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Abstract

In this study, the consequences of treatment with brake pad particles on kidney
and spleen were evaluatedthrough microscopic anatomy sections for 60 male albino
mice. The animals were divided into six groups, the first three groups (A,B,C) were
exposed to brake pad particles depending on periods of exposure (4, 8, and 12weeks,
respectively), while the other three groups were control groups,designated asF,
which were exposed to laboratory fresh air only. A special locally-designed
inhalation chamber was used to expose the animals. The exposure dose to brake pad
particles (total suspended particles) was 2.228 ug/m? for 30 min/day, 5 days/week,4,
8 and 12 weeks.The statistical analysis showed that the weights of organs for both
kidney and spleen of treated mice had highly significant differences (P< 0.01)
compared with control groups.The histological sections examination of the kidney,
when compared with the control group, showed subcapsular tubular vascular
degeneration and mild cortical focal hemorrhage in group A that was exposedto
brake pads particlesfor 4 weeks. In group B, the exposure for 8 weeks resulted in
cortical vascular degeneration, cortico-medullary vascular congestion, focal
interstitial nephritis, and thickening of interstitial tissue.Other effects included
marked dilation of collecting ducts with tubular vascular degeneration, necrosis,
glomerular degeneration and deterioration, and cast formation. Group C, exposed for
12 weeks , showed similar changes of the kidney to those of group B. As related to
spleen sections,they demonstrated mild subcapsular vascular degeneration of
lymphocytes in group A,while the exposure in group Bresulted in moderate amyloid
deposits with hemosiderosis, along withmild subcapsular vascular degeneration of
lymphocyteswithin the red pulp. In group C, which was treated for 12 months,
severe splenomegaly with advanced secondary splenic amyloidosis was also
observed within the red pulp.It was characterized by marked deposited acellular and
amorphous pinkish homogenous material within red pulp.The continuous exposure
to brake pad particles causes harmful effectson the tissues ofessential body organs in
human health.These particles should be thought-about as a sort of additional air
pollutants in several cities of Iragin the future.

Keywords: Kidney, Spleen, Car brake pad particles, Metallic elements.
o) lSa dilay clivia aa dlalaall Glyidl) Jladig S B Laaeadl) ey
el gguaie 3 b Olad Gud ala, T slual) gld a4 g

Ghall calary o Aaals casball LIS 3Ll agle aud!
Gyl calany ¢ ol daals (Apcayall oL il 38

*Email: shahad.man2020@gmail.com.
2540


mailto:shahad.man2020@gmail.com

Al-Easawi et al. Iragi Journal of Science, 2019, Vol. 60, No. 12, pp: 2540-2549

il

S e U sline¥) e ) mlSe slas @lial JEY) sl S ¢ Al sde LD
6 ) Wsie clilgall Cand . eliadd) gl 5S5 e (60) b Lol adaliddl DA e Jladally
Q\)‘.’\B LA& Jalaie) C_)\S.d\ .\3\“} L;It\i)a.‘ S\.'m)a.d\ (C « B A ) LA;}“ aal @AM\ L\ilsj ¢ @A\A.A
5 Bl aualae @AY D pulad) il g e Mgl e Egad (12 ¢ 8 ¢ 4) Gyl
s Baa ahasiad &gl (12 ¢ 8 ¢ 4) saad b il i) elogd cumpt Wl (F ) oand
e iy Slaal Gyl G e Ll Gl el lae o &5 dald ilasiu)
gl (12,8,4) 52dd gomadd [ Al 5 a5 [ 42y (30) 52dd 35 [ ahes Ko (2,228) S5 )
fsine (3gjh llin o Jakly i€l e IS sleme ) ofigl of ilany) sl s, il e
Oandjels) L) e Ny liial Gl Gayes vie Bl gaelaes ke (P <0.01) 4l
A, dadaiall gy a3s WAN Platl M 5, sladl deganas 45)lie ie L) alalidl)
SV (B) degenall bbbl e silug cliial aulad 4 5ad Cacayes ) (A) degend) b
Lo ) Glialy Aoydall Asgadl) doe S (el pglalih ) ol silusg liiad galad 8 8aa) Cuayes
eass 9l ahalie gl Lia) ( DA el ASLew I diLia) slad) Bl LI Glgal) 5 sl
(C) desanall Gun (A hlaal) gyl sSis sl joasiy S, AD ,Auss) Lisedl) daegY)
ekl (o G +(B) Aeganal Alilas deganall oda 3 A 5 sl i€ Egad 12 53] A yedl)
4 5ad dapaall (A) degenall 8 duaalll WA e Jfies IR diged dacg) S5 Jlakll abalie
s bl 8 ) Lapedll (B) degenall b gl ety ohluad) milSe diluy clisal aulud
Oy dagarll dae gVl B Ciuid PRI el panl Glll JRs ¢ Jintgan ge godil) (gl s
et Ally sesY Qll) Jaly asall (gl sl ol pa slad) Jladall adis Ldgladlll LAY
O lesd 120 diaped) (C) deganall & 5aal) lll Jals duilatia yliia e duayy WA
daal Lygyall aval) elimel Aol |y oy chbd) olSe il @lijal i) Gyl
elogl) Cligle N a3 iliglall bl (pa g€ Loh HSE) Sy Cagan Slasean) 22y ¢ sy
~3ball (e e paall

2- Introduction

Alir is the most essential element needed for survival, and without it, humans can die in a course of

5 minutes [1, 2]. Humans breathe nearly 22000 times and inhale around 15 Kg of air per day [3]. The
increasing number of vehicles in the roads causes a direct impact of air pollution, resulting from an
exhaust and non-exhaust pollutants (brake, clutch, tire wear, road surface wear and corrosion of
vehicle components) [4].
The brake system on the most modernistic passenger vehicles is not sealed with a cover from the
ambient air.The brake pad particles are generated from the contact between the pads and the rotor
(gray cast iron) in the brake system of vehicles. Studies in Europe observed that the airborne
particulate matter (PM) produced from friction between the rotor and the pad of the brake contributes
to up to 50% of the total road emissions [5].

Most rotors are made of grey cast iron, whilethe brake pads can be made of complex different
materials.There are five types of brake pads, divided according to the amount of metallic elements and
the temperaturecapacity; first) non-asbestos organic (NAQO) pads, second) metallic pads, third) semi-
metallic pads, fourth) low metallic (LM) pads, fifth) ceramic brake pads. In addition, brake pad linings
typically comprise five main components; 1) binders (20% - 40%), 2) reinforcing fibers (6% - 35%),
3) fillers (15% - 70%), 4) frictional additives or lubricants (5-29%), 5) abrasives (~10%) [6, 7, 8].
Non-exhaust emission is an urban air pollutant where the particles can be found on paved roads and
can considerably enhance atmospheric particulate matter levels [9, 10]. The atmosphere carries
airborne particulate matter of various sizes, usually divided according to their diameters into PMyq(less
than 10 pm)and PM,s(less than 2.5 um)[11].

The most important non-exhaust traffic-related sources were considered to be the brake wear
emissions. Several studies in urban environments observed that non-exhaust traffic-related sources
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contributed to up to 55 % of mass of total suspended particles (TSP) [12]. Total traffic-related (brake
wear) particles with less than 10 um diametercomprise around 21 % of the particulate matter mass
[13]. The fine particles PM,swere reported to cause adverse results on human health [14]. Based on
epidemiological studies, it was reported that a level of10 pg/m>of fine particles would be associated
with a 1.4% increase in mortality, so that, there is a significant relationship between human mortality
and concentration of fine particles PM, s [15]. These particles could be transported by blood into other
organs such as lung, liver, kidney, brain, and other organs [16]. The fact that these particles can be
inhaled alsohasa great influence on their toxicity level.They contain high levels of some heavy metals
(Fe, Zn, Cu, Mn, Pb) and other elements, so that, these particles lead to oxidative stress and an
increase of pro-inflammatory responses [17,18].

The goal of the present work is to evaluate the effects of brake pad particles on organ weightand
histology of murine kidney and spleen,to determine whether or not pad particles can alter the functions
of these organs.

3- Materials and Methods

A total of 60 healthy mature albino male mice at an age range of 7-9 weeks and weight range of19-
29 g were included in the present study. The tested animals were divided into 6 groups depending on
the inhalation exposure periods (Table 1-1).

Table 1.1-Groups of animals in experimental design F: Fresh air; A: Group exposed for 4 weeks; B:
Group exposed for 8 weeks and C: Group exposed for 12 weeks.

Group Exposure period (weeks) Number of control Number of animals
No. (3] exposed
A 4 10 10
B 8 10 10
C 12 10 10

The whole-body exposure chamber was locally made from glass.This chamber is classified as a
dynamic system and principally used for chronic exposure studies in an oversized range of laboratory
animals [19, 20].

Three groups of animals (A,B,C) were exposed to brake pad particles in line with the following
regime: Group A were exposed for 4 weeks, group B were exposed for 8 weeks and group C were
exposed for 12 weeks, under a concentration 0f2.228 pg/ms. Pad particles were created inside a Dust
Generation Box (DGB) for 5 min daily, then each animal group was exposed to brake pad particles for
30 min/ day, 5 days/week, 4, 8 and12 weeks, respectively.

The device consists of three basic parts; the primary part is an electric motor connected with a long
shaft and a rotary sharpening disc that operates inside a Dust Generation Box (DGB). The other end
inside the DGB is associated with a vacuum fan used for vacuuming the dust (pad particles), through
an iron-made duct,into the glass inhalation chamber that contains the mice under treatment. Animals
within the inhalation chamber were cluster-placed in tiny cages exposed for 30 minutes/day, while the
control group was exposed to fresh air only. This procedure was followed throughout every exposure
amount.The inhalation chamber contains a fan that works throughout the exposure period,in addition
to a blower that is used to continuously spread pad particles inside the exposure chamber. Alcohol was
used with a concentration of 70% to clean the inhalation chamber after each exposure and theDGB
between exposure periods.

The chamber was ventilatedfor 5 min, in the middle of the exposure experiment, through a hole
located at the top of the glass inhalation chamber for the prevention of oxygen deprivation during the
exposure time. Animals were dissected after the end of the exposure period. The normal paraffin
method was followed in the preparation of the tissue slides for microscopic examination, where the
samples were kept in formalin 10% and then transferred to ethanol 70% to study the histological
changes for kidney and spleen. After fixation, both kidney and spleen were processed, wax blocks and
slides were prepared andstained with hematoxyline and eosin(H&E) [21].

4- Statistical Analysis
Statistical analysis was used to analyze factors variation in this study. The least significant
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difference—LSD test (ANOVA) was used to compare significant differences between means in this
study [22].
5-Results and Discussion
5.1 Weights of organs

It seems clear upon examining the albino mice that increasingthe brake pad particles' period of
exposure significantly affected the weights of kidney and spleen. The analysis shows highly
significant differences (P< 0.01) as compared with the control groups, as shown in the Table 1-2.
Table 1.2-Effects of difference groups of treatments with brake pad particles in kidney and spleen
weights

Mean + SE
Groups
Spleen weight (g) Kidney weight (9)
Control 0.220 £ 0.03 0.280 £ 0.05
4 week 0.198 + 0.03 0.212 £ 0.03
8 week 0.322£0.01 0.374 £ 0.04
12 week 0.560 + 0.14 0.424 £ 0.04
LSD value 0.267 ** 0.122 **
** (P<0.01).

The statistical analysis in the present study revealed that increasing the period of exposure to brake
pad particles resulted in increasedorgan weights for both kidneys and spleen, especially in group C,
when compared with the control group.

A previous study that tested differentconcentrations of metallic elementsfound in brake
pads,examined withX-ray Fluorescence Spectroscopy (XRF), indicated high concentrations in the
order of Fe> Cu > Si > S >Sb> Zn > Mg > Al >Sn> Cr > Mo, whilethe concentrations of the other
examined elements were within the range of the World Health Organization [23].

Iron is one of the most important mineral elements that can affect human health when increasing
the accumulation within the body. A previous study revealed that iron, whengiven orally or with food
for 18-20 weeks, causes an increase in the weight of the spleen, and thatincreasing the proportion of
iron accumulation in the body of mice resulted in morphological changes in the spleen [24]. In another
study,eight heavy metals (Zn, Cu, Mn, Cr, Ni, Cd, Pb, and Hg) were assessed for their health effects.
Their experiment was conducted on four groups of female rats, beside the control group. Each rat
received orally a corresponding dose of 1000 mg/ kg body weight. The results showed an increase in
the weight of both kidney and spleen when compared with those of the control group[25].

5.2 Histological examination

In this study Figures-(1 and 2) show the effects on organs after and before exposure to brake pads

particles.

Figure 1-Gross samples of kidneyfrom group C(exposed for 12 weeks): (A) Exposure to brake pads
particles and (B) Exposure to Fresh air, 1x magnification power (MP).
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Figure 2-Gross samples of spleen from group C(exposed for 12 weeks) : (A) Exposure to brake pads
particles and (B) Exposure to Fresh air, 1x magnification power (MP).

Kidney

Effects of brake pad particles on kidney histology were examined.The results of the exposure of
the experimental group Aof micefor 4 weeks as compared with the control are shown in Figure-3.The
sections of kidneys revealed subcapsular tubular vascular degeneration while the cortical region
revealed mild focal hemorrhage (Figure-3 A2).

Figure 3-(Al) Section of a kidney (control). H&E stain, 40x and (A2) Section of a kidney (group A)
shows subcapsular vascular degeneration (Vd) and focal hemorrhage (H). H&E stain, 40x

Histological examination of kidney for groups B (exposed for 8 weeks) and C(exposed for 12
weeks)showed similar results. Most sections of kidneys revealed moderate cortical vascular
degeneration, cortico-medullary vascular congestion and focal interstitial nephritis characterized by
thickening of interstitial tissue with infiltration of mononuclear lymphocytes (Figure-4 B1,B2). Other
sections showed marked dilation of collecting ducts with tubular vascular degeneration, necrosis,
glomerular degeneration and deterioration, and cast formation Figure-4 (B3).Similar changes were
seen in the medulla Figure-4 (B4).
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Figure 4 (B1)-Section of renal cortex (group B) shows: Hemorrhage (H) and vascular degeneration
(Black arrows) H&E stain, 40x; (B2) Section of renal cortex (group A2) shows: tubular vacular
degeneration (\Vd) and focal interstitial nephritis characterized by thickening of tissue (Black arrows).
H&E stain, 40x; (B3) Section of renal cortex (group B) shows: tubular vacular degeneration (Vd) with
necrosis (N), glomerular degeneration and deterioration (Gd), and cast formation (C). H&E stain, 100x
and (B4) Section of renal medulla (group B) shows: tubular vacular degeneration (Vd) and cast
formation (C). H&E stain 100x.

Spleen

Histological examination of spleen from group A, in comparison with the control, is demonstrated

in Figure-5. The sections of spleen revealed only mild subcapsular vacular degenerationof
lymphocytes Figure- 5 (A2,A3).
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Figure 5 (Al)-Section of the spleen (control). H&E stain, 40x; (A2) Section of spleen (group
A).shows: subcapsular macular degeneration (Black arrows).H&E stain. 40x and (A3) Magnified
section of the spleen (group A).shows: subcapsular vascular degeneration of lymphocytes (Black
arrows). H&E stain. 40x.

However, histological examination of spleen sectionsfromgroup Brevealed moderated amyloid
deposited with hemosiderosis,whilemild subcapsular vascular degeneration of lymphocytes was
observed within the red pulp Figure-6 (B1,B2).

1 L, W T

Figure 6 (B1)-Section of spleen (group B) shows: amyloid deposited (Am) and hemosiderosis (Black
arrows). H&E stain. 20x and (B2) Magnified section of the spleen (group B) shows: amyloid
deposited (Black arrows) and hemosiderosis (red arrows). H&E stain. 40x.

Finally,histological examination of the spleen sections from group C revealed severe splenomegaly
with advanced secondary splenic amyloidosis within the red pulp, which characterized marked
deposited acellular and amorphous pinkish homogenous material within the red pulp Figure-(7 C1,
C2).
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(C2) Magnified section of the spleen (group C) shows: deposit of amorphous homogenous material
(amyloid) (Ad).H&E stain 40x.

The results show higher adverse effectsof histological changesin group C,which was exposed for
12 weeks tobrake pad particles, than the other groups which might contain different levels of minerals.
This finding accords with the results of a previous study which mentioned that there are mechanisms
that cause diseases whenmineral particles are inhaled for long period (chronic exposure). There are
factors that can be taken into account when dealing with disease potential of a particular exposure ,
which include duration and frequency of exposures, tissue-specific dose over time, impacts onin vivo
dose persistence,the mineral type, and surface characteristics. Reports indicated that mineral particles
damage cellular molecules and contribute to necrosis, exudate formation, and inflammation. This may
involve an unfortunate ability of mineral particles to chemically generate potentially damaging
reactive oxygen species (ROX) [26].

Numerous studies reported that some of the heavy metals, such as cadmium, induced apoptosis
related to oxidative stress in various cells including renal cells [27]. In a study conducted on mice, it
was observed that 90% of the air particles taken in by inhalation are respired by the lungs. The
particles reaching the alveolus are then transported by the blood to the circulation system. The lead
excretion rate was shown to beextremely slow because the lead is ingested orally at a rate of about
0.300-0.500 mg/day and accumulates within the body [28]. In a previous study, it was found that the
lead accumulates in the soft tissues of adults and children and could be distributed by blood circulation
to kidneys, lungs, spleen, and muscle tissue. Kidneys excrete 75% of the daily lead intake without
altering it [29].

In another study,the toxic effects were examined on animals fed intragastrically with 10 mg/kg
body weight cadmium (Cd), 200 mg/kg body weight zinc, or 1.2 g/kg body weight aluminum (daily
for thirty days), which is a low dose on sensitive organs like kidney and liver on mice. Only cadmium
decreased the animal’s body weight. It was observed that zinc alone resulted in drastic effects on
kidney tissues that were stronger than those caused bycadmium or aluminum, while cadmium and
aluminum resulted in infiltration of the liver parenchyma with lymphocytes, microvesicular steatosis
of the hepatocytes, fibrosis, appearance of many phagocytic cells, and vacuolation [30].

Another study indicated that heavy metals such as Nickel (Ni) and chrome (Cr) caused toxicity and
carcinogenicity on the liver and kidney of swiss male mice, whose weights ranged 20-30 g and
ages10-13 weeks. The animals were treated orally with different doses (20, 60 and 100 mg/kg of
chrome and 20, 40 and 60 mg/kg of Nickel). The histopathological changes in the liver and kidney of
treated animals included degeneration, cellular swelling, nuclear pycnosis, congestion of blood
vessels, necrosis, and many others defects [31]. Lead is considered to be one of the heavy metals in the
environment where it is dangerous in case of higher levels than thenatural limit.Leads induces
immunotoxicity and anemia. A previous studydemonstrated haematic and histopathological changes in
the spleen of mice treated with medium doses of Pb (200 mM/ ppm) in drinking water for 45 days.
Within the spleen, higher Fe(Il) and Fe(l11) deposits were found inside the macrophages, in addition to
apoptosis, oxidative stress, and dysregulated autophagy in spleen compartments [32]. In a study
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conducted on rats to observe both immunosuppressive and pro-inflammatory effects in the spleen
tissue, administration of 0.5 mg/kg on iron caused an increase of spleen cells and complexity of
immunomodulatory effects of this metal [33].Another study showed that the accumulation of elevated
iron ratios within the body can affect the body's organs, influencing the liver, spleen and bone marrow
cells. The histopathological studies showed acute and chronic inflammatory diseases, chronic liver
diseases, and oxidative stress.Exposure to iron results in iron accumulation in parenchymal cells along
with fibrosis. There were alsopositive correlations between liver, splenic, and bone marrow iron
accumulation in patients with different diffuse liver diseases [34].

In conclusion, the present study provides an evidence concerning the toxic and adverse effects of
brake pad particles in the kidneys and spleen of albino mice after inhalation. Therefore, break pad
particlesare considered as an important non-exhaust air pollutant.
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