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Elevated Urinary Iron, Zinc and Nickel
Associate with Increased Oxidative Stress
in Bladder Cancer Patients

-
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Abstract

Objective: To determine urinary calcium, magnesium and heavy metals in patients with bladder cancer.
Whether levels of urinary elements were associated with oxidative stress markers and patients’ occupation
were investigated.

Design: Analytical observational study

Methods: Forty-one patients with bladder cancer (aged 62.5+12.4 years) and 29 healthy controls (aged of
68.2+13.1 years) were recruited for the study. Urinary levels of 18 elements, i.e., arsenic, calcium, cadmium,
cobalt, chromium, copper, iron, lithium, magnesium, manganese, molybdenum, nickel, lead, stibium, selenium,
strontium, vanadium and zinc were analyzed. Urinary total antioxidant status (TAS) and plasma protein
carbonyl concentration, as oxidative stress biomarkers were measured.

Results: Plasma protein carbonyl content in patients was significantly greater than that in controls. Inversely,
urinary TAS was significantly decreased in patients group compared to the controls. The urinary levels of
iron, zinc and nickel in bladder cancer group was significantly higher, while calcium, magnesium, lithium,
arsenic, strontium and lead were lower, than the control group. Urinary nickel (Spearman’s rho=0.463,
p<0.001) and zinc (Spearman’s rho=0.295, p=0.014) were positively correlated with protein carbonyl content.
Urinary iron (Spearman’s rho=-0.254, p=0.034), nickel (Spearman’s rho=-0.453, p<0.001) and zinc (Spearman’s
rho=-0.269, p=0.025) were inversely correlated with urinary TAS. A trend of higher urinary iron in patients with
high grade tumor (n=23) compared to those with low grade (n=18) was observed, although it was not
statistically significant. Urinary nickel and zinc in patients who were mining and metal workers were higher
than in patients worked in farms and those worked in offices, respectively.

Conclusion: Urinary levels of iron, nickel and zinc were elevated in patients with bladder cancer. The
elevation of these elements was associated with an increased oxidative stress. We hypothesized that iron,

zinc and nickel may play an important role in tumorigenesis of the bladder in Thai patients.

Division of Urology, * Department of Surgery and ** Department of Biochemistry,

Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand
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1 1 9w 18 vl ldud arsenic, calcium, cad-
mium, cobalt, chromium, copper, iron, lithium, mag-
nesium, manganese, molybdenum, nickel, lead,
stibium, selenium, strontium, vanadium Wag zinc lag
JETERN Inductively coupled plasma optical emission
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AN 1 U mz/?mmuim@?uz“] 17¢ (median and ranges) waaﬁz']vm:ﬁonimwvzﬂ 19 (bladder cancer; BCA)

Variable Healthy BCA p value
n 29 41

Age (mean *+ SD) 62.52 + 12.40 68.18 + 13.10

Gender (M:F) 4:25 39:2

As (Mg/g Cr) 100 (0-718) 2531 (0-380) < 0.001
Ca (mg/g Cr) 72.61 (11-965) 38.31 (1.52-198) < 0.001
Cd (Mg/g Cr) 4 (0-14) 444 (0-20) 0.929
Co (Mg/g Cr) 0 (0-1.79) 0 (0-1.47) 0.524
Cr (Mg/g Cr) 18.87 (3.57-130) 26.23 (3.47-240) 0.26

Cu (Mg/g Cr) 5.66 (0-104) 9.23 (0-185.71) 0.058
Fe (Mg/g Cr) 6.41 (0-56.52) 2439 (2.52-1609) < 0.001
Li (Ug/g Cr) 21.43 (0-343.75) 3.83 (0-118.75) 0.006
Mg (mg/g Cr) 59.04 (26.43-367.25) 34.69 (0-235) < 0.001
Mn (Mg/g Cr) 0 (0-1) 0 (0-26) 0.45

Mo (Mg/g Cr) 9.76 (0-215.79) 0 (0-400) 0.051

Ni (Mg/g Cr) 0 (0-25.64) 16.05 (0-140) < 0.001
Pb (Mg/g Cr) 3.92 (0-84.21) 0 (0-50.62) 0.003
Sb (Mg/g Cr) 0 (0-4.49) 0 (0-7.84) 0.199
Se (Mg/g Cr) 115.79 (10-600) 88.1 (4.55-920) 0.085
Sr (Mg/g Cr) 132 (0-1725) 75 (0-520) 0.002
V (Mg/g Cr) 0 (0-21) 0 (0-126) 0.363
Zn (mg/g Cr) 046 (0.11-6.84) 0.87 (0.31-6.84) 0.04

naneILANBENiE AN G (p < 0.001, p < 0.001
WAL p = 0.040 ANATAL) (gﬂ‘i?‘i 1) 9¢AUYDY copper
Tuil nmaa@ﬂmuu%amuwwzﬁ 12 Indngu
AAN widslinuanuuanses ity dne o
(p = 0.058) (A131971 1) Tuneaserudumwuan lithium
waz strontium Tuil  1zasihesninguaiuny
P89N AN R (p = 0.006 AT p = 0.002
AINENAY)  TUYUBILAEIAUTEAUEY calcium WAy
magnesium {11l TMrvavitheuziionssined e

sningualuaNad ity MAgne 8@ (p < 0.001)

"WMIUNANE1R toxic metals WUINTTAUDBY arsenic
uay lead Tuil 'nwm@’ﬂmﬁwn'ﬁwna;umuqummﬁ
e AN 0F (p < 0.001 WAL p = 0.003 ANAIAL)
(15797 1)
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nARAuiaanBinduadlusiu (protein carbonyl) Tu
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SUR 2w avmaSiisuAl TAS uas Protein carbonyl lugiisuzisonssimizil  1zuasngnAIuAN
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Protein carbonyl ﬁ"iJLLi'ﬁ’lﬁ,] iron, nickle Way zinc T
i nﬂumjuﬁaasjwﬁg@wm (n=70) WU 3¢AU nickle
war zinc il 1rfiany “wuSideuaniuse ey
protein carbonyl Tuwan 31 waRANN “NRuSuUUNNALY
fuseey TAS Tuil 1l

1Y LAY iron Tuil

AN “WRUSLUURNAUTUTE AU TAS Tudl 1 waswy

wultiuAa “NRusIBeuIniusesu protein carbonyl
Tuwan uuddelainuile dne 87 (5 2)
NaANMLUIBULABLUIEAY iron, nickle WA zinc
sendwgtheusifonsaiwizdl 1 ndn low grade
(n=18) LAz high grade tumor (N=23) WUINTLAVYDY
iron Tuil ’ntmaa@'ﬂ’mﬁlﬂu high grade tumor #
wualifufiaz _onlu low grade tumor usifalsiny
ANNLANAWAUN Df (p = 0.062) (gﬂﬁ 3)

INNITANBIAN “NNUSTerdvsesulansyidn

AN 2 U VAW NIWUFTENTIW iron, nickel Wae zinc Tuil  12¢ AU Protein carbonyl Tuwan wuas TAS

Tuil 12 (n=70)

Elements Protein carbonyl TAS
Spearman’s rho p value Spearman’s rho p value
Fe 0.208 0.084 -0.254 0.034
Ni 0.463 <0.001 -0.453 <0.001
Zn 0.295 0.014 -0.269 0.025
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Fupeeiivinniziadsaaneandiedi A igihe
Tsanzidenszimnzdl  Mefinnizie3uaansandindu
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ANHLATEANEDNTATUNLTLHU iron, nickel WAL zinc
Tuil

1 e eiiu “PNUSAUNIZLATEANBBNTLATUN
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iron LWL nickel ﬂN’]iﬂLfidﬂgﬂim Fenton reaction \Lﬁ
N ﬁm‘mLﬁa\lmiwﬁma%aﬁ 3¢ Tagamny superoxide
anion WAy hydroxyl radical Tulsaa L v l¥Aany
\ASuANeanSLatuy

Amaral WAZAML[21] WUINTLAUVBY nickel Tu
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waz WsalHseRuang nickel Tut “unsidu biomarker
16 waansdnefinuziiiinsiasedy nickel Tu
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Lﬁaﬂsuﬁu@mmmaﬂﬁﬁnmm urinary nickel LLaLA3
finsfnwsialfionalnsrduizaduaclaianazes nickel-
induced bladder cancer development “%3Uf" cal-
cium Asnaeludl n:madﬁjﬂwutﬁoniqutﬂ M
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