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ABSTRACT

AIM: The study was designed to evaluate the possible adverse effects and consequences of metal oxide
nanoparticles used on some major body organ functions and health parameters.

MATERIALS AND METHODS: Thirty albino rats, allocated randomly into three groups for experimental
period of 20 days post-administration were used. Different effects of metal oxide nanoparticles were targeted
including, thyroid, parathyroid, kidney, calcium, phosphate, hematological parameters and indices, as well as
oxidative stress markers of the red blood cells and their membranes as alpha tocopherol and GSH, by using

different analytical methods.

RESULTS: Data revealed thyroid and parathyroid hormonal disturbances; kidney dysfunction in the form
of accumulation of some waste products as BUN, creatinine, and uric acid. A decrease in the calcium

and phosphate and an increase in the potassium and phosphate concentrations was recorded. A marked
decrease in the indices of anemia and diminished oxidative stress indicators were also evident, associated

with marked increase in the total leukocyte count.

CONCLUSION: The present study confirmed the health risks of the use of metal oxide nanoparticles in the
medical field without precautions and supervision; and may encourage application of nanoparticles from
alternative origins, such as plants, algae, or microorganisms instead (Tab. 5, Fig. 4, Ref. 30). Text in PDF

www.elis.sk.
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Introduction

This study was designed to investigate the possible health
risks after using these extremely small-sized particles, which
have became a real order in our life after proving their efficacy
for the treatment of many diseases as radiotherapy. The authors
mentioned that nanoparticles should be given intravenously as
this route is the most suitable for nanoparticles administration and
because of the ability of these particles to penetrate and spread
intracellularly as well.

Despite its ability to treat many diseases and its availability
now in many pharmaceutical products, strict instructions for their
use in industry and medical field is a must to avoid their possible
toxic effects; otherwise, safer alternative particles should be ap-
plied instead.

Producing companies must be honest in mentioning the con-
ditioning of this technology, particularly, when used on a large
scale and the possible side effects must be labelled, especially,
when metal oxide particles are involved. The primary goals of
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nano-bio-technologies using metal oxide, in particular, in drug
delivery are: more specific drug targeting and delivery, reducing
toxicity while maintaining therapeutic effects; greater safety and
biocompatibility; and faster development of new safe medicines.

Despite the widespread use of Zinc Oxide (ZnO) nanopar-
ticles, the most famous metal oxide form of nanoparticles (2), in
a wide range of biomedical applications and in drug delivery as
anti-cancer, anti-diabetic, antibacterial and antifungal (2), and as
sun-protection product due to its ability to absorb ultraviolet rays;
despite of that, a lot of studies demonstrated that the nanoparticles
may be toxic depending on their small size properties, which may
suggest them to be hazardous to the environment (2). The undesir-
able effects of ZnO nanoparticles are summarized below (Tab. 1).

To determine the toxicity of nanoparticles, the size and the
surface area of particles must be noted (10). These criteria are
considered to be responsible for the potential effect on human
health and the environment; and may cause death if used at large
concentrations. Low doses of ZnO nanoparticles, however, have
not produced toxic effects in vivo .

New approaches and phenomena were discovered, which are
safer, cost less, more friendly to the environment and human than
metal oxide or chemical and physical methods. These are mainly
exemplified by green nanoparticles, which were begun manufac-
turing using biosynthesis of green nanoparticles from plants, plant
extracts and different microorganisms. For example, nanoparticles
synthesized by honey mediated green methods, which provide po-
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Tab. 1. Reported undesirable effects of extensive use of ZnO metal
nanoparticles.

# Effect(s)
1 Hazardous to the environment. (2)

Reference

2 Cytotoxic effects on various kinds of cells, in- (10)
cluding osteoblastic cancer cells, human bron-
chial epithelial cells, kidney cells, alveolar ad-
enocarcinoma cells, hepatocytes and embryonic
kidney cells.

3 Toxic effects in vivo, high concentrations may 6)
cause sudden death.

4 ZnO nanoparticles were more toxic than other 3)
metal oxide nanoparticles such as Fe,O,, Y,0,,
TiO, and CuO.
5 ZnO nanoparticles produce cytotoxic effects in (1)
various kinds of cells, including osteoblastic can-
cer cells, human bronchial epithelial cells, kidney
cells, alveolar adenocarcinoma cells, hepatocytes
and embryonic kidney cells; the nanoparticles’
effects may be related to particle size and dosage.

6 Oxidative stress was increased by ZnO nanopar- 2)
ticles reactive oxygen species (ROS)

7 ZnO nanoparticles showed liver inflammation 6)
and injury

tential and valuable end products with numerous applications in
many fields providing a superior, ecofriendly alternative for harsh
and toxic procedures of nanoparticles manufacture.

Nanoparticles produced by plants are more stable and their
rate of synthesis is faster than that in the case of microorganisms.
Moreover, the nanoparticles are more variable in shape and size in
comparison with those produced by other organisms. The advan-
tages of using plant and plant-derived materials for biosynthesis
of metal nanoparticles have interested researchers to investigate
the mechanisms of metal ions uptake and bio-reduction by plants,
and to understand the possible mechanism of metal nanoparticle
formation in plants (10).

This study tried to confirm the impact of the use of these ul-
tra-structured particles that are synthesized by chemical or physi-
cal methods as zinc oxide on endocrine glands and different
clinical, hematological parameters by using the model of albino
rat as a symbol for human body to promote and encourage the
use of green nanoparticles as a more friendly approach than the
metallic one.

Material and methods

Animal housing

Male albino rats (aged 4 weeks; weighed 200-240 g) were
used. The animals were kept in suitable laboratory cages, in try-
to-keep the animal in stable environment in a ventilated room
with maintained temperature, light and humidity. Food and water
ad libitum and the ZnO nanoparticles were supplied in the food.

The rats were left for 14 days to adapt (adaptation period) to
their new environment prior to receiving the nanoparticles and
starting the experiment. After that, they were supplied with the ex-
perimental feeds for 20 days. All animal-handling procedures were

performed according to the Guide for the Care and Use of Labora-
tory Animals; and all animal experiments were approved by the
Experimental Animal Ethical Committee of by The European Com-
mission Directive 86/609/EEC for ethics of animal experiments.

Animal grouping

The rats were assigned to 3 groups, 10 in each group, as fol-
lows:

Group I: that served as control and received regular rat feed,
which contained feed ingredients as Basal diet: Oil, Yellow corn,
Concentrate mixture, Soya bean meal, Wheat bran, Molasses,
Common salt, Lysine, DL-methionine Min.-Vit. Premix and
Ground limestone.

Group II: that received rat feed supplemented with ZnO
nanoparticles at concentrations of 300 mg/kg.

Group III: that received rat feed supplemented with ZnO
nanoparticles at concentrations of 600 mg/kg.

Sampling
Blood samples

On the10th and the 20th days post-administration, blood sam-
ples were drawn into EDTA tubes, from orbital medial canthus
venous plexus of the rats, and partitioned as follows:

The 1st part of blood sample was used to separate serum to
measure:

1.Serum total T3 and T4, parathyroid hormones concentra-
tions to evaluate the alterations in the corresponding endocrine
glands by using commercial kits.

2.Serum biochemical parameters such as: blood urea nitrogen
(BUN)), uric acid and creatinine (CR), calcium, phosphorous, mag-
nesium and potassium to evaluate the kidney function were carried
out by different chemical kits obtained from Stanbio-laboratories®
(USA) and Qumica Clinica Aplicada® (QCA®, Spain).

The 2nd part of a blood sample was withdrawn and used as
whole blood to estimate:

1.The possible alterations in erythrogram and leukogram. This
was adopted by using Automated haematology analyzer, Mindray,
China, to analyze the different parameters of erythrogram, includ-
ing, Red blood cell (RBC) count, hemoglobin (Hb), PCV %, Mean
corpuscular hemoglobin (MCH) and Mean corpuscular hemoglo-
bin concentration (MCHC); and those of leukogram, including,
white blood cells (WBC) and platelet counts.

2.The oxidative stress on RBCs and its membrane. This was
adopted by measuring the activity of glutathione reductase (GHS)
according to the method described by (1) and cited in (2) after iso-
lation of erythrocytes and their membranes by the method of (1)
with a slight modification cited in (2).

Membrane content of a-tocopherol was determined after ex-
tracting with hexane. The hexane extracts were processed accord-
ing to the method of and cited in (2) using bathophenanthroline,
which forms a complex with ferrous ions.

Tissue samples

Autopsy samples were taken from the kidney, thyroid and para-
thyroid glands of rats in different groups and fixed in 10% formol
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Tab. 2. Hormonal disturbance and results of concentration of calcium and phosphorus in all the experimental groups (X + SE, n = 10, ANOVA,

p <0.05).
N Doses of Nanoparticles and grouping
Parameters Sampling time Group II (basal diet+ZnO NPs,  Group II (basal diet+ZnO NPs,
day post administrati i J J
(day post administration) Group I (basal diet) 300 mgkg) 600 mg/kg)
T3 (ng/dl) 10th 104.27+3.72 63.7143.30* 58.59+9.55%
& 20th 96.87+3.74 55.33+2.37* 45.65+3.43*
T4 (ug/d) 10th 10.06+0.24 9.26+0.14 8.200.35*
HE 20th 10.150.43 8.5240.22 7.35£0.51*

. 10th 24.20+0.66 21.44+1.81 23.02+1.44
Parathyroid h. (pg/ml) 20th 22.27+1.30 14.88+0.77* 15.49:60.24%
Calcium (mg/dl) 10th 10.39+0.51 9.93+0.33 10.15+0.41

um (mg 20th 11.23+0.51 9.30+0.57 8.46+0.25*
10th 3.38+0.90 3.66+0.49 2.01+0.56
Phosphorus (mg/dl) 20th 3.98+0.81 1.90+0.37* 1.8040.13*

*significantly different from the group I

Tab. 3. Results of different kidney function tests in all experimental groups (X = SE, n = 10, ANOVA, p < 0.05).

Doses of Nanoparticles and grouping

Parameters Sampling t?me : . Group II (basal diet+ZnO NPs,  Group II (basal diet+ZnO NPs,
(day post administration) Group [ (basal diet) 300 mg /kg) 600 m g/kg)
Creatinine (mg/dl) 10th 0.99+0.31 0.83+0.37 1.3+0.41
20th 0.52+0.008 2.36+0.43* 2.56+0.18*
Uric acid (mg/dl) 10th 4.09+0.28 5.54+0.18 5.58+0.73
20th 4.97+0.39 7.74+0.34* 7.15+0.91%*
Magnesium (mg/dl) 10th 1.10£0.21 0.75+0.05 0.67+0.07*
20th 1.0140.115 0.59+0.03* 0.06+0.05*
Potassium (me/dl) 10th 4.87+0.33 7.93£0.49* 8.34+0.63*
20th 4.79+0.89 8.66+0.44* 8.86+0.53*

*significantly different from the group I

Tab. 4. Different hematological parameters in all experimental groups (X £+ SE, n = 10, ANOVA, p < 0.05).

Doses of Nanoparticles and grouping

Sampling time : =
Parameters AP . Group II (basal diet+ZnO NPs,  Group II (basal diet+ZnO NPs,
da t administrat; i i
(day post administration) Group I (basal diet) 300 mgke) 600 me/kg)
10th 7.80+0.34 6.92+0.23 6.63+0.20
12

RBCS (10%/L) 20th 8.2440.30 6.51£0.47% 5.63+0.18%
POV (%) 10th 42.28+0.41 37.4141.08* 34.37+0.16*
° 20th 40.88+0.37 36.14+0.66* 34.45+1.01%

10th 12.54+0.18 10.75+0.11 10.08+0.41

Hb (g/dl) 20th 12.63+0.40 8.18+0.51*% 7.76+0.11%

10th 53.86+2.80 54.14+137 52.36+1.55

MCV (f) 20th 52.1343.73 58.2543.67 59.9242.67

MCH (pg) 10th 16.00+0.66 15.52+0.53 15.23+0.75

pg 20th 16.07+0.96 13.29+1.57 13.52+1.44

10th 29.79+0.57 28.76+0.57 29.08+1.09

MCHC (g/dl) 20th 30.92+1.15 22.7141.70 22.56+0.33

10th 8.1340.16 9.82::0.00% 9.59+0.17*

9

WBCS (10°71) 20th 7.88+10.45 9.59+0.11* 9.740.16*

10th 0.737+0.040 0.668+0.039 0.700+0.030
9

Platelets (10°/L) 20th 0.801:0.030 0.598+0.032% 0.538+0.008*

*significantly different from the group I

saline for twenty-four hours and micro-sections were prepared,
stained and examined using conventional pathological procedure.

Results

Hormonal alterations in thyroid and parathyroid glands
The data in the Table 2 present alterations in the concentra-
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tions of T3 and T4, where the results of T3 showed a significant
decrease on the 10th and the 20th days post administration in the
groups II and 111, while those of T4 showed a decline on the 20th
post administration in the group III, when compared with those
of the group I.

Parathyroid hormone results listed in the Table 2 and the sta-
tistical analysis of data revealed that there were no changes in the
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Tab. 5. Alterations of oxidative stress indicators in different experimental groups (X = SE, n = 10, ANOVA, p < 0.05).

Doses of Nanoparticles and grouping

Sampling time

Parameters A Group [ Group II (basal diet+ZnO NPs,  Group II (basal diet+ZnO NPs,
(day post administration) (basal giet) b (300 mg/kg) b (200 mg/kg)
Erythrocyte membrane 10th 3.14+0.13 3.03+£0.47 2.41+0.27*
a-tocopherol (pug/mg protein) 20th 3.30+0.12 2.454+0.25% 1.5840.29*
Hemolysate total GSH 10th 11.44+0.54 5.26+0.98* 4.87+1.02*
(umol/gHb) 20th 11.42+0.31 6.07+0.37* 4.74+0.87*

*significantly different from the group I

concentration of the hormone in the blood in the two administrated
groups on the 10th day post administration with a remarkable sig-
nificant decrease on the 20th day post administration in the groups
II and III (at the end of experimental period).

Alterations in calcium and phosphate serum levels

Results mentioned in the Table 2 showed a significant decline
in the calcium level in the serum in the group III on the 20th day
of administration. Blood phosphate level was decreased in the two
administrated groups at the end of experimental period.

Alterations in kidney function

As shown in the Table 3, uric acid and creatinine results re-
vealed markedly significant increases in these body waste products
on the 20th day post experiment in the two administrated groups.
Concerning the level of potassium, the data listed in Table 3 re-
vealed hyperkalemia in the groups II and III on the 10th and 20th
days post administration, associated with hypomagnesaemia in the
group II on the 20th day post administration; while in the group
IIT on the 10th and 20th days.

Erythrogram and leukogram alterations
Some alterations were observed in the erythrogram and leuko-
gram of rats in the treated groups. In comparison to the data of the

group I, the changes in haemoglobin (Hb) concentration, PCV%,
RBCs count, the mean corpuscular volume (MCV) and the mean
corpuscular hemoglobin (MCH) and corpuscular hemoglobin
concentration (MCHC) were recorded and analyzed in the Table
4. The indices of anemia, as RBCS count and Hb concentration,
were significantly diminished in the groups II and III on the 20th
day of administration. While on the 10th and 20th, lower PCV
values were recorded.

The data of leukogram demonstrated the occurrence of leuko-
cytosis in the group II and group III throughout the experimental
period. Platelet counts revealed a significant decrease on the 20th
day post administration in the groups II and III.

Antioxidants status of blood and erythrocyte membrane

The Table 5 indicates the antioxidant status of blood and eryth-
rocyte membranes. GSH results recorded a decline throughout the
experimental period in the two groups administrated with zinc
oxide nanoparticles; while a-tocopherol values were significantly
decreased on the 20th day post administration in the groups II and
I11, when compared to the group I (Fig. 1).

Histopathological findings
The results of the histopathological examination of kidney,
thyroid, and parathyroid in the group I revealed no abnormal

ZnO NP

Plant

Flower

Microorganism Others
Bacteria Fungus Algae
Gram + Gram — Microalgae Macroalgae

\

Fig. 1. Zinc oxide nanoparticle synthesis from different sources (Agarwal et al, 2017).
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the lining epithelium of the follicular with absence of the of the lu-
minal collide.

infiltration between tubules at cortico-medullary portion.

changes with a normal histological structure of the follicles and
glomerulus and tubules at the cortex in thyroid gland and kidney,
respectively. Meanwhile, the examined organs of the group Il and
group I1I showed histopathological alterations, which were more
severe in the group III, when compared with those observed in the
group II (Figs 2, 3 and 4).
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Discussion

Along the revolution of nanotechnology and nanoparticle us-
age in different life fields including medical one, safety always
remain of a great concern; that was the aim of the present trial.

The alterations in endocrine gland functions and hormones and
the impact of zinc oxide nanoparticles (as model of metal oxide
nano-particles of non-biological source) with escalating doses of
administration were clarified by two clinical methods; the first was
the significant decline in the concentration of hormones in serum
and the 2nd one was observation of histopathological lesions. Sig-
nificant declines of the T3 and T4 hormones after administration of
different doses zinc oxide support the results of histopathological
lesions in the thyroid gland in experimental animals (Fig. 2). The
follicular lining epithelium showed degeneration associated with
the absence of the colloid from the follicular lumen (Fig. 2), and
this may give an indication about the disturbance of basal meta-
bolic rate plus all of the metabolic processes of different types of
nutrients and, by rule, may affect the growth rate. These findings
may draw the lines under the serious effects of zinc oxide nanopar-
ticles on endocrine glands. In addition, this may be attributed to
the effect of zinc oxide on TSH concentration, where a significant
reduction in TSH was recorded after using of titanium dioxide as
a model of nanoparticles in mice; this also may give an indica-
tion about the ability of these nano-particles to induce alterations
in pituitary gland, the source of TSH (10). The pervious findings
may support the results of the experiment performed by Vahid and
others, which indicated that using of metal oxide nanoparticles as
iron oxide at high concentration had toxic effects on thyroid gland
and moreover might cause a disturbance (inhibition) of the acti-
vity of thyroid gland (23). The decline in thyroid hormones may
be also attributed to the damage in the thyroid follicular cells that
enclose rough endoplasmic reticulum, which synthesize the thy-
roglobin that constitutes the matrix of thyroid follicles, in which
thyroid hormones are synthesized.

Regarding the parathyroid hormone, values were significant-
ly diminished at the end of experimental period on the 20th day
post-administration of the two doses of zinc oxide nanoparticles
(Tab. 2). These declines may be attributed to the undesirable ef-
fect on parathyroid tissue of cumulated waste products from dif-
ferent metabolic processes and to the renal tissue dysfunction as
recorded in Table 3. The disturbance in parathyroid hormone level
may account for the disturbance of calcium (hypocalcemia) and
phosphate level in the present experiment (Tab. 2). In addition to
the degenerative changes in the parathyroid gland tissue, vacuolar
cellular degeneration was also observed together with congestion
of the blood capillaries in between follicles (Fig. 3). The role of
the parathyroid hormone in maintaining the normal calcium level
by its mastering actions on bone, kidney and intestine could be
declined or even stopped upon ZnO nanoparticle administration
causing hypocalcemia. Also, it may indicate a chief cell affection.
Moreover, despite the decline in calcium level, the hypocalcemia
levels, which are recorded in Table 2 cannot stimulate the chief
cells to release the parathyroid hormone because of its pathologi-
cal lesions as seen in (Fig. 3).
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Hypophosphatemia recorded in Table 2 might be explained
due to the damage of kidney tubules and their inability to reab-
sorb phosphorus, which was then execrated in the urine, even
with the presence of the hypoparathyrodism, which was mainly
accompanied with an increased reabsorption rate of phosphate in
healthy kidney. Hypocalcemia and hypophosphatemia related to
hypoparathyroidism in the present study may also be attributed
to the decline of renal tissue in secretion of calciferol hormone,
which is the active form of vitamin D that increases the intestinal
absorption of calcium. Also, might be due to the stoppage of the
renal tissue in performing its function of reabsorption of nutrients.
Moreover, it is a logic expectation that after a decline in the para-
thyroid hormone the vitamin D level is disturbed, which might be
attributed to the stoppage of the role of parathyroid hormone in
increase the activity of 1-alpha hydroxylase enzyme, which con-
verts 25-hydroxycholecalciferol, the inactive form of vitamin D
to its active form via action in kidney. Furthermore, the decline
in vitamin D in the experimental animals suggest a tumor patho-
genesis as recorded by (1), who mentioned a lot of studies support-
ing that vitamin D may play a major role in tumor pathogenesis,
progression, and therapy.

The different degrees of histopathological alterations in the re-
nal tissue recorded in (Fig. 4) including, focal inflammatory cells
infiltration, was detected in between the glomeruli and congested
blood vessels at the cortex (Fig. 4). This alteration may explain
the recorded disturbances in homeostatic role of the kidney. The
major roles of the kidney is in keeping homeostasis of the body
acid-base balance, electrolyte concentrations, extracellular fluid
volume, and blood pressure. The kidney accomplishes these ho-
meostatic functions both independently and in concert with other
organs, particularly those of the endocrine system. Various endo-
crine hormones coordinate these endocrine functions; these include
renin, angiotensin-II, aldosterone, antidiuretic hormone, and atrial
natriuretic peptide, among others. The above mentioned lesions
in the renal tissue may explain the elevations of metabolic waste
products in the body, as shown in Table (3), including creatinine
and uric acid.

As for the potassium level, data revealed hyperkalemia and
hypomagnesaemia, which act as indicator of change of filtration
rate of kidney due to its pathological lesions, however the hyper-
kalemia may carry the risk of the depolarization of cardiac muscle
and may cause cardiac arrest at any time.

The alteration in kidney function test plus the histopathological
changes in renal tissue, mentioned earlier, may contribute also to
the alteration in hematological parameters and induction of ane-
mia. As the result of the cumulated waste products in the body,
the undesirable effects on all of the body organs, especially bone
marrow, the site of production of different blood cells, may occur.
Moreover, the renal dysfunction may act as a contributor in the
decline in secretion of erythropoietin hormone, which is the mes-
senger to the bone marrow to produce more RBCs to compensate
the decline in its count recorded in the Table 4.

In addition, the anemia indices listed in the table (4) of the
groups II and III may be also attributed to hypothyroidism, which
could cause certain forms of anemia (1). Also, hypothyroidism

may be linked with some hemostatic abnormalities (1). Concern-
ing the leukocytosis recorded in the groups II and III, this may be
also the result of renal dysfunction and inflammation in agreement
with that reported.

In the Table 4, the decline in the platelet counts in the groups
IT and I1I may not be parallel with the results of (25), who reported
an increase in platelet counts after administration of 10 and 50 nm
Gold Nanoparticles via intraperitoneal route. This result may indi-
cate that the effect of nanoparticles differs according to the route of
entrance to the body and according the type of metal administered.

Recently, Gaharwar et al (26) demonstrated that oxide nanopar-
ticles as iron oxide nanoparticles induce oxidative stress in periph-
eral blood cells of rats. In this study, the oxidative stress in RBCs
and their membranes were estimated by measuring two indicators,
GSH and a-tocopherol. Selection of GSH backs to its famous ac-
tion as the master body antioxidant. The activity of glutathione
reductase is used as the best indicator for oxidative stress. Also due
to its critical and clinical role in protection of RBCs, hemoglobin
and cell membranes against the different oxidative damages by
oxygen free radicals (4). In normal condition, RBCs can resist the
damage caused by oxidation, through the GSH secreted into plasma
from the liver, and its transportation to other tissues via y-glutamyl
transpeptidase. The substance is also secreted from the kidney (2).
Moreover, a protection against oxidative stress could be mediated
by the cellular content of antioxidant enzymes, such as: catalase,
superoxide dismutase, glutathione peroxidase (2). Additional way
exhibited by RBCs for protection from the oxidative stressors is
their rich content of a-tocopherol in membranes (1). In the table
(5), the analyzed data revealed a decline in the reduced-GSH,
which may be attributed to the effect of zinc nanoparticles on the
kidney, the main source of GSH. As for membranous a-tocopherol
in RBCs, its value was declined scientifically in the groups Il and
III at the end of experiment. These results may give an indication
that RBCS may suffer from oxidative stress and a high rate of
destruction and induction of haemolytic anemia is expected. Also,
it refers that zinc oxide nanoparticles have the ability to modulate
the normal antioxidant defense mechanisms of RBCs against the
oxidative stress.

Conclusion

Depending on our own findings, we confirm different serious
clinical effects of zinc oxide nanoparticles as the model of metal
oxide nanoparticles; the assessed parameters, therefore, must be
monitored during therapy with metal nanoparticles; using of green
alternative source other than metal oxide is recommended.
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