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ABSTRACT

Raman spectroscopy is a promising optical technique for blood diagnosis. This study assessed the diagnostic
potential of Raman spectroscopy of serum by evaluating its ability to distinguish colon cancer patients and normal
people. Raman spectroscopy of serum taken from normal people, colon cancer patients, and colon cancer patients
after operation was collected by using an Ar-ion Raman spectroscopy system. Three parameters - 44, a, § - were
used for the comparison among different groups. Thirty-five colon cancer patients were tested before and after
operation, 22 normal people were measured as controls. The results show that Raman spectroscopy differentiated
colon cancer from colon cancer after operation, and the controls.
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INTRODUCTION

Colon cancer ranks as the third most common camoddwide, predicted in 2013 to account for 100utbend for

newly diagnosed cancers[1]. Currently, colonoscigphe most commonly used technique for early distecbut

this method cannot detect under-surface pre-causetbanges[2]. Endoscopic ultrasound and optichéremce
tomography (OTC) are two other usual methods fdorca@ancer detection. However, ultrasound has o |
resolution and OTC is complex to operate[3,4].

Raman spectroscopy can provide information aboethiochemical composition of the biological sampteis
possible for Raman spectroscopy to become a ragid;invasive and convenient method to detect mddecu
changes at a precarcinogenesis stage[5]. Ramatragmpy can effectively provide chemical variatinformation
about the structure and the composition of biolalgioaterials at molecular level[6]. Many researchage been
made in the detection of colon cancer using Rarpantsoscopy[7-9].

Our study applied LIF-Raman spectroscopy on serticolon cancer before and after operation and terol
group. Spectral differences and parameter changes wecorded and compared among groups. The rehdts
that LIF-Raman spectroscopy can be used as a masime, rapid and convenient analysis for coloncean
diagnosis.

EXPERIMENTAL SECTION

In this paper 22 normal human, 35 colon cancer m®% and cancer human after being operated wseanehed.
All sample were obtained from the Tumor Hospital Laddoning Province, subjects were phlebotomizedotzef
breakfast in thenorning. The vein blood obtained was separateédnegator at a speed of 3000 rot/min for 10 min.
Then upper serum was sucked and made into samPisples were kept in refrigerator (temperaturkC)4
hermetically for latter investigation but not exdaw three weeks.
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The spectral range scanned was from 520 nm to 6¥8nd from 500 nm to 620 nm, or from 510 nm to 6B680and
from 540 nm to 560 nm at the resolution of 2 cme Tiequency of chopper was 700 Hz. The laser sdorcthis
set-up was an Ar-ion laser operating at 488 nmildr%nm.

Figure 1 shows the main parts of our instrumentAafion laser (made in 722 factory in Nanjing), MT(R928
model), a lock-in amplifier (SRS-830 model), andoaible spectrometer (HRD-1 model).

Spectra were collected with a double spectromejaipped with a PMT. The sample chip was exited aliyeby
thelaser beam and the Raman radiation from samplecetected and put into the spectrometer. Then itpeas
was amplified by dock-in amplifier. All spectra data were inputantomputer and saved. A personal computer
controls the entire system, saves and output thmaRaspectrograph.

For each sample, four spectra were measured (13gdetrum from 520 nm to 640 nm excited by 514.5 @nThe
spectrum from 500 nm to 620 nm excited by 488.0(@nThe spectrum from 510 nm to 530 nm excited 8§.0 nm
after being radiated by laser (488.0 nm spectri#));The spectrum from 540 nm to 560 nm excited b#.5 nm
(514.5 nm spectrum). At the same time we measaodom cancer human'’s serum, excited by 514.5 nmi&8d0 nm
before operation and after operation.

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

Figure 1. Experimental setup of spectroscopy system

RESULTSAND DISCUSSION

Figure 2(a) shows the Raman spectrum of normal snserum excited by 514.5 nm. In the spectral rafi@20-640
nm, the three Raman peaks present in this regimmell distinguished, there is slight peaks A, peiak B and C is

clear. The relative intensity of Raman peak §;4) is 10.04%. The fluorescence peak is 547 nm.

Figure1(b) shows the Raman spectrum of colon cancer'sis@xcited by 514.5 nm. Though the spectrum ranges
520-640 nm, there is no clear Raman peaks prebsetwed in this region. The fluorescence peak Gsrib.
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Figure 2. Raman spectrum of serum excited by 514.5 nm
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Figure 3(a) shows the Raman spectrum of normal sreeTum excited by 488.0 nm. The spectral rang@ds520 nm,
and there are Raman peaks present in this reglmnparameterkso (relative intensity of peak C) is 8.24%. Figure
3(b) shows the Raman spectrum of colon cancerimseixcited by 488.0 nm. The spectra ranges 50m&2there
are two slight Raman peaks present in this reditvere is no peak A present. The parametggolis 2.45%.
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Figure 3. Raman spectrum of serum excited by 488.0 nm

Figure 4(a) shows the Raman spectrum of normal snsgrum excited by 488.0 nm after sample beingtadiby
laser (488.0 nm). The spectra ranges 510-530 rere tire two clear Raman peaks, Raman peak B atdrid4nd
Raman peak C at 1518 ¢nFigure 4(b) shows the Raman spectrum of coloner@mserum excited by 488.0 nm after
sample being radiated by laser (488.0 nm) too.speetral range is 510-530 nm. There are two sRgithan peaks:
Raman peak B at 1157 &iRaman peak C at 1518 ¢ém
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(a) (b)
Figure 4. Raman spectrum of serum excited by 488.0 nm after sample being radiated by laser (488.0 nm)

Figure 5(a) shows the Raman spectrum of normal snserum excited by 514.5 nm after sample beingtadiby
laser (488.0 nm). The spectral range is 540-560Tmre are three huge clear Raman peaks: Ramanpeeak000
cm?*, Raman peak B at 1144 ¢pand Raman peak C at 1518 triigure 5(b) shows the Raman spectrum of colon
cancer’s serum excited by 514.5 nm after samplegaidiated by laser (488.0 nm). The spectral ris§é0-560 nm
too, there are two slight Raman peaks - Raman Pextkl 144 cif, Raman peak C at 1518 ¢rand no Raman peak
A. There are big differences from Figure 5(a) aiglife 5(b).
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Figure 5. Raman spectrum of serum excited by 514.5 nm after sample being radiated by laser (488.0 nm)

For quantitative evaluation of the spectra, thrasameters were designed. The three parametesiare and 8.
Among them,A) is the red shift of fluorescence peakis the ratio between the fluorescence peak interdi
520nm and the intensity at 634 nnszflgs4 B is the radio between the relative intensity of Rarpeak C excited
by 514.5nm and the one excited by 488.0 ni3isl4gs0 Three parameters of the three groups (normagncol
cancer and colon cancer after operation) were [zdbml and the results were shown in Table 1. Fimentdble we
can see that, all the three parameters have safiigtsignificant difference between grougsvalue<0.001). Figure
6 is the three parameters of all the samples flometgroups. From the figure we can see that, peambelonging
to different groups have apparent different valuBse results show that the three parameters arflugethe
prediction of groups.

Table 1. Three parametersand the SD value of three groups

Value (mean + SD)

Parameters Colon cancer p value
Normal Colon cancer :
after operation
Ak 10.136(1.358) 13.029(2.443) 10.143(1.149) <0.001
o 0.923(0.085) 0.731(0.095) 0.717(0.038) <0.001
B 1.032(0.076) 0.837(0.083) 1.060(0.068) <0.001
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Figure 6 Distribution of the three parameters of all the samples

LIF is a valid way to detect the normal tissue egltl extraordinary chemical structure of the phajsibaracter of
tissue cell. At the same time, using the effectagér on the molecule can help us obtain the streicind energy
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change dynamics of molecule. The spectral theotgs#r is an important way and technique to thdyaisaof the
content and structure of bio material. The Ramaetspscopy is a valid tool to the detection of¢hanges of biology
tissue too. Furthermore, pathology theory and miéediology theory research indicated that there mauch
difference between the normal tissue cell and cawosecell of its chemical structure and physicadrelster. The
cancerous cell states of metabolism and chemioadtste led to the change of cell environment. lkemnore, all
these occurred before the cell were changed.hggtieory base of cancer diagnosis by LIF. In tleegss of cancer,
products of metabolism and gene of cancerous wats into blood. Then they led to the change obréscence
material and ingredient in serum. Therefore noranal cancer’s LIF and Raman spectra must be diffeféae former
part what we state is the basis of that LIF cagmtigis cancer, so the photophysical of native 8socence of tissue
cell and their structure can be considered as falysarameter. So in colon cancer and other carsmare chemical
compositions in serum may change dramatically ssadie progress and provide important clues fodihgnosis.
Therefore it is essential to find such changesdetdrmine the connection between them and cancduten for
diagnosis of cancer using LIF.

Results of some studies indicate that porphyrinceatration occurs in cancerous serum. Fluorescesmging

between 600 nm and 640 nm may be derived fromrémsition of electron in porphyrin in heme prot&@]. And

riboflavin contributes to the fluorescence randiegween 510 nm and 530 nm. Raman peak B was adgigenino
acids tryptophan and phenylalanine, and peak Cassagned to beta carotenen[11]. The decrease & fRaman
peaks was caused by the decrease of the corresgdnidmolecules with the deterioration of colon@am

CONCLUSION

The content change of chemical components in sesammajor factor in serum spectral changes. Thraligve state,
we can make a conclusion that the content of rawiril, porphyrin and other fluorescence materialseérum is
different between colon cancer and normal, whiduged Raman spectrum intensity and fluorescendéfesent
obviously. Through three parameteys, o, andp, we can diagnosis the colon cancer accuratelydygd® spectrum
and LIF. It's useful in diagnosis of cancer.
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