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ABSTRACT

Introduction Tobacco smoking is a significant source

of cadmium exposure among smokers. Most of inhaled
heavy metals, including cadmium, are attached to ultrafine
particles (UFPs) surface. A low inhaled UFP content in
exhaled breath condensate reflects a high inflammatory
status of airways. Increased respiratory epithelial
permeability and translocation to the circulation is the
proposed mechanism. UFP recovered from smokers’
airways have high levels of cadmium compared with the
airways of non-smokers.

Methods Urine was collected from 22 smokers subjects
and 43 non-smokers. Samples were analysed for UFP and
cadmium content. UFP were measured in urine samples
by means of the NanoSight LM20 system (NanoSight, UK).
A Niton XL3 X-ray fluorescence spectrometer analyzer
(Thermo Fischer Scientific, Germany) quantified heavy
metal contents in the urine samples.

Results Smokers had elevated UFP and cadmium
content in urine compared with non-smokers (4.6 E8/mL
and 20.6 ppm vs 3.4 E8/mL and 18.5 ppm, p=0.05and
p=0.05, respectively). Smokers had elevated levels of
lead and rubidium compared with non-smokers (8.9 ppm
and 27 ppm vs 7.8 ppm and 2 ppm, p=0.05and p=0.04,
respectively)

Discussion We suggest that the trajectory of cadmium-
related UFP in smokers begins by its inhalation into the
airways. The UFPs induce inflammation and oxidative
stress in the small airways, are subsequently translocated
from the interstitium to the circulation and are finally
detected and secreted in urine

INTRODUCTION

Long-term exposure to cadmium has systemic
effects, including pulmonary and renal
toxicity. Exposure to cadmium primarily
occurs through the ingestion of contami-
nated food and water, however, inhalation
is considered the main route of exposure
among smokers due to the accumulation
of cadmium in the tobacco plant (Nicotiana
tabacum)." Apart of cadmium, cigarette
smoking causes exposure to several heavy
metals including arsenic, chromium, nickel
and lead.” The majority of inhaled heavy
metals, are attached to the surface of ultrafine
particles (UFP), allowing the induction of
oxidative stress and eventually carcinogenic
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» In this study, we investigated the extent to which
smoking-related cadmium particles travel when
inhaled.

» The suggested trajectory of cigarette-related inhaled
cadmium-UFP started from the lungs and ended in
the urinary system.

» Understanding how inhaled cadmium travels will
provide more information on its toxicity.

effects in lung tissue.” Inhaled UFPs are small-
sized particles with toxic effects due to their
large surface area and high penetration rate
into deep lung compartments and the circu-
lation. We had recently shown that UFP recov-
ered from smokers’ airways have high levels
of cadmium compared with the airways of
non-smokers.” We demonstrated that biolog-
ical monitoring of UFP concentrations in
exhaled breath condensate (EBC) could be
a reliable indicator of high PM2.5 exposure
levels. Moreover, we had also observed that
low UFP contents in EBC reflected a high
airway inflammatory state and that the UFP
level may serve as a novel marker of exacerba-
tion risk in patients with chronic obstructive
pulmonary disease (COPD).*” The suggested
mechanism behind those observations is that
a healthy intact epithelial barrier should
reduce the translocation of particles, while
increased epithelial permeability in inflamed
airways, will allow more UFP to penetrate and
translocate into the circulation. The findings
of low UFP concentrations in EBC and high
UFP concentrations in the serum of COPD
patients compared with healthy controls
serve to support our hypothesis.” The concept
that UFP translocate to circulation was first
proposed by the findings of a murine model
in which the induction of lung inflamma-
tion resulted in a shift of the UFP pattern
towards larger particles, a process which
can be explained by translocation of smaller
particles thorough inflamed epithelium.® In
order to further investigate the trajectory of
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Table 1

Urine ultrafine particles and cadmium content in relation to clinical characteristics of study population

Ultrafine particles

Characteristic (n) Concentrations (E3/mL) P value Cadmium level (ppm) P value
Age, years
<66 (29) 3.4+2.1 0.15 19.1£3.6 0.15
>66 (36) 4.2+2.6 19.3+4.6
Sex
M (52) 3.9+2.5 0.5 19.3+3.5 0.76
F (13) 3.4+£1.84 18.9+6.3
Prior transurethral carcinoma
Yes (32) 3.6+2.35 0.5 19.5+4.8 0.55
No (33) 4+2.5 18.9+3.5
Smoking status
Past/active (22) 4.6+2.1 0.05 20.6+4.1 0.05
Non-smoker (43) 3.4+2.5 18.5+4
Occupational exposure*f
Yes (7) 5.4+£3.2 0.07 21.8+3.1 0.08
No (58) 3.65+2.3 18.9+4.2
Chronic lung diseaset
Yes (5) 2.4+2.4 0.16 19.6+2.5 0.8
No (60) 3.9+1.5 19.2+4.3
Culture
Positive (10) 2.8+1.7 0.13 18.3+3.5 0.46
Negative (55) 4+2.5 19.4+4.3
Antibiotics
Yes (5) 3.1+2.1 0.47 17.6+3.3 0.38
No (60) 3.9+2.4 19.324.2
Irrigations
Yes (24) 3.5+2.4 0.4 19.6+5.5 0.6
No (41) 4+2.43 19+3.2
Cystoscopy findings
Yes (16) 3.8+1.8 0.98 18+6.1 0.19
No (49) 3.8+2.6 19.6+3.3
Pathology
Malignant (15) 4.2+2.4 0.8 17.9+5.9 0.4
Normal (5) 4.5+2.2 20.3+4.2

*Occupational exposure to dye, asbestos, dust, fuel, sawdust, nitrogen acid, acetone, sand, glue, smoke, heavy metals welding, plastic and/or coal.

TEmphysema and/or bronchiectasis.
FA minimum of 1year of exposure was taken as positive.
F, female; M, male.

cadmium-related UFP, we analysed UFP and heavy metal
contents in urine samples of smokers compared with
non-smokers.

METHODS

Our study included 65 subjects of whom 22 were active
or past smokers and 43 were non-smokers who served as
the control group. The study subjects had been referred
to undergo diagnostic cystoscopy due to benign and
oncological reasons.The participants filled in clinical
and occupational questionnaires, and urine samples

were collected prior to the cystoscopy. All subjects avoid
smoking for at least 1 hour before urine was collected.
The samples were centrifuged for 5min at 4000 RPM,
and fluid was separated and stored at —20°C until anal-
ysis. UFPs were measured in urine samples by means of
the NanoSight LM20 system (NanoSight, UK). A Niton
XL3 X-ray fluorescence (XRF) spectrometer analyser
(Thermo Fischer Scientific, Germany) quantified heavy
metal contents in the urine samples. XRF analyzers deter-
mined the presence and quantity of heavy metals in urine
by measuring the specific fluorescent X-ray emitted from
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Figure 1 Heavy metal levels in urine samples of smokers

and non-smokers. *P=0.05, **p=0.01. CD, cadmium; PD,
lead; PPM, particles per million; Rb, rubidium.

the sample when excited by a primary X-ray source. Each
sample was scanned twice in different areas, and the
average of two repeated measurements was calculated.
Detectable chemicals should have a concentration at
least three times the SD of the measurement.

PATIENT AND PUBLIC INVOLVEMENT
Patients are not directly involved in the design and
conception of this study.

RESULTS

The smokers had elevated UFP concentrations and
cadmium levels in urine compared with the non-smokers
(4.6£2.1 E8/mL and 20.6+4.1ppm vs 3.4+25 E8/
mL and 18.5+4ppm, p=0.05and p=0.05, respectively).

Figure 2 Trajectory of inhaled ultrafine particles (UFP).
The trajectory of cadmium-related UFP in smokers begins
by its inhalation into the airways. The UFP induce airways
inflammation, are subsequently translocated from the
interstitium to the circulation and are finally secreted and
detected in urine. Created with BioRender.com.

No difference in glomerular filtration rate (GFR) was
calculated in smokers compare to non-smokers (81.4 vs
83.5mL/min/1.73m?, p=0.6). Furthermore, GFR did
not correlate with cadmium and UFP in urine. With
the exception of smoking status, no clinical characteris-
tics had any significant influence on UFP and cadmium
content in urine (table 1). In addition to the findings
on cadmium, smokers had elevated levels of lead and
rubidium compared with non-smokers (8.9+1.6 ppm and
2.7+0.7ppm vs 7.8+2ppm and 2+1.2ppm, p=0.05and
p=0.01, respectively) (figure 1). Others elements that
were detected in the urine samples included silver,
niobium, strontium, tungsten, copper and silicon, and
their level did not differ in relation to clinical character-
1stics.

DISCUSSION

Our results showed that the trajectory of cigarette-related
inhaled cadmium UFP started from the lungs and ended
in the urinary system (figure 2). Itis known that cadmium
in urine reflects long-term exposure, since cadmium in
the kidney has a halflife of 10-30 years and is contin-
uously excreted in urine.” Gairola and Wagner demon-
strated that the inhalation of cigarette smoke caused an
elevation of cadmium in lung and kidney tissue, but not
in liver tissue.® Others have reported that smokers have
higher levels of cadmium and lead in EBC and urine
samples.” '’ Increased cadmium concentrations were also
found in bronchoalveolar lavage and blood samples of
smokers compared with nonsmoker controls." We have
also recently shown that healthy smokers had higher
cadmium levels in EBC compare to healthy nonsmokers.
Additionally, subjects with low UFP concentrationsin EBC
also had low cadmium levels in EBC versus subjects with
high UFP levels.” This study has several limitations that
bear mention, first, since this was a cross-sectional study,
reproducibility of the UFP content in urine in the same
subject was not evaluated. Second, analysis was limited to
urine samples, measurement of cadmium related UFP
in EBC and serum in the same subject would provide a
more reliable pathway from lungs to urine.

CONCLUSIONS

We suggest that the trajectory of cadmium-related UFP
in smokers begins by its inhalation into the airways
(figure 2). The UFPs induce inflammation and oxidative
stress in the small airways, are subsequently translocated
from the interstitium to the circulation and are finally
detected and secreted in urine. Further studies tracking
cadmium-related UFP from lungs to urine in the same
subjects are needed to confirm our hypothesis.
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