage from xenobiotics [9]. Plasma
electrolytes including sodium, chloride as well as markers
of filtering ability (creatinine and urea) of the kidney
were significantly raised in animals in the INP exposed
groups than controls in this study. This could be
suggestive of impaired kidney function and corroborated
by the altered histological changes seen in kidney tissue
of the test animals. In addition, a mild hypokalemia was
observed after the first 24hrs of INP administration at

Figure 4: pho to m icr o gr aph o f patho lo gical section of
kidney after injection with 5mg/kg of INP on day 14 (x100)
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5mg/kg and 25mg/kg dosages while increased potassium
levels were observed on day 7 and 14 using the same
dose. This suggests a relationship between duration of
exposure to nanoparticles and degree of toxicity which is
at variance with a study that reported no changes in renal
function indices after short term use of INP in rats[19].
Renal histopathological findings from this study showed
features consistent with symptoms of acute kidney injury
(AKI) [20] which suggests that INP is nephrotoxic at
tested doses.
Testosterone functions in the regulation of spermatogenesis, FSH and LH are both gonadotrophic hormones
which act on leydig cells of the testis to induce the synthesis and secretion of testosterone [21]. This investigation, with respect to testicular function, plasma testosterone, FSH and LH were all significantly raised in the
experimental mice administered 50mg/kg INP dose compared to the control group. Elevated levels of LH and
FSH were associated with primary testicular failure [22]
thus, suggesting the potential testicular toxicity of INP.
Other studies involving iron nanoparticle have reported
their harmful effects on male reproductive system causing infertility [23,24]. Nanoparticles were shown to cross
Blood Testes Barrier (BTB) which enhances their toxicity
in the male reproductive system [25]. Exposure to metal
nanoparticles such as Iron increases generation of reactive oxygen species which may inhibit RNA polymerase
and cause the oxidation of molecules such as protein and
DNA. This may cause undesirable changes in LH and testosterone which are the major hormones produced by the
testis [26,27]. This interferes with testicular function often resulting in reduction in spermatid formation leading
to reduced spermatogenesis associated with male infertility [21]. The histological study of testis here did not reveal significant adverse distortions in the cells. This was
in contrast to another work that reported meaningful reduction in sperm numbers and mobility in all experimental groups as well as inflammation of the epididymis
[10]. These variations could be largely due to duration of
exposure, concentration and the animal species[8]. Although this study was experimented with small number of
animals with short duration of exposure, the results obtained therein showed the toxic effects of iron (III) oxide
nanoparticle at short term and even low doses on the different organs studied. A further study involving a larger
sample size and longer period of exposure is envisaged to
validate our result.
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