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ABSTRACT: The purpose of this study is to diagnose the photodynamic therapy (PDT) by using different optical
techniques for characterization of tissue. The feasibility of many of these tools has been demonstrated in animal
experiment (in vivo). PDT was used as a treatment of breast cancer. The model of breast cancer was induced by Ehrlich
ascites administered in the thigh of the mice to bear solid tumor. These tissues were injected by the photosensitizer
(TMP) and irradiated with diode laser at wavelength 650nm (irradiance 398 mW/cm?). We evaluate the normal group,
abnormal and treated tissues by using fluorescence spectroscopy, and the vibration transition changes of each group by
using FTIR and Raman spectroscopy.

The fluorescence spectra of coenzymes flavins, amino acids tryptophan and lipid porphyrin were discussed by using
suitable line excitation wavelength 450 nm, 405 nm and 280 nm respectively. The fluorescence emission spectra (FES)
were recorded. The tumour control shows a prominent peak at 605.5nm, while in treated and normal at 606 nm and 601
nm, respectively, which due to porphyrin. The emission peaks of flavin of the three groups were identical; appear at
513nm, the normal control and the treated are much more intense than the tumor. In case of tryptophan spectra gives
height intense in tumor was positioned in 330.5 nm. The normal peaks appear at 330.5 nm, it even lower than the
treated which poisoned in 331nm.

The result of fluorescence studies confirmed that the PDT treatment is an effective method of breast cancer (falvin &
porphyrin gives 100% and tryptophan 75%).

The results of Raman and FTIR are also analyst and discussed.

KEYWORDS: photodynamic therapy (PDT), fluorescence spectroscopy, Raman spectroscopy, FTIR, laser diode,
TMP photosensitizer.

I. INTRODUCTION

Optical spectroscopy recently has been a wide used as diagnostic techniques to provide information about molecular
composition of the structure of tissue [1,2].

Photodynamic therapy (PDT) is an interesting treatment modality for cancerous and precancerous lesions in addition to
a number of other diseases. Disease leads to change in the molecular composition of tissue and one may assume that
such changes occur simultaneously or even preceded modulation in cell morphology and tissue structure. PDT is a local
treatment modality based on a combination of a selectively localized light-sensitive drug, (known as a photosensitiser)
and light of an appropriate wavelength. The light-activated form of the drug reacts with molecular oxygen to produce
reactive oxygen species (ROS) and free radicals [3], that are cytotoxic to cells of target tissue [4].
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Fluorescence Spectroscopy is an emerging technology with potential applications in experimental stages for clinical
diagnosis and discrimination of cancer, normal and treated tissues. Many studies showed evidences of different
fluorescence properties of normal and many types of cancer, which are detectable by means of fluorescence
spectroscopy. When excited at suitable wavelength, several bimolecular species gives rise to a fluorescence emission
over a wide range in the UV-visible region. Cancers increase the rate of metabolism and give rise changes in
endogenous fluorophores. The difference arises due to the active nature of the endogenous fluorophores including
tryptophan, flavin and porphyrin. The fluorescence of the endogenous molecules plays an important role in analyzing
the tumor [5,6,7]. Wenchong et al[8] presented porphyrin is a tumor maker in the cancer blood. Sankari et al[5]
observed the relationship between porphyrin, tryptophan and cancer cell proliferation in a liver tumor, and the
abnormal cell proliferation reduction when treated by administered drug the porphyrin and tryptophan are controlled
and reformation. Malsilamani et al[9] and Karthikeyan et al[10] discussed the relationship between porphyrin and
proliferation of cancer cell in an animal tumor.

Raman spectroscopy is a unique molecular vibration technique that has found its remarkable way in routine clinical
oncology application because of its excellent capability of non destructively probing, the changes of molecular
composition in biochemical vibration markers associated with tumor processing[11] Proteins and lipids, and
carbohydrate —amid | were found in the bands 1440-1460 cm™ and 1650 — 1680 cm™ respectively, of human breast
cancer tissue and non-diseased tissue, present in literature’. Garcia et al,[2] has shown the bands of Raman in breast
cancer and normal tissue at 2854cm™ and 2895 cm™ (CH, stretching of lipids), 2937 cm™ (CHj stretching of proteins)
and 3010 cm™ related to CH stretch lipids.

Fourier transform infrared spectroscopy (FTIR) is an optical technique that provides highly specific spectroscopic
fingerprints of the molecular composition of tissue. FTIR can also provide unique information on molecular structure,
mainly for determining the structure of proteins, mutation of nucleic acids and peroxidation of phosphlipid [12].

Il. MATRIALS AND MATHODS

a- Ehrlich ascites carcinoma cell line:- A line of Ehrlich Ascites carcinoma provided from National Institute (NCI) in
Egypt. Present line was supplied through the courtesy of Prof. G. Kline, Amsterdam, Holand. The tumor was
maintained in female Swiss albino Mice interperitoneal transplantation of cell. This cell line (5x10°%) was used to induct
the solid tumor in the thigh. The tumors were taken 15 days to grow.

b- Animals:- 45 female Swiss albino mice (25-30 g body weight) were divided into three groups, normal control
(groupl), tumor control (gruop2) and treated group injected by TMP photosensitizer 0.5 mg/kg and radiated with
diode laser 650 nm at irradiance 398 m\W/cm? (group 3)

c- Photodynamic therapy protocol:-

1- Drug Administration:- the tumor bearing rats (group3) were injected intra-tumor with the drug dose of TMP
0.5mg/kg, which purchased from Frontier Scientific (Logan, USA) ( the needle was inserted laterally at the tumor
midline and positioned approximately at the center of the tumor)[13].

Light treatment and equipments :- Two hours after the drug administration , the animals were anaesthetized and
irradiated on the thigh, with the visible light GaAlAs diode laser (photon lase Il1l, DMC, Sao Carlos, Brazil) at
wavelength 650 nm, power 50 mW (irradiance 398 mW/cm?) , the laser exposure time was 10 minute.

The animals were maintained in a dark room after injected by (TMP), which are sacrificed after 24 hours;™ samples
were collected and analyzed, the samples have been put in plastic containers.

The fluorescence emission spectra (FES) have been analysed using FP-6300 spectrofluorometer, the samples that have
been collected were equipped in flat quartz cell and excited with three different wavelength 450 nm and 405 nm 270
nm to evaluate the flavin, porphyrine and tyrosine respectively. The spectra were collected and analysed.
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A compact dispersive Raman microscope (Bruker-Senterra 11) was used in this study. The laser excitation line used
was 785nm of AlGaAs laser.

FT/IR 4100 (Jasco) was used to measure the absorption spectra of samples. The samples were prepared, whereas sliced
to 50 um by cryostat and put in glass slit and inserted in FTIR device.

During the period of spectral analysis samples have been stored in deep freezer at temperature -20°C [14].

I11. RESULTS AND DISCUSSION

3-1- Fluorescence spectroscopy:- This work present, the auto fluorescence spectra of the normal, malignant and
treated tissue, which measured at the emission wavelength from 300-700 nm, for lipid pophyrin, amino acids
tryptophan and coenzyme flavin. According to the Beer Lambert's law, the optical absorption is proportional to the
concentration of the sample.

2.5 normal-tumor-treated porphyrine ex405
2
normal
L ——tumor
1 treated

fluorescence intensity a.u

wave length nm

Figure (1) shows the different intensities Of fluorescence spectra of porphyrine for normal, malignant and treated
tissues corresponding to the excitation wavelength 405 nm, differences were observed in emission spectra for three
tissue samples, the positions 601 & 0, 605&623, 606&621 nm emissions are due to normal, tumor and treated tissues
respectively. The intensity of the tumor tissue is higher than the normal and the treated tissues.
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Figure (2) presents fluorescence spectra of three sampls, when we used excitation 450 nm/513nm emissions,
corresponding to Flavin. The normal and the treated tissue gave identical spectra, however the tumor spectrum showed
the lowest intensity.
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Figure (3) shows spectra of FES of the three groups at 280 nm excitation wavelength corresponding to tryptophan
fluorescence. The emission of the three samples normal, malignant and treated tissues present the prominent intensity

around 330.5 nm. The tumor peak was higher than the normal and treated. This matched with the results of (Sankari et al [5],
Surapaneni et al[15].

Table (1):- Presents fluorescence intensity at (arbitrary unit) of the three fluorophores in the normal, tumor and treated
tissues.

Florophores | Normal | Intensity | Tumor | Intensity | Treated | Intensity
a.u a.u a.u

Porphyrin 601 1.364 | 605.5 | 1.996 606 1.289
623 -0.229 621 -0.340

Flavin 513.5 1.668 | 5135 | 1.416 513.5 1.668

Tryptophan | 330.5 | 3.7358 | 330.5 | 8.24467 | 331 | 5.14524

Ratios of the fluorophore between two intensities in each two samples. Which present the accumulation of each
fluorophrs in the samples.Ratios of the fluorophore between two intensities in each two samples. Which present the
accumulation of the fluorophrs in the normal, tumr, treated tissues.
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Fluorophors | | Tumor/l Normal | Tumor/ | Treated I Normal/l Treated

Porphyrin 146 % 155% 105%
Flavin 85% 85% 100%

Tryptophan 221% 160% 73%

We extract from the table (2) a comparison between the intensity of normal and the intensity of treated tissues for
phorphyrin, tryptophan and flavin, revealed reduction of porphyrin in treated tissue, which gives hundred percentages,
in tryptophan reach 75%, while in flavin increased reaching hundred percentages.

In breast cancer, the ratios of the fluorescence intensities at the emission peaks, 340, 440 and 460 nm that attributed to
tryptophan, had high ratios in a high histological grade, while in low grade tumor had low ratios [16].

Accumulation of porphyrin in tumor attributed to a porphyrin is an ingredient of heme derived form intermediate
prophyrinogens in the biosynthesis pathway which are form the proto-heme. Porphyrine is a small amount in all living
cells, the synthesis of protoporphyrin is under feedback control; that is, cell produce it at a rate just sufficient to match
their heme levels, but with excessive cellular proliferation the feedback mechanism loses control, and the excess
porphyrin thus produced appear in the tissue and blood [17]. Also Protoporphyrin (PplX) is aporphyrin derivative that
combines with ferrous iron to form the heme of hemoglobin and with ferric or firrous iron to form the prosthetic groups
of substances such as myoglobin, catalase, and the cytochromes. Abnormal metabolism was observed in blood, plasma,
serum, and tissue cancerous, which indicated that cancer cells accumulate more PplX than normal cells and tissues
accumulate [18,19].

In flavin, the reasons for the decreased autofluorescence seem to be a decrease in the amount of oxidized forms of
flavins in malignant tissue. Another reason for decrease in tumor autofluorescence might be a change in the relative
nicotinamide adinine dinucleotide (NADH) and the weakly fluorescent oxidized from NAD" in malignant tumor[13].

In conclusion the differentiation between three types of tissues was done by comparison of their intensity ratios
between each two of them. The results showed that the PDT is much more effective. .

3-2-FTIR spectroscopy: -The differences between normal, malignant and treated tissues were dependent on the
numerical changes of several band intensities and frequencies. As seen in figures (4) and (5) the spectra are quite
complex and contained several bands arising from the contribution of different functional groups belonging to proteins,
lipids and other [20].

The most widely used modes in infrared spectra of the protein structure are amide region and the C-H region. The
amide regions are amide I, amide Il and amide Ill. The amide | band arises principally from the C=0 stretching
vibration of the peptide group. The amide Il band is primarily N-H bending with construction from C-N stretching
vibration. The amide Il absorption is normally weak and arises primarily from N-H bending and C-N stretching
vibrations.[5] the region of amide | (1600-1700) cm™ we have two absorption band 1671 cm™and 1616 cm™ related to f
turn and B sheet in normal tissue, bands 1679 cm™ and 1612 cm™ appear in tumor tissue, and in treated tissue appear at
1640 cm™ & 1669 cm™. These bands of tumor are much higher intense than in normal and treated tissue [18].

The range 1300-2000 cm™ in figure (4),which consist the lipid band, the ester C=0 stretching vibration at 1750-1720
cm™, is sensitive for the structural changes in the biological membranes. The broad band consist two components
around 1742 and 1727 cm™. First, these components were thought to reflect the sn-1 and sn-2 ester bonds of the
glycerol backbone [20]. The infrared band of fatty acyl ester at the sn-2 position in the microsomal membranes shifted
to the red wave number position (1731, 1730 and 1732 cm™) in the normal, malignant and treated tissue respectively,
the normal and treated tissue have high intensity than that in malignant[18,19]. Strong associated with lipid implying
that any shift in the frequency of this band can be directly correlated with an alteration in the state of intermolecular
hydrogen bonding of the interfacial region of the phospholipids structure with water molecules and/or some functional
groups of other molecules.[20] The other reason that the fast growth of cancer needs more nutrition and energy, it
might utilize lipid to supply nutrition and energy, the lipid substance not to be accumulated in cancer cell and tissue
[21].
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In Figure (5) the lipid spectra contain a large proportion of methyl, methylene and carbonyl bands in the region 2600-
3700 cm™ [22]. The absorbance band at 2922 &2930 cm™, and 2851 & 2852 cm™ which correspond respectively to the
antisymetric and symmetric stretching vibrations of methylene (-CH,) groups, the membrane lipid which is directly
related to the lipid acyl, primarily saturated, chains. The band at 2956 & 2958 & 2958.5 cm™ is associated to
asymmetric CHs stretching mode of the methyl group, and less contribution of proteins[21,22,23]. In malignant tissue
the intensity of methyl was decreased while increased in methylene [20]. The bands at 2965 cm™ and 2850 cm™ were
related mainly to the stretch of proteins.

The changes in frequencies, intensities and band shapes of these bands may provide further information about the
structural changes associated with malignancy. In our result the malignant tissue of the symmetric CH,, 2927 cm™ band
decreased when compared to the corresponding bands in normal tissue [2].

Daicoviciu et al.,[24] shows that an animal's treated by 5- ALA PDT the levels of lipid peroxides and protein carbonyls
were increased both in plasma and tumor, and Saczko et al., [25] present in their literature the level of lipids
peroxidation was higher for cells after PDT, comparing to control cell ® . According to our results we observe the
FTIR spectra, in treated tissue bands of the protein content have lower peaks in comparison to malignant tissues but
still higher than the normal. And the lipid bands are the highest in treated tissue when compared with normal and
malignant. Subsequently, the treatment of malignant tissue by PDT is successful.

normal
7 A e LM OT

treated

absorbance a.u

1300 1500 1700 1900
wavenumbercm-1

Figurem (4) shows the FTIR spectra in the range 1300-2000 cm™ for normal, malignant and treated tissue. which
consist the lipid band, the ester C=0 stretching vibration at 1750-1720 cm™ [20] . The infrared band of fatty acyl ester at
the sn-2 position in the microsomal membranes shifted to the red wave number position (1731, 1730 and 1732 cm-1) in
the normal, malignant and treated tissue respectively
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Figure [5]:-FTIR spectra (2000-4000 cm™) for comparison between control normal tissue, malignant tissue and treated
tissue in the thigh of mice, the bands of FTIR spectra in this region consist lipids and proteins

3-3 Raman spectroscopy:- Figure (6) shows the Raman spectra of normal, malignant and treated tissue. Table (3)
presents all peaks and their assignments. The main spectral differences of typical Raman microscope at the interval 500
to 2000 cm™ which may differentiate diagnostically the sample.

The prominent vibrational bands spectra in treated tissues 512, 592, 669, 802, 859, 969, 1005, 1306,1444, 1546, 1608,
1665 and 1738 cm™. The spectra of neoplastic tissue showed band at 517, 617.5, 694, 801, 858.7, 970, 1003, 1058,
1038, 1307, 1454, 1559, 1615, 1655, and 1737 cm™and in the non neoplastic tissue displayed the Raman spectra at 530,
604, 696, 806, 864, 1006, 1047, 1071, 1301, 1443, 1554, 1603.5, 1657 and 1746 cm™,

The intensity was found to be larger in treated tissue than in normal, and was found to be even lower in neoplastic
tissue in the bands 512, 697, 859, and 1608 cm™, almost these bands attributed to proteins. However, the lipids bands
1071, 1301, 1443 and 1657cm™ in the normal is greater than the tumor and was found to be even lower in treated tissue.
Even though the bands of tumor tissue 806, 1554, 1006 cm™are at high intensity when compared to the treated and
normal tissue [2,26,27,28,29,30] .

In figure (7) the region 2000-3700cm™ included normal, tumor and treated tissue, and Presented four bands spectra
2101.5,2103, 2107& 2225, 2220, 2226& 2851.5, 2847, 2844 and 2937, 2969, 2927 cm™ respectively. In normal tissue
the two bands of lipids 2225 cm™ and 2851.5 cm™are higher than the tumor and treated tissue. Prominent Raman bands
in the region 2500-3700 cm™ at ~ 2851.5cm™ (CH, stretching of lipids) and 2937 cm™ (CHj stretching of proteins), and
abroad band of water in the region of 3010-3550 cm™ were found to be with small variation in intensities. The variation
of intensity in the two bands of 2851.5cm™ and 2937cm™ can be lead to a comparison between normal and abnormal
tissue spectra based on their vibrational spectra of lipids and proteins [27].

In Raman spectroscopy: (i) After treatment of malignant tissues lipids contents are increased while proteins decreased.
(ii) Proteins peaks decreased after treatment of malignant tissues, but it was still higher than in normal tissues.
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Table (3):- General band assignments of the Raman spectra of normal , malignant and treated tissues based on

literatures.
Normal Raman Tumor Raman Treated Raman Assignment
cm™ Intensity cm™ Intensity cm™ Intensity &References
[26], [27], [30], [28] ,[29],
[2] .[31]
530 12.7565 517 10.3182 512 34.8743 510-525%
Pyrimidine ring
deformation
604 9.9565 617 12.4168 592 30.8463 B17-600[23]
C=0 bending
696 17.8482 694 8.9585 697 37.00 70017
Cholesterol
806 11.1260 801 55.2257 802 53.6201 8051
P-O stretching
864 37.5726 858.7 35.1782 859 38.4550 854 c-C
stretching protein
969 10.3353 970 27.8096 969 27.9370 97280
PO, stretching
1006 10.5311 1003 38.4616 1005 31.0047 10052
C-Cring
breathing of
phenylalanine
1047 8.7493 1038 10.0745 | - | e 1047[30]
C-O-P stretching
1071 42.4788 1058 244812 | - | e 1055-1070B%
CO-0-C
symmetric
stretching
1301 36.8430 1307 14.4761 1306 10.1718 1302171
1299%7ICH,
twisting and
bending
1443 67.4281 1454 8.3125 1444 14.3733 144571
CH,bending
mode of protein
and lipids
1554 3.9999 1559 20.6665 1546 14.9258 15508
Amide |1
1603.5 2.2093 1615 9.2741 1608 10.4162 1600C%
Tyrosine ring
vibration
1657 58.1148 1655 27.8857 1665 18.40281 1660-1655*"
C=0 amide I,
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1746 15.8450 1737 14.6609 1738 8.1579 1745 -1730
C=0 stretching

2851.5 17.9544 2847 3.1724 2844 2.3829 2840-2875 "1
CHssymmetric
stretch of lipids

2937 3.2552 2969 2.8011 2927 3.8631 29371296851
CHsasymmetric
stretching protein

120
normal

b W
" m

500 1000 1500 2000
-20 Raman shift cm-1

Figure [6]:- shows the Raman spectra of normal tissue at the thigh of mice, malignant tissue (breast cancer model) and treated tissue which treated by
PDT method in the region (500-2000 cm™).
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Figure [7]:-shows the Raman spectra of normal tissue of mice, malignant tissue (breast cancer model) and treated tissue, which treated by PDT in the
region (2000-3750 cm™)

Copyright to JIRSET DOI:10.15680/IJIRSET.2017.0605001 7259


http://www.ijirset.com

o
‘3 )
\ ISSN(Online) : 2319-8753

[] IH-I'{S-E‘I“ ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Website: www.ijirset.com
Vol. 6, Issue 5, May 2017

IV. CONCLUSION

All techniques used in the study have rapid results in  diagnosis of malignant and treated tissues. In fluorescence
spectroscopy each fluorophore needs specific wave length to be excited and it give accurate result after treatment.

The FTIR samples must be prepared first before analysis, however in Raman spectroscopy it can be used directly
without preparation the samples and it gives the sharp peaks in the analysis spectrum.

REFERENCES

[1] Renata , A., Carter,B., Airton, A,. Martin, Mario M. Netto, Fernando A. Soares. "FT-Raman Spectroscopy Study of Human Breast Cancer

Tissue". Biomedical Vibration spectroscopy/Biohazard detection technologies. SPIE, Vol. 5321, 2004.

[2] Garcia- Flores, A.F. Raniero, L.J.. Canevari, R. A. Jalkanen, K.J. Bitar, R.A. Martinho, H.S. & Martin, A. " High Wavenumber Raman
Spectroscopy for in and ex Vivo Measurements of breast Cancer". Theoretical Chemistry Accounts, Vol.130 ( 4-6), pp .1231-1238, 2011.

[3] Tralau, CJ. MacRobert. AJ. Coleridge-Smith, P.D. Barr, H. & Bown, S.G."Photodynamic Therapy with Phthalocyanine Senseitisation:

Quantitative Studies in a Transplantable rat Fibrosarcoma ". The Macmillan Press Ltd, British journal cancer, Vol. 55, pp.389-395, 1987

[4] Carla, R.F.Mark, A.L. Niraj, P. Clovis, G. Carlos, A. Costa, de Souza. Massoor, M. A. Vanderlei, S B. Nikkolaos, S S. "Safty Assessment of Oral
Photodynamic Therapy in Rats". Laser Med.Sci, Springer- Verlag London. 2012.

[5] Sankari, G. Aishwarya, T.S. Gunasekaran, S."Fourier Transform Infrared Spectroscopy And Fluorescence Emission Spectroscopic Investigation
on Rat Tissue". Recent research in science and technology. Vol.2(11), pp.20-31, 2010.

[6] LIU Wei, ZHANG XiaoHe, LIU KunPing, ZHANG SiDa & DUAN YiXiang. "Laser-induced fluorescence: Progress and prospective for in vivo
cancer diagnosis”. Chinese science Bulletin, Vol. 58(17), 2013.

[7] Manuela Lualdi, Ambrogio Colombo, Ermanno Leo, Daniele Morelli, Alberto Vannelli, Luigi Battaglia, Elia Poiasina, Renato Marchesini.
"Natural Flourescence Spectroscopy of Human Blood Plasma in The Diagnosis of Colorectal Cancer: Feasibility Study and Preliminary Results".
Tumori, Vol.93, pp.567-571, 2007.

[8] Wenchong, L. "Some Fluorescence observation on the canceration tissue and the blood of cancer patients”. Proc. SPIE. Vol. 1054, pp.196-199,
1989.

[9] Masilamani, V., Al-Zhrani, K., Al-Salhi, M., Al-Diab, A., and Al-Ageily,M. "Cancer diagnosis by autofluorescence of blood component”. J
Luminescence. VVol.109, pp.143-154, 2004.

[10] Karthikeyan, K., Masilamani, V., and Govindasamy, S. "Spectrofluoromitric detection of DMBA-induced mouse skin carcinoma". Pathol. Oncol.
Res Vol.5, pp.46-49, 1999.

[11] Kalaivani, R. Masilamani, V. Sivaji, K. Elangovan, M. Selvaraj, V. Balamurugan, S. G. and Al-Salhi, M. S. "Fluorescence Spect a of Blood
Components for Breast Cancer Diagnosis". Photomedicine and laser surgery, Vol. 26(3), pp.251-25,. 2008.

[12] IDRISH MIAH, M. "Fluorescence Spectroscopy Study of Protoporphyrin 1X MetabolismLivel in Cell". Biopolymers (biospectroscopy). John
Wiley &Sons. Vol. 62, pp.237-240, 2001.

[13] Gibson, S.L Van Der Meid, K.R. . Murant, R.S & Hilf, R. "Increased efficacy of photodynamic therapy of R3230AC mammary
adenocarcinoma by intratumoral injection of Photofrin 11", Br.J. Cancer, Vol. 6, pp. 553-557, 1990.

[14] Gabriela Alvarez, M. Mariangeles La Penna, E. Ines Yslas, Viviana Rivarola, Edgardo Durantini, N. "Photodamaging Effect of Porphyrinina
Human Carcinoma Cell Line". Chem. Education,; Vol. 5, pp.24-26, 2000.

[15] Surapaneni,K.M., Sankari, G., Vishu, P.V., Ganesan, S., Sivabalan, S., Aishwarya, T S., Gayathi M.K., Jayakumaran S., Shyama S.,
Subramaniam S., Gunasekaran S. "Auto- Fluorescence Spectroscopic Analysis of Carbon Tetrachloride Induced Rat Tissues Treating by
Pentoxifylline". Life science and medicine research, Vol.2010 LSMR, 2010.

[16] Laura A. Sordillo ; Peter P. Sordillo ; Yury Budansky ; Yang Pu ; Robert R. Alfano. "Differences in fluorescence profiles from breast cancer
tissues due to changes in relative tryptophan content via energy transfer: tryptophan content correlates with histologic grade and tumor size but not
with lymph node metastases”, J. Biomed. Opt, Vol.19(12), 2014.

[17] Cyril Petibois &Gerard Deleris. "Chemical Mapping of Tumor Progression by FT-IR imaging: Towards Molecular Histopathology". Elsevier,
Vol.24(10), 2006.

[18] PL.RM. PLANIAPPAN, V. VIJAYASUNDARAM. "FTIR Study of Arsenic Biochemical Changes on the Liver Tissues of Fresh Water
Fingerlings Labeo Rohita". Romanian J Biophys,Vol.18(2), 2008.

[19] Hajnalka Laczko-Dobos., Balazs, S. "Lipids, Proteins, and Their Interply in the Dynamic of Temperature- Stressed Membrances of a
Cyanobacterium, Synechocystis PCC 6803". Biochemistry,Vol. 48, pp.10120-10128, 2009.

[20] Satoshi, Y., Kenzo, K. "Advances in Planar Lipid Bilayers and Liposomes". Elsevier, VVol.13, pp. 5-10, 2011.

[21] Jian- Shing Wang, Jing-Sen Shi, Yi- Zhuang Xu, Xiao- Yi Duan,Li Zhang, Jing Wang Li-Ming Yang, Shi-Fu Weng, & Jin-Guang Wu. "FT-IR
Spectroscopic Analysis of Normal and Cancerous Tissues of Esophagus”, World J Gastroenterol. \Vol.9(9), pp 1897-1899, 2003.

[22] Takahashi, H., French, S.W&Wong, "Alterations in Hepatic Lipids and Proteins by Chronic Ethanol Intake: A high Pressure Fourier Transform
infrared Spectroscopic Study on Acoholic Liver Disease in the Rat", " Alcoholism- clinical and experimental research. 15: 219-223.

[23] Beljebbar A. and Manfait M. Fourier Transform Microspectroscopy for Cancer Diagnostic of C6 Glioma on Animal Model. 2011, Goran
Nikolic. Fourier Transforms- New Analytical Approaches and FTIR Strategies. In Tech, pp.131-142, 1991.

Copyright to IJIRSET DOI:10.15680/1JIRSET.2017.0605001 7260


http://www.ijirset.com

ISSN(Online) : 2319-8753
T ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An 1SO 3297: 2007 Certified Organization)
Website: www.ijirset.com
Vol. 6, Issue 5, May 2017

[24] Daicoviciu Doina, Adriana Filip, Simona Clichici, Soimita Suciu, Adriana muresan, nicoleta Decea, Simina Dreve. "Oxidative Effects After

Photodynamic Therapy In Rats", Bullentin UASVM, Veterinaary Medicine; Vol.65, 2008.

[25] Saczko J, Kulbacka J, Chwiskowska A, £ugowski M, Banaoe T. "Levels of lipid peroxidation in A549 cells after PDT In Vitro”, Roczniki
Akademii Medycznej Biaymstoku, Vol. 49, 2004.

[26] Shiyamala Duraipandian, Wei Zheng, Joseph Ng, Jeffrey J. H. Low, Arunachalam Ilancheran, Zhwiwei Huang. “Near- Infrared- Exited
Confocal Raman Spectroscopy Advances in vivo Diagnosis of Cervical Precancer”, Journal of Biomedical optics. VVol.18(6), 2013.

[27] Tarun Saxena, Bin Deng, Dennis Stelzner, Julie Hasenwinkel, &Joseph Chaiken. "Raman Spectroscopic Investigation of Spinal Injury in a Rat
Model", Journal of biomedical optics, Vol.16(2), 2011.

[28] Mads Sylvest Bergholt, Wei Zheng, Khek Yu Ho, Ming The, Khay Yeoh, Jimmy Bok Yan So & Zhiwei Huang." In vivo Diagnosis of Gastric
Cancer Using Raman Endoscopy and ant Colony Optimization Techniques”, International J. Cancer; VVol.128, pp.2673-2680, 2011.

[29] Takeo Minamikawa, Yoshinori Harada & Tetsuro Takamatsu. "Ex vivo peripheral nerve detection of rats by spontaneous Raman spectroscopy".
Scientific reports, 2015.

[30] Barbara Stuart, Biological Applications of Infrared Spectroscopy. John Wiley & Sons. 2001.

[31] Ali.S.M., Bonnier,F., Tfyli, A., Lambkin,H., Flynn.K.., Doagh.V. Mc., Healy.C., Lee T. C., Lyng.F. M., Hugh J. Byrne., "Raman
Spectroscopic Analysis of Human Skin Tissue Processing and Dewaxing", Journal of Biomedical Optics. DIT Biophotonics and Imaging, 2013.

Copyright to IJIRSET DOI:10.15680/1JIRSET.2017.0605001 7261


http://www.ijirset.com

