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Raman scattering properties of human pterygium tissue
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Abstract. Pterygia, caused by fibrovascular growth of conjunctiva,
are a common ophthalmic disease. However, the molecular compo-
sition of pterygium tissue has not been completely understood, and
therefore the aim of this study is to investigate the spectroscopic dif-
ferences between normal human bulbar conjunctiva and human
pterygium tissue using a confocal Raman system. The high signal-to-
noise ratio spectra from pterygium and conjunctiva tissue were ob-
tained by this technique without any sample preparation and the time
of detection required less than 3 min. Comparing Raman spectra of
two types of tissue, there are obvious changes, including intensity
decrease at ~1585 cm™' and intensity increase at ~1748, 1156, and
1521 cm™" with the lesion of conjunctiva. Additionally, the amide |
vibrational mode of proteins in conjunctiva is significantly different
than that in pterygium. The use of pathology, immunology, and the
peroxidation of the lipids in conjunction with the Raman results indi-

cate that the presence of additional elastic fibers, mast cells, and lym-
phocytes in pterygium, as compared with normal bulbar conjunctiva,
have fewer unsaturated fat acids. The present study demonstrates that
Raman spectroscopy can be potentially applied to diagnose pterygia

clinically. © 2005 Society of Photo-Optical Instrumentation Engineers.
[DOI: 10.1117/1.1888345]
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print spectral region, from 600 to 1800 ¢y contains a series

of sharp bands that can be used to characterize a particular
molecule and in some cases to identify the composition of
complex tissue’s samples. Since Yu et al. first introduced the
application of RS in ophthalmology in 19%5nvestigations
have focused on RS characterization of the cofrtbe, aque-

ous humo?f the vitreous’, and the retinal pigmert=2Up to

1 Introduction

A pterygium is the most obvious ophthalmic disease and is
characterized by growth of the conjunctiva. It commonly en-
croaches onto the cornea as a triangular or wing sligjge

1). Pterygia are usually small and relatively benign, but cause
considerable irritation and often recur after surgery. A propor-

_t|0r|1 gf casdestapp_e Zr tﬁ bte |_nr]3er|tt__3ednut_ c;lther fat(_:tors— d now, no published papers involve RS characterization of hu-
including dust, wind, heat, infection, inflammation, and - pterygium tissue.

sunlight—have been proposed as causes. Nevertheless, the 14" -hiracterize the molecular composition of pterygium

pathogenesis of pterygium remains unclear. _ and normal bulbar conjunctiva tissues and confirm the results
While there are still no defined causes for pterygium for- ¢ yiyra-structural pathology, immunology, and peroxidation
mation, some  techniques including ultra-structural of |ipids, Raman spectra of pterygium and normal bulbar con-
pathology’® immunology; and the peroxidation of the lipids  junctiva tissue, which were obtained by employing visible
are used to characterize the differences of micrOStrUCtUre,excitationS, as well as pre"minary discussions of Raman scat-

compositions, and metabolism between the pterygium andtering properties of pterygium in conjunction with results of
normal bulbar conjunctiva tissue. Among these techniques, correlative studies, are first reported here.

ultrastructural pathology, such as transmission electron micro-
scope(TEM), could only provide the ultra-structure of tissue 2 Materials and Method
but was limited to describe the molecular composition of tis- 2.1
sues directly. Furthermore, neither immunohistochemical
staining nor peroxidation of the lipids could identify the com-
position of biomedical tissues with elaborate information
about molecules.

Raman spectroscopfRS) permits accurate, rapid, nonde-
structive, and noninvasive identification of tissues. The finger-

Ethical Approval

This protocol was approved by the relevant Local Research
Ethics Committee$Ching).

2.2 Sample Preparation

Surgical specimens of pterygia and normal conjunctival speci-
mens from age-matched pterygia patients were obtained from
Wuhan AIER Eye Hospital, Wuhan, China. Written informed
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detected by using an air-cooled 57885-pixel CCD camera.
Peak frequencies and rapid checking of instrumental perfor-
mance were calibrated with the silicon phonon line at 520
cm L. Spectral data were visualized on a computer and pro-
cessed for baseline correction and normalization by the
GRAMS/32 spectroscopic softwak@hermo Galactiz Pro-

file data were then imported into Origin 7.0 softw#€@rigin

Lab Corporation

3 Results
Fig. 1 Photograph of eye suffering from pterygium (taken by Nikon The confocal Raman systef€RS technique yielded rapid
COOPIX 4500). The wing-shaped hyperplastic conjunctiva, which acquisition of high-SNR Raman spectra of the human normal
contains abundant blood vessels (red arrow), is encroaching onto the bulbar conjunctiva and pterygium tissue using 514.5-nm laser
cornea (white arrow). irradiation. Typical Raman spectra obtained from normal bul-

bar conjunctiva(a) and pterygium(b) tissue, without any
) ) ) sample preparation, are shown in Fig. 3. The inset in Fig. 3
consent was obtained from all patients. Specimens from the shows the spectra of the above-mentioned tissue before back-
patients, which included 7 women and 13 men treated for ground subtraction.
pterygia, were separated into two parts. One was used for 2 The CRS as presented here has various advantageous prop-
histochemical H&E staiitFig. 2), and the other one was used  grties, as mentioned in many reporisThe high gain of this
for a frozen section. Cryosectiofi@> um in thicknesswere  gptical system design is the high numerical aperture objective
obtained from the biopsy specimens and placed on a goldjens and a highly sensitive CCD camera. The confocal ar-
sheet for measurement of Raman spectroscopy. There were Ngangement prevents the detection of stray light and enables
extra Raman peaks for the gold sheet in the fingerprint spec-the probing of small optical volumes, yielding adequate spa-
tral region, from 600 to 1800 cnt with somewhat low noise fia| resolution. To minimize the auto-fluorescence of tissues
at the excitation wavelength of 514.5 nm. During measure- ynder visible excitation, the CRS should be optimized by re-
ment, the conjunctiva tissue section was thawed to reach roomgycing the slit and CCD area to suppress fluorescence and get
temperature and allowed to dry in air and discarded after use.pigh performance. Furthermore, laser bleaching was often
employed, which means most samples should be irradiated by
2.3 Raman Instrumentation laser about 1 min to minimize its auto-fluorescence. This sys-
A Renishaw Raman microspectrometéSystem RM1000, tem had the highest spatial and spectral resolution; the laser
Renishaw, Wotton under Edge, U)Ksimilar to the system  Wwas focused to a small spot within the sample and the Raman
used by Puppels etdf, was optimized for maximum  scattered light collected only from that poiritTheoretically,
throughput, detection sensitivity, and fluorescence suppres-the size of laser spot in our experiments could be given by
sion. The argon ion laseiSpectra Physics, Mountain View, $=0.61:A/NA, and it was about 0.8m. Factually, the laser
California) provided a 20-mW excitation light at 514.5 nm. beam was focused manually on individually spots by means
After attenuation through prisms and filters, the power of the of a microscope objective to a spot of 1 tquén in diameter.
laser exposed on the samples was only about 4 mW, which The power density was generally defined as the ratio of the
makes it almost impossible for the laser to lead to degradation power of the laser to the area of the spot, which means power
of the tissues. Spectra were measured from tissues witha 20 density here was about 1 murh?. Therefore, the spectra that
short-working-distance objectivéNA 0.40), and the signal were collected with such low excitation powers did not reveal
was integrated for 30 to 120 seconds and measured over shanges that could be attributed to tissue hedfing.
spectral range of 600 to 1800 crhwith respect to the exci- The main Raman bands and their assignments are listed in
tation frequency. The system included a stigmatic spectrom- Table 1. The primary Raman peaks of tissue were observed at
eter with two motorized gratings, of which the 1800 1003, 1172, 1306, 1362, 1395, 1585, and 1639 Gretc.,
grooves/mm grating was used to provide a spectral resolutionpresented in both tissue samples except for the bands at 1156,
of the Raman scatter of about 5 chRaman scattering was 1524, 1656, and 1748 ¢, which only appeared in the spec-
tra of pterygium. Additionally, the Raman band appears at
~1450 cm? in the spectra of bulbar conjunctiva but at
~1440 cm! in that of pterygium, which should be assigned
to CH3(CH,) deformation vibration of proteins.
Raman bands of tissues, including the bulbar conjunctiva

el : and pterygium tissue, result primarily from protein vibrations,
» ¥y such as amide | at-1656 and 1639 cit, amide Il in the
l{ g 7 B 1220 to 1300-cm! region’® CH, (or CHy) deformation vi-
.- bration of protein at~1450 cm*,'® and CH, twisting and

. . . — 7
Fig. 2 Histological studies of pterygium. (A) H&E stain of pterygium wagging vibration aF .1306 and 1172 .CM Furthermore,
showing prominent subepithelial connective tissue in the pterygium there are more specific Raman scattering f_or_smaller molecu-
(original magnification, 100X). (B) H&E stain of normal conjunctiva lar compounds, such as the very characteristic sharp band for
(original magnification, 100x). ring-breathing vibration of phenylalanine at1003 cm,
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Fig. 3 Raman spectra of (a) normal human bulbar conjunctiva and (b) human pterygium in the 600- to 1800-cm™' region with 3-min acquisitions

and baseline subtraction. The corresponding spectra before baseline subtraction are inserted in the figure.

Table 1 Raman band position and tentative assignment of pterygium

which appears in all protein-containing samples. On the other
P b 9 P and normal human bulbar conjunctiva tissues.

hand, vibration of lipids also appears in the spectra of two
types of tissue, such as the band -a1585 cm?, which

should be assigned to the stretching vibration efCin un- Raman band position (em™) Assignments'*~!”
saturated fat acids, and the band at 1364 {which may be o
assigned toCH; symmetrical deformation vibration of 1748 C=0" stretching vibration
. . 17
lipids. 1656 amide | of elastin
1640 amide | of collagen
4 Discussion o . o
1585 “C=C" olefinic stretching of lipids

Figure 3 depicts the typical Raman spectra of normal bulbar
conjunctivaFig. 3(a)] and pterygiun Fig. 3(b)] tissues in the 1524 ".C=C-"" stretching of carotenoid
range of Raman shift from 600 to 1800 ch Even at an

exposure time of less than 3 min, the SNR is sufficiently clear 1450/1440 d CH,(CH,)
to distinguish the pterygium from normal bulbar conjunctiva. 13¢4 CH, symmetrical deformation vibration
of lipids

4.1 Elastic Fibers: The Main Composition of 1306/1172 CH, twisting and wagging
Pterygium

. . ... 1220-1250 amide I
The connective tissues are generally composed of elastic fi-
bers and collagenous fibers, and these two typical fibers are1156 ".C-C"" stretching of carotenoid
mainly made up of elastin and collagen, respectively. Accu- ]

1005 phenylalanine

mulation of elastin in solar elastosis in photodamaged skin
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has been demonstrated in transgenic mice, by both immuno-are small molecule compounds, such as aldehyde and ketone,
histochemistry and molecular biology techniqd®g? It is etc. Malondialdehyde is one of the end products of lipid per-
likely that the pathological changes in conjunctiva in response oxidation reaction and is a marker of lipid peroxidation reac-
to chronic UV irradiation are similar to those in chronically tion. The study of lipid peroxidation reaction stressed that the
sun-damaged skin. concentration of malondialdehyde in the pathologic samples
The results of pathological ultra-structure of pterygium was much higher than that in the normal sampld3
stressed that multiplication and degeneration of elastic and <0.01).°
collagenous fibers are the prominent pathological changes, From Fig. 3, the Raman band neaf585 cm* should be
and the pre-elastic fibers and denatured elastic fibers are theassigned to a €EC unsaturated fatty acids stretch of lipids in
main compositions of pterygiuAT Comparing the spectra of  the pterygium tissue. It was obviously lower than that in nor-
normal conjunctiva and pterygium tissue as shown in Fig. 3, mal bulbar conjunctiva tissue. Accordingly, the Raman band
there are obvious differences in the region of amide |. The near~1748 cmi?, which should be ascribed to &=@® stretch
bands near 1639 cm and 1656 cm?, which should be as-  of aldehyde or ketone, only appears in the spectra of the
signed to amide | vibration of collagen and elastin, respec- pterygium tissue. These results sufficiently confirm that there
tively, both appear in the spectra of pterygium tissue. How- are significant decreases of unsaturated fatty acids in ptery-
ever, only the band at 1639 crhappears in the spectra of gium as a result of a lipid peroxidation reaction but a signifi-
normal bulbar conjunctiva tissue and even its relative inten- cant increase of malondialdehyde accordingly.
sity is higher than that in the spectra of pterygium. It is dem- Since the late 1970s, there has been an increasing flow of
onstrated that elastin is the main type of tissue in pterygium articles on applied Raman spectroscopy in ophthalmology.
and there are also small amount of collagen in it, which is This increase reflects the expectation that this valuable tech-

consistent with the results of ultrastructural pathol6gy. nique will be introduced in the future into clinical practice.
However, to introduce the Raman technique as a clinically
4.2 Lymphocyte: Significant Increase in Pterygium applied diagnostic tool, much more work has to be done. The

discrepancy between system sensitivity and eye safety is the
main drawback of the RS system for ophthalmic use, which
still needs to be overcome to allow the safe clinical applica-
tion of this optical technique for the noninvasive assessment
of conjunctiva in vivo. However, we believe that with ad-
equate improvement in system safety, RS could potentially be
applied as a noninvasive tool for the assessment of conjunc-
tiva in vivo with clinical relevance for the early diagnosis of
pterygium.

Several investigators have noted an increase of mast cell
(MC), Ilymphocyte, and plasma cell numbers in
pterygium®?1?2This study demonstrates the validity of these
results in that there are significant increases of lymphocyte in
pterygium.

Carotenoids are widely spread in all sorts of organ tissues
especially in lymphocyte, and lymphocyte may be the main
carrier of carotenoids in pterygium. There are two character-
istic bands at~1521 cm* and ~1156 cm! of carotenoids,
which should be assigned to carbon-carbon double-bond .
stretch vibrations of the molecule’s backbone and carbon- 5 Conclusions
carbon single-bond stretch vibrations of carotenoids, This study has demonstrated the facility of confocal Raman
respectively’® Carotenoids arer-electron conjugated carbon- microspectroscopy to distinguish between pterygium and nor-
chain molecule$C,oHse) and are similar to polyenes in their  mal bulbar conjunctiva tissue and the great potential of Ra-
structure and optical properties. Because of the molecular man spectroscopy in combination with optical fiber probes for
structure of polyene molecules, they elicit very strong Raman rapidly investigating the pathology of pterygium in vivo. In

scattering, especially when resonantly excited in their* conjunction with the results of ultrastructural pathology, im-
electronic absorption transition in the visib{giolet/green munology, and the peroxidation of the lipids, pterygium were
wavelength rangé* discovered that had more elastic fibers, mast cells, and lym-

In comparison with the spectra of normal bulbar conjunc- phocytes, but fewer unsaturated fat acids than normal bulbar
tiva tissue, typical characteristic Raman bands of carotenoidsconjunctiva tissue. We also found that elastic fibers were the
were observed only in the spectra of pterygium as shown in main component of pterygium.

Fig. 3(b). This result proves that the content of carotenoids is

more in pterygium tissue than in normal tissue. According to Acknowledgments
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