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ABSTRACT

Laser-induced fluorescence (LIF) and Raman spectroscopy were used to measure serum of esophagus cancer patients
and healthy people. Eighteen esophagus cancer patients and 21 healthy volunteers participated in this research.
Raman peak intensities between different groups were detected and compared. Three parameters were selected asthe
standard for comparison. This preliminary results show that Raman spectroscopy has the potential to target
esophagus cancer.
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INTRODUCTION

The incidence of esophagus cancer is estimateddl&and in USA. Five-year survival rate for esopisagancer is
less than 20%[1]. Radical treatment for early esgpls cancer is associated with long term survi®ahventional
detection method such as endoscopy is time conguanid has a low detection rate because of inflamemand high
inter-observer variability[2]. New approaches ar@iigent need.

Fluorescence spectroscopy has been used to distingancerous tissues from normal in many orgaok as lung,
breast, and cervical[3-5]. Raman spectroscopy igibaational spectroscopic technique which has reszki
considerable attention regarding applications incea screening. Raman spectroscopy is non-invasiyéd and
convenient, and is ideal for population screenihgfonumber of studies have been conducted on dtengial of
Raman spectroscopy for cancer diagnosis[7—9].

In this paper, LIF and Raman spectroscopy were uséahdem on the analysis of serum from esophaguser
patients before and after operation and healthplee&pectral results show that Raman spectrosebpgophagus
cancer can be differentiated from those of esophagucer after operation and healthy controls. & pegameters of
LIF-Raman spectroscopy were selected among graugset the changes with the development of esopltaguer.

EXPERIMENTAL SECTION

It may become more difficult to extract valuabléoimmation because some chemical components wouoléntly
influent the Raman spectra, so we must processaimples beforehand. Twenty-one healthy controlgsbphagus
cancer and 18 esophagus cancer after operatianipated in this experiment. To minimize the ingzgnce, all the
samples were extracted before breakfast. The vedbobtained was separated in segregator at al spfe2000
rot/min for 10 min. Then upper serum was sucked aradle into samples. Samples were kept in refrigerat
(temperature “€) hermetically for latter investigation but notcerding three weeks. While making spectroscopic
experiments, specimen about 2ml was injected irdlean quartz cuvette with a one-off sucker.
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Spectra were collected with a double spectrométearf be precisely controlled by computer) equibpéh a PMT.

After amplified by a lock-in amplifier, spectral tdawere input into computer and transacted. Thetsgerange
scanned was from 520 nm to 640 nm or 500 nm torBR@t a spectral resolution of 2¢mAnd the frequency of
chopper was 700Hz. Fig 1 shows the main parts oinstrument: an Ar-ion laser (made in 772 factorianjing), a

PMT (R456 model), a lock-in amplifier (391A modednd a double spectrometer (HRD-1 model). The vesagths

of 488.0 nm and 514.5 nm were chosen for excitation

We collected the samples once a week, and divideoh into normal, cancer and the ones after operafith the
samples were scanned, so two spectra were measgly¢ide spectrum from 520 nm to 640 nm excite®b4.5 nm;
(2) the spectrum from 500 nm to 620 nm excited 8§.@ nm. What we recorded was relative intensitiRafan
peaks in order to reduce such interference asrttielation of laser power. And for the purpose sskning influence
of other harmful factors, we sampled several da&meh wavelength. Then average values were redofdel in the
process of original data transaction, method dftlequares was used to smooth spectra.

Described spectrometer collected the needed spmudrransformed them, so we could observe a sppéetnd from
the fluorescence spectrum in the PMT system. Irbtral, region of fluorescence spectrum was widam fRaman
spectrum. The noise mainly composed by systemrstiee. After frequency calibration and spectrak@ation in
spectrometer system detection, we could get avelattensive-wavelength graph.

Chopper
L Serum PMT
Ar' Laser - Double
Spectrometer
Feedback Signal
Lock-in
Computer .
P Amplifier

Figure 1. Experimental setup of spectroscopy system
RESULTSAND DISCUSSION

Among the got data, Figure 2 is a typical normalyi® serum’s autofluorescence-resonance Ramanrapedtigure

3 is a typical esophagus cancer serum’s autofleeres-resonance Raman spectrum (before operakonyr!
Reference source not found. is got from the same patients' spectrum afteroferation (among all patients, he
recovered the best). In each Figure, (a) is extiteithe laser of 514.5 nm wavelength, and (b) acged by 488.0 nm
wavelength.
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Figure 2. Typical LIF-Raman spectra of normal people: (a), excited by 514.5 nm; (b), excited by 488.0 nm
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In Figure 2, three Raman peaks (mode A, B, and @jenC is the strongest one) can be observed. Watkeffect of
time, the position of fluorescence peak (excitedldy5 nm) had a little shift in the direction ofig wave. In the same
time, the intensity of fluorescence peak weakefiedthe end, mode C shifted to the left of fluoremeepeak. No
fluorescence peak appeared in the spectrum of agophcancer excited by 488.0 nm (Figure 3). Theelud
fluorescence spectrum transformed into ascendimg éifter affected. For spectra of esophagus camadlethe
fluorescence spectra are smoother than normallEnBaman peaks vanishedvalue decreases about Owdig the
ratio of scanning start value and inflection paatitabout 634 nm of fluorescence spectra). At thmeséime,
fluorescence spectrum’s starting point fell dowd aecame lower than end point (excited by 514.5 nm)
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Figure 3. Typical L1F-Raman spectra of esophagus cancer: (a), excited by 514.5 nm; (b), excited by 488.0 nm

After operation, three Raman peaks recovered feréifit degrees. Fluorescence spectrum keeps treetsamad and
we know that the two end points return to the dtaaéthe front is high, the behind is low. And &iit is impossible
for us to draw a certain conclusion because iedhirregularly. But we could point out that it iraised. After excited
by laser, the intensity of fluorescence decayediynand the fluorescence peak had different refissbcompared to
those before excited. We consider serum’s fluomseantensity weakening is because serum was atfeloy
photochemical reactions like photolysis under titkicing by laser. In our former researciy\ik12nm AX is the red
shift absolute value of fluorescence peak), we ¢aansider the serum belongs to the healthyalue is also an
important parameter. All the normal seraw0.8 (after excited). From spectra of esophagusaraitsAi ando do
not agree with the value of normal people. Frometdh we could know the patient is still ill althgiu his serum
a-value has already been partly similar to the nérma
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Figure4 Typical LI1F-Raman spectra of esophagus cancer after operation: (a), excited by 514.5 nm; (b), excited by 488.0 nm
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From thep-value @ equals to Raman peak absolute intensity/fluorescgreak absolute intensity of the same
position), we also could get abundant informatiomparing the graphs in the same fig@és14.5 nm) is greater
thanp (488.0 nm) in serum Raman-fluorescence spectrupeg@k after excited) if a person is healthy. Howetier
patient’sp state is on the contrary.

Three parameters of the three groups (normal, atdoer and colon cancer after operation) werautzbd and the
results were shown in Table 1. From the table, are see that all the three parameters have statigtaignificant
difference between groupp Yalue<0.001)Error! Reference source not found. is the three parameters of all the
samples from three groups. From the figure we eartisat, parameters belonging to different growpe lapparent
different values. The results show that the thiupeters are useful in the prediction of groups.

Table 1. Three parametersand the SD value of three groups

Value (mean + SD)

Parameters Normal Esophagus CancerEsophagus_cancer p-value
after operation
A\ 9.857(1.245) 13.056(1.649) 10.222(0.533) <0.001
a 0.962(0.084) 0.711(0.065) 0.722(0.053) <0.001
B 1.052(0.073) 0.867(0.082) 1.067(0.058) <0.001
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Figure5. Values of the three parameter s of the three groups

Integrating the research result of biological tesstautofluoresence, we regards the fluorescently games from
the serum’s lactochrome (Vitamin,)Bat wavenumber of 510-530 nm[10]. And the fluosss® in 600-640 nm
(excited by 514.5 nm) comes from resonametectron transition of haemoglobin’s porphyryl[1Etom the variation
of Raman peak like intensity and position, we assithat they were derived from the progressionsophagus
cancers.

In epidemiology, studies showed that the incidenfceancer is closely relevant to the Raman peadnsity. The
stronger, more distinct the Raman peak, the lesdénce of cancer. By comparing the chemical corapbpredicted
by the spectra, we found the Raman peak is veryasiio f-carotene’s[12]. Norman E. Marcon found that aswair
tissue becomes dysplastic, its fluorescent sigeatehses. Changes are wavelength dependent, arddifferences

in these spectral wavelengths correlate with chawtglistology. Research found that low levepafarotene caused
by low intake of vitamin C in serum contribute ihduction of gastric cancer[13]. Our result indezhthat the height
of Raman peak decreased with the aggravation ghegms cancer. It means that the intensity of Respantra has
close relation with cancer. The reason perhaphdscomponent of-carotene. Such conclusion agrees well with
former studies in chromatogram and epidemiology.

CONCLUSION
The variation of Raman peak in serum is a majotofator the detection of esophagus cancer. Follgwiime

aggravation of esophagus cancer, we found that Rapesmk would be weaker or even disappear. We have
demonstrated parametdysogether witho andAA be used for diagnosing esophagus cancer. Dueterttiogenous
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fluorescence background presented in blood plasvhich is of the order of a million times more insen the
relatively weak Raman signals are difficult to extr Therefore, future technique will resolve it.
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