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1. Reflectivity probe head window applies pressure 
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the window‘s contact area with the skin, blood 
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3. Pressured tissue blocks fresh blood supply to the 
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4. Tissue with small amount of deoxygenated blood 
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NONINVASIVE MEASUREMENT OF 
CAROTENOIDS IN BIOLOGICAL TISSUE 

FIELD OF THE INVENTION 

The present invention relates generally to optical tech 
niques for measuring compounds found in biological tissue. 
More speci?cally, the invention relates to a method and appa 
ratus for the noninvasive detection and measurement for lev 
els of carotenoids and related chemical substances in biologi 
cal tissue, Which can be used as a diagnostic aid in assessing 
antioxidant status and detecting malignancy diseases or risk 
thereof. 

BACKGROUND OF THE INVENTION 

High dietary consumption of fruits and vegetables has been 
associated With protection against various cancers [1, 2] car 
diovascular disease [3], and macular degeneration [4]. Fur 
thermore, it is generally regarded as an important factor for 
increased energy and overall good health. Due to their Wide 
spread distributions in fruits and vegetables, carotenoids can 
be used as an objective biomarker of fruit and vegetable 
intake, and carotenoids themselves have been speculated to 
be one of the anticarcinogenic phytochemicals of plant food 
[1]. 
The assessment of carotenoid status has often relied upon 

the collection of plasma or serum samples for high-perfor 
mance liquid chromatography (HPLC) analysis. While con 
sidered to be the current standard, this approach has several 
important limitations including high cost, ?uctuating caro 
tenoid concentrations in blood (relatively short half-lives), 
and potential selection bias from participants unWilling to 
agree to venipuncture. 

Assessment of carotenoid status from adipose tissue, a 
more stable repository for lipid-soluble nutrients like caro 
tenoids, has also been considered in some epidemiological 
studies. HoWever, this method requires biopsies and more 
complex sample preparation for HPLC analysis. As a result, a 
need exists for a highly sensitive, non-invasive, and inexpen 
sive method of carotenoid assessment to objectively evaluate 
fruit and vegetable intake. 

The development of optical monitoring technologies has 
provided an alternative to HPLC for measurements of caro 
tenoids in human living tissues. In particular, resonance 
Raman spectroscopy, RRS, has been proposed as an objective 
indicator of carotenoid status [5, 6]. A novel, non-invasive 
technique used to measure carotenoid status in the skin using 
light, RRS utiliZes a narrow-Wavelength light source in the 
blue Wavelength region to measure total carotenoid concen 
trations in the skin [7]. The Raman scattered light produces a 
spectral ?ngerprint of the carotenoid molecules based on their 
unique molecular structure and their corresponding unique 
vibrational energy levels [8]. 

Because carotenoids from fruits and vegetables accumu 
late in the dermal layer of the skin, RRS can be used to 
non-invasively detect the concentration of these molecules. 
The measurements are based on the resonance Raman 

response originating from the vibrating carbon backbone 
common to all carotenoids [5]. More speci?cally, the back 
bone’s carbon-carbon single bond and double bond stretch 
frequencies each generate a spectrally sharp Raman signal 
that is shifted from the excitation light frequency by exactly 
the amount of the respective vibrational stretch frequency. 
The intensities of the Raman lines are readily isolated from 
the excitation light via spectrometer or ?lter, detected With a 
linear detector array, and quanti?ed. 
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2 
One of the preferred body sites for Raman scanning has 

been the palm of the hand because the dermal melanin pig 
ment is lighter and less variable among individuals of differ 
ent racial and ethnic backgrounds. Additionally, the stratum 
corneum, the outer dermal tissue layer is relatively thick in the 
palm (~400 um). This ensures that the excitation light does 
not penetrate beyond this strongly scattering layer (light pen 
etration depth ~200 um) into the deeper tissue layers Where it 
could excite other, potentially confounding chromophores. 
RRS used to detect carotenoid levels in the palms of 57 

subjects produced a normal distribution [8] With signi?cant 
Width (~50% of the central value). This implies distinct inter 
subject variability, an important characteristic of an objective 
marker of carotenoid status. It has been shoWn that carotenoid 
levels measured With RRS in the inner palm of the hand 
correlate strongly and signi?cantly With HPLC derived caro 
tenoid levels of fasting serum, thus validating the method in 
an indirect Way [9]. Direct validation experiments have 
recently been completed that involve skin carotenoid Raman 
measurements folloWed by biopsy of the measured tissue 
volume, and subsequent HPLC analysis [10]. Again, a high 
correlation Was found betWeen both methods. 

Re?ection spectroscopy has been used previously to mea 
sure carotenoid macular pigments in the human retina [11]. 
Compared to the skin, carotenoid levels in the healthy human 
macula are about tWo orders of magnitude higher, and the 
concentrations of potentially confounding chromophores in 
the retina are relatively loW. Furthermore, the optical media of 
the human eye that are anterior to the retina are relatively 
transparent, cause signi?cantly less light scattering, and the 
sclera of the eye can be used as a light re?ector that realiZes a 
more or less straight, double-path, propagation of the excita 
tion light through all tissue layers to the sclera and back. 
These favorable factors make it possible to use a multi-layer 
sequential light transmission model, in Which the individual 
absorption and/or scattering effects are described With 8-10 
respective absorption and/or scattering coe?icients, and in 
Which the macular carotenoid pigment levels are derived from 
a multi-parameter ?t of the calculated re?ection spectra to the 
measured spectra. 

In human skin, hoWever, the strong light scattering caused 
by the outer stratum comeum layer does not permit the 
assumption of tissue light propagation and modeling of 
straight light paths. Furthermore, there is no effective internal 
interface that could be used as a re?ector. As a consequence, 
the methodology of [11] is not applicable. While re?ection 
spectroscopy has been used previously for the measurement 
of skin carotenoid levels [12, 13], these authors did not pro 
vide any details about the data derivation, the presented accu 
racies Were relatively loW, and no validation of the method 
Was provided. As a consequence, their approach has not been 
able to ?nd Widespread application. 

It is thought that the inhomogeneity of tissue chromophore 
distributions in living human tissue is a major obstacle in the 
interpretation of noninvasive re?ection spectra [14], and that 
the diffusion theory of light transport is not valid in turbid 
media. As a consequence, it is thought that tissue inhomoge 
neities have to be speci?cally addressed in measurement 
schemes that limit the source-detector separation to short 
distances (in the range of~100 um), and that require complex 
spectral deconvolution algorithms involving a multi-com 
partment light propagation model of tissues. 

While human skin re?ection spectra have been modeled 
With high accuracy in the spectral absorption range of hemo 
globin and oxyhemoglobin absorptions With this approach, 
the deconvolution of carotenoid absorptions from spectra 
measured With this approach has been found to be problem 
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atic [14] since the signals are “drowned out” or overwhelmed 
by other confounding chromophore absorptions. The authors 
of this approach state explicitly that . . . “the analysis of 

in-vivo spectra regarding beta-carotene is more sophisticated 
. . . and Will be subject to future examination” [14]. 

A further attempt to derive skin carotenoid concentrations 
has explored skin color saturation measurements [15]. In this 
method, color tri-stimulus b-values are measured, and com 
pared to the chromaticity diagram of a White re?ection stan 
dard. Since the b-value measures the color saturation from the 
yelloW to the blue region, it can be expected to be in?uenced 
by the absorption of skin carotenoids occurring in this spec 
tral range. The measurements are in?uenced, hoWever, not 
only by the carotenoid absorption, but also by the superim 
posed absorption and scattering effects of blood and melanin, 
thus leading to rather unspeci?c results. 

While RRS is potentially a highly molecule speci?c and 
highly applicable, ?eld-usable optical skin carotenoid detec 
tion method, care has to be taken that the obtained RRS 
response is adequately interpreted. Different carotenoid spe 
cies With differing lengths of the conjugated carbon back 
bone, such as beta carotene on one hand and lycopene on the 
other, for example, have slightly shifted spectral absorption 
bands. RRS detection therefore can favor one carotenoid 
compound over the other if the excitation light overlaps more 
With one compound than the other. 

Since the relative skin concentrations of beta carotene and 
lycopene are not knoWn a priori, and since they can differ 
signi?cantly betWeen individuals [8], the RRS responses may 
not re?ect the true composite carotenoid tissue concentra 
tions if this Wavelength dependence is not taken into account. 
Furthermore, RRS detection of skin carotenoids is an abso 
lute detection technique, meaning that the strength of the RRS 
carotenoid signal response scales linearly With the excitation 
light intensity and that it can be arti?cially decreased if 
unWanted tissue chromophore absorptions and scattering 
losses exist in the light path. For these reasons care has to be 
taken to continually calibrate the RRS measurements against 
an external carotenoid calibration standard, and to limit the 
RRS measurements to a skin tissue layer that is free of con 
founding tissue chromophore absorptions. This is best 
achieved by limiting the excitation and scattered light beam 
paths to the outermost layer, the stratum comeum, of the palm 
of the hand. Potential problems may arise if the light propa 
gation in the external carotenoid calibration standard, Which 
is typically an inorganic material, does not adequately simu 
late the optical properties of the living tissue. 

It Would therefore be an advance to provide a method and 
apparatus for an improved safe, noninvasive, rapid, accurate, 
and speci?c measurement of the levels of carotenoids and 
other similar chemical compounds Which are present in vary 
ing degrees in biological tissues, and to use this information 
as a diagnostic aid in assessing antioxidant status and detect 
ing malignancy diseases or risk thereof. Speci?cally, a 
method is desirable that is less sensitive to variations in skin 
carotenoid composition, and that does not require calibration 
With an external carotenoid standard. 

SUMMARY OF THE INVENTION 

This invention resides in methods and apparatus for the 
measurement of carotenoids and other related substances in 
biological tissue such as living skin. In particular, the method 
of the present invention provides a noninvasive, rapid, safe, 
inexpensive, and accurate determination of the levels of caro 
tenoids and similar substances in biological tissue, Which in 
turn can be used as a biomarker for fruit and vegetable intake, 
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4 
and to provide diagnostic information regarding risk of 
malignancy diseases and risk thereof. Such early diagnostic 
information alloWs for the possibility of preventative inter 
vention. 
The preferred embodiment uses re?ection spectroscopy to 

quantitatively measure the levels of carotenoids and similar 
substances in tissue such as skin. In this technique, White light 
is directed upon the area of tissue of interest, Which is pressed 
against the light delivering probe head. Re?ected light from 
the tissue is measured using a sensitive light detection system, 
and it is analyZed in terms of its spectral re?ection compo 
nents. Comparing the spectral components of the re?ected 
light With a White re?ection standard, the optical density and 
the directly correlated concentration levels of the skin caro 
tenoid compounds can be quanti?ed non-invasively. The 
invention is particularly useful in the detection of total caro 
tenoid content in human skin. 

These and other objectives and features of the present 
invention Will become more fully apparent from the folloWing 
description, or may be learned by the practice of the invention 
as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to illustrate the manner in Which the above recited 
and other advantages and objectives of the invention are 
obtained, a more particular description of the invention 
brie?y described above Will be rendered by reference to spe 
ci?c embodiments thereof Which are illustrated in the 
appended draWings. Understanding that these draWings 
depict only typical embodiments of the invention and are not 
therefore to be considered limiting in scope, the invention Will 
be described and explained With additional speci?city and 
detail through the use of the accompanying draWings in 
Which: 

FIG. 1 is a general schematic depiction of the apparatus 
according to the present invention; 

FIG. 2 is a schematic depiction of an experimental appa 
ratus according to the present invention; 

FIG. 3 shoWs model absorption spectra of the three main 
absorbers in human skin tissue; 

FIG. 4 shoWs a re?ectivity spectrum and derived absor 
bance spectrum of a skin tissue site that is pressed against the 
optical probe head of the apparatus, and that illustrates a 
simpli?ed data analysis procedure for the determination of 
skin carotenoid levels; 

FIG. 5 shoWs re?ection and derived absorption spectra of 
living skin tissue Without restricted blood ?oW and restricted 
blood ?oW, respectively; 

FIG. 6 depicts a ?oW diagram of the events occurring in the 
measured skin tissue site during the measurement process; 

FIG. 7 shoWs re?ectivity spectra and derived absorption 
spectra of a human skin tissue site that is pressed against the 
optical probe head of the apparatus; 

FIG. 8 shoWs the apparent optical density of skin caro 
tenoids derived from the re?ectivity measurements versus 
time, While pressing the measured tissue volume against the 
probe head lens; 

FIG. 9 shoWs an absorbance spectrum of an excised, blood 
less heel tissue sample in the 350-800 nm Wavelength region, 
the underlying scattering, and the derived skin carotenoid 
absorbance spectrum; 

FIG. 10 shoWs re?ectivity and apparent absorbance spectra 
for an excised, bloodless heel tissue sample, obtained via 
re?ection measurements, and the resulting absorbance spec 
trum of skin carotenoids derived from these measurements; 
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FIG. 11 shows carotenoid absorbance spectra obtained for 
an excised, bloodless heel tissue sample via transmission and 
re?ectivity measurements, and compares these spectra With 
the absorbance spectrum of a beta carotene solution; 

FIG. 12 shoWs the short- and long-term reproducibility of 
re?ectivity-based skin carotenoid measurements; 

FIG. 13 shoWs a correlation of skin carotenoid levels deter 
mined With Raman spectroscopy and re?ection spectroscopy, 
respectively; and 

FIG. 14 shoWs the schematics of an alternative, simpli?ed, 
re?ectivity instrumentation setup. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to a method and apparatus 
for the noninvasive detection and measurement of caro 
tenoids and related chemical substances in biological tissue. 
In particular, the present method and apparatus make possible 
the rapid, noninvasive and quantitative measurement of the 
concentration of carotenoids, as Well as their isomers and 
metabolites, in biological tissues such as human skin. This is 
accomplished Without the requirement of removing tissue or 
preparing samples for HPLC analysis, as required by prior 
“gold standard” techniques. 

The invention can be used in a direct and quantitative 
optical diagnostic technique, Which uses loW-intensity, 
White-light illumination of intact tissue, provides for high 
spatial resolution, and alloWs for precise quanti?cation of the 
carotenoid levels in the tissue. Such a technique is useful as a 
biomarker for fruit and vegetable intake, and it can aid in the 
detection of tissue abnormalities such as malignancy dis 
eases. 

The present invention employs the technique of re?ection 
spectroscopy, Which is used to identify and quantify the pres 
ence of carotenoids and similar substances in biological tis 
sue such as the skin. In this technique, White light, i.e. light 
With a large spectral intensity distribution spanning the range 
from the deep blue to near infrared Wavelength region, is 
directed onto the tissue, and the diffusively scattered light is 
spectrally dispersed or ?ltered, and detected. The diffusively 
scattered light contains spectral regions With diminished light 
scattering due to the absorption bands of various skin chro 
mophores, including melanin, blood, and all skin carotenoids. 
The shape and strength of these absorptions can be derived 
from the re?ection spectra, their strength can be quanti?ed in 
optical density units, and therefore this measure can be used 
as direct indicator for the concentration levels of the caro 
tenoids present in a subject’s skin. 

The Way the re?ection measurements are carried out in this 
invention help in overcoming the dif?culties associated With 
identifying the carotenoid-speci?c spectral signatures in the 
presence of strongly absorbing confounding chromophores. 
A preferred embodiment uses tissue sites such as the tip of a 
?nger that can be pressed against an optical probe head such 
that a maximum amount of interfering blood chromophores is 
squeeZed out of the tissue volume to be measured. The appa 
ratus alloWs one to continuously measure and display the 
re?ection spectra and identify an optimal blood-depleted tis 
sue condition for the eventual recording of a re?ectivity spec 
trum that is useful for the derivation of the tissue carotenoid 
levels. The total time needed to assess a subject’s skin caro 
tenoid levels With the described invention takes about 15 
seconds. 

In a method for the noninvasive measurement of caro 
tenoids and related chemical substances in biological tissue 
according to the current invention, a light source such as a 50 
W tungsten-halogen lamp is used that features light emission 
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6 
With su?iciently high intensity over a Wide spectral range 
from about 350 nm to upWards of 900 nm. This Wide range 
overlaps the absorption bands of carotenoids in the visible/ 
blue spectral region. When diffusively scattered from the 
excited tissue volume, the re?ected light therefore is in?u 
enced by the absorption of the carotenoids and other chro 
mophores present in the measured tissue volume. After 
squeeZing confounding blood chromophores out of the mea 
sured tissue volume for a short time, i.e. ~15 seconds, the 
strength of the composite carotenoid absorption in a subject’ s 
skin can be derived. From this strength, in turn, the carotenoid 
tissue concentration levels are derived, and these can be used 
to assess the antioxidant status of the tissue. The concentra 
tion levels can be compared With levels of normal biological 
tissue to assess the risk or presence of a malignancy disease. 

FIG. 1 is a general schematic depiction of the apparatus of 
the present invention for measuring carotenoids and like sub 
stances in biological tissue using re?ection spectroscopy. The 
apparatus contains a White-light source 100, Which in one 
preferred embodiment is a tungsten-halogen light source. 
Alternatively, the light source may comprise other devices for 
generating spectrally broad light. Preferably, in the case of 
carotenoids, the light source generates light With signi?cant 
intensities in the Wavelength range 350-800 nm, Which 
extends past the absorption range of carotenoids to the deep 
blue/near UV range and also to the far red/near IR spectral 
range. Such light is readily available, e.g., from commercially 
produced inexpensive slide projector lamps. It should be 
understood, hoWever, that the present invention is not limited 
to light generated Within these Wavelengths, since other 
Wavelengths of light could be used if desired, e. g. light from 
White-light emitting diodes that span the spectral Wavelength 
region past the carotenoid absorption range. 
The light source 100 is in optical communication With a 

light beam delivery (102) and collection (104) system that can 
include various optical components for directing White light 
to the tissue to be measured and collecting the diffusively 
scattered light. As shoWn in FIG. 1, the optical components of 
the delivery and collection system include the output port of 
a ?ber bundle 106, a beam expander 108, a collimating lens 
109, an aperture 110, a plano-convex lens 112, a second 
aperture 114, a light collection lens and imaging lens 116, and 
the entrance port of a second ?ber bundle 118. The interaction 
of these optical components With the light from the light 
source Will be discussed in further detail beloW. 
The light delivery and collection system is in optical com 

munication With a spectrally selective system such as a spec 
trometer 120, Which performs the function of spectrally dis 
persing the light components of the diffusively scattered light. 
The spectrally selective system can include various optical 
components such as diffraction gratings, prisms, holographic 
?lters, dielectric ?lters, combinations thereof, and the like. 
The spectrally selective system is in optical communica 

tion With a detection means such as a light detection system 
122, Which is capable of measuring the intensity of the diffu 
sively scattered light as a function of Wavelength in the Wave 
length range of interest, such as the Wavelength range char 
acteristic for the carotenoids in the skin. The light detection 
system may comprise, but is not limited to, devices such as a 
CCD (charge-coupled device) detector array, an intensi?ed 
CCD detector array, a photomultiplier apparatus, photo 
diodes, or the like. 
The spectrally selective system and light detection system 

can be selected from commercial spectrometer systems such 
as a loW-resolution grating spectrometer employing rapid 
detection With a charge-coupled silicon detector array. For 
example, a grating spectrometer can be used Which employs 
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a dispersion grating With 300 lines/mm, and a silicon detector 
array With 14 um individual pixel Width. Another suitable 
spectrometer is a holographic imaging spectrometer, Which is 
interfaced With a CCD detector array an employs a volume 
holographic transmission grating. The spectrally selective 
system and light detection system can also be combined into 
an imaging system that includes spectrally selective optical 
elements used in association With a loW light level CCD 
imaging array such as an intensi?ed CCD camera. 

The detected light is preferably converted by a light detec 
tion system into a signal that Which can be visually displayed 
on an output display such as a computer monitor or the like. It 
should be understood that the light detection system may also 
convert the light signal into other digital or numerical for 
mats, if desired. The resulting diffusely scattered light signals 
are preferably analyZed via a quantifying means such as a 
quantifying system, Which may be calibrated by comparison 
With chemically measured carotenoid levels from other 
experiments. The quantifying system may be a computer, 
preferably one in Which data acquisition softWare is installed 
that is capable of spectral manipulations, such as the normal 
iZation of the spectra to a diffusively scattering White refer 
ence standard, and the determination of optical density values 
for the carotenoids present in the measure tissue volume. The 
quantifying system may also comprise a CCD image display 
or monitor. The quantifying system may be combined With 
the output display in one computer and can calibrate the 
results With carotenoid levels obtained With other experi 
ments such as the optical density that is proportional to actual 
carotenoid levels. 

During operation of the apparatus, a light beam is gener 
ated from the light source and is directed through an input 
optical ?ber to delivery and light collection system. The 
expanding light beam is collimated and directed to a lens that 
is in physical contact With the tissue to be measured. The 
diffusively scattered light from the tissue is then collected by 
a second lens and imaged onto the face of an output ?ber 
bundle that routes the light to a spectrally selective system 
such as a grating spectrograph. The spectrally dispersed light 
is directed to a light detection system that measures the light 
intensity as a function of Wavelength in the Wavelength range 
spanning across the absorption bands of all skin chro 
mophors. The light detection system then converts the diffu 
sively scattered light signals into a form suitable for visual 
display such as on a computer monitor or the like, and the 
resulting carotenoid absorption is analyZed With the quanti 
?cation system. 

The present invention is particularly useful in the detection 
of total carotenoid content in human skin. As discussed in 
issued US. Pat. No. 6,205,354, the entire content ofWhich is 
incorporated herein by reference, several of the carotenoids 
Which have been found to be associated With healthy skin 
include all-trans-[3-carotene, lycopene-ot-carotene, y-caro 
tene, phytoene, phyto?uene, septapreno-[3-carotene, 7,7' 
dihydro-[3-carotene, astaxanthin, canthaxanthin, Zeaxanthin, 
lutein, [3-apo-8'-carotenal, violaxanthin, and rhodoxanthin. 
These are chain-like molecules With different lengths and 
attachments, all having a carbon backbone With alternating 
carbon double and single bonds, respectively. The vibration 
of these bonds, common to all carotenoids, can be detected 
With Raman spectroscopy. It is knoWn from separate mea 
surements that the Wavenumber shifts of these carotenoids are 
generally in the range from 800 to 2000 cm“1 (Wavenumbers). 
For example, the carotenoids lutein and Zeaxanthin are knoWn 
to have Wavenumber shifts of approximately 1160 cm-1 and 
1520 cm_l, respectively. 
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Carotenoids are an important component of the skin’s anti 

oxidant defense systems, Where they are thought to act as free 
radical and singlet oxygen scavengers. Furthermore, caro 
tenoids protect the skin from a number of harmful reactive 
oxygen species (ROS), Which are formed, for example, by 
excessive exposure of skin to ultra-violet (UV) light such as 
from sunlight. The ROS can potentially cause oxidative cell 
damage and the formation of skin cancers such as basal cell 
carcinoma, squamous cell carcinoma, and malignant mela 
noma. In addition, UV light exposure can lead to immuno 
suppression and premature skin aging. Once formed, the ROS 
e?iciently react With DNA, proteins, and unsaturated fatty 
acids, causing DNA strand breaks and oxidative damage, as 
Well as protein-protein and protein-DNA cross links. Oxida 
tion of lipids can result in the formation of lipid peroxides 
Which persist a relatively long time in the cells and can thus 
initiate radical chain reactions and enhance oxidation dam 
age. 

It has been previously demonstrated that there is a corre 
lation betWeen the levels of carotenoids, retinoids, and similar 
chemical sub stances in the skin and the risk of skin cancer and 
other skin disorders. People With loW levels of carotenoids in 
their skin are at a signi?cantly greater risk of getting skin 
cancer. Therefore, if a determination can be made of the levels 
of carotenoids Which are present in the skin, the risk for 
cancer can be assessed; and if loW levels of carotenoids are 
measured, preventative steps can be taken, such as dietary 
supplements. 

Current methods for evaluating the presence of skin cancer 
generally include excising an area of the suspected tissue and 
performing a histological analysis. This is an invasive proce 
dure and is usually performed in the later stage of cancer, and 
thus is not useful in early detection of cancer or precancerous 
conditions in an ef?cient and timely manner in order to pro 
vide proper treatment. The present invention overcomes these 
di?iculties by providing for early noninvasive measurement 
of carotenoids to aid in the determination of cancer risk. 
The present invention not only provides for a rapid, non 

invasive assessment ofcarotenoid levels in a variety of human 
tissues and bodily ?uids, but also has many additional ben 
e?cial uses. These include assessing the overall antioxidant 
status in human tissue; providing for early cancer detection 
using spatially resolved re?ection data or re?ection images; 
providing a screening tool suitable for use in large population 
studies of cancer prevention and other diseases involving 
carotenoids or other antioxidants; providing for monitoring 
of dietary manipulation of tissue carotenoid or other antioxi 
dant content; and providing a tool to assess carotenoid distri 
bution and uptake from cosmetic compounds. 
The methods and apparatus of the invention are especially 

effective in measuring the carotenoid levels in skin, skin 
lesions, and skin malignancies. The present invention alloWs 
tWo-dimensional re?ection mapping to be developed Which 
Will provide a non-invasive method for de?ning tumor mar 
gins, thus eliminating time consuming and tedious sections 
and alloWing for instant intraoperative tumor margin delinea 
tion. The measurement of carotenoid levels can also be used 
as a predictor of malignant potential of individual cutaneous 
lesions. 

Various experiments Were performed Which demonstrate 
that strong re?ection signals are readily obtainable for various 
areas of living human skin using loW light exposures. The 
folloWing examples set forth the apparatus and procedures 
utiliZed in these experiments as Well as the results derived 
therefrom. 

EXAMPLE 1 

An experimental apparatus suitable for re?ection-based 
measurements of carotenoids in human skin is schematically 










