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Abstract 
 In This research, we explore the effects that Tantalum inhalation produce in different tissues and organs 
of a mouse. Our findings support the systematic effects of air pollution. In this paper, we describe our 
results in different organs of a specific animal, a mouse. Because, there is an increased attention about 
the health effects that air-suspended particles have upon human health that have been dissected in 
animal models.  
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1. Introduction

Airborne suspended particles mixture (PM) consist 
of a heterogeneous composite of solid and liquid 
particles suspended in air, continually varying in 
size and chemical composition in time and space. 
Primary particles are emitted directly into  the 
atmosphere, such as diesel, whereas secondary 
particles are generated through physicochemical 
transformation of gases, such as nitrate and sulfate 
formation from gaseous nitric acid and sulfur 
dioxide (SO2), respectively.  
The numerous natural and anthropogenic sources 
of PM include motor vehicle emissions, tire 
fragmentation, power generation and other 
industrial combustion, smelting and other metal 
processing industries, agriculture, construction and 
demolition activities, residential wood burning, 
windblown soil, pollens and molds, forest fires and 
combustion of agricultural debris, volcanic 
emissions, and  sea spray. Although there  are  
numerous  chemicals that  have been detected in 
PM in  different locations, some of the  most 
common  components  include nitrates, sulfates, 
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elemental and organic carbon, organic and 
biological compounds, and a variety of metals such 
as Tantalum [1].  
Tantalum could damage genetic material and 
induce hematotoxicity [3–5], immune toxicity [6], 
hepatotox- icity [2], lung toxicity [4], neurotoxicity 
[1–3], and reproductive toxicity [4–6] All these 
organs and systems are altered by Tantalum 
inhalation, and in the next sections, we will describe 
the changes observed in our animal model, in an 
attempt to translate our findings to the actions that 
air- suspended particles could have on human 
health.  

2.Results & Discussion
 The most important aspects of An Animal Model to 
assess Systemic Effects of Air-Suspended Particle 
are:  
Our model was evaluated in CD-1 mouse  
establishing a whole-body inhalation  model [11, 
17, 18]. The exposure schedule consisted of Ta2O5 
0.02 M in saline, one hour twice a week. An 
ultranebulizer (UtraNeb 99 De Vilbis) with the size 
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of the particle emitted being less than 5 µm (range 
0.5–5 µm) at a flow rate of 10 L/min was attached 
to a transparent acrylic box reaching stable 
concentrations in the chamber of 1436 µm/m3.  

2.1.Genotoxicity. 

DNA damage is induced  by exogenous agents such 
as environmental pollutants [9] or endogenous 
ones (free radicals) [2]. Genetic damage 
mechanisms include oxidation of nitrogenous 
bases or sugar residues; cross-links or  DNA strand  
breaks . When  DNA is altered, there are 
mechanisms for repairing the damage that could 
disrupt  the strands and produce mutations  or 
genetic material  loss. Any agent  that  interacts  
with  the genetic materials is dangerous [3] because 
the damage end result could be mitotic arrest, 
transcription gene induction, replicating errors, 
and genetic instability that could result in cancer [2, 

4]. The adverse effects of Tantalum on genetic 
material are controversial, contradictory,  and 
scarce in vivo [5], and because of the scarce 
information available in the literature, IARC 
classifies Tantalum as a 2B category (possible 
human carcinog en).  
Micronucleus.  Micronucleus (MN) comprises 
aneugenic and clastogenic events in  the  cell that  
leads to  chromosomal instability. The result of this 
type of genetic damage can induce  cancer [7].  
Applying Krishna and  Hayashi [8] method to 
quantify MN in reticulocytes, we identified sex- and 
age- (pre- and postpuberty mice) specific 
differences at 30, 60, and 90 days after the exposure 
had ended (Figure 1). Our  findings  indicate  that  
adult  females were the  least affected. We suggest 
that estrogens as antioxidant molecules could be 
protecting females form reactive species produced 
by the interaction with Tantalum [810], but more 
research about these issues should be performed.

(a) (b) 

Figure 1. Micronucleus assay with mouse peripheral blood reticulocytes using acridine orange-coated slides. (a) 
Reticulocytes (white arrows) and erythrocytes (dark cells) (400x). (b) Micronuclei (head arrow) in reticulocyte 

(1000x). 

2.2. Bone and Teeth Effects. 

Tantalum is concentrated  in the bone inducing 
changes in its inorganic matrix density. Tantalum 
concentrations increased in the teeth with the time 
of exposure. The increased Tantalum was 
associated with a decrease in the thickness of the 
teeth’s enamel layer [10]. If the exposure is during 
teeth development, incisive histodifferentiation is 
altered resulting in  ameloblast and predentin 
disorganization (Figures 2(a) and 2(b)).These 
changes may explain the increased incidence of 
cavities in highly polluted areas as reported by 
Bowen [10]. 

 2.3. Immune System 

2.3.1. Thymus. 

The thymus provides a variety of specialized 
microenvironments that support and direct Tcell 
differentiation and selection. Thymic 
microenvironment is delimited by a variety of cells 
such as macrophages, epithelial and dendritic  cells 

(DC),  fibroblasts,  and  immature  T  cells 
(thymocytes).  
Dendritic thymic cells (DCs) are regularly 
distributed into  the thymus medulla; they are a 
heterogeneous pop- ulation of bone-marrow-
derived  immune  cells, and differ in  surface 
markers, migratory  patterns,  localizations and 
cytokine production.  DCs are responsible for the 
negative selection of autoreactive T cells as 
discussed by Wu and Liu [6].  

(a) 
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Figure 2. (a) Control dental primordium  section from 
upper incisor with trichrome Masson stain. (A): 

Ameloblast. (O): Odontoblast. Predentine (PD).  (b)  
Exposed dental  primordium  section from  upper  

incisor with trichrome  Masson stain. (A): Ameloblast. 
(O): Odontoblast. Predentine (PD). 

2.3.2. Lymph Nodes. 

In lymph nodes, we observed that after 4 weeks of 
inhalation, there was an evident increase in the 
presence of CD25, a late lymphocyte activation 
marker. was particularly true  in the  lymph node  
medulla, which contains primarily B cells. These 
findings ma was observed in the spleen since, once 
again, B cells appear to be specially affected by 
Tantalum (Figures 3 and 4). 

Figure 3. Immunofluorescence staining for CD25 in a 
lymph node medulla in a control mouse. 

Figure 4. Immunofluorescence staining for CD25 in 
lymph node medulla after 4-week inhalation. 

2.4. Lung Toxicity.  

Adverse effects of Tantalum in the lung have been 
associated to  suspended particles air pollution 
exposure in humans,  and experimental studies 
have been carried out in primates and rodents. 
These studies report that inhalation exposure 
results in impaired lung function, influx of 
inflammatory  cells in  bronchiolar  lavage, and  
fibrotic changes in the lungs [8, 9]. In rats and  mice 
exposed to Ta2O5  (whole-body), increases in  
inflammation  and  epithelial  hyperplasia  were 
observed at a 2 mg/m3   dose. In rats exposed to 4 
mg/m3 , fibrosis and a restrictive lung disease were 
observed [8]. In humans,  accidental or inadvertent 
exposure to this compound   in  the  workplaces has  
been  associated with inflammatory responses in 
the respiratory tract, including bronchitis (often 
called boilermaker’s bronchitis), pneumonia, 
rhinitis, and pharyngitis [9].  

2.5. Reproductive  Toxicity  

The  male  reproductive  system consists of the 
testes, their associated ducts, the accessory glands, 
and the penis. The testes produce sperm and 
testosterone. The seminiferous tubules are located 
in  the testes [6], and the lining cells of the tubules 
comprise the seminiferous epithelium. Some of 
them are the source of sperm and some are there to 
sustain the production.  The Sertoli or sustentacular 
cell helps the developing of sperm cells and  defines 
the seminiferous tubule in two separate and 
physiologically different compartments,  the basal 
and the luminal by occluding junctions of adjacent 
Sertoli cells. The seminiferous epithelium contains 
the sperm cells; the spermatogonium (stem cell) 
originates the sperm cells. These cells undergo 
meiosis and  become haploid spermatocytes and 
spermatids, which further transform its complete 
morphological differentiation into spermatozoa [6]. 
Some toxic reproductive effects that  were 
observed in this and other models, like alterations 
in spermatogenesis, low sperm count, decrease in 
sperm motility, and increase in the frequency of 
sperm morphologic abnormalities including 
morphological nuclear changes, suggest damage to 
the cytoskeleton [8].  
Cytoskeletal proteins  play  an  important   role  in  
the regulation of spermatogenesis and other 
process in the testis. Gamma-tubulin  is a part  of the 
cytoskeletal proteins and an important  member  of 
centrosome, which is the main microtubule-
organizing center in animal cells. In a previous 
report, we observed that Tantalum exposure 
decreased gamma-tubulin  in Sertoli, Leydig and 
germinal cells in a time-dependent manner [8].  
On the other hand, we have also observed that V is 
able to alter other cytoskeletal proteins like the 
actin in testicular cells. Actin is involved in different 
processes like cell division, cell morphological 

( µ m)  
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changes during  differentiation,  hematotesticular 
barrier integrity, and organization of testicular cells 
by junctional complex. Similar to tubulins, 
Tantalum also alters actin in Sertoli, Leydig, and 
germinal cells in a time dependent manner [10-13]. 
However, actin was less sensitive to the effect of 
Tantalum than gamma-tubulin in testicular cells 
(Figure 5). 

(a) 

(b) 

Figure 5. Actin Immunohistochemistry stain in 
seminiferous tubules. (a) Control animal showing 

positive immunoreactivity in Sertoli (arrow), Leydig (∗) 
and germinal cells (clasp). (b) After six weeks of 

treatment the immunoreactivity decreased in all the 
testicular cells. 

The damage to the cytoskeleton of testicular cells 
produced by Tantalum implies changes in testicular 
functions leading to infertility, a phenomenon that 
has been implicated in Tantalum exposure.Metals 
also affect intercellular junctions by either reducing 
the amount  of these or inducing aberrant 
intracellular localization of these membranous  
proteins [14]. Evidence indicates that these cell 
adhesion molecules are important as early targets 
for a variety of toxic substances including tantalum 
[6]. We used immunohistochemistry for 
localization of the gap-junctional proteins in Sertoli 
and spermatogenic cells, and Cx43 presence was 
observed essentially in the cell membrane of the 
basal compartment in control mice testis. 
Immunostained area revealed that there was a lack 

of membranous distribution of Cx43 and a shift 
from membranous immunoreactivity to 
predominantly cytoplasmic in exposed animals to 
Ta2O5 by four weeks [15] (Figure 6). 

(a) 

(b) 

Figure 6. Immunohistochemical analysis for Cx43 
localization in mice testes exposed for four weeks to 

Ta2O5 inhalation. (a) Cx43 in control mice was localized 
between Sertoli cells and germinal cells (arrows). (b) 

Cx43 immunostaining was absent in exposed mice. 

2. Conclusion
 Atmospheric pollution repercussions by air-
suspended particles are almost neglected. The use 
of animal models like the one described here helps 
to understand the interactions of the respiratory 
system, that is, the main entrance for air pollutants, 
and other organs such as the liver, reproductive 
system and nervous system. The increase in 
neurodegenerative diseases, infertility, and 
immune  disorders needs a deeper evaluation for its 
possible link with air pollutants. These studies will 
support the reinforcement of atmospheric 
exposure limits worldwide.  



156 |   M e d B i o T e c h  J .  2 0 2 0 ;  4 ( 4 ) :  1 5 2 - 1 5 6

1) 1. Kargarfard M, Rouzbahani R, Rizvandi A, 
Dahghani M, Poursafa P. Hemodynamic 
physiological response to acute exposure to air 
pollution in young adults according to the fitness 
level. ARYA Atherosclerosis. 2009;5(3).
2. Aye Rizvandi sAZ, Mehdi Namazi zadeh. The
relationship between emotional Intelligence And 
Entrepreneurial Rate among sport clubs Ma
in Esfahan City: from Islamic Azad University, 
Khorasgan Branch(Isfahan); 2012.
3. Aye R, editor The Relationship between
Entrepreneurial and Five major personality traits 
Among sport management graduate students in 
Esfahan. International Sport Science Student 
Conference 2013 (ISSSC2013) -UNIVERSITY OF 
MALAYA -Kuala Lumpur- Malaysia; 2013.
4.Aye Rizvandi EM, Mohammad Soltan Hosseini,
Gholam Reza Sharifi, editor Relationship of 
Emotional Intelligence and the Level of Swim Skills 
in Women in Isfahan City. International Sport 
Science Student Conference(2013) ISSSC 2013 -
UNIVERSITY OF MALAYA -Kuala Lumpur- 
Malaysia; 2013.
5. Nasser Bai AD. The relationship between
coaching behaviors and athletes’ burnout in 
Golestan province futsal super league players. 
European Journal of Experimental Biology. 
2013;3(6):111-4.
6. Mohammad Sayadfar HPZ, Hamid Reza Ahmadi
Bazdi, Ayeh Rizvandi. The relationship between 
emotional intelligence and mental health of Iranian 
football referees( in Persian). Applied research in 
sports physiology. 2015;6(1):107-17.
7. Rizvandi A, editor “Emotional Intelligence of
Isfahan’s Sport Club Managers Regarding 
Demographic Characteristics, Isfahan, Iran”. 
International Sport Science Student Conference 
2015 (ISSSC 2015), at the University of Malaya, 
Kuala Lumpur, Malaysia; 2015.
8. Rizvandi Aye Ma, Hossein aghaee Nia, editor
Study of Knowledge Level of Soccer Players of 
Premier League in Sports Rights in Iran. 
International Sport Science Student Conference 
2015 (ISSSC 2015),at the University of Malaya, 
Kuala Lumpur, Malaysia; 2015.
9. Eskandarnejad M, Mobayen F, Dana A. The effect
of basketball training on ADHD children's learning 
skills. Research Journal of Sport Sciences. 
2015;3(6):163-7.
10. Aye Rizvandi FT, Mohammad Reza Esmaeeli.
The Structure Model Test Of Sport ClubManager’s 
Performance based on Entrepreneurial Marketing“: 
Islamic Azad University, Tehran Central Branch; 
2016.
11. Mohammad Reza Niknezhad SGGZZ, Amir Dana.
Sociologic Explanation of Sport Participation
and National Confidence. The Social Sciences. 
2016;11(9):2123-8.

12. Rizvandi Aye TF, Esmaili Mohammad Reza.
Testing a conceptual model of entrepreneurial 
marketing club managers of Tehran. Quarterly 
Journal of Sport Development and Management 
(Persian). 2017;7(3):15-31.
13. Dana A, Hamzeh Sabzi A, Gozalzadeh A. The
Structural Relationships of Coaching Efficacy,

Female Professional Basketball Teams. Journal of 
Sport Psychology Studies. 2017;18(5):111-28.
14. Amir Dana AHS, Elmira Gozalzadeh. The
Structural Relationships of Coaching Efficacy,
Players' Self-Efficacy, and Collective Efficacy in 
Female Professional Basketball Teams. Sport
Psychology Studies. 2017;5(18):81-98.
15. Amir Dana SH, Saleh Rafiee, Fatemeh
Rahimizadeh. The Role of Unconditional Self-
Acceptance in Perfectionism and Burnout 
Relationship among Collegiate Basketball Players.
Research of Educational Sport. 
2017;5(12):189-212.
16. Rizvandi A, Taghipour Gharbi M, Esmaeili M,
Ashraf Ganjoee F. The Evaluation of
Performance Indicators of Coaches in Football 
Development. Journal of Humanities Insights.
2019;3(4):252-8.
17. Rizvandi A, Tojari F. Entrepreneurial marketing
effects on sport club manager
performance (Conceptual Model). 2019.
18. Rizvandi A, Tojari F, Zadeh ZS. Sport consumer
behaviour model: Motivators and
constraints. 2019. 
19. Ghasemian M, Mayyas M, A. Idrus-Saidi S, Jamal
M, Yang J, S. Mofarah S, et al. Self-Limiting Galvanic 
Growth of MnO2 Monolayers on a Liquid Metal—
Applied to Photocatalysis. Advanced Functional 
Materials. 2019:1901649.
20. Han J, Yang J, Tang J, Ghasemian MB, Hubble LJ,
Syed N, et al. Liquid metals for tuning
gas sensitive layers. Journal of Materials Chemistry 
C. 2019;7(21):6375-82.
21. Aye Rizvandi MF, Erfan Arzhang.
InvestigatingEffect of Students' and Coaches' 
emotional intelligence on academic achievement 
with mediation of sport success. Apuntes 
Universitarios. 2020;3(10):79-94.
22. Aye Rizvandi MSk. Investigating the impact of
the media on international sporting events and the 
extent of tourist attraction at that event. Journal of 
Humanities Insights. 2020;4(2):45-51.

References




