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INTRODUCTION 

Nanotechnology  and nanoparticles(NPs)  are ex-

tensively  used in various fields including physics, 

chemistry and biochemistry, and molecular biology. 

This is due to their  special properties compared  

macro-sized ones(1).  Zinc is considered an essen-
tial element in our body and it was approved as a 
safe material by the FDA . Zinc Oxide has found to 
be one of the most widely used materials in various 
fields as medical diagnosis due to its unique optical 
and magnetic properties (2). 
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ABSTRACT

Introduction:  Nanoparticles have different effects on humans as  they have  specialized char-
acteristics from the bulk materials.  Zinc oxide nanoparticles are most commonly utilized nowa-
days due to their unique characteristics. On the other hand Zinc oxide nanoparticles have been 
found  to have adverse effects on humans as cytotoxicity so it is a double-edged sword. Quercetin is 
a flavonol with beneficial anti-oxidant and antiinflammatory effect. Aim :The present work aimed 
to investigate the effects of Zinc oxide nanoparticles on rat submandibular glands and to evaluate 
the prophylactic effect of Quercetin . Materials and Methods: Twenty four male rats were equally 
divided into three groups: group A control, group B treated with Zinc oxide nanoparticles and group 
C treated with   Zinc oxide nanoparticles and Quercetin for twenty eight  days. Results: At the 
end of the study, rats were sacrificed and the effects of Zinc oxide nanoparticles as well as the pro-
phylactic role of Quercetin on the submandibular glands were evaluated by light microscopy. The 
cells of the acini  in group B revealed signs of cytotoxicity as loss of the acinar architecture, apop-
totic nuclei, and cytoplasmic vacuolation while, in group C submandibular glands showed accen-
tuated preservation in the cells of the acini and ducts that was comparable to that of the controls.  
Conclusion: This experiment clarified that Zinc oxide nanoparticles has a cytotoxic effect and il-
lustrated that prophylactic administration of Quercetin efficiently counteracted the toxic effect of 
Zinc oxide nanoparticles administration in rat models. Therefore, Quercetin can be prophylactically 
used to prevent Zinc oxide nanoparticles cytotoxicity.
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Zinc oxide nanoparticles (ZnO NPs) are  one 
of the most commonly used nanoparticles as it has 
multiple uses. Sources of Zinc oxide nanoparticles 
that are subjected to oral exposure are: sunscreens, 
lipstick, filling material, toothpaste and food preser-
vatives (3) . 

It was documented that ZnO NPs has an antimi-
crobial effect, thus they were used in food preserva-
tives (4,5).

Although the wide implications of these NPs, 
few studies were done to investigate their toxico-
logical  effect. Some studies revealed that the side 
effects of Zinc oxide nanoparticles are more in com-
parison with bulk materials. However, some studies 
revealed that ZnO-NPs were non-toxic for cultured 
human cells. while other studies also suggested that 
they were toxic for different types of cells. Thus, 
several studies should be done to understand the 
potential cytotoxicity of these nanoparticels (6,7). 
Relatively few reports have investigated the toxic 
adverse effects of ZnO NPs usage. It was found 
that the usage of food supplements including ZnO 
NPs by humans, even at very low concentrations, 
may have hazardous consequences on human cells 
such as cytotoxicity and genotoxicity (8,9). Therefore,  
Nanotechnology is controversial (10).

Among the wide use of Zinc oxide NPs in the in-
dustrial field, it is suggested that the humans may be 
subjected to these nanoparticles either intentionally 
or un-intentionally through different ways as, inges-
tion, inhalation and dermal penetration, but gastro-
intestinal tract is the preliminary route. (11,12)  When 
the NPs enter the circulatory system they accumu-
late in specific organs and are taken by the cells by 
phagocytosis(13).

The toxic effects of ZnONPs on the humans have 
been attributed to various  mechanisms that are not 
well investigated. However, some investigations as-
sumed that the toxicity of these particles was due to  
the free Zn2+ released in the culture media together 
with the intracellular uptake of these nanoparticles. 

Also the oxidative stress is considered to be one 
of the important  mechanism responsible for zinc 
oxide nanoparticles side effects, as it promotes the 
release of the reactive oxygen species (ROS) and 
other oxidative agents (14). When  ROS level exceeds 
the anti-oxidative defense mechanism of the cells, it 
leads to oxidative damage that results in apoptosis 
of the cells (15,16) .

Flavonoids are considered one of the most pow-
erful antioxidants that is owing to their intra-cellular 
free radical scavenging capability. They are found 
mainly in plants as apples and berries. Quercetin 
(Qc) is considered to be the most effective anti-
oxidant among the different flavonoids. The anti-
oxidant activity of Qc was assumed to be due to its 
phenolic hydroxyl groups (17,18).  

Thus, the aim of our work was to investigate the 
effect of Zinc oxide nanopatricles on the subman-
dibular salivary glands of  rats and  to evaluate the 
prophylactic role of Quercetin .

MATERIALS AND METHODS

The experiment was carried out on 24 male 
albino rats (aged 3:6 months) with initial body 
weight 150:200 g. Rats were housed in clean and 
ventilated cages with constant controlled climate 
(at Institute of Medical Research, Alexandria 
University, Egypt). All groups, received filtered 
tap water ad libitum and standard rodents diet. Rats 
were divided equally into three groups.

•	 Group A [controls, (n=8)]: received 10 ml/kg 
distilled water (19) daily by gavage for twenty 
eight days (20).

•	 Group B (n=8): received 300 mg/kg body 
weight ZnO NPs (Nanotech - Egypt Chemical 
Company) daily by gavage for twenty eight 
days (20).

•	 Group C (n=8): revived 300 mg/kg body 
weight ZnO NPs together with 200 mg/kg/day 
Qc (Faddah et al(21) )  daily by gavage for twenty 
eight days(20).
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Treated groups received ZnO NPs and Qc  in 
aqueous solutions with dose volume10 ml/kg/
day,(18,19)  by gavage. Rats were weighted every 
week throughout the experimental period. At the 
end of the study, the rats were sacrificed, and the 
submandibular salivary glands were harvested.. 
Histological  investigations occurred as samples 
(2-3 cm3) were fixed in 10% formalin neutral 
buffer, embedded in paraffin blocks according to the 
standard procedure, sectioned  into 5 μm sections 
and stained by hematoxylin and eosin stain (H&E) 
(22) for light microscopic examinations. 

The shape and size of  Zinc oxide nanoparticles 
was characterized by transmission electron micros-
copy (TEM)(20, 23) and it revealed that each particle  
had  a diameter <30 nm and were almost spherical 
in shape and formed aggregates (Fig.1).

The body weight was statistically analyzed using 
IBM SPSS software with version 20.0. ANOVA test 
in order to compare the 3 study groups for normally 
distributed quantitative variables (24).

Fig (1) TEM of ZnO NPs’ suspension illustrating that the NPs 
are relatively spherical at a diameter < 30 nm. (X1000).

Table (1) Comparison of the mean body weight changes among animals in the different groups at the 
successive four weeks of observation.

Reading/ week

Body weight in grams 
(Mean SD)

ANOVA P1 value

Group A Group B Group C

1st reading  

(at the start of experiment)

169-173

170.9±1.25

168-179

171.6±3.50

169-178

171.8±3.37

0.78

0.68

2nd reading

(at the end of the 1st week)

173-179

177.1±1.81

177-185

181.4±2.72

172-180

174.3±2.60

0.85

0.55

3rd reading

(at the end of the 2nd week)

184-193

186±3.07

189-204

193±5.57

177-200

185±7.95

1.04

0.22

4th reading  

(at the end of the 3rd week)

195-205

200±3.251

193-210

199±6.534

182-205

192±7.818

0.41

0.82

5th reading   

(at the end of the 4rth week)

205-227

215±8.120

200-227

212±9.996

190-219

200±9.223

1.36

0.71

ANOVA

P2

12.05

0.001*

15.65

0.002*

10.3

0.006*

*: Statistically significant at P ≤ 0.05.

P1 comparison between the 3 study groups at the same time.

P2 comparison between 5 time  intervals of  the same group. 
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RESULTS

Body weight changes:

The rats were weighted weekly throughout the 
experimental period and the readings of the mean 
body weights in grams was compared. The readings 
demonstrated that there was no significant statistical 
difference in the mean body weight among group A 
and group B nor group C (Table 1). 

Histological  results:

Group A (controls):

H & E sections from control group submandibu-
lar glands showed the gland acini were formed of 
pyramidal shaped cells that posses secretory gran-
ules in cytoplasm apical part as nucleus was pushed 
to cell base. The secretory striated intralobular duc-
tal cells were columnar with rounded central nucle-
us with basal striation (Fig.2). 

Group B  (Zinc oxide nanoparticles ):

The cells of the serous acini showed, atrophic 
changes as the affected  acini became small and 
lost its nornal architecture and their lining cells had 
vacuolated cytoplasm (Fig. 3). Striated duct showed 

degenerative changes as they lost their basal stria-
tion and had vacuolization of the cytoplasm  and 
dilated lumina .The cells also showed, apoptotic nu-
clei (Fig.4).

Group C (Zinc oxide nanoparticles together with 
Quercetin ):

The serous acini showed well preserved archi-

tecture comparable to the normal one. The acinar 

cells  revealed , normal nuclei. The cytoplasm ex-

Fig. (2) Light micrograph (LM), group A, demonstrating:  
Normal architecture of the serous acini where the acinar 
cells are pyramidal in shape surrounding a narrow 
lumen with spherical nuclei and normal cytoplasm 
(arrow heads). Note the normal secretory striated ducts 
lined by tall columnar cells with well defined basal 
striations (arrows) (H&E stain; x 400).

Fig. (3) Light micrograph (LM), group B, showing: Loss of 
the normal structural features of the acini, loss of the 
cell boundaries. Most of the nuclei appear pyknotic 
or apoptotic (arrow heads). The cytoplasm also show 
extensive vacuolization (arrows). (H&E stain;  x 400).

Fig. (4) Light micrograph (LM), group B, showing: Shrunken 
acini, atrophic vacuolated cytoplasm, (arrows). Note 
the slight dilatation of the  secretory striated ducts with 
loss of their striations (arrow heads) (H&E stain;  x 
400).
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hibited, few vacuolization (Fig.5). The secretory 
striated duct showed  normal lining cells with nor-
mal  nuclei, well preserved basal striations and nor-
mal lumen (Fig.6).

DISCUSSION

Nano-toxicology is a study field that focuses on  
understanding the mechanism by which nanomate-
rials affect cellular function and lead to cytotoxicity. 
Recently, several researches have been conducted 
on NPs. The frequent use of  ZnO Nps  in food 
chains is and the continuous exposure to these NPs  

may affect human health(25).  Thus, it is important to 
raise the awareness about the possible side effects of 
these NPs. Therefore, the cytotoxic effect of these 
NPs became a  significant threat that should be in-
vestigated, before increasing their applications (26).

ZnO NPs toxicity in mice occurred when ex-
posed via digestive tract(27). That is why the oral 
route was chosen in this study as human beings have 
a high are more subjected to ZnO NPs’ ingestion in 
the tooth pastes and  food products. Thus, they are 
at high risk for ingestion of   high doses  of ZnO 
NPs(28, 29).

We decided to choose the dose (300 mg/kg body 
weight/day) of the zinc oxide nanoparticles as it was 
according to Sharma et al(29) and Vandebriel et al(30)

The duration of twenty eight days was chosen 
according to Chung et al. (31) They revealed the ac-
cumulation of  Zinc oxide nanoparticles in the blood 
circulation and in variable organs, after twenty eight 
days. 

Light microscopic results of the current study 
showed that in group B,  Zinc oxide nanoparticles 
have the capability to provoke a toxic effect on the 
cells of the acini as well as the ducts of the gland. 

These were seen by the presence of different de-
grees of degeneration affecting  most of the cells. 
The cells of  the acini demonestrated, loss of their 
normal architecture with apoptotic nuclei. The cy-
toplasm  revealed extensive degeneration and vacu-
olization. The secretory striated  ducts showed de-
generation in their epithelial lining with loss of the 
basal striations, vacuolation of the cytoplasm  and 
expansion of the lumen. These results were also 
seen in other studies that used different doses of   
Zinc oxide nanoparticles(32). 

Zinc oxide nanoparticles may affect the cells of 
the acini through many mechanisms, which suggest 
different possibilities for interpretation of the histo-
logical findings in the current work. 

Fig. (5) Light micrograph (LM), group C, showing: Preservation 
of the acinar architecture and their cell boundaries. The 
acinar cells appeared normal in shape with spherical 
nuclei. (H&E stain; x 400).

Fig. (6) Light micrograph (LM), group C, revealing: Apparent 
preservation of the epithelial lining of the secretory 
striated ducts and its basal striations (arrows). Note the 
normal blood capillary in association with secretory 
striated duct (arrow heads) (H&E stain; x 400). 
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One of these important mechanisms of Zinc ox-
ide nanoparticles’ intoxication  is the particle’s dis-
solution in the biological environments(33). 

Different studies have postulated that the high 
solubility of Zinc oxide nanoparticles may play 
accrual role in its toxic effect. Xia et al. (33) attributed 
the cytotoxic effect of these NPs to the release of 
free Zn2+ ions and its uptake by the cells. Other 
studies revealed that dissolved Zn2+ ions triggers an 
oxidative DNA damage leading to apoptosis of the 
cells. 

That concept was also approved by the study of 
Kao et al. (34) 

This findings comes in accordance to the his-
tological changes found in the current wok which 
showed apoptosis of the nuclei in aciniar cells. An-
other mechanism responsible for ZnONPs’ toxicity 
is the oxidative stress, which leads to the failure  of 
the cells to deal with the  residues resulting from 
the metabolic and structural disturbances(29). Thus, 
ROS generation and oxidative DNA damage plays 
a curial role in the genotoxicity and cytotoxicity 
of zinc oxide nanoparticles. Oxidative stress leads 
to accumulation of ROS. The oxidative stress in-
duced by zinc oxide nanoparticles was evaluated 
and  illustrated that the level of ·OH in zinc oxide 
nanoparticles’ suspensions was higher than in bulks· 
OH is found to be the most toxic ROS species that 
is capable to  provoke oxidative damage to the cell 
membranes which leads to cell death (35). This issue 
might explain the cytoplasmic degeneration seen in 
cells of this study. 

Cytoplasmic vacuolization of the rat serous cells 
was observed in group B. These findings were in 
accordance with Thakur  et al(36) and Iavicoli et al(37). 
This vacuolization may  be due to  disruption of 
membrane caused by zinc oxide nanoparticles lead-
ing to high influx of water and Na+  together with 
leaking of lysosomal enzymes resulting in cytoplas-
mic degeneration (38).

Meanwhile, the acini and ducts of rats in group C 
revealed  a relatively similar histological appearance 
comparable to that of the controls in group A. These 
results declared the safe use of Qc as an anti-oxidant 
prophylactic agent, as observed at the histological 
level. This group showed relatively preserved 
cytoplasmic integrity, but with few vacuoles. 

As mentioned before, that oxidative stress 
represents a common mechanism for cell damage 
induced by Zinc oxide nanoparticles (29, 33). That is 
why the role of antioxidants as protective agents 
against ROS induced changes, has been considered 
in the present study. 

Qc, is a flavone found in apples and berries that 
has been found to have an  antioxidant activity(39-41). 
Quercetin, is an antioxidants capable of scavenge 
ring free radicals present in the body which disrupts 
the cell membrane and leads to apoptosis(42). 
Numerous  recent researches have investigated 
the antioxidant and cyto-protective potentials of  
Quercetin(43-45( . 

CONCLUSION

The results of this study aims to raise the aware-
ness on the toxicity of zinc oxide nanoparticles 
when administrated through oral rout, and approved 
the possible prophylactic effect of Qc in counteract-
ing this cytotoxilogical effect.  Thus, Qc can be used 
safely  to overcome  ZnO NPs adverse effects. 

REFERENCES

1.	 Biskos G, Schmidt - Ott A. Airborne engineered nanopar-
ticles: potential risks and monitoring challenges for assess-
ing their impacts on children. Pediatric Respir. Rev.2012 
Jun; 13(2):79-83.

2.	 Espitia P, Soares N, Coimbra J, José de Andrade N, Cruz 
R and  Medeiros E. Zinc Oxide Nanoparticles: Synthesis, 
Antimicrobial Activity and Food Packaging Applications. 
Food and bioprocess technol. 2012; 5: 1447-1464.

3.	 Baek M, Chung HE, Yu J, Lee JA, Kim TH, Oh JM, 
Lee WJ, Paek SM, Lee JK, Jeong J, Choy JH, Choi SJ.  



HISTOLOGICAL EVALUATION OF THE ROLE OF ZINC OXIDE NANOPARTICLES (1365)

Pharmacokinetics, tissue distribution, and excretion of 
zinc oxide nanoparticles. International Journal of Nano-
medecine 2012 June ; 7:3081-97.

4.	 Espitia P, Soares N, Coimbra J, Jose de Andrade N, Cruz R 
and Medeiros E. Zinc Oxide Nanoparticles: Synthesis, An-
timicrobial Activity and Food Packing Applications. Food 
and bioprocess technol. 2012;5:1447-64

5.	 Niu, L.N., Fang M, Jiao K, Tang LH, Xiao YH, Shen LJ, 
Chen JH. Tetrapod-like zinc oxide whisker enhancement 
of resin composite. J Dent Res, 2010. 89(7): 746-50

6.	  Meyer K, Rajanahalli P, Ahamed M, Rowe JJ, Hong Y. 
ZnO nanoparticles induce apoptosis in human dermal fi-
broblasts via p53 and p38 pathways. Toxicol In Vitro. 
1721-6 :)8(25 ;2011. 

7.	  DeLouise LA. Applications of nanotechnology in derma-
tology. J Invest Dermatol. 2012; 132(3 Pt 2): 964-75.

8.	 Guan R, Kang T, Lu F, Zhang Z, Shen H, Liu M. Cytotox-
icity, oxidative stress, and genotoxicity in human  hepato-
cyte and embryonic kidney cells exposed to ZnO nanopar-
ticles. Nanoscale Research  Letters. 2012 Oct;7(1):602.

9.	 Bondarenko O, Juganson K, Ivask A, Kasemets K, Mor-
timer M, Kahru A. Toxicity of Ag, CuO and ZnO nanopar-
ticles to selected environmentally relevant test organisms 
and mammalian cells in vitro: a critical review. Arch Toxi-
col. 2013 Jul; 87(7):1181-200.

10.	 Jennifer M, Maciej W. Nanoparticle Technology as a 
Double-Edged Sword: Cytotoxic, Genotoxic and Epigen-
etic Effects on Living Cells. Journal of Biomaterials and 
Nanobiotechnology, 2013, 4, 53-63

11.	 Hagens WI, Oomen AG, de Jong WH, et al. What do we 
(need to) know about the kinetic properties of nanoparti-
cles in the body? Regul Toxicol Pharmacol 2007;49:217–
29. [PubMed:17868963]

12.	 Takenaka S, Karg E, Roth C, et al. Pulmonary and sys-
temic distribution of inhaled ultrafine silver particles in 
rats. Environ Health Perspect 2001;109(Suppl 4):547–551. 
[PubMed: 11544161]

13.	 Lanone S, Boczkowski J. Biomedical applications and 
potential health risks of nanomaterials: molecular mecha-
nisms. Curr Mol Med 2006;6:651–63. 

14.	  Vandebriel RJ, De Jong WH. A review of mammalian tox-
icity of ZnO nanoparticles. Nanotechnol. Sci. and  Appl. 
2012 Aug 15;5:61-71.

15.	 Ryter SW, Kim HP, Hoetzel A, et al. Mechanisms of 
cell death in oxidative stress. Antioxid Redox Signal 
2007;9:49–89. [PubMed: 17115887]\

16.	 Wang B, Feng W, Wang M, et al. Acute toxicological im-
pact of nano- and submicro-scaled zinc oxide powder on 
healthy adult mice. J Nanopart Res 2008;10:263–76

17.	 Kelly G.Quercetin Monograph. Alternative Medicine Re-
view 2011 ; 16:2.

18.	 Verma R, Kushwah L, Gohel D, Patel M, Marvania T, Bal-
akrishnan S. Research Article Evaluating the Ameliorative 
Potential of Quercetin against the  Bleomycin - Induced 
Pulmonary Fibrosis in Wistar Rats. Pulmonary Medicine 
2013 ; 2013:921724.

19.	 Pasupuleti S, Alapati S, Ganapathy S, Anumolu G, 
Pully NR, Prakhya BM. Toxicity of zinc oxide nanopar-
ticles through oral route. Toxicol Ind Health. 2012 
Sep;28(8):675-86.

20.	  Chung H E J, Baek Yu M, Lee J A, Kim M S, Kim S 
H, Maeng E H, Lee J K, Jeong J and Choi S J.  Toxico-
kinetics of zinc oxide nanoparticles in rats. Journal of 
Physics:Conference Series 429 (2013) 012037.

21.	 Faddah LM, Abdel Baky NA, Al-Rasheed NM, Fatani AJ, 
Atteya M. Role of quercetin and arginine in ameliorat-
ing nano zinc oxide-induced nephrotoxicity in rats. BMC 
Complement Altern Med. 2012 May 2;12:60.

22.	 Fawcett DW. Bloom and Fawcett: A Textbook of Histolo-
gy. 12th ed. New York: Chapman and Hall; 1998. 769-804.

23.	 Cormack DH. Essential Histology. Philadelphia: Lippin-
cott Williams & Wilkins; 2001.

24.	 Kirkpatrick LA, Feeney BC. A simple guide to IBM SPSS 
statistics for version 20.0. Student ed. Belmont, Calif.: 
Wadsworth, Cengage Learning; 2013.

25.	 F. Mohamad, Investigation toxicity properties of zinc ox-
ide nanoparticles on liver enzymes in male rat. Euro J Exp 
Bio, 3, 2013, 97-103.

26.	 Moezzi A, McDonaghAM, Cortie MB. Zinc oxide par-
ticles: synthesis, properties and applications. Chem Eng J 
2012;185:1-22.

27.	 Baek M, Chung HE, Yu J, Lee JA, Kim TH, Oh JM, et 
al. Pharmacokinetics, tissue distribution, and excretion of 
zinc oxide nanoparticles. Int J Nanomedicine 2012;7:3081.

28.	 Pasupuleti S, Alapati S, Ganapathy S, Anumolu G, Pully 
NR, Prakhya BM. Toxicity of zinc oxide nanoparticles 
through oral route. Toxicol Ind Health 2012; 28(8):675-86.



(1366) Sara A. HamzaE.D.J. Vol. 65, No. 2

29.	 Sharma V, Singh P, Pandey AK, Dhawan A. Induction of 
oxidative stress, DNA damage and apoptosis in mouse 
liver after sub-acute oral exposure to zinc oxide nanopar-
ticles. Mutat Res 2012;745:84-91.

30.	 Vandebriel RJ, De Jong WH. A review of mammalian 
toxicity of ZnO nanoparticles. Nanotechnol Sci Appl 
2012;5:61-71.

31.	 Chung HE, Yu J, Baek M, Lee JA, Kim MS, Kim SH, et al. 
Toxicokinetics of zinc oxide nanoparticles in rats. J Phys 
Conf Ser 2013; 429: 1-7.

32.	 Al-Rasheed NM, Faddah LM, Mohamed AM, Abdel Baky 
NA, Mohammad RA. Potential impact of quercetin and 
idebenone against immuno-inflammatory and oxiditive 
renal damage induced in rats by titanium dioxide nanopar-
ticles toxicity. J Oleo Sci 2013; 62(11):961-71.

33.	 Xia T, Kovochich M, Liong M, Mädler L, Gilbert B, 
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