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Abstract. Because of frequent exposure to carcinogens, the bronchus
is prone to early pathologic alterations. The assessment of these early
changes is of key significance in physiological studies and disease
diagnosis of the bronchus. We utilize nonlinear optical microscopy
�NLOM� to image mouse bronchial tissue based on intrinsic nonlinear
optical contrast. Our results show that NLOM is effective for imaging
the bronchial intact microstructural components, providing quantita-
tive information about the biomorphology and biochemistry of tissue.
Our findings also display that NLOM can provide a two-photon ratio-
metric redox fluorometry, based on mitochondrial signals and re-
duced pyridine nucleotide �NADH and NADPH� and oxidized fla-
voproteins �Fp� signals, to assess the metabolic state of the epithelial
cells and chondrocytes. It was found that NLOM can offer a sensitive
tool, based on the second-harmonic signal depth-dependent decay, to
obtain quantitative information on the optical property of the stroma
associated with normal and diseased tissue states. Our results suggest
that with the advent of the clinical portability of typical nonlinear
optical endoscopy, the NLOM technique has the potential to be
applied in vivo to the clinical diagnosis and monitoring of bronchial
disease.
© 2008 Society of Photo-Optical Instrumentation Engineers. �DOI: 10.1117/1.2982534�
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Introduction
ecause of frequent exposure to carcinogens, such as tobacco

moke components, the bronchus is prone to early pathologic
lterations. During pathologic progression, a number of mor-
hological and function changes have been observed, such as
n increase in nuclear size and nuclear/cytoplasmic ratio, an
ncrease in epithelial thickness, an increase in metabolic rate,
hanges in autofluorescence of biochemical markers, or alter-
tions in extracellular matrix architecture.1–3 In addition, hya-
ine cartilage is also damaged during the development of
isease.4

So far, assessment of these early changes relied primarily
n gross in section during an endoscopic procedure and
athologic examination of biopsy samples derived from the
acroscopy. There have been enormous advances in under-

tanding molecular mechanisms responsible for pathologic al-
erations; however, the destructive nature of these techniques

akes the detection of these changes within intact tissue dif-
cult.

High-resolution imaging utilizing intrinsic optical signals
rom microstructural components in intact bronchial tissue
ithout the need for sectioning, preparation, or staining would

llow an improved study of bronchus physiology with fewer
rtifacts. Such technology could aid in early detection of

ddress all correspondence to Jianxin Chen, Key Laboratory of Optoelectronic
cience and Technology for Medicine �Fujian Normal: Univ.�, Ministry of Edu-
ation, Fuzhou 35007, China; Tel: +86-591-22686078; Fax: +86-591-
3465373; E-mail: chenjianxin@fjnu.edu.cn
ournal of Biomedical Optics 054024-
bronchial diseases.3 Presently, clinical noninvasive techniques
such as magnetic resonance imaging �MRI� and endobron-
chial ultrasound lack one resolution needed to distinguish
complex structures of the bronchus, although the sensitivity
and applicability of these techniques continue to improve and
expand.5,6 Fluorescence bronchoscopy remains a very useful,
minimally invasive technique, but the technique is hampered
by low specificity, which ranges from 25 to 50%.7 Optical
coherence tomography �OCT� provides full-thickness, high-
resolution ��10 �m�, cross-sectional images of the bronchus
but lacks the ability to distinguish among biological
constituents.2 Laser scanning confocal microscopy �LSCM�
provides a useful tool for biomedicine but has phototoxicity
problems for imaging tissues because it uses an ultraviolet
light source.8 Nonlinear optical microscopy �NLOM� has sev-
eral advantages over confocal microscopy because it uses a
near-infrared light source, providing high-resolution images at
increased imaging depths, minimal out-of-plane absorption,
and inherent optical sectioning and providing a powerful tool
for imaging live tissues.8,9 More recently, with the advent of
nonlinear optical microendoscopy,10–12 the nonlinear optical
imaging technique has been extended to in vivo applications.
That fact further confirms the potential of the nonlinear opti-
cal imaging technique for the in vivo imaging in bronchial
tissues.

NLOM is a nondestructive, laser scanning microscopy
technique that renders images of living tissue with subcellular

1083-3668/2008/13�5�/054024/7/$25.00 © 2008 SPIE
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esolution based on intrinsic optical contrast of biological tis-
ues. Using backreflected experimental geometry, NLOM is
uitable for the more practical case of thick, unstained living
pecimens. NLOM is very sensitive in defining cellular and
xtracellular structures as well as metabolic assessment.13–22

In this study, we used NLOM to image mouse bronchial
issue based on intrinsic nonlinear optical contrast.

Materials and Methods
.1 Specimen Preparation
he bronchial tissues of five experimental mice were exam-

ned in this study. The fresh specimens were excised from
iving experimental mice, provided by the Animal Center of
ujian Medical University. First, they were rinsed briefly with
hosphate buffered saline �PBS� solution �pH 7.4� to remove
he residual blood on their surfaces. Then the bronchus were
pened longitudinally and sandwiched between the micro-
cope slide and a piece of the cover glass. Moreover, to avoid
ehydration or shrinkage during the whole imaging process, a
ittle PBS solution was dripped on the specimen. In this work,
o keep tissues viable, the duration of the experiment was not

ore than 1 h.

.2 Nonlinear Optical Microscopy �NLOM�

he nonlinear microscopy system used in this study has been
escribed previously.23 The source was a femtosecond Ti:sap-
hire laser �Coherent Mira 900-F�. The excitation and emis-
ion light were coupled through an inverted microscope �Zeiss
SM 510 META� with a 63� oil-immersion objective �Zeiss,
lan-Apochromat, NA 1.4�. Laser intensity attenuation was

mplemented using an acousto-optic modulator �AOM, Zeiss�,
nd the polarization direction of the laser light is horizontal.
xcitation wavelengths of 760 nm and 810 nm were used,
nd the average power was controlled at P�6 mW. The
eam of the laser was scanned in the focal plane by a
alvanometer-driven optical scanner �Zeiss�. A main dichroic
eamsplitter �HFT KP685, Zeiss� was used to reflect the inci-
ent excitation laser source to the sample and direct the sig-
als to the detector. Backward signals were detected with the
ETA detector, which consists of a high-quality, reflective

rating as a dispersive element and an optimized 32-channel
hotomultiplier tube �PMT� array capable of collecting differ-
nt frequency ranges separated by 10.7 nm. The range of de-
ection is from 377 to 716 nm. To get rid of the excitation
ight, an IR beam block filter �KP650, Zeiss� was placed in
ront of META detector. In this work, to change and record
he focus position, an optional HRZ 200 fine-focusing stage
HRZ 200 stage, Zeiss� was used. The system has two imag-
ng modes: channel mode and Lambda mode. The channel

ode can achieve �TPEF�, second-harmonic generation
SHG�, and TPEF/SHG imaging, while the Lambda mode can
arry out spectral imaging and obtain emission spectra of the
egion of interest within the spectral image by plotting the
ean intensity of all pixels within the region of interest versus

he center wavelength of each emission band; this is called the
mage-guide spectral analysis method.23 We used this method
o record emission spectra of different regions of interest. In
his work, all images were 512�512 pixels. The images
ere obtained at 2.56 �s per pixel.
ournal of Biomedical Optics 054024-
2.3 Statistical Analysis
Data analysis was performed using Statistical Program for
Social Studies for Microsoft Windows �version 13.0�. All data
are presented as a mean value with its standard deviation in-
dicated �mean+SD� and analyzed using a Student’s t-test.
Differences were considered to be statistically significant
when the P values were less than 0.05.

3 Results and Discussion
3.1 Characterization of Intrinsic TPEF Signals from

Respiratory Epithelium
To characterize the respiratory epithelium, intrinsic TPEF im-
ages were obtained. In this work, considering that tissue han-
dling associated with ex vivo measurements may deprive tis-
sue of nutrition and that oxygen and the epithelial cells at
depth Z=0 �m may be dead, the TPEF images were acquired
from depth Z=1 �m into the whole epithelium. Further, tak-
ing two-photon action cross sections of reduced pyridine
nucleotide �NADH and NADPH� and oxidized flavoproteins
�Fp� into account, in the epithelium, we selected 760 nm as
the excitation wavelength. At this wavelength, we expect that
the observed cellular fluorescence originates primarily from
reduced NADH and NADPH and oxidized Fp, while lipides
and vitamin D are probably minor contributors.19 The spectra
of NADPH exactly overlay the NADH spectra and the extinc-
tion coefficient and quantum yield of both fluorophores is the
same, so in this study, they are designated together as
NAD�P�H.24 Shown in Fig. 1 is a representative TPEF image
of the respiratory epithelium at depth Z=5 �m. As can be
seen in Fig. 1, the epithelial cells can be identified �white
arrowheads�, showing the fluorescent cytoplasmatic granules
of mitochondria, nonfluorescent nuclei displayed darkly on
the optical section surrounded by the fluorescent mitochon-
dria, and the clear cellular boundary. In addition, some highly
concentrated bright punctate TPEF associated primarily with
the bronchial surface was observed. Punctate TPEF has been
previously reported in tissue, and its origins are often
unknown.25 Likewise, we were unable to determine the ex-
tract origins of these punctate structures, and in this work, we
did not analyze this signal. To illustrate additional features

Fig. 1 Image of fluorescent epithelial cells at a depth of 5 �m based
on intrinsic TPEF �425 to 618 nm�. Excitation wavelength �ex
=760 nm and excitation power P=2 mW. Scale bar=20 �m.
September/October 2008 � Vol. 13�5�2
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ith the large-area image, a magnified image from the se-
ected region of interest is shown in Fig. 2�a�. In this image,
he nuclear-to-cytoplasmic ratio, a parameter related to the
eveloping process of neoplasm, can be quantitatively ana-
yzed. In each cell, the nuclear area is defined as A, and the
rea of cellular boundary is defined as B. The nuclear-to-
ytoplasmic ratio is defined as A / �B−A�. In Fig. 2�a�, these
reas are manually selected from five cells for each region,
nd the nuclear-to-cytoplasmic ratio is 0.47�0.12 �n=50
ells from 10 regions of five samples�. In addition, we used
he optional HRZ 200 stage to measure the thickness of the
espiratory epithelium. Here, the average thickness of respira-
ory epithelium from 10 regions of five samples is 21�3 �m.

In the following, to determine the cytoplasmic mitochon-
ria signals, the emission spectra from the cytoplasmic re-
ions were acquired using the image-guide spectral analysis
ethod for �ex=760 nm. The obtained spectra have been cor-

ected for the wavelength-dependent instrument response, and
ark-noise spectra are subtracted from the acquired sample
pectra. Each spectrum is normalized to the maximal peak
ntensity. Figure 2�b� displays a representative spectrum mea-
ured from the cytoplasmic region �red arrowheads in Fig.
�a�� using the image-guide spectral analysis method.23 As
an be seen, there are two peaks at about 470 and 530 nm. It
as reported in previous works that the peaks at around 470

nd 530 nm possibly result from NAD�P�H and Fp fluores-
ence, respectively.14,23,25–27 Specifically, the 470-nm peak
orresponds to the NAD�P�H fluorescence, and the 530-nm
eak is associated with the presence of Fp. Comparing with
ingle-photon excited fluorescence,1 the NAD�P�H peak is
ed-shifted. This may be responsible for the fact that the
ingle- and two-photon fluorescence of NAD�P�H involve dif-
erent excitation mechanisms. Thus, the intrinsic TPEF of cy-
oplasmic mitochondria is mainly determined by NAD�P�H
nd Fp.

Recently, two-photon ratiometric redox fluorometry based
n cellular fluorescence from reduced NAD�P�H and oxidized
p has been proposed as a tool to study mitochondrial energy
etabolism.17,26–28 Specifically, the normalized ratio of these
uorophores �Fp /Fp+NAD�P�H�, called the redox ratio, is
n indicator of the metabolic state of tissue. Here, the redox
atio was computed on the basis of the NAD�P�H and Fp

ig. 2 �a� Magnified image, corresponding to rectangular enclosed
egion in Fig. 1. �b� Emission spectra obtained from cytoplasmatic
itochondria �red arrowheads�. Error bars represent calculated stan-
ard deviations �n=50 cytoplasmic areas from 10 regions of five
amples�. Scale bar=10 �m ��ex=760 nm, P=2 mW�. �Color online
nly.�
ournal of Biomedical Optics 054024-
signals peak intensity using the following equation:

Redoxratio =
Fp530

Fp530 + NAD�P�H470
.

In this work, in the superficial imaged plane �1 to 5 �m�, the
redox ratio is 0.42�0.07 �n=50 superficial cells from 10
regions of five samples�, while in the basal imaged plane
�17 to 22 �m�, it is 0.38�0.05 �n=50 basal cells from 10
regions of five samples�. The redox ratio decreases in the
basal plane compared with the superficial plane �n=50 basal/
superficial cell pairs, P�0.05�, indicating an increase in
metabolic activity in the basal cell layer. The result is in
agreement with the epithelium physiological process that as
the basal cells divide and mature, they move upward through
the epithelium, become metabolically less active.29

Obviously, intrinsic TPEF signals of the respiratory epithe-
lium can provide a convenient method to demonstrate the
changes in the nuclear-to-cytoplasmic ratio, the redox ratio in
the epithelium, and the thickness of the epithelium. The epi-
thelium, a cell-rich superficial tissue, is frequently exposed to
various forms of physical and chemical damage. Thus, most
cancers arise from the epithelium. In the development of epi-
thelial precancer, epithelial cells undergo transformations that
give rise to increased nuclear-to-cytoplasmic ratio, decreased
redox ratio, and overall thickening of the epithelial layer,1,21,22

so the demonstration of intrinsic TPEF signals from the res-
piratory epithelium is of substantial interest.

3.2 Visualization of the Lamina Reticularis Based on
Intrinsic TPEF and SHG Signals

At about 20 �m deep is the transition zone of the respiratory
epithelium and underlying tissue layer. To visualize the tran-
sition zone, the TPEF/SHG images were acquired for �ex
=810 nm, at which no TPEF signal from collagen was de-
tected and the contrast of the TPEF/SHG image can be
enhanced.15 Shown in Fig. 3 are the TPEF/SHG images ob-
tained from the region of attachment between the epithelium
and stromal matrix at a depth of 22 �m. As can be seen in
Fig. 3�a�, there is a mat of large elastic fibers mainly oriented
along the longitudinal axis of the airways with cross-linked
smaller fibers �white arrowheads�. The diameter of the elastic
fiber is 1.51�0.31 �m �n=50 fibers from 10 regions of five
samples�. These results are very similar to the lamina reticu-
laris images that have been recently obtained from rat trachea
using whole mounts of the airways and fluorescence
microscopy.30 According to previous studies,31 the collagen is
supposed to represent the major component of the lamina re-
ticularis, but no studies acquired an image of collagen, to the
best of our knowledge, within fresh bronchial tissue. This
could in part be explained by the fact that at some wave-
lengths, the fluorescence yield of collagen is at least one order
of magnitude smaller than that of elastic fibers.3 Fortunately,
collagen, a noncentrosymmetric molecule, can contribute to
an SHG signal.13,15 Here, we first used SHG signal to image
collagen within fresh bronchial tissue. Figure 3�b� shows the
SHG image acquired from collagen of the lamina reticularis.
As can be seen, the distribution and orientation of collagen
lamellas are visible. In the following, to better reveal fine
details of the microstructural collagen, an additional analysis
September/October 2008 � Vol. 13�5�3
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as performed to determine the collagen fibril spacing. In our
pproach, depicted in Fig. 4, we plotted the SHG intensity
rofile along selected lines perpendicular to the fibril direc-
ion; the fibril count per unit length was determined by count-
ng the number of peaks. Because there is a small intervening
pace between collagen fibrils and a peak is observed across a
bril, the fibril count per unit length was determined by
anually counting the number of peaks. We computed and

veraged the collagen fibril spacing over five selected regions
f each sample. The averaged collagen fibril spacing is about
.40�0.13 �m at the lamina reticularis.

ig. 3 TPEF/SHG images obtained from the lamina reticularis at a
epth of 22 �m. The images were acquired by using two independent
hannels: �a� Typical TPEF image �green color-coded,
47 to 618 nm�. �b� SHG image �grayscale color-coded,
98 to 409 nm�. �c� TPEF/SHG image obtained by overlaying two
hannels. Scale bar=20 �m ��ex=810 nm, P�5 mW�. �Color online
nly.�

ig. 4 The collagen fibril counting procedure involves plotting the
HG signal profile along a selected line perpendicular to the fibril
rientation. The line in the SHG image of a few collagen fibrils se-

ected in Fig. 3�a� shows an example of such a selection. The profile
lot corresponding to that selection is shown below the SHG image.
ournal of Biomedical Optics 054024-
Overlaying the TPEF image and SHG image results in
high-contrast, high-resolution images that show structural de-
tails of the lamina reticularis, as shown in Fig. 3�c�. The
lamina reticularis is especially pronounced under the respira-
tory epithelium of large conducting airways, where it can be
several microns thick, which serves as a barrier; binds growth
factors, hormones, and ions; and is involved with cellular ad-
hesion, electrical charge, and cell-cell communication.32–35

Clinically, the lamina reticularis is the region of the
basement-membrane zone in human large airways that accu-
mulates collagen and leads to the subepithelial fibrosis asso-
ciated with asthma,30 so visualization of the lamina reticularis
based on intrinsic TPEF and SHG signals is very promising.

3.3 Characterization of Intrinsic TPEF and SHG
Signals from Stroma

Figure 5�a� shows TPEF/SHG images obtained from stroma at
a depth of 40 �m. Similar to the lamina reticularis, the exci-
tation wavelength is 810 nm. As can be seen, there are two
main microstructural components: elastic fibers and collagen
fibers. Elastic fibers are the morphology of strings �green
color-coded�; collagen fibers show a fine mesh of morphol-
ogy. Interestingly, serous glands were observed in stroma. In
Fig. 5�a�, some serous glands �indicated by white arrowheads�
are surrounded by collagen and display the morphology of a
concave polygon �color online only�.

To determine the precise origin of image-forming signals
from the stromal matrix, the stromal layer spectrum was ob-
tained using the image-guide spectral analysis method for
�ex=810 nm, as shown in Fig. 5�b�. The spectrum was accu-
mulated over the entire image of Fig. 5�a�. It reveals a sharp
peak at 405 nm �exactly half the excitation wavelength� and a
broad spectral feature characteristic of TPEF, including three
distinct peaks at 500, 554, and 639 nm. The sharp peak at
405 nm has a quadratic dependence on incident laser intensity
and shifts with changes in laser frequency to remain at exactly
half the excitation wavelength. Collagen is well-known to
produce SHG and is responsible for this signal.13,15 For TPEF
signals, the 500-nm peak is associated with the presence of
elastic fibers;14,21–23 the 550-nm peak corresponds to known
melanin emission spectra;14 and the third emission peak at
639 nm may arise from a porphyrin source.1

In addition, SHG signals from stroma were observed to
decay exponentially with depth �keeping the same excitation

Fig. 5 �a� TPEF/SHG images obtained from stroma at a depth of
40 �m. �b� Emission spectra of stroma. Error bars represent calculated
standard deviations �n=10 regions of five samples�. Scale bar
=20 �m ��ex=810 nm, P�5 mW�.
September/October 2008 � Vol. 13�5�4
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ower�, as shown in Fig. 6�a�. In this study, although the pulse
idth of the excitation pulses could be modulated by scatter-

ng and absorption in tissue, the effects are negligible in the
ange of detection depth �0 to 200 �m� because of the optical
ectioning capability and confocal measurement provided
y our nonlinear microscopy system. The SHG intensity I
ecays as a function of depth Z, according to �ISHG�Z

�ISHG�0 exp�−AZ�, where A is an attenuation coefficient that
s a function of the sample absorption and scattering proper-
ies at both the excitation and emission wavelengths. The in-
erse of A yields an attenuation length from five samples,

att=20.0�2.1 �m, that is a composite optical property of
he stroma, as depicted in Fig. 6�b�. This finding suggests that
he SHG signal’s depth-dependent decay can provide a sensi-
ive tool for obtaining quantitative tissue structural informa-
ion.

Collagen, a source of SHG, is the main scatterer in the
troma underlying the epithelium. The neoplastic progression
s associated with regulation of matrix-degrading proteases
ssential in invasion and metastasis.36,37 The resulting struc-
ural changes in the stromal collagen matrix and possible de-
omposition of collagen lead to changes in stromal
cattering.38–42 Thus, analysis of the optical property of col-
agen may be used as an additional diagnostic measure for in
ivo detection of preinvasive disease.

Recently, it has been recognized that alterations in stromal
iology may precede and stimulate neoplastic progression in
reinvasive disease,43,44 so the characterization of intrinsic
PEF and SHG signals from stroma may be of interest for
otential mucosal tissue diagnosis.

.4 Characterization of Intrinsic TPEF Signals from
Hyaline Cartilage

t deeper sections �above 90 �m�, the microstructure exhib-
ts morphological characteristics different from the micro-
tructure at depth 20 to 90 �m. According to the basic physi-
logy of the bronchus,2 we know that this layer may be the
ayer of hyaline cartilage. To visualize the hyaline cartilage,
PEF images were acquired. Figure 7 shows a representative
PEF image of hyaline cartilage at depth Z=95 �m. Similar

o the case of the epithelium, the excitation wavelength is
60 nm. As can be seen, chondrocytes are situated far apart in
uid-filled spaces, and the lacunae can be identified through

he fluorescent cytoplasm and dark nonfluorescent nuclei

ig. 6 Dependence of SHG intensity from stromal collagen on pen-
tration depth. �a� Peak values of the SHG spectra versus penetration
epth. �b� Plot of the natural logarithm of SHG integrated total inten-
ity versus penetration depth, Z, respectively. Error bars represent cal-
ulated standard deviations �n=10 regions of five samples; �ex
810 nm, P=5 mW�.
ournal of Biomedical Optics 054024-
�white arrowheads�. In addition, cellular matrix structures can
be clearly displayed based on strongly intrinsic TPEF. Similar
to respiratory epithelium, in Fig. 8�a�, the nuclear-to-
cytoplasmic ratio of chondrocytes is 0.65�0.17 �m �n=50
cells from 10 regions of five samples�.

To determine the precise origin of image-forming signals
from hyaline cartilage, the emission spectra from the cyto-
plasmic and extracellular matrix regions were acquired using
the image-guide spectral analysis method for �ex=760 nm.
Figure 8�b� displays representative spectra measured from the
cytoplasmic region �red arrowheads in Fig. 8�a�� and from the
extracellular matrix �green arrowheads in Fig. 8�a�� using the
image-guide spectral analysis method. As can be seen, there
are two peaks at about 470 and 530 nm in the cytoplasmic
region. The peaks at around 470 and 530 nm possibly result

Fig. 7 Intrinsic TPEF �425 to 618 nm� imaging of hyaline cartilage.
Scale bar=20 �m��ex=760 nmP=6 mW�.

Fig. 8 �a� Magnified image �corresponding to the rectangular en-
closed region in Fig. 7�. �b� Emission spectra obtained from cytoplas-
matic mitochondria �red arrowheads� and from matrix �green arrow-
heads�. Error bars represent calculated standard deviations �n=50
cytoplasmic/matrix areas from 10 regions of five samples�. Scale bar
=10 �m �� =760 nm, P=6 mW�. �Color online only.�
ex
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rom NAD�P�H and Fp fluorescence, respectively. Similar to
he respiratory epithelium, the redox ratio can be also mea-
ured and is 0.46�0.11 �n=50 cytoplasmic areas from 10
egions of five samples�. In the extracellular matrix, a 500-nm
eak, associated with collagen and noncollagenous pericellu-
ar matrix, was observed.

Hyaline cartilage has many functions in physiology, such
s reducing friction at joints, controlling the longitudinal
rowth of bone, and maintaining of the normal bronchial wall
issue architecture.45,46 Thus, the demonstration of intrinsic
PEF signals from hyaline cartilage may provide a valuable

ool to study these physiological processes.

Conclusion
n this study, we demonstrated the use of NLOM for imaging
he mouse bronchial wall microstructure. Intrinsic nonlinear
ptical signals obtained from the bronchus were shown to
rovide excellent microstructural and biochemical character-
zation of the bronchial tissue.

Our results show that NLOM allows quantitative imaging
f particular tissue constituents with subcellular resolution
nd without need for sectioning. It can offer a ratiometric
edox fluorometry based on TPEF from cellular NAD�P�H
nd Fp to study mitochondrial energy metabolism and a
odel based on the exponential depth-dependent decay of the

eflected SHG intensity for obtaining quantitative information
n the optical property of the stroma that can be potentially be
sed for the characterization of normal and diseased tissue
tates.

To the best of our knowledge, this is the first report on
maging the bronchial wall microstructure with high spatial
esolution and high contrast without labeling or slicing based
n intrinsic nonlinear optical contrast. This study shows the
otential of NLOM as a powerful noninvasive technique to
haracterize bronchial physiology and pathology. With the ad-
ent of nonlinear optical endoscopy, we foresee potential ap-
lications of the NLOM technique to in vivo real-time assess-
ent of bronchial disease in the future.
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