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A B S T R A C T   

Welding fumes has been known to cause release of reactive oxygen species which stands to be cytotoxic. The 
study aims to assess the histopathological changes of some organs associated with exposure to welding fumes in 
experimental animals. The metal fumes were obtained from sites of welding. A total of 130 male albino rats were 
engaged and divided into a 13 groups. Out of which 12 were given respective doses calculated to be equivalent to 
worker’s real life exposure times and 1 as control. The doses were intratracheally administered weekly following 
anesthetization for a period of 12 weeks. The laboratory rats were then sacrificed and target organs were 
examined. Histopathological examination reveals normal feature for brain tissues in all treated animals. How
ever, there was lymphocyte hyperplasia and necrosis in heart, kidney, liver and lungs tissues which at lower 
doses were slight and became moderate at higher doses. In addition, there were’nt pathological changes in 
tissues of the control animals. Thus, exposure to metal welding fumes has caused damages that have translated 
into lesions and several pathologies in kidney, lungs, liver and heart tissues of the test animals. Regulation and 
control should be imposed on exposure to welding fumes by metal workers.   

1. Introduction 

Metal works or welding is one of the major and widespread economic 
activities in Nigeria. In Kano, in particular, metal works have dotted the 
urban states landscape and been one of the major economic activities in 
the area. In a single settlement street, there can be about 2–3 units of 
shops for metal works with at least 5–10 people in a single unit. Usually, 
most houses, business buildings and other institutions use metallic 
products as sheets, pipes or rods [1]. The toxic effects from exposure to 
metal welding fumes and particulates are largely overlooked. The extent 
of the problem in the population of Nigeria is not at present known. 

Workers could be exposed to metals related to welding via ingestion 
or skin contact. This is important in risk assessment of welders as during 
the process of ingestion/drinking of food/any liquid and a high level can 
be taken in. These pathways (ingestion/drinking) become important 
because lung cancer has been related with food containing large 
amounts of arsenic and chromium. Moreover, many metals which 
include beryllium, chromium and cobalt could cause irritation or allergy 
to the skin or could be absorbed via the skin and results in lung damage 

and some other health problems. Skin absorption is enhanced by small 
particle size and by cuts or other damage to the skin. The distribution of 
fumes in facilities was determined through surface wipe sampling [2]. 
The effects on respiratory parts included chronic and acute bronchitis, 
airway irritation, chemical pneumonitis, asthma related to occupation, 
and probable elevation in lung cancer as stated by [3]. Some research 
have been undertaken to evaluate the toxicity of welding fumes using 
both in vitro and in vivo models. It was described that fumes of stainless 
steel associated with manual metal arc welding induced higher cyto
toxicity on rat macrophages than from fumes generated from other 
processes of welding [4,5]. Antonini et al. [6,7] demonstrated similar 
observations with a release of reactive oxygen species (ROS). 

Welding fumes has significantly affected the blood indices (RBC, 
WBC and PLT) [8] and blood levels of metals in Rattus norvegicus [9]. 
Similarly, toxicity signs were observed in rats exposed to welding fumes 
and significant [9]. The chemical compositions of the fumes were found 
to affect its toxicity more than the size [10]. 

What organ(s) are the most susceptible to the metal fumes? What 
concentration of the metal fumes could bring damage to human tissue/ 
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organ? Such answers are not only important but necessary in order to 
broaden the scope of environmental health issues in urban Kano. 

2. Materials and methods 

2.1. Collection of metal welding fumes 

The metal fumes used in the study were produced in a fume cubicle 
with an open front chamber having a capacity (volume = 1 m3). It was 
performed by a well skilled welder performing manual metal welding 
(shielded manual metal arc welding) process that utilized a stainless 
steel hard surfacing electrode and the fumes were subsequently 
collected on a 0.2-μm nuclepore filters. They were collected in signifi
cant amount at a welding site in Kofar Ruwa, Kano just before the start of 
the study. Only a single sample was collected over a period of 1 h and 
determined to be less than 1 μm by scanning electron microscope as 
stated in a previous study of the authors [9]. Moreover, the fumes 
sample were suspended in distilled water and then sonicated for 1 min. 
The total sample suspension was incubated for 24 h at 37 ◦C. The sus
pensions of the sample was digested and then subjected to analysis by 
Atomic Absorption Spectrophotometer as described by [9]. 

2.2. Experimental design 

Male Rattus norvegicus (Albino rats) were chosen for this study. They 
were kept at the Animal house section of Department of Pharmacology 
in Aminu Kano Teaching Hospital, Kano, Nigeria. Randomized block 
design was used in this study. 130 albino rats were incorporated in the 
study. They were kept to acclimatize for fourteen (14) days before 
treatment and weigh about 210–250 g. The animals were divided into 13 
experimental groups with each group composing of 10 albino rats 
allocated randomly to the groups [9,11]. 

2.3. Housing conditions 

The animal house was free of pathogens and other extraneous factors 
with restricted access. The rats were kept in cages and marked respec
tively for identification. The animal room’s temperature was maintained 
at about 22 ◦C (±3 ◦C) and humidity of at least 30 %. With respect to 
lightning, the pattern was 12 h light and 12 h dark. They were fed with a 
conventional laboratory diet and water ad libitum. There was adherence 
with the existing protocols for the use of lab animals strictly and ethical 
clearance for the study was obtained from Research Committee on 
Ethics, College of Health Sciences (CHS-REC) in Bayero University, Kano 
[12]. 

2.4. Preparation of test substance 

The study involved sub-chronic toxicity testing of the metal fumes in 
albino rats which lasted for 12 weeks and the treatment was adminis
tered to the animals weekly by instillation intratracheally as described 
by Antonini et al. [13]. The doses used in the present study were 
depicting the real exposures of metal workers at workplaces in Kano. A 
mathematical simulation was used to evaluate the daily lung burden of a 
metal worker over a specified number of hours work schedule [14,15]. 
Below are the endpoints and factors that were taken into account during 
the calculation:  

• Fume concentration (5 mg m− 3, threshold limit value for welding 
fumes) [16]  

• Human minute ventilation volume (20,000 ml min− 1 × 10− 6 m3 

ml− 1)  
• Exposure duration (no. of hr day− 1 × 60 min h− 1)  
• Deposition efficiency (15 %) [17,18]. 

With respect to the above factors, metal workers daily burden for 

various hours per day  

1 Metal worker daily burden (2 h/day) = Fume concentration (5 mg/ 
m3) × Human minute ventilation volume (20,000 mL/min × 10− 6 
m3/mL) × Exposure duration (2 h/day × 60 min/hr) × Deposition 
efficiency (15 %) =1.8 mg: 

Using surface area of alveolar epithelium (rat = 0.4 m2; human =
102 m2) as dose metric [19]. Rat daily burden of exposure was taken 
as 0.0070mg 

Then, similar exposure in rats for 3yrs, 5yrs, 10yrs and 20yrs will 
be 7.66 mg, 12.77 mg, 25.55 mg and 51.10 mg respectively at 365 
days per year. Each of these concentrations was then divided into 12 
which was administered weekly for the period of the study (12 
weeks)  

2 Metal worker daily burden (4 h/day), As in above, same exposure in 
rats for same years as in above would be 15.44, 25.73, 51.46 and 
102.93 mg taking 365 days per year.  

3 Metal worker daily burden (8 h/day), As in above, same exposure in 
rats for same years as in above would be 30.88, 51.46, 102.93 and 
205.86 mg taking 365 days per year. 

The Table 1 below represents the dosage of metal fumes adminis
tered on rats for 12 weeks. Each dose was given to a rat per week [8]. 

2.5. Administration and dose of test materials 

Sterile saline was used to prepare the sample of the metal fumes and 
subsequently sonicated for 1 min to make the fumes dispersed. The rats 
were anaesthesized with ketamine (0.1 mL/100 g b.w IP) and then 
followed by the instillation of the dose intratracheally to the animal once 
in a week for a period of 12 weeks. However, 200 μl of sterile saline was 
administered to the control animals through intratracheal route after 
been equally anaesthesized. The process of intratracheal instillation was 
a commonly utilized technique to administer welding particulates into 
the lungs of laboratory animals. In such respect, welding fume is 
collected onto the filters, later suspended in an aqueous medium, and 
administered directly into the lungs of animals. Significance of such 
procedure over the inhalation technique includes simplicity, relatively 
low cost, and most importantly, the administration of a well-defined 
dose of particles [20–22]. 

2.6. Inclusion and exclusion criteria 

All live experimental rats after termination of the experiment were 
included while dead rats were excluded from further examination. All 
collected samples were treated. 

2.7. Histophatological examination 

The animals were anaesthetized using chloroform and sacrificed 1 
week after the last 12 weekly treatments by cutting the jugular vein with 
a blade. Surgical knife was used to remove target organs [23]. Histo
logical processing: Formal-saline-fixed Lungs, liver, kidney, heart and 

Table 1 
Doses of metal fumes administered on rats every week for 12 weeks.  

Groups 

I II III 

Group IA (0.64 mg/ 
animal/week) 

Group IIA (1.29 mg/ 
animal/week) 

Group IIIA (2.57 mg/ 
animal/week) 

Group IB (1.06 mg/ 
animal/week) 

Group IIB (2.14 mg/ 
animal/week) 

Group IIIB (4.27 mg/ 
animal/week) 

Group IC (2.13 mg/ 
animal/week) 

Group IIC (4.29 mg/ 
animal/week) 

Group IIIC (8.56 mg/ 
animal/week) 

Group ID (4.26 mg/ 
animal/week) 

Group IID (8.58 mg/ 
animal/week) 

Group IIID (17.16 mg/ 
animal/week)  
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brain were dehydrated and embedded in paraffin wax. Thick sections of 
the tissues of about eight (8) μm were cut using a rotary microtome. 
They were subsequently stained by Hematoxylin and Eosin (H&E) 
method as stated by Bancroft & Cook [24]. The pictures were taken with 
a Leitz Light Microscope at magnification of ×250. 

2.8. Precision and accuracy 

The microscope has precise control of the specimen movement and 
focusing by the low position mechanical stage controls and Coaxial 
coarse and fine focus controls. It has excellent focus and concentration 
when changing objectives and comfortable viewing angle by the 
machined nosepiece and 45 degree viewing angle. 

3. Results 

The results of histopathological examination were shown in Fig. 1–5. 
Groups IA, IB, & IC showed no any change in the histological properties 
of brain, heart, kidney, liver and lungs. Similarly there were no changes 
in brain and heart tissue of group ID. However, there was slight 
lymphocyte hyperplasia in kidney and slight necrosis with lymphocyte 
hyperplasia for liver in group ID test animals. In lungs, there was 
observed moderate lymphocyte hyperplasia and alveoli congestion in 
lungs of group ID test animals as seen in Table 2. Groups IIA & IIB 
showed normal features in the histological properties of brain, heart, 
kidney, liver and lungs. Similarly there were no changes in brain and 
heart tissue of group IIC. However, there was slight lymphocyte hy
perplasia in kidney and slight necrosis with lymphocyte hyperplasia for 
liver in group IIC test animals. Normal features for brain tissues were 
observed in group IID. Meanwhile, there was a slight necrosis in the 
heart and liver. In addition there was slight glomerular necrosis and 
lymphocyte hyperplasia in kidney. Similarly, there was alveolar 
congestion and moderate lymphocyte hyperplasia as observed in 
Table 3. In Table 4, there were no changes in brain and heart tissue of 
groups IIIA & IIIB. However, there was slight lymphocyte hyperplasia in 
kidney and slight necrosis with lymphocyte hyperplasia for liver in 
group IIIA & IIIB test animals. Normal features for brain tissues were 
observed in group IIIC. However, there was a slight necrosis in the heart 
and liver tissues. In addition there was slight glomerular necrosis and 
lymphocyte hyperplasia in kidney. Similarly, there was alveolar 
congestion and moderate lymphocyte hyperplasia. Normal features for 
brain tissues were observed in group IIID. However, there was a slight 
necrosis in the heart myocardium with moderate glomerular necrosis in 
kidney tissues and slight vascular congestion with vascular congestion in 
liver tissues. In addition, there is a pronounced alveolar congestion and 
lymphocyte hyperplasia in lungs. 

4. Discussion 

Metal welding fumes having contained a relative concentration of a 
variety of heavy metals have induced several histopathological damages 
to tissues which were observed. The fumes normally pass through the 
respiratory tract down into the body system inducing damages to the 
lungs and airways. However, the respiratory system possesses defensive 
mechanisms and barriers from inorganic dusts. Though relatively larger 
particles are trapped by the nasal mucosa, others became discarded by 
the respiratory tract’s mucociliar mechanisms and equally by the mac
rophages in the alveolar parencyhma of the lung. Particles that range 
between 1− 5 μm in diameter have the ability to reach the lung paren
chyma. However, smaller than 1 μm particles or dusts are removed by 
exhalation. The collected metal welding fumes in the present study were 
found to be in the respirable size range with a count mean diameter of 
<1 μm which portrays probable accumulation in lungs as observed in a 
similar published work of the same authors [9]. Some recent studies on 
pathology from studies of heavy metal poisoning which include cobalt, 
carbide, titanium, tantalum, lead and aluminium have revealed hyper
plastic alveolar epithelium and fibrosis in the lung tissue including 
asthma and pneumonia [25] which were same observations made in 
present study on rats exposed to medium and high doses of metal Fig. 1. Brain Tissue. a) with Normal Neurones (NU) and Nerve Fibres (F).  

Fig. 2. Heart Tissue, a) with Normal Myocardium (M); b) Heart Tissue with 
Slight Necrosis (N) of Myocardium (NM). 
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welding fumes. The same welding fumes used for this present study was 
found to contain lead, cobalt, cadmium, nickel, manganese, zinc, chro
mium, aluminium, copper and magnesium [9]. Some of these metals 
such as chromium have been implicated in development of respiratory 
problems such as bronchitis, irritation, and possible lung cancer. Metals 
are suggested to play a dramatic role in inducing acute toxicity effects on 
epithelial cells of alveoli [26]. The resultant effects from heavy metal 
dusts exposure are mostly necrosis, interstitial fibrosis and degenerative 
changes in the lungs which were same with the present study’s 

Fig. 3. Kidney Tissue, a) with Normal Tubules (T) and Glomerulus (G); b) with 
Slight Lymphocyte Hyperplasia (LH); c) with Slight Glomerular Necrosis (SGN) 
and Lymphocyte Hyperplasia (LH); d) with Moderate Glomerular Necro
sis (GN). 

Fig. 4. Lungs Tissue, a) with Normal Alveoli (A); b) with Moderate Lymphocyte 
Hyperplasia (LH) with Alveoli Congestion (AC); c) with Alveoli Congestion (AC) 
with Moderate Lymphocyte Hyperplasia (LH). 
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observations. Some repeated inhalation investigations on rats revealed 
histopathological symptoms of respiratory irritation, such as discharge 
of mucus production by the alveoli and mucosal cells hyperplasia in the 

Fig. 5. Liver Tissue, a) with Normal Hepatocytes (H); b) with Slight Necrosis 
(SN); c) with Slight Necrosis (N) and Lymphocyte Hyperplasia (LH); d) with 
Slight Vascular Congestion (SVC) and Slight Necrosis (SN). 

Table 2 
Histopathological features in organs of Test Animals Exposed to Doses of 
Worker’s 2 h Daily Burden for Various Years.  

Test animal 
Groups 

Brain Heart Kidney Liver Lung 

IA (3yrs) NU & NF 
(100 %) 

NM 
(100 %) 

NG & NT 
(100 %) 

NH (100 
%) 

NA (100 
%) 

IB (5yrs) NU & NF 
(100 %) 

NM 
(100 %) 

NG & NT 
(100 %) 

NH (100 
%) 

NA (100 
%) 

IC (10yrs) NU & NF 
(100 %) 

NM 
(100 %) 

NG & NT 
(100 %) 

NH (100 
%) 

NA (100 
%) 

ID (20yrs) NU & NF 
(100 %) 

NM 
(100 %) 

SLH (71 %) SN & LH 
(71 %) 

MLH & AC 
(71 %) 

Control NU & NF 
(100 %) 

NM 
(100 %) 

NG & NT 
(100 %) 

NH (100 
%) 

NA (100 
%) 

Key: NU & NF- Neurons and Nerve fibres; NM- Normal myocardium; NG & NT- 
Normal glomerulus and Normal tubules; SLH- Slight lymphocyte hyperplasia; 
NH- Normal hepatocytes; SN- Slight necrosis; LH- Lymphocyte hyperplasia; NA- 
Normal alveoli; MLH- Moderate lymphocyte hyperplasia; AC- Alveoli 
congestion. 

Table 3 
Histopathological features in organs of Test Animals Exposed to Doses of 
Worker’s 4 h Daily Burden for Various Years.  

Test animal 
Groups 

Brain Heart Kidney Liver Lung 

IIA (3yrs) NU & NF 
(100 %) 

NM 
(100 %) 

NG & NT 
(100 %) 

NH (100 
%) 

NA (100 
%) 

IIB (5yrs) NU & NF 
(100 %) 

NM 
(100 %) 

NG & NT 
(100 %) 

NH (100 
%) 

NA (100 
%) 

IIC (10yrs) NU & NF 
(100 %) 

NM 
(100 %) 

SLH (71 %) SN & LH 
(86 %) 

MLH & AC 
(86 %) 

IID (20yrs) NU & NF 
(100 %) 

SNM 
(86%) 

SGN & LH 
(100 %) 

SN & LH 
(86 %) 

MLH & AC 
(100 %) 

Control NU & NF 
(100 %) 

NM 
(100 %) 

NG & NT 
(100 %) 

NH (100 
%) 

NA (100 
%) 

Key: NU & NF- Neurons and Nerve fibres; NM- Normal myocardium; SNM- Slight 
necrosis of myocardium; NG & NT- Normal glomerulus and Normal tubules; 
SLH- Slight lymphocyte hyperplasia; NH- Normal hepatocytes; SN- Slight ne
crosis; SGN- Slight glomerular necrosis; LH- Lymphocyte hyperplasia; NA- 
Normal alveoli; MLH- Moderate lymphocyte hyperplasia; AC- Alveoli 
congestion. 

Table 4 
Histopathological features in organs of Test Animals Exposed to Doses of 
Worker’s 8 h Daily Burden for Various Years.  

Test animal 
Groups 

Brain Heart Kidney Liver Lung 

IIIA (3yrs) NU & NF 
(100 %) 

NM 
(100 %) 

SLH (100 
%) 

SN & LH 
(100 %) 

MLH & AC 
(100 %) 

IIIB (5yrs) NU & NF 
(100 %) 

NM 
(100 %) 

SLH (100 
%) 

SN & LH 
(100 %) 

MLH & AC 
(100 %) 

IIIC (10yrs) NU & NF 
(100 %) 

SNM 
(100 %) 

SGN & LH 
(100 %) 

SN & LH 
(100 %) 

MLH & AC 
(100 %) 

IIID (20yrs) NU & NF 
(100 %) 

SNM 
(100 %) 

MGN & LH 
(100 %) 

SVC & SN 
(100 %) 

LH & AC 
(100 %) 

Control NU & NF 
(100 %) 

NM 
(100 %) 

NG & NT 
(100 %) 

NH (100 
%) 

NA (100 
%) 

Key: NU & NF- Neurons and Nerve fibres; NM- Normal myocardium; SNM- Slight 
necrosis of myocardium; NG & NT- Normal glomerulus and Normal tubules; 
SLH- Slight lymphocyte hyperplasia; NH- Normal hepatocytes; SN- Slight ne
crosis; SGN- Slight glomerular necrosis; MGN- Moderate glomerular necrosis; 
LH- Lymphocyte hyperplasia; NA- Normal alveoli; MLH- Moderate lymphocyte 
hyperplasia; SVC- Slight vascular congestion; AC- Alveoli congestion. 
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bronchial epithelium, which were observed in rats exposed to MMA-SS 
fumes [27]. These were in agreement with the findings of the present 
study whereby alveolar lymphocyte hyperplasia and necrosis were 
observed in various groups exposed to varying levels of fumes and the 
severity was related to the respective dose levels. Similarly, 
Solano-Lopez et al. [28] reported hyperplasia of bronchiolo-alveoli 
which includes alveolar BAH and bronchiolar BAH. 

Many investigations have showed that exposure to metals including 
Hg, Pb, Cu and Cd has induced various damages to the hepatic tissue in 
laboratory animals [29,30]. Some of these metals were studied in fumes 
used for this study as reported by Abdullahi & Sani [9]. Garg et al. [31] 
demonstrated that after rats were treated with Hg, there were several 
signs of the liver damages observed which include advance hepatocel
lular necrosis, disarrangement of hepatic strands, rupture in hepato
cytes, dilation and congestion of blood vessels with haemorrage, dense 
lymphocytic infiltration round the central vein and dark strained hep
atocytic nuclei indicating cell pycnosis. Some of these were among the 
observations reported in this study. 

In addition, Bhattacharjee et al. [32] revealed that following expo
sure to composite metals, there were vacuolation, fatty degeneration 
and congestion in some liver cells. In kidney, the effects include 
glomerulus congestion, tubular degeneration, focal area of coagulative 
necrosis and exfoliated epithelium. 

Lead nitrate is a metal salt and a major component of welding fumes 
could interact with proteins and enzymes of the hepatic interstitial tis
sue. By that, they affect the defense mechanisms of antioxidant resulting 
in production of reactive oxygen species which would subsequently 
induce hepatic damage [33]. Similarly, Gidlow [34], has revealed that 
following high exposure to Pb, there could be renal tubular damage. It 
has equally been reported that, Pb exposure causes renal injury; because 
the absorbed Pb is primarily excreted by the kidney [35]. In support of 
this view, some researchers have revealed that exposure to low doses of 
lead acetate over a long duration induce only mild to moderate renal 
fibrosis and tubular atrophy and the influence of doses have been pos
itive also in this study. Also, Cd been another relative component of the 
welding fumes has indirectly been related with oxidative stress and 
tissue damage [36]. Results from Oluseye et al. [37] who examined the 
internal organs of Catfish (Clarias gariepinus) and Tilapia (Oreochromis 
niloticus) exposed to contamination by heavy metals and the kidney 
showed symptoms of coagulated necrosis in the renal tubules. 

Many other histological studies on liver have presented that changes 
resulting from Cd exposure are characterized by enlarged nuclei, cellular 
hypertrophy, hepatocyte vacuolization, hepatocyte necrosis including 
dilated central vein [38] and were similar to the findings of the present 
study following exposure to metal welding fumes. 

Mahboob et al. [39] stated that histopathological observations in 
kidney of Nile tilapia (Oreochromis niloticus) from freshwater reservoir 
that contained traces of heavy metals showed congestion, dilation in 
bowman capsule space, necrosis which were similar to some part of the 
presents study’s findings. In support of this, evident pathological 
changes were observed in the small vessels of various tissues and organs 
among which [40] reported similar changes in rat’s liver following 
administration of 6 mg Cd/kg of body weight and confirmed that the 
liver was the major primary target organ for acute cadmium toxicity. 
This in turn is supported by the fact that cadmium initially accumulates 
in the liver prior to translocation to the kidney. 

It has also been found that, Cd toxicity has induced pulmonary, 
skeletal, renal, reproductive, hepatic and cardiovascular dysfunction 
[41–43]. This was in agreement with the results of Tsao et al. [44] that 
also found similar findings in rats and reported that excessive exposure 
to Pb is associated with cardiomyopathy. These results are in line with 
findings of Fell [45], who stated that the severity of lead effects on 
cardiovascular system tend to be affected by the dose and exposure 
duration. The same observations were made in this study whereby the 
severity of the effects becomes directly related to the dose levels. 

Several other studies have implicated some heavy metals examined 

in the welding fumes of this present study in various histological dam
ages in fishes. Saini [46] has recorded severe histopathological lesions 
such as infiltration of lymphonuclear cells, degeneration of hepatic pa
renchyma and deformation of hepatocytes caused by heavy metals. 
Likewise, Chavan & Muley, [47] found congestion in sinusoids, cyto
plasmic vacuolation, venules and focal necrosis following exposure of 
Cirrhina mrigala to sub-lethal levels of lead acetate. In addition, Jala
ludeen et al. [48] observed several clear changes which include severe 
damage, marked proliferation of ducted cells, and conversion of liver 
tissue into sponge mass and large vacuoles in liver tissue of Tilapia 
mossambica following administration of cadmium sulphate. Patnaik 
et al. [49] equally observed hypertrophy of hepatocytes, vacuolation 
and accumulation of metals in liver of Cyprinus carpio treated with Pb 
and Cd. Complete disintegration of liver tissue and marked necrosis was 
detected by Mary et al. [50] in C. mrigala following exposure to lead 
nitrate. Moreover, various alterations such as mild edema, reduction in 
cell size, severe damage and further degeneration of renal tubules, 
disorganization of renal tissue and necrosis were noticed when 
T. mossambica was exposed to sub-lethal concentration of cadmium 
sulphate for 20 days under laboratory conditions [48]. Likewise, Rana 
et al. [51] noted various changes such as aggregation of inflammatory 
cells, dilation in capillary tubes of renal tubules and hemolysis in kidney 
of C. carpio, following exposure to chromium at sub-lethal levels. 
Chromium is one of the dominant metals in the fumes used for the 
present study as revealed by Abdullahi & Sani [9] and damages to the 
kidney were observed which include lymphocyte ghyperplasia and 
glomerular necrosis. These findings were in accordance with the results 
of Saini [46], that noticed pathological changes which include vacuolar 
degeneration, congestion of blood vessels and degeneration of tubules in 
the kidney of fish L. rohita procured from from freshwaters of Punjab. It 
was also stated that histopathological observations of Liver of the of 
Oreochromis niloticus from freshwater reservoir that contained traces of 
heavy metals showed cytoplasmic vacuolation, necrosis, sinusoid dila
tion Mahboob et al. [39]. This was same as results from Oluseye et al. 
[37], who examined some internal organs of catfish and tilapia exposed 
to contamination of heavy metals and the liver’s hepatocytes showed 
foamy appearance and large-sized vacuoles. 

5. Conclusion 

The study reveals unaffected brain tissues in all treated animals. 
However, lymphocyte hyperplasia and necrosis were noticed in heart, 
kidney, liver and lungs tissues which became more obvious at higher 
doses. Thus, exposure to metal welding fumes have caused damages that 
have translated into lesions and several pathologies in kidney, lungs, 
liver and heart tissues. The kidney liver and lungs were the most affected 
starting from the least concentration of 51.46 mg/rat. Regulation and 
control should be imposed on exposure to welding fumes by metal 
workers. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

References 

[1] A. Sani, I.L. Abdullahi, Evaluation of some heavy metals concentration in body 
fluids of metal workers of Kano metropolis, Nigeria, Toxicol. Rep. 4 (2017) 72–76. 

[2] O. Nygren, Wipe sampling as a tool for monitoring aerosol deposition in 
workplaces, J. Environ. Monit. Vol.8 (2006) 49–52. 

[3] S.J. Sferlazza, W.S. Beckett, The respiratory health of welders, Am. Rev. Respir. 
Dis. 143 (1991) 1134–1148. 

[4] R.M. Stern, G.H. Pigott, In vitro RPM fibrogenic potential assay of welding fumes, 
Environ. Health Perspect. 51 (1983) 231–236. 

A. Sani et al.                                                                                                                                                                                                                                     

http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0010
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0010
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0015
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0015
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0020
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0020


Toxicology Reports 8 (2021) 422–428

428

[5] J.T. Pasanen, T.E. Gustafsson, P.L. Kalliomaki, A. Tossavainen, J.O. Jarvisalo, 
Cytotoxic effects of four types of welding fumes on macrophagesin vitro: a 
comparative study, J. Toxicol. Environ. Health 18 (1986) 143–152. 

[6] J.M. Antonini, G.G. Krishna Murthy, R.A. Rogers, R. Albert, G.D. Ulrich, J.D. Brain, 
Pneumotoxicity and pulmonary clearance of different welding fumes after 
intratracheal instillation in the rat, Toxicol. Appl. Pharmacol. 140 (1996) 188–199. 

[7] J.M. Antonini, G.G. Krishna Murthy, J.D. Brain, Responses to welding fumes: lung 
injury, inflammation, and the release of tumor necrosis factor-alpha and 
interleukin-1ß, Exp. Lung Res. 23 (1997) 205–227. 

[8] A. Sani, I.L. Abdullahi, Effects of welding fumes on haematological parameters of 
male albino rats (Rattus norvegicus), Biochem. Biophys. Rep. 19 (100651) (2019). 

[9] I.L. Abdullahi, A. Sani, Welding fumes composition and their effects on blood 
heavy metals in albino rats, Toxicol. Rep. 7 (2020) 1495–1501. 

[10] K. Kirichenko, A. Zakharenko, K. Pikula, V. Chaika, Z. Markina, T. Orlova, 
K. Golokhvast, Dependence of welding fume particle toxicity on electrode type and 
current intensity assessed by microalgae growth inhibition test, Environ. Res. 179 
(2019) 108818. 

[11] R. Popstojanov, J.M. Antonini, S. Rebecca, Y. Morgan, Wen Zheng, V. Castranova, 
B.F. Desta, K. Hong, Alterations in cardiomyocyte function after pulmonary 
treatment with stainless steel welding fume in rats, J. Toxicol. Environ. Health A 77 
(12) (2014) 705–715, https://doi.org/10.1080/15287394.2014.888692. 

[12] OECD, Guideline for the Testing of Chemicals: Chronic Toxicity Studies, 2018, 
p. 452. Adopted: 25th June 2018. 

[13] J.M. Antonini, J.R. Roberts, D. Schwegler-Berry, R.R. Mercer, Comparative 
microscopic study of human and rat lungs after overexposure to Welding Fume, 
Ann. Occup. Hyg. 57 (9) (2013) 1167–1179, https://doi.org/10.1093/annhyg/ 
met032. 

[14] J.M. Antonini, J.R. Roberts, R.S. Chapman, et al., Pulmonary toxicity and extra 
pulmonary tissue distribution of metals after repeated exposure to different 
welding fumes, Inhal. Toxicol. 22 (2010) 805–816 [PubMed: 20560776]. 

[15] K. Sriram, G.X. Lin, A.M. Jefferson, et al., Mitochondrial dysfunction and loss of 
Parkinson’s disease linked proteins contribute to neurotoxicity of manganese- 
containing welding fumes, FASEB J. 24 (2010) 4989–5002 [PubMed: 20798247]. 

[16] OSHA comments from the January 19, Welding Fumes, The National Institute for 
Occupational Safety and Health (NIOSH), 1989. https://www.cdc.gov/niosh/pel 
88/welding.html. 

[17] International Commission on Radiological Protection (ICRP), Human respiratory 
tract model for radiological protection. A report of a Task Group of the 
International Commission on Radiological Protection, Ann. ICRP 24 (1994) 1–482. 

[18] J.M. Antonini, A.A. Afshari, S. Stone, et al., Design, construction, and 
characterization of a novel robotic welding fume generator and inhalation 
exposure system for laboratory animals, J. Occup. Environ. Hyg. 3 (2006) 194–203 
[PubMed: 16531292]. 

[19] K.C. Stone, R.R. Mercer, P. Gehr, et al., Allometric relationships of cell numbers 
and size in the mammalian lung, Am. J. Respir. Cell Mol. Biol. 6 (1992) 235–243 
[PubMed: 1540387]. 

[20] J.D. Brain, D.E. Knudson, S.P. Sorokin, et al., Pulmonary distribution of particles 
given by intratracheal instillation or by aerosol inhalation, Environ. Res. 11 (1976) 
13–33 [PubMed: 1253768]. 

[21] R.F. Henderson, K.E. Driscoll, J.R. Harkema, et al., A comparison of the 
inflammatory response of the lung to inhaled versus instilled particles in F344 rats, 
Fundam. Appl. Toxicol. 24 (1995) 183–197 [PubMed: 7737430]. 

[22] K.E. Driscoll, D.L. Costa, G. Hatch, et al., Intratracheal instillation as an exposure 
technique for the evaluation of respiratory tract toxicity: uses and limitations, 
Toxicol. Sci. 55 (2000) 24–35 [PubMed: 10788556]. 

[23] J. Hoff, L.V. Rlagt, Methods of blood collection in the mouse, Lab Anim. 29 (2000) 
47–53. 

[24] J.D. Bancroft, H.C. Cook, Manual of Histological Techniques and Their Diagnostic 
Application, Churchill Livingstone, London, 1994. 

[25] P.L. Haslam, C.W.G. Turton, A. Lukoszek, A.J. Salsbury, A. Dewar, J.V. Collins, 
Bronchoalveolar lavage fluid cell counts in cryptogenic fibrosing alveolitis and 
their relation to therapy, Thorax 35 (1980) 328–339. 

[26] J.M. Samet, What properties of particulate matter are responsible for health 
effects? Inhal. Toxicol. 12 (2000), 19/21. 

[27] I.J. Yu, G.N. Jeong, G.J. Jo, U.B. Jo, Effects of repeated welding fumes exposure on 
the histological structure and mucins of nasal respiratory mucosa in rats, Toxicol. 
Lett. 167 (2006) 19–26. 

[28] C. Solano-Lopez, P. Zeidler-Erdely, A. Hubbs, S. Reynolds, J. Roberts, M. Taylor, 
S. Young, V. Castranova, J.M. Antonini, Welding fume exposure and associated 
inflammatory and hyperplastic changes in the lungs of tumor susceptible A/J mice, 
Toxicol. Pathol. 34 (2006) 364–372. 

[29] M. Li, R. Tarasenko, G. Ramous, Therapeutic effects of an oral chelator targeting 
skeletal tissue damage in experimental postmenopausal osteoporosis in rats, 
J. Appl. Pharmacol. 32 (1–2) (2008) 181–190. 

[30] M. Choudhury, Potential considerations and concerns in the risk characterization 
for interaction profiles of metals, Ind. J. Med. Res. 128 (2011) 462–483. 

[31] L. Garg, A. Bandhu, D. Kumar, Lead induced alterations in protein deficient of rat 
liver, Environ. Toxicol. 89 (2008) 523–533. 

[32] T. Bhattacharjee, S. Bhattacharjee, D. Choudhuri, Hepatotoxic and nephrotoxic 
effects of chronic low dose exposure to a mixture of Heavy metals – lead, cadmium 
and arsenic, Int. J. Pharm. Chem. Biol. Sci. 6 (1) (2016) 39–47. 

[33] D. Johar, M. Hust, O. Tarasub, Inflammatory response, reactive oxygen species, cell 
death and cancer, Med. Biol. 49 (2004) 31–39. 

[34] D. Gidlow, Lead toxicity in laboratory mice, Occup. Med. 54 (2004) 76–81. 
[35] H. Hurst, D. Martin, Toxicology in Yagiela. Pharmacology and Therapeutic for 

Dentistry, 5th ed., Mosby, USA, 2004, pp. 829–848. 
[36] B. Ognjanovic, I. Norman, J. Nordbeg, Effect of chronic cadmium exposure on 

antioxidant defense system in some tissues of rats and protective effect of selenium, 
Physiol. Res. 57 (3) (2008) 11–403. 

[37] O.A. Oluseye, J.A. Adebanjo, H.A. Shola, C.A. Oluwaseun, T.A. Babatunde, O. 
I. Mabel, Histopathological biomarking changes in the internal organs of Tilapia 
(Oreochromis niloticus) and catfish (Clarias gariepinus) exposed to heavy metals 
contamination from Dandaru pond, Ibadan, Nigeria, J. Taibah Univ. Sci. 13 (1) 
(2019) 903–911, https://doi.org/10.1080/16583655.2019.1658400. 

[38] M. Brzoska, Y. Mohar, K. Raji, O. Tung, Cadmium turns over, and changes of zinc 
and copper body status of rats continuously exposed to cadmium and ethanol, 
Alcohol Alcohol. 37 (2002) 213–221. 

[39] S. Mahboob, A. Khalid, H.F. Al-Ghanim, F. Al-Balawi, Z.A. Al-Misned, 
Toxicological effects of heavy metals on histological alterations in various organs 
in Nile tilapia (Oreochromis niloticus) from freshwater reservoir, J. King Saud 
Univ. - Sci. 32 (2020) 970–973. 

[40] H. Hoffmann, P. Lesil, G. Sanches, Carcinogenic effects of cadmium on the prostate 
of the rat, J. Cancer Res. 109 (1995) 193–199. 

[41] F. Hong, E. Sarker, T. Hernberg, Risk assessment on renal dysfunction caused by 
co-exposure to arsenic and cadmium using benchmark dose calculation in a 
Chinese population, Biometals 17 (2004) 573–580. 

[42] G. Koyu, D. Sanches, A. Pratap, Evaluation of the effects of cadmium on rat liver, 
Mol. Cell Biochem. 284 (2006) 81–85. 

[43] P. Tellez, E. Hung, M. Grover, Cadmium induced oxidative toxicity on germ cells in 
male mice, Environ. Health Sci. 116 (2008) 51–56. 

[44] D. Tsao, T. Abdou, F. Williams, The Change of Beta adrenergic system in Lead 
induced hypertension, Toxicol. Appl. Pharmacol. 164 (2000) 127–133. 

[45] G. Fell, Lead toxicity, and laboratory evaluation, Clin. Biochem. 21 (1998) 
453–460. 

[46] A.S. Saini, Toxic Effects on Fish Inhabitating Arsenic Contaminated Freshwaters of 
Punjab. M. Sc. Thesis, Punjab Agricultural University, Ludhiana, India, 2013, 2013. 

[47] V.R. Chavan, D.V. Muley, Effect of heavy metals on liver and gill of fish Cirrhina 
mrigala, Int. J. Curr. Microbiol. Appl. Sci. 3 (5) (2014) 277–288. 

[48] M.D. Jalaludeen, M. Arunachalam, M. Raja, S. Nandagopal, A.B. Showket, 
S. Sundar, Histopathology of the gill, liver and kidney tissues of the freshwater fish 
Tilapia mossambica exposed to cadmium sulphate, Int. J. Adv. Biol. Res. 2 (4) 
(2012) 572–578. 

[49] B.B. Patnaik, J.H. Howrelia, T. Mathews, M. Selvanayagam, Histopathology of gill, 
liver, muscle and brain of Cyprinus carpio communis L. exposed to sublethal 
concentration of lead and cadmium, Afr. J. Biotechnol. 10 (57) (2011) 
12218–12223. 

[50] S.C.H. Mary, S. Silvan, E.K. Elumalai, Toxicology study on lead nitrate induced 
fresh water fish Cirrhinus mrigala (Hamilton), Eur. J. Acad. Essays 1 (7) (2014) 5–8. 

[51] M.A. Rana, F. Jabeen, S. Shabbir, A. Naureen, K. Sultana, I. Ahmad, 
Histopathological study of liver and kidney in common carp (Cyprinus carpio) 
exposed to different doses of potassium dichromate, Int. J. Biosci. 6 (12) (2015) 
108–116. 

A. Sani et al.                                                                                                                                                                                                                                     

http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0030
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0030
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0030
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0035
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0035
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0035
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0040
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0040
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0045
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0045
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0050
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0050
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0050
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0050
https://doi.org/10.1080/15287394.2014.888692
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0060
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0060
https://doi.org/10.1093/annhyg/met032
https://doi.org/10.1093/annhyg/met032
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0075
https://www.cdc.gov/niosh/pel88/welding.html
https://www.cdc.gov/niosh/pel88/welding.html
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0085
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0085
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0085
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0120
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0120
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0130
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0130
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0165
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0165
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0170
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0180
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0180
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0180
https://doi.org/10.1080/16583655.2019.1658400
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0200
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0200
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0205
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0205
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0205
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0210
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0210
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0215
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0215
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0220
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0220
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0225
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0225
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0230
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0230
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0235
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0235
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0240
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0240
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0240
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0240
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0245
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0245
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0245
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0245
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0250
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0250
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0255
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0255
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0255
http://refhub.elsevier.com/S2214-7500(21)00033-0/sbref0255

	Histopathological changes associated with exposure to metal welding fumes in some organs of Rattus norvegicus in Kano, Nigeria
	1 Introduction
	2 Materials and methods
	2.1 Collection of metal welding fumes
	2.2 Experimental design
	2.3 Housing conditions
	2.4 Preparation of test substance
	2.5 Administration and dose of test materials
	2.6 Inclusion and exclusion criteria
	2.7 Histophatological examination
	2.8 Precision and accuracy

	3 Results
	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	References


