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Discovery of the spectral effects
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Narcotics in hair

Effects of bleaching

Effects of UV-radiation
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Unexpected spectral
differences



Spectral parameters

e Band position

e Band intensities

e Band widths

e Spectral subtraction
 First derivative

e Second derivative

e Band deconvolution




Statistical data processing

o artificial neural network (ANN),

e principal component analysis (PCA) and factor analysis (FA),
e principal component regression (PCR),

e partial minimum squares (PMS),

 Cluster analysis (CA),

e generic algorithms (GA).
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Difference IR spectrum of two | £82:
healthy patients is very small e
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The spectrum of human skin
practically do not change with

age and sex

Absorbance

70 year old

55 year old |

51 25 year old

Wavenumber (cm)



Arbitrary

Spectral deviations between
“healthy” and “ill” patients, os

exhibiting different RIAR values
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RIAR - Relative Infrared Analytical

Risk
RIAR Classifications Category C.)f. healthy
values condition
0-400 Healthy 1
400-600 |Weakly endangered 2
600-800 |Endangered 3
800-1800 |Highly endangered 4




Deviation of a healthy patient’s spectra from
the averaged spectra of healthy patients

(minimum 20-40 persons)
RIAR — Relative Infrared Analytical Risk
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Process of recovery monitored by infrared spectra o
skin belonging to a patient suffering in pancreas c

f the
ancer.

Green line is the limit value of healthy patients
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Fluctuation of deviation from a healthy
skin spectrum in case of lung
(liver and bone) cancer patient
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Distribution between different types of
diseases of 820 “ilI” patients measured
by FTIR spectra of their skin

Diseases of cardiovascular system | 287 persons | (35%)
Cancerous diseases 270 persons |(33%)
Diseases of gastrointestinal segmeng&2 persons |(10%)
Lesions of nervous system 74 persons | (9%)
Diabetes 67 persons |(8%)
Allergy 40 persons | (5%)
Total 820 persons




Results of measurements for 380 patients
declaring themselves as healthy In
accordance of their genial state of health

Qualification Numbers Percent
Healthy or weakly 152 40%
endangered

Endangered 137 36%
Highly 91 24%
endangered




Skin spectra of healthy patients
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Skin spectra of diabetic patients

2oueqIosqy

Wavenumber (cm 1)



Standard variations of healthy

and diabetic patients

Standard variation
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Results of 39 diabetic patients and
59 healthy persons analyzed by
Principal Component Analysis (PCA)
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HAIR
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Infrared spectra of untreated (lower trace) and ble  ached (upper trace) female hair sample.
The difference spectrum is given below (dashed line , with 5x ordinate expansion)



Comparison of human hair infrared spectra
of a healthy ( lower trace, full line ) and a breast
cancer patient ( upper trace, dashed line )
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Difference spectrum of healthy and eecs
breast cancer patient’s hair samples oo
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Plot of PCA scores for infrared 3
. o0
spectra of hair samples :
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-Healthy female scores (negative), -healthy male scores (positive),

-breast cancer patients’ scores



Transmission FTIR imaging
of human hair
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Images based on the absorption of the CH stretching band (collagen) (A),
the Amide | band (protein) (B), of hair



Selection of useful Iimages from

a human hair sample
(Visible image of the embedded hair sample)




HAIR from remote past and present

In 2007, young qirl

,Rote Franz” A.C. 3-4 cent. _
(40 cm long hair)



1700 years old MUMMY ,Rote Franz” hair
and a young girl hair-tip spectra from 2007
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Mummy’s hair sample was measured in ISAS
(Dortmund) Thanks for H.M. Heise



ADVANTAGES

Detection (health condition)
Prevention (early diagnosis)
Monitoring

Diagnostics (under investigation)




CHALLANGING

Simple methods

Quick measurement (hair: ~1 min, skin: ~ %2 min)
Not invasive and painless

Relative cheap

Screening test iIn mass measures

Patients showed very positive attitudes



Partners

e Stockholm University (Electron Microscopy)
e Institute fur Innovative Diagnostik (Ulm)
« Municipal Clinic (XVI District, Budapest)

e LaborTrading Ltd./Varian (Instrumentation)
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