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ANALYSIS OF HARD/CALCIFIED TISSUES

e Calcified tissues
e Dental studies
e Stones and calculi
e Fingernails
ANALYSIS OF SOFT TISSUES
e Organs
e Cancerous/malignant tissues
e Hair/skin
ANALYSIS OF BIOMEDICAL SPECIMENS
e Blood
e Proteins

ANALYSIS OF MICROORGANISMS
CAUSING HUMAN DISEASE

e Bacterial pathogens

e Viral pathogens

e Molds, pollens, amoeba

LIBS-GUIDED SURGERY

e Laser-guided surgery
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(1) the LIBS spectrum is

autonomously matched against
a pre-compiled computerized
library - provides identification /

classification of unknowns
targets (takes about one
second)
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(2) specific lines in the LIBS

spectrum are used to quantify
the amount or concentration of
some specific target element in

the tissue or to monitor a
change in tissue condition




LIBS...on dental/mineralized tissue?
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It has been shown that the
light emitted by the
ablation event can be
used to provide real-time
iInformation to the dentist
as to when all the carious
tissue has been removed
and healthy tooth is being
“drilled”

O. Samek, H.H. Telle, D.C.S. Beddows, BMC
Oral Health 1, 1 (2001)
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LIBS...on dental/mineralized tissue?

has been utilized to elementally characterize removed
nes [2008,2009], kidney stones [2009], and other
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P.K. Rai, J.P. Singh, Appl. Opt. 47, G38
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LIBS...on dental/mineralized tissue?

s also been used to sample fingernails for spectra
t with alcoholism, drug doping, hyperthyroidism,
ilon, and Wilson’s disease (Cu/C ratios.)
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LIBS...on soft tissue?

h et al. [2009] performed LIBS on tissue specimens
ung, spleen, liver, kidney, and skeletal muscle
IX-week old chickens

discriminate between tissues

e identification of organ/tissue type

ant tumor cells from



Table 3
PL5-2 results of the external validation tissue samples.
Tissue sample Muscle Lung Liver Kidney Spleen Brain
Mo 2 Pred.® No? Pred.® MNo? Pred® No® Pred.® MNo.® Pred.® No? Pred.®
External validation samples 482 Muscle 672 Lung 76 Fail 843 Brain 163 Fail 117 Fail
G658 Fail 383 Lung 415 Brain 690 Kidney 185 Fail 744 Brain
14 Fail &35 Lung 486 Liver 74 Kidney 27 Fail 162 Brain ] S
16 Muscle 192 Lung 788 Liver 63 .
340 Muscle 50 Lung 563 wer 8] F.Y. Yueh, H. Zheng, J.P. Singh, S. Burgess,
341 Fail .
572 Liver Spectrochim. Acta B 64, 1059 (2009)
a4 Muscle - — — —r
a7 Muscle 969 Spleen 318 Brain
968 Muscle 652 Spleen
Correct identification rate 6/10 5/5 3/5 3/5 3/10 4/9
Fail statistics test rate 3/10 0/5 1/5 0/5 6/10 5/9
Incorrect identification rate 1/10 0/5 1/5 2/5 1/10 1/9

Table 2.

Tissue

Intensity Ratio from LIBS Spectra of Normal and Malignant

|tificati0n of organ/tissue type

Intensity Ratio

Analyte Line (nm) Normal Tissue

Malignant Tissue

Al 396.153/K 766.491 0.5919
Ca 396.847/K 766.491 12,77
Cu 327.39/K 766.491 1.45
Fe 430.791/K 766.491 0.73
Mg 279.551/K 766.491 3.37
Na 588.995/K 766.491 1.07

0.49
31.42
0.07
1.03
3.62
3.84

Harith, Talanta 82, 495 (2010)

A. El-Hussein, A.K. Kassem, H. Ismail, M.A.

Normalized Mg | 285 nm

A. Kumar, F.Y. Yueh, J.P. Singh, S. Burgess,
| Appl. Opt. 43, 5399 (2004)
AI1ICC ... .

ffectively:
Ignant tumor cells from

Malignant

5 Types of Breast Cancer

Non neoplastic |

Normalized Ca Il 373

nm

o
~

Malignant
Non neoplastic

=
@
i

=
o

0.

w i

Types of Colorectal Cancer




LIBS...on soft tissue?

een used to determine the trace metal
lons in human hair and skin samples.

ental composition of liver, kidney, muscle, and

itas, N.D. Vieira Jr., F.J. Krug, Appl. Spectrosc. 62, 1137 (2008)

distribution in histological



LIBS N mouse kidney | P

LIBS has been used to de o
| ! . .

“Mapping was performed for :
metallic elements such as Gd, Si, |
Ca and Fe, with a resolution of 100
MM on kidney slices sampled from
a mouse 24 h after intravenous
injection of a solution of
gadolinium-based nanoparticles.”

I(a.u.)

V. Motto-Ros, L. Sancey, X.C. Wang, Q.L. Ma, F. Lux, X.S.
Bai, G. Panczer, O. Tillement, J. Yua, Spectrochimica Acta B
87, 168 (2013).

Inical laboratories.



LIBS...on biomedical specimens
(blood, proteins, etc.)?

Preliminary tests conducted on specimens of whole blood determined the LIBS

emission spectrum — significant C and Fe - no quantitative results.
N. Melikechi, H. Ding, S. Rock, A. Marcano O., D. Connolly, Proc. of SPIE 6863, 686300 (2008)

Residues of amino acids on swipes (high-purity powdered L-asparagine and L-

leucine) showed differentiable LIBS spectra with suitable chemometrics.
R. Chinni, D.A. Cremers, R. Multari, Appl. Opt. 49, C143 (2010)

Multi-element coded particle assay for the detection of analytes.

Rather than quantifying differences in elemental concentrations, perform a
sensitive detection of an analyte (the ovarian cancer biomarker CA 125) by
utilizing an elemental “tag.”

Immuno-conjugated silicon micro-particles (1.5 um) with agarose beads carrying
CA 125 molecules allows a LIBS-based detection of silicon in the emission

spectrum indicating the presence of the ovarian cancer biomarker.
Y. Markushin, N. Melikechi, in Ovarian Cancer - Basic Science Perspective, ed. by S.A Farghaly (InTech, Rijecka, 2012)



LIBS...on biomedical specimens
(blood, proteins, etc.)?

Preliminary tests conducted on specimens of whole blood determined the LIBS

emission spectrum — significant C and Fe - no quantitative results.
elikechi, H. Ding, S. Rock, A. Marcano O., D. Connolly, Proc. of SPIE 6863, 686300 (2008)

Limits of detection

« approximately 1 U (international units)/ml
for CA 125 rit

* 11 ug/ml for the ovarian cancer ]\
biomarker Leptin (comparable to current
existing enzyme-linked immunosorbent
assays (ELISA) )

« 30 ppb for the model protein avidin (in a
similar experiment performed with an Fe

micro-particle assay)

Y Group A antibodies
Y Group B antibodies

e ProteinG ¢7 CA125
+ Biotin @ Streptavidin

Iron oxide particles
with protein G

U Silicon oxide particles
i’ % with Streptavidin

m) with agarose beads carrying
n of silicon in the emission

cer biomarker.
Farghaly (InTech, Rijecka, 2012)




LIBS...for pathogen diagnosis
(bacterial, fungal, viral, etc.)?

Since 2003, >40 papers on LIBS for identification of bacteria, molds, pollens, yeast,
fungal spores, and viruses.

Bacteria are the most promising targets, and are easily differentiated from

background interferents or similar biological targets (using the appropriate
chemometric algorithm.)
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A. J.D. Hybl, G.A. Lithgow, S.G. Buckley, Appl. Spect. 57, 1207 (2003)

B. M. Baudelet, J. Yu, M. Bossu, J. Jovelet, J.-P. Wolf, T. Amodeo, E. Frejafon, P. Laloi, Appl. Phys. Lett. 89,
163903 (2006)

C. D.W. Merdes, J.M. Suhan, J.M. Keay, D.M. Hadka, W.R. Bradley, Spectroscopy 22, 28 (2007)




LIBS...for pathogen diagnosis?

nportant Bacterial Results:

Identification appears to be independent of the growth condition and culture medium in which the
e grown, including milk, chicken broth, and brain heart infusion

D. Marcos-Martinez, J.A. Ayala, R.C. Izquierdo-Hornillos, F.J. Manuel de Villena, J.O. Caceres, Talanta 84, 730 (2011)

C. Barnett, C. Bell, K. Vig, C.A. Akpovo, L. Johnson, S. Pillai, S. Singh, Anal. Bioanal. Chem. 400, 3323 (2011)

Sible at the strain level. 4 E. coli strains and 3 clonal methicillin-resistant
and one unrelated MRSA strain

R. Multari, D.A. Cremers, J.M. Dupre, J.E. Gustafson, Appl. Spectrosc. 64, 750 (2010)

the bacteria age on an abiotic surface (necessary for
ith swipes)

n clinical samples (e.g. sterile urine containing
unds present in the sample

d plated on glass slides were

R. Multari, D.A. Cremers, M.L. Bostian, Appl. Opt. 51, B57 (2012)



LIBS...for laser-guided surgery?

mon uses of lasers in surgery, it is known that,

ets no feedback during laser ablation. There is no depth sensation
icity with a laser incision...Future prospects may solve these

n optical feedback mechanism that provides a tissue-

F.W. Neukam, F. Stelzle, Physics Procedia 5, 91 (2010)
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Fig. 5. ROC curve of nerve and skin pair of Pig 2.




LIBS...for laser-guided surgery?

spite common uses of lasers in surgery, it is known that,

urgeon gets no feedback during laser ablation. There is no depth sensation
e specificity with a laser incision...Future prospects may solve these
means of an optical feedback mechanism that provides a tissue-

”

ation.

F.W. Neukam, F. Stelzle, Physics Procedia 5, 91 (2010)

“No device currently exists that combines the cutting capability of plasma-
mediated ablation, using ultra-short laser pulses to ensure negligible collateral
tissue damage, with feedback control of the cutting process.”

D.C. Jeong, P.S. Tsai, D. Kleinfeld, Curr. Opin. Neurobiol. 22, 24 (2012)
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Fig. 5. ROC curve of nerve and skin pair of Pig 2.
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Conclusions

Although we are not there yet, the time is ripe to
leverage our

iInvestment in hardware and
assful proof-of-concept experiments

e instrumentation and protocols to
diagnostics into the:

or’'s office






