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Niobe daughter of
Tantalus attempting
to shield her children
from Artemis and
Apollo in Greek
mithology



http://en.wikipedia.org/wiki/Tantalus
http://en.wikipedia.org/wiki/Artemis
http://en.wikipedia.org/wiki/Apollo
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PROSTATE CANCER PREVALENCE AND
MORTALITY

1in 6 men in the U.S. may develop prostate
cancer in their lifetime; 6= %18 lifetime risk

29% of all cancer diagnoses
11% of all cancer deaths in men

incidence of prostate cancer is increasing,
mostly due to increased awareness and
screening.

Overalert—dr&population
Widespread use PSA = enhance early PCa
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Analysing research on cancer
prevention and survival

Prostate cancer incidence and mortality
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USA

Sweden
Canads
Switzerland
Australia

France
Metherland
Brazl

}ntJ Cancer 2000; 85: 60-7

a H -
D h incidence
Zimbabuwe m Mortality

Important health problem
for all communities !!

Study

Ferruh Zorlu', Rauf Taner Divrik?, Sultan Eser’*, Kutsal Yorukoglu*

Age-adjusted prostate cancer incidence rate was 35 cases per 100,000 in Turkey

Asian Pacific Journal of Cancer Prevention, Vol 15, 2014 (
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MPCA - Prognaosis
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Time to randomisation, mo

At risk, no.

FFS event 917 (369) 272 (93) 107 (28) 50 (8) 25 (3)

Death 917 (61) 523 (90) 283 (43) 148 (30) 71 (9)

|:| FFS event |:| Death

Conclusions: Survival remains disappointing in men presenting with M1 disease who are
started on only long-term ADT, despite active treatments being available at first failure

James ND et al. Eur Urol, 2014, http:// dx.doi.org/10.1016/].eururo.2014.09.032
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Definitions

> Element: An element is a chemical substance that is
made up of a particular kind of atoms and can not be
broken down or transtormed by a chemical reaction into
a different element

> Trace element: Those elements which occur or function
in living tissues in concentrations most conveniently
expressed in pg/l



Trace Elements

> Definition
o Trace elements have a concentration of less
than 0.0001 g/g or 0.1 g/L.
> Significance:

o 14 elements are for bacteria, plants
and animals (including humans);
the transition elements V, Cr, Mn, Fe, Co, Ni, Cu, Mo

and Zn

the metalloids Silicon and

the halogen elements F Fluoride and | Iron
> Why?:

o There are two main reasons for their
measurement in a clinical-nutritional setting:
to determine deficiency or




Classification (WHO, 1996)

o lodine, Zinc, Selenium, Copper, Molybdenum,
Chromium, Cobalt, Iron

o IManganese, Nickel, Silicon, Boron, Vanadium

o Fluoride, Lead, Cadmium, Mercury, Arsenic, Lithium,
Tin, Aluminium



Elemental Classification
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Bulk biological Trace elements believed . Possibly essential trace

alérmants ) to be essengal for bacteria, elements for some species
. plants or animals




Overload and Deficiency

> Metals act as nutrients
o Macronutrients (K) and Micronutrients (Mo, Zn etc).
> Metals act as toxic agents:
° (Fluoride, Lead, Cadmium, Mercury, Arsenic, Lithium, Tin, Aluminium).

essential substance, non-essential substance,
e.g. zinc e.g. cadmium

S OPYIMA — 11O FESPONSe
adverse adverse
effect effect

concentration (dose) concentration (dose)

» The toxicity depends on the concentration and
the target organism.

« Toxicity also depends on the chemical form of
e.g. Cr (Ill) essential, Cr (V1) toxic.




Analytical Methods




Analytical Chemistry to the Rescue

- Qualitative - identification of trace metals

- Quantitative — concentration (amount) present
eg ug/L, mol/L, %

- Requirements of method —

Liquid form required so solid samples have to be
dissolved or digested using an acid,;

Specific for the trace metal of interest;

Accurate, not affected by other components, In
agreement with other methods;

Precise, stable over short and long term;
Able to detect low concentrations as well as high;
Automated and multi-elemental.




Instrument Detection Limits

I
ey, |CF Emiggion - Radial
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Detection Limit Ranges, ug/L




Absorption or Emission ?

> All spectroscopic technigues depend on the absorption
or of electromagnetic radiation.

> Absorption or arise from guantized energy

changes within the atom or molecule.
4
A

Absorption of
thermal, radiation
or electrical energy.

® Ground State

@
Atomic Absorption Atomic Emission

E=hxf=hxc/A (h Planck constant and ¢ speed of light)




Atomic Absorption Spectroscopy

Radiation
source
(HCL)

Double Beam
,{ Instrument

(IO) Atomisation cell
(flame)

Aspiration
via nebuliser

SAMPLE

(1)
Monochromator
Detector
(photomultiplier

tube)




Atomlc Absorptlon Spectroscopy

Beer's Law:

A = log(lo/l) = abc

Lh-Viaible

X v detector
« Multi-element

lamp

. (4227 nm) s Sy . D

Ajr-Acetylene flame 7
100 rL acidic (65%-35%) _’ : @
=

aolution

Dentin sample




Atomic Absorption Spectroscopy.

Wavelength detector
Selection
holllow SUIES
cathode
lamp

0

> Hollow cathode lamp — special light source.

Ne ~300 V potential in  the lamp causes ionization  of the fill gas

Ne = Ne® +e-
The Ne* hits the surface (cathodes attract positive charge )
Fe®* (Excited state Fe?) is ejected .

Fe% — Fe® + hv.

Fe0*

Fe coated

Hollow cathode

25



Atomic Emission Spectroscopy




Atomic Emission Spectroscopy

IS the oldest spectroscopic technique

In contrast to AAS where specificity IS generated by
HCL this Is not the case in FES

o Spectral interferences cannot be resolved by monochromator

Flame photometry only applicable to specific elements
In simple matrices. Group | and Group Il

Uses cooler flame (air-propane/butane/natural gas)

No other metals are excited so monochromator IS not
needed. An Interference filter Is used

Cheap

27




Flame (Emission) Photometry

Optical Filter

Corning 410

28



Inductively Coupled Plasma

Use a hotter flame eg ICP Temperature is between
and (same temp. as surface of sun).

Can do multi-elemental analysis

ICP-OES Plasma

.....



ICP-OES or ICP-AES

Plasma Tail

red emission (YO)

ICP-AES

Normal Analytical Zone
(Temperature 5 000 - 8 000 K)

blue emission (Y+)

Initial Radiation Zone
rcd emussion
‘bullet’ region (Y, YO) -

Induction Zone
(Temperature = 10 000 K)

Preheating Zone

(desolvation, evaporation, disscciation)




ICP-OES vs ICP-MS

Comparison of
(a) ICP-optical
spectrum for 100
ppm cerium and

E‘
-4
>
=
=
<
(+

(b) ICP-MS
spectrum for
10ppm cerium.

Relative signal

31



Detection Limits

Atomic Number, Symbaol
|sotopic Abundance
Most Abundant |sotope

Detection Limit Ranges B

|:| =0.9—1 ppt
[] =10pet
|:| 10-100 ppt
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Environ Sci Pollut Res (2015) 22:13070-13076
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RESEARCH ARTICLE

Selenium, nickel, and calcium levels in cancerous

and non-cancerous prostate tissue samples and their relation
with some parameters

lIker Celen’ - Talha Miiezzinoglu® - O. Yavuz Ataman” - Sezgin Bakirdere* -
Mehmet Korkmaz® - Nalan Nese® - Ferive Senol” - Murat Lekili”

Abstract In the present study, tissue samples of patients with
cancerous and non-cancerous prostate were analyzed for their
Se, Ni, and Ca contents. Possible relationship between Se, Ni,
and Ca concentrutions and some parameters including preop-
erative prostate-specific antgen (PSA) levels, histopathologi-
cal neurovascular invasion, extm<capsular extension, semimal
vesicle mvasion, positive surgical margins, PSA rdapse afier
radical prostatectomy, and total Gleason scores were obtained.
Inductively coupled plasma (ICP) optical emission spedrom-
etry and ICP-mass spectrometry imstruments were used for the
determination of analytes mterssted. All the system parame-
ters in digestion and measurement steps were optimized to
obtain efficient digestion and sensitive measurements. There
was no statistically meaning ful difference observed in the con-
centration of selenium in cancerous and benign prostatic

tissues (p=0.347) while mickel levels in cancerous tissues
were observed as significantly lower than benign tissues
(p<0.001). In addition, calcium concentration in cancerous
tissue samples were found to be statistically lower than those
m benign tissues (p<0.001) with mean values of 657 and |1,
431 mgkg, respectively,

Keywords Selenum - Nickel - Calcium - Prostate cancer

Introduction

Number of the new cancer cases per year is more than 10
million over the world, and approximatdy 12 % of all the
deaths result from cancer. Hence, there is a great attention to




Introduction

> T here Is no Information of mecanism
Banas 2010

> Selenium Is known to be both an essential

and toxic element.
Selenoproteins ---- defense mechanism

Goldhaber 2003
> Toxicity= Selenosis !

> Daily dose 0.005 mg/kg-day (USEPA)



> It is present in all body tissues except fat.

>Sources : Meat, fish, nuts and eggs are good
sources. vegetarians and vegans may be at risk

of deficiency.
Functions :

>Selenium is an integral part of over 30
selenoproteins; the most important of which are
glutathione peroxidases and iodothyronine

deiodinases.



Table 1. /n vivo animal studies that assessed prostate cancer prevention by selenium.

Animal Model [Ref.] Agent and Dose Results
Studies relevant to SELECT trial design
/-Nitroso-N-methylurea (MNU) L-selenomethionine (1.5 or 3 mg/kg diet) No effect on prostate cancer incidence in any group
+ testosterone-treated DL-a-tocopherol (4000 or 2000 mg'kg diet)
Wistar-Unilever rats [42] L-selenomethionine (3 mg/kg diet ) + DL-a-tocopherol (2000 or

Testosterone + estradiol-treated
NBL rat [43]

5000 mg/kg diet)
Selenized yeast (target Se levels of 9 or 3 mg/kg diet)
Control

L-selenomethionine (1.5 or 3.0 mg/kg diet)
DL-a-tocopherol (4000 or 2000 mg'kg diet)
Control

No effect on prostate tumor mcidence, multiplicity. or
death in any group

Lady transgenic mice [44]

Lady transgenic mice [45]

Studies on selenium in combination with other agents only

a-tocopherol succinate (800 IU) + L-selenomethionine (200 pg)
+ lycopene (30 mg)
a-tocopherol succinate (800 IU) + L-selenomethiomme (200 ng)
Control

a-tocopherol succinate (800 IU) + L-selenomethionine (200 pg) + Iycopene
(50 mg)

Control

Increased survival (p < 0.0001) in both treatment groups
compared to control, no effect on prostate tumor incidence
In any group

Four-fold decrease in prostate cancer incidence n animals
treated with 3 agents combined compared to control
animals (p = 0.0001)

Transgenic adenocarcinoma
mouse prostate (TRAMP)
model [46]

MNU + testosterone-treated
Wistar rats [47]

Studies on other forms of selenium
Methylseleninic acid (3 mg selemum’kg body weight) for 10 weeks
Methylseleninic acid (3 mg selenium’kg body weight) for 16 weeks
Control

Sodium selenite (4 mg/L in drinking water/day)
Control

Decreased cancer-specific mortality in methylselemmic acid
groups compared to control group (P10 weas = 0.0078.
P16weaks = 0.0385)

No effect on prostate intraepithehial neoplasia, decreased
prostate cancer multiplicity by 44.6% in sodium selenite
group compared to control group
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Vinceti et al; 2015 May 22.

> No convincin idenc.  'ggests that
selenium suppiements prevent cancer
In humans.



NI & PCa

> Not clear whether nickel-containing
enzymes have the same functions In
human mechanism as like plants and
animals

> capability of promoting tumor:

iInduction of DNA aberration,

deletion, inhibition of intercellular transmission
mechanism,

Formation ofDNA—protein crosslink,

Inhibition of the maintenance of nucleotide excision,
oxidative deformation,

Methylation of DNA



Ca & PCa

> Dairy calcium may increase total prostate
cancer risk

> Supplemental calcium was associated with

Increased risk of fatal prostate cancer
Am J Clin Nutr, 2015 Jan;101(1):87-117

> Calcium may not have a strong

Independent effect on prostate cancer risk
Am J Clin Nutr. 2015 Jan;101(1):173-83



Materials

> PCa tissue from RRP 50 pts
> BPH tissue from TUR-P 50 pts
> TEs analysed at ICP-OES and ICP-MS

In the digestion of prostate tissue samples, a closed vessel
microwave digestion system (ETHOS, Plus, Milestone)
equipped with fiber optic temperature sensor and PTFE diges-
tion bombs were used. BSB-939-IR Berghof subboiling acid
distillation system was applied to purify the HNO; used
throughout the digestion of samples and preparation of stan-

dard solutions. Thermo X Senes inductively coupled plasma

mass spectrometer was used in the determination of Se and Ni
and Leeman Labs. Inc. model DRE inductively coupled plas-
ma optical emission spectrometer was used for Ca. In the
quantitative measurement for Se and Ni using inductively
coupled plasma-mass spectrometry (ICP-MS), 828e" and
“Ni" were monitored, respectively. Although "*Se”, ®'Ni”,
“Ni", and **Ni" were also monitored throughout this study,




M&M

> relationships between analyte
concentrations and
o pPreoperative PSA levels,

o histopathological neurovascular
Invasion,

o EXtracapsular extension,

o Seminal vesicle invasion,

o POSItive surgical margins,

o PSA relapse after radical prostatectomy
o total Gleason scores



Results

Table 2 Concentration of Se, N1, and Ca in cancerous and BPH

prostate tissues

Diagnosis

Se BPH,PCa 49 49
Ni BPH . PCa 47 49
Ca BPH.PCa 49 50

PCa prostate cancer
* Student’s rtest P value

Average
Ca (mgkg),
Se, Ni(ugkg)

191, 168
2,174, T84
1,431, 657

SE

P value®




Se: in BPH >PCa

> Se — Gleason Score pos
correlation

> There was no statistically.
meaningful relationship
between selenium levels and
other clinical parameters.




NI; in BPH > PCa

> There Is no other statistically meaningful
relationship observed between nickel
concentration and the other parameters.



Ca: in BPH > PCa

> Mean calcium concentration was found to
be significantly lower in patients with
neurovascular invasion.



Conclusions

> Se level was found to be significantly higher in
patients with Gleason=7 in cancerous group

> Correlation between selenium and preoperative
PSA levels was observed (p>)

> No Independent prognostic relationship
observed between PSA relapse and TE

> little 1s known about the role of these elements
IN Initiation and/or progression for different
cancer types Including prostate cancer.
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Inductively Coupled Plasma

Load Coil

Sample Magnetic field
aerosol

Annular Plasma

Cool and Plasma
tangential gas
flows

50




Atomic Mass Spectrometry

Sl




Learning Outcomes

At the end of this lecture you should:

Appreciate the function and effect of
trace elements

Understand the basic concepts behind
their measurement

Appreciate the different types of atomic
spectrocopy: AAS, FES, ICP-OES and
ICP-MS

Understand the main interferences
associated with each technique




Practical Session

Thursday 20" November 2014

Meet in SAS Trace Element Lab, 15 Frederick
Sanger Road, Surrey Research Park

Directions on the research park website
http://www.surrey-research-park.com/location/

Practical sheets will be handed out

The practical involves a tour of the lab, a
demonstration of ICP-MS and ICP-OES,
followed by some problems to be solved.




