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ABSTRACT
Introduction: Quartz is one of the most well-known compounds in earth crust which could be inhaled causing silicosis which 
is an occupational lung disease marked by pulmonary inflammation and scarring mainly in the upper lobes of the lungs. 
Many researchers linked between chronic repetitive quartz exposure and pulmonary histopathological changes in the form of 
hyperplasia and neoplastic lesions, but in our present study we aim to examine the carcinogenic effect of single exposure of 
quartz in two years period.
Material and Methods: 80 Albino Wistar rats were divided into four groups. Q-60 and Q-100 groups received single dose 
of quartz (5 mg) by intratracheal injection and sacrificed after 60 and 100 weeks of exposure respectively. S-60 and S-100 
groups received intratracheal 0.2 ml saline injection and sacrificed after 60 and 100 weeks of exposure respectively. Lungs 
were collected for histopathological and immunohistochemical studies.
Results: Lung tissue of Q60 and Q100 showed inflammatory cells infiltrations, pulmonary edema and pulmonary fibrosis. 
Pulmonary edema and fibrosis are significantly apparent in Q60 than in Q 100. Q60 and S60 groups showed inflammatory 
cells infiltration but neither hyperplastic nor neoplastic changes were detected. Q100 and S100 groups showed inflammatory 
cells infiltration together with hyperplastic changes, adenoma, adenocarcinoma and papillomatous formation. Q100 group 
showed higher incidence of adenoma and adenocarcinoma if compared to S100, inflammatory cells infiltration was positively 
correlated with formation of hyperplastic and neoplastic changes. Examination of anti Napsin A and anti-CD-86 stained 
sections showed negative reaction in S60 and S100 groups while reaction in Q60 and Q100 groups was significantly strong 
positive.
Conclusion: Our study revealed that quartz can be detected in lung tissue after two years of this solitary exposure inducing 
hyperplastic and precancerous lesions which could be reflected on quartz workers health.
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INTRODUCTION                                                                            

Quartz (Q) is a colorless hard compound found in earth 
crust, classified into α and β subtypes[1]. Its crystals are 
hexagonal in shape found twinned together[2]. It is a major 
constituent of granite, sandstones and quartzite[3], extracted 
from open pit mines by help of explosives[4]. Cutting, 
grinding and chipping are the major steps to prepare the final 
Q products with a hazard of emission of small crystalline 
particles in the surrounding air that could be inhaled by the 
workers inducing silicosis[5,6].

Silicosis is an occupational disease characterized by 
lung inflammation with multiple nodular lesions[7]. It 
results in fifty thousand deaths per year and considered the 
commonest occupational pulmonary diseases globally[8]. It is 
common in mining and ceramic workers[9]. The risk of quartz 
induced silicosis (QIS) range from 5% up to 70% depending 
on a variety of factors such as age of the patient and the 
type of inhaled quartz which determine crystal surface 
characteristics[10,11,12,13].

Histopathologically, silicosis is characterized by 
formation of fibrotic nodular scars mainly around the vascular 
and lymphatic pathways[14]. Autopsy studies revealed that 
QIS is associated with pulmonary carcinoma, with positive 
correlation between Q exposure frequency and pulmonary 
cancer incidence. Lung pathology incidence increases if Q 
air concentration reaches 2mg/m3[15,16,17,18,19,20,21]. 

Many factors, such as particle size and area of 
production, determine the carcinogenic potential of Q[22]. 
Q induced pulmonary inflammation depends also on rat 
species which show more extensive pulmonary changes if 
compared to humans[23]. Previous studies reported that Q 
exposure induces carcinogenic effects in many experimental 
animals but not in albino Wistar rats. Q crystals which have 
approximately 5 μm diameter can reach alveoli and then 
migrate to surrounding lymphatics releasing free oxidative 
radicles inducing more extensive pneumocytes injury. Type 
II pneumocytes may then proliferate to produce pulmonary 
hyperplastic changes [24]. Napsin A immunostaining could be 
used to distinguish between precancerous and inflammatory 
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changes[25]. Many researchers reported the association 
between chronic repetitive Q exposure and pulmonary 
histopathological changes but in our present study we aim to 
examine the carcinogenic effect of single exposure of Q in 
two years period[26,27]. 

MATERIAL AND METHODS                                                     

Chemicals
α -quartz powder was purchased from Sigma-Aldrich 

Chemie, GmbH (Germany) with particles maximum and 
minimum diameter were 16 and 0.3 μm respectively.

Animals
80 Albino Wistar rats were obtained from the animal 

house of Tanta University, with average weight around 
100 gm and 8 weeks average age. Animals were housed 
individually. Free access to chow and water was allowed. 12 
light/dark cycle was kept. By the help of air conditions, the 
temperature was kept 25◦C (in accordance to national and 
institutional guidelines). This research study was approved 
by Research and Ethics Committee, Quality Assurance Unit, 
Faculty of Medicine, Tanta University, Egypt.  

Experimental design
Rats were divided into four groups(n=20). Q-60 group 

received single dose of quartz (5 mg) in saline vehicle                            
(0.2 ml) by intratracheal injection and sacrificed after 60 
weeks of exposure. S-60 group received single dose saline  
(0.2 ml) by intratracheal injection and sacrificed after 60 
weeks of exposure. Q-100 group received single dose of 
quartz (5 mg) in saline vehicle (0.2 ml) by intratracheal 
injection and sacrificed after 100 weeks of exposure. S-100 
group received single dose saline (0.2 ml) by intratracheal 
injection and sacrificed after 100 weeks of exposure. 
All intratracheal injections were accomplished under 
general anesthesia by help of MicroSprayer® Aerosolizer 
for Rat, Model IA-1B-R (Penn-Century, USA). After 
scarification, lungs were collected for histopathological and 
immunohistochemical studies.

Histopathological examination

Hematoxylin and eosin staining was done in accordance 
to[28]. Briefly, fresh lung tissue was cut into 1cm3 cubes 
immediately after extraction from the rats. It was placed 
in fixative solution (10% paraformaldehyde) and left for 
48 hours then placed in tissue processing cassettes. By 
help of ascending grades of alcohol, tissue was dehydrated 
to remove water and formalin traces from tissue then 
immersed in xylene to remove alcohol and facilitate 
paraffin wax infiltration into lung tissue. Cassettes were 
placed on warm plates for ten minutes then lung tissue were 
removed and immersed in paraffine blocks. After paraffine 
solidification, the blocks were cut into sections (5 μm thick) 
by using manually operated rotary microtome CUT,4050F, 
R (Microtec Laborgeräte GMBH, Germany). Tissue sections 

were placed on glass microscope slides, rehydrated, stained 
with hematoxylin (stains nuclei in blue) for 10 minutes and 
eosin (stains cytoplasm in red) for 10 seconds. The stained 
tissue sections were dehydrated again by ascending grades of 
alcohol for 10 minutes than covered by coverslip. To detect 
quartz particles, polarized microscopy (Olympus, Japan) 
was used to examine the lung tissues at X1000 magnification 
then histopathological examinations were performed by two 
expert histopathologists from pathology department, Tanta 
University blinded to the study. Three fields per section were 
examined and scoring was done according to lesion severity 
as shown in (Table 1). 

Table 1: Histopathological scoring of lung tissue according to 
severity of lesion

Score Severity 

0 No lesion 

1 Mild lesion

2 Moderate lesion

3 Sever lesion 

Immunohistochemistry examinations
Immunohistochemistry was done in accordance to[29]. 

Briefly, paraffine embedded tissue sections were sliced (5 
μm thick) and mounted to charged slides. Sections were 
deparaffinized and rehydrated by descending grades of 
alcohol. Endogenous peroxidase activity was quenched by 
placing the tissue sections in 3% hydrogen peroxide for 10 
minutes.  200 μl of diluted 1ry antibody [Anti-rat Napsin 
monoclonal antibody at 1:100 dilution (Abeomics Inc., 
USA) and anti-rat CD-86 monoclonal antibody at 1:100 
dilution (Abeomics Inc., USA)] were mounted to the tissue 
after dilution with antibody diluent, SignalStain® diluent( 
(Biocompare, USA) as per manufacturer protocol. Napsin 
A is an inflammatory and hyperplasia marker, while CD-86 
is a macrophage marker. Slides were incubated overnight at 
4oc in a humidified chamber. In next morning, slides were 
washed by wash buffer for three minutes then covered with 
two drops of Signal Stain Boost Detection Reagent followed 
by incubation at room temperature in humidified chamber 
for 30 minutes. 200 μl of SignalStain® DAB (Biocompare, 
USA) were applied to each section. After staining, slides 
were immersed in distilled water then counterstained with 
hematoxylin to stain nuclei in blue for better visualization. 
Coverslips were applied. Three fields per section were 
analyzed by Image J 1.24 v. software.   
Statistical analysis

SPSS software, 25 V. (SPSS Inc., USA) was used for 
data analysis, data were expressed in mean, plus-minus 
standard deviation and probability value was considered 
significant if <0.05. Tukey-Kramer test was used for groups 
histopathological comparison. Spearman’s rank correlation 
coefficient was used to compare the correlations between 
inflammation scores and the numbers of hyperplastic and 
neoplastic lesions. 
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RESULTS                                                                                  

Histopathological examination
Quartz particles were detected by polarized microscopy 

in Q60 and Q 100 groups as spherical particles (p=0.0001) 
(Figure 1), which suggest that quartz particles remain in 
the lung tissue up to 100 weeks after exposure as shown 
in (Table 2). Histopathological examination of the lung 
tissue showed that S60 and S100 groups showed normal 
histological architecture, while lung tissue of Q60 and Q100 
showed inflammatory cells infiltrations, pulmonary edema 
and pulmonary fibrosis (Figure 2). Histopathological scoring 
(Figure 3) showed a significant (p<0.01) inflammatory 
changes in Q60 if compared to S60 and in Q100 in 
comparison to S100. Pulmonary edema and fibrosis are 
significantly apparent (p<0.01) in Q60 than in Q 100 
which suggest that quartz induces pathological changes 
in lung tissue up to 100 weeks after single exposure. Q60 
and S60 groups showed inflammatory cells infiltration 
but neither hyperplastic nor neoplastic changes were 
detected. Q100 and S100 groups showed inflammatory cells 
infiltration together with hyperplastic changes, adenoma, 
adenocarcinoma and papillomatous formation (Figure 3). 

Q100 group showed significant (p<0.05) higher incidence 
of adenoma and adenocarcinoma if compared to S100                                                                                       
(Figure 4). At Q100 group, inflammatory cells infiltration 
shows significant (p<0.05) positively correlated with 
formation of hyperplastic and neoplastic changes (Figure 5) 
which suggest that quartz exposure is positively associated 
with carcinogenic changes in the lung. 

Immunohistochemistry examinations
Examination of anti Napsin A stained sections showed 

negative reaction in S60 and S100 groups while reaction 
in Q60 and Q100 groups was significantly strong positive 
(p<0.01) if compared to saline related groups. There was 
insignificant difference between Q60 and Q100 groups. 
While examination of anti-CD-86 stained sections showed 
negative reaction in saline related groups. Q60 and Q100 
groups showed significant strong positive reaction (p<0.01) 
if compared to saline related groups. There was insignificant 
difference between Q60 and Q100 groups. Quantification 
of immunohistochemical results were summarized in with 
significant difference (p<0.01) if quartz related groups were 
compared to saline related groups (Figure 6).

Fig. 1: Photomicrograph of lung tissue sections stained with hematoxylin and eosin and examined by polarized microscope(X1000). (A), (B), (C) and (D) 
represent Q60, S60, Q100 and S100 groups respectively. Quartz particles appears only in Q60 and Q100 groups (Yellow arrows).



342

CARCINOGENIC EFFECTS OF Α-QUARTZ EXPOSURE

Fig. 2: Photomicrograph of lung tissue sections stained with hematoxylin and eosin (X1000) (A-D) with histopathological scoring (E). (A) Represent Q60 
group with inflammatory cells infiltration (Yellow arrow), pulmonary edema (Black arrow) and pulmonary fibrosis (Blue arrow). (B) Represent S60 group 
with normal lung tissue which appears as spongy alveoli with normal width of their lumen lined with pneumocytes. (C) Represent Q100 group   with 
inflammatory cells infiltration (Yellow arrow), pulmonary edema (Black arrow) and pulmonary fibrosis (Blue arrow). (D) Represent S100 group with normal 
lung histological architecture. (E) Represent histological scoring of the four groups. * Significant difference between quartz and saline related groups(p<0.01). 
** Significant difference between Q60 and Q100 groups(p<0.01). Data are presented as mean ± standard deviation.  

Fig. 3: Photomicrograph of lung tissue sections stained with hematoxylin and eosin (X1000) showing hyperplastic and neoplastic changes in the four groups. 
(A) Represent inflammatory cells infiltration in Q60 group. (B), (C), (D) and (E) represent hyperplastic changes, adenoma, adenocarcinoma and papilloma 
formations in Q100 group respectively.
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Fig. 4: Incidence of hyperplasia and neoplastic formation in lung tissue. *Significant difference between quartz and saline related groups (p<0.05). Data are 
presented as mean ± standard deviation.

Fig. 5: Association between inflammatory score and number of hyperplastic and neoplastic changes. # Significant association with adenoma (p<0.01), * 
Significant association with hyperplasia (p<0.05), ̂ ^ Significant association with adenocarcinoma (p<0.01), ## Significant association with papilloma (p<0.01).
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Table 2: Summarization of quartz existence incidence between 
the four groups Q60, S60, Q100 and S100. * Denotes significant 
difference of Q60 and Q100 in comparison to S60 and S100 groups 
(p<0.001)

Group Quartz existence %

Q60 100*

S60 0

Q100 100*

S100 0

DISCUSSION                                                                                  

Quartz is a natural solid component that is present in 
earth crust and extracted for modern industry. Workers get 
chronically exposed to its particles emitted in the air which 
constitute a dangerous hazard for their health especially the 
pulmonary system. In our study we examine the carcinogenic 
effect of a single exposure to the Q particles.  In our study, 
Quartz particles were detected by polarized microscopy even 
after 100 week of the single exposure A relative short period 
study (duration twelve weeks) done by Albrecht et al. had 
revealed that quartz can be detected in lung after ninety days 
of Q exposure in wistar rats[30]. Last et al. reported that Q could 
be detected in rats after one year of exposure[31]. Koga et al. 
reported that Q could be detected in bronchoalveolar lavage 
fluid sample of quartz factory workers by using polarized 
microscopy after three months of their employment[32].

In the present research, lung tissue of Q exposed rats 
showed inflammatory cells infiltrations, pulmonary edema 

and pulmonary fibrosis. Lam et al. reported that the Q 
induced pulmonary edema cannot be detected within a 
short period of time (seven days)[33]. Martin et al. stated 
that volcanic ash was less toxic to lung tissue than quartz. 
Volcanic ash induce damage to pneumocytes I causing 
pulmonary edema compared to Q which affect pneumocytes 
II causing pulmonary fibrosis[34]. Chen et al. reported that, 
after six months of Q exposure the lung showed alveolar 
edema, thickening of interalveolar septa with inflammatory 
cells infiltration, while the fibrosis of lung tissue appeased 
after one year of the exposure with increase in the collagen 
content of the lung tissue[35].

Our results showed that, histopathological scoring 
increased in Q exposed groups if compared to saline 
related groups. The lung pathogenesis and inflammatory 
response depends mainly of Q particle surface properties as 
mentioned by Albrecht et al.[36]. Kanie added that, ambroxol 
hydrochloride relieve Q induced lung pathological changes 
in F344 rats[37]. Pulmonary edema and fibrosis detected in our 
results are of higher significance after 60 weeks of exposure 
if compared to results obtained after 100 weeks of exposure 
which comes in agreement with Seiler et al.[38] who reported 
that Q associated lung tumors are time and dose dependent 
and caused by oxo-guanine in the nuclear DNA of lung cells.

In our study, Q60 and S60 groups showed inflammatory 
cells infiltration but neither hyperplastic nor neoplastic 
changes were detected. This comes in agreement with 
Gottschling et al.[39], in his study, he examined the effect of 
indium phosphide on lung tissue of Fischer 344 rats, after 

Fig. 6: Photomicrograph of lung tissue stained with Anti-rat Napsin monoclonal antibody and anti-rat CD-86 monoclonal antibody (X1000) (A-H) with 
quantification of immunohistochemistry results (I). (A), (B), (C) and (D) represent anti- Napsin A stained lung sections of groups Q60, S60, Q100 and S100 
respectively, showed negative reaction in S60 and S100 groups while reaction in Q60 and Q100 groups was significantly strong positive if compared to saline 
related groups (p<0.01). (E), (F), (G) and (H) represent anti  CD-86 stained lung sections of groups Q60, S60, Q100 and S100 respectively, it showed negative 
reaction in S60 and S100 groups while reaction in Q60 and Q100 groups was significantly  strong positive (p<0.01) if compared to saline related groups. 
There was insignificant difference between Q60 and Q100 groups. Note, immunopositivity areas marked with (Asterisk).  (I) Represent quantification of 
immunohistochemistry results, * significant difference (p<0.01) if quartz related groups were compared to saline related groups. Data are presented as mean 
± standard deviation.
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3-month of exposure severe inflammatory cells infiltration 
was noticed [with high expression of inducible nitric oxide 
synthase(i-NOS) and Cyclooxygenase-2 (COX-2)] but  after 
2 years pulmonary adenomas and carcinomas developed 
[with high expression of glutathione S-transferase Pi (GST-
Pi) and 8-hydroxydeoxyguanosine (8-OhdG)].

In the present research, after 100 weeks of Q exposure 
lung tissue showed inflammatory cells infiltration together 
with hyperplastic changes, adenoma, adenocarcinoma 
and papillomatous formation which comes in consonance 
with Antunes et al.[40] who stated that inflammatory 
cytokines and chemokines plays an important link between 
inflammatory changes and neoplastic development. While, 
Belinsky[41] reported the role of DNA-methyltransferase 
in the development of lung cancer in association with 
inflammatory changes. Belinsky et al.[42] reported the role 
of pneumocytes II in the development of lung cancers.  He 
mentioned that hyperplasia was detected in septa between 
alveoli which develop into adenomas and carcinomas due to 
activation of K-ras gene.  In our results, after 100-week of 
exposure, Q related groups showed higher incidence of lung 
adenoma and adenocarcinoma if compared to saline related 
groups which comes in agreement with other study in which 
rats were exposed to a higher dose of Q[43]. A previous study 
reported that the tissue inflammation induced by Q favor 
carcinogenic pathway via T-lymphocyte involvement[44].

In the present work, At Q100 group, inflammatory cells 
infiltration was positively correlated with formation of 
hyperplastic which suggest that quartz exposure is positively 
associated with carcinogenic changes in the lung which 
may be caused by Interleukin-1beta (IL-1β) activation 
pathway as mentioned by Hogmalm et al.[45] or by the 
increased expression of SAM Pointed Domain Containing 
ETS Transcription Factor (SPDEF) and Forkhead Box A3 
(FOXA3) as mentioned by Chen et al.[46].

Our results showed that, inflammatory cells infiltration 
was positively correlated with formation of neoplastic 
changes. Zeng et al.[47] reported that tumor necrosis factor, 
interleukin 1 and interleukin 6 overexpression could link 
between lung inflammation and some precancerous lesions. 
In the present work, examination of anti napsin A stained 
sections showed strong positive reaction in both Q60 and 
Q100 groups which indicate carcinogenic lung hyperplasia 
as mentioned by Yokohira et al.[48]. In the present work, while 
examination of anti-CD-86 stained sections, strong positive 
reaction was noticed in Q related groups which comes in 
agreement with Long et al.[49]. 

CONCLUSIONS                                                                                

In conclusion, our study revealed that a single intratracheal 
administration of quartz has a hazardous pulmonary effect 
even in a very diluted concentration (5 mg) and quartz can 
be detected in lung tissue after two years of this solitary 
exposure. It can induce hyperplastic and precancerous lesion.  
This could be reflected on human health. Precautions should 
be taken to decrease the exposure of workers to quartz to 
avoid any health-related problems.
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الملخص العربى

حدوث التغيرات المسببة للسرطان الرئوي بعد مئة أسبوع من التعرض الانفرادي لكوارتز 
ألفا في جرذان ويستار ألبينو )دراسة في الجسم الحي)

احمد احمد
قسم التشريح والأجنة - كلية الطب - جامعة طنطا - طنطا - جمهوريه مصر العربية

مقدمة: الكوارتز هو أحد أكثر المركبات المعروفة في القشرة الأرضية والتي يمكن استنشاقها مسببة السُحار السيليسي 
وهو مرض رئوي مهني يتميز بالتهاب رئوي وتندب بشكل رئيسي في الفصوص العلوية من الرئتين. ربط العديد من 
الباحثين بين التعرض المزمن للكوارتز المتكرر والتغيرات النسيجية الرئوية في شكل تضخم وآفات الأورام، ولكن في 

دراستنا الحالية نهدف إلى فحص التأثير السرطاني للتعرض الفردي للكوارتز في فترة سنتين. 
المواد والطرق: تم تقسيم 8٠ جرذ ألبينو ويستار إلى أربع مجموعات. تلقت مجموعات ك-١٠٠ وك-٦٠ جرعة وحيدة 
من الكوارتز (5 مجم) عن طريق الحقن داخل الرغامى وتم التضحية بها بعد ٦٠ و١٠٠ أسبوع من التعرض على 

التوالي.
أسبوع من  بعد ٦٠و ١٠٠  بها  التضحية  الهوائية وتم  القصبة  تلقت مجموعات س-١٠٠ وس-٦٠ حقنة ملحية داخل 

التعرض على التوالي. تم جمع الرئتين من أجل الدراسات النسيجية المرضية والكيميائية المناعية.  
النتائج: أظهرت أنسجة الرئة في مجموعات ك-٦٠ وك-١٠٠ ارتشاح الخلايا الالتهابية اما مجموعتي س-٦٠ وس-
١٠٠ فقد اظهرتا تسلل للخلايا الالتهابية مع تغيرات مفرطة النسج، وورم غدي، وسرطان غدي، وتشكيل الورم الحلمي. 
اظهر فحص المقاطع الملطخة بواسطة ناسبن-أ ومضاد سي دي-8٦ تفاعلًا سلبياً في مجموعتي س-٦٠ وس-١٠٠ على 

الرغم من إيجابية في المجموعتين الأخيرتين.
الذي  الانفرادي  التعرض  بعد عامين من هذا  الرئة  أنسجة  الكوارتز في  اكتشاف  أنه يمكن  الخلاصة: كشفت دراستنا 

يتسبب في حدوث آفات مفرطة التصنع ومقدمة لتسرطن والتي يمكن أن تنعكس على صحة عمال الكوارتز.


