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Abstract 

The present study is minimally-invasive in nature as Raman finger prints provide a validation that 
highlights the sensitivity of label-free Raman spectroscopy at ultra-low concentration and indicate the 
potential to predict murine liver fibrosis. Here, we analyzed three sets of murine liver tissues samples, 
of which one is pre-treated control (CTR) and two are post-treated samples vehicle (VC) and 
Bergamot (BPF), to probe Raman spectroscopic tissue assessments. The results of our studies reveal 
an unprecedented difference in lipid, protein and collagen content between the pre- and post-treated 
liver tissue. There is also a possibility of sensitive detection of vitamin A. Our data provide relatively 
simple analytical approach i.e Raman spectroscopy on murine liver tissue enables fast quantification 
of murine liver fibrosis and as such is a potential diagnostic method in clinical research. 
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1. Introduction 

Over the last two decades, Raman spectroscopy studies for biological and clinical evaluation have 
formulated precise, supersensitive and promising analytical technique, e.g. liver fibrosis, cancer, liver 
infectious diseases, regenerative medicine and more [1-3]. Raman spectroscopy represents a viable 
methodology, this technique relies on the analysis of light spontaneously scattered from the specimen 
allowing for chemical compound assessment. From the scattered spectrum, it is possible to extract 
chemical information associated with vibrational modes of molecules present in the sample. Indeed, 
each molecule shows up unique Raman spectrum so that a specific fingerprint can be associated with 
each biological substance, a fact that is of fundamental importance to establish the specificity of 
analysis methods. Unlike many other analytical techniques, Raman spectroscopy allows label-free, 
minimally-invasive analysis of samples and it is compatible with measurements in aqueous solution, 
indispensable conditions for reducing the biological sample pretreatment [4-6]. 
 
Raman spectroscopy is a simple laser technique for direct detection of sub-molecular level 
information, allowing investigation on functional groups, bonding types, and molecular 
conformations. This vibrational technique is simple, reproducible and non-destructive to the tissue. 
The technique is an inelastic scattering of photons on molecule bond vibrations names as Raman 
scattering, these spectral bands in vibrational spectra are molecule specific and provide direct 
information about the biochemical composition [7, 8]. These bands are relatively narrow, easy to 
resolve, and sensitive to molecular structure, conformation, and environment, because a small fraction 
of photons approximately of the order of 10P

8
P are in-elastically scattered and energy loss to the 

molecular bond vibration. Hence, the difference in the energy between the incident and scattered 
photons corresponds to the energy to excite or de-excite the molecular vibration.  
 
Once the scattered photon is captured, that results in a spectrum of narrow peaks and assigns to a 
specific vibrational resonance of a molecular group. For this reason, only micrograms of samples are 
required. Each Raman peak of a particular molecular vibration occurs at a specific vibrational energy 
relative to the wavelength of excitation source, which is displayed as a “Raman shift” in units of 
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“wavenumbers” (in cmP

-1
P). Therefore, a Raman spectrum resembles a “molecular fingerprint” of the 

sample under investigation [9].  
 
The aim of this study is to investigate murine liver fibrosis and associated disorders. Liver fibrosis is 
caused by numerous liver-impairing agents and hepatotoxic drugs. In case of continuous damage by 
agents results in liver fibrosis, cirrhosis. Each time a Liver is afflicted by such detrimental agents, it 
tries to repair itself, but the liver damage done by cirrhosis generally cannot be undone [10]. If liver 
fibrosis or cirrhosis is diagnosed early and the cause is treated, further deterioration can be controlled. 
Hence, it is grabbing more attention for early diagnosis, the advantage of early detection and 
diagnosis of fibrosis is ensuring to prevent and development of cirrhosis [11, 12].  
 
In order to answer the early diagnosis of murine liver fibrosis and to prevent, we characterized the 
behavior of pre-treated murine liver tissue (CTR) and post-treated murine tissue (VC and BPF) under 
Raman spectroscopy. When subjected to analysis of murine liver tissue, Raman spectroscopy provides 
information of molecular composition of tissues. In addition, since a molecular vibration is sensitive 
to its neighboring molecular bonds and molecular structure, Raman spectroscopy also provides 
information about the conformation of biomolecules and their interactions. It is strongly believed that 
in spectroscopy techniques, both the reliable experimental procedure and characterization of spectral 
peak position, their assignment along with accurate peak detection and definition are of crucial 
importance [13].  The spectral interpretation investigations are reported in the present study for 
murine liver tissue which provided a detailed account of spectral frequencies of the murine Liver 
tissues and intend to measure differences between pre-treated and post-treated samples. In addition, 
Raman signatures revealed significant and reliable differences in lipid, protein and collagen in the 
investigated murine liver tissues [14-16]. There is also a possibility of sensitive detection of vitamin 
A, lipid and Collagen which could be detected by Raman spectroscopy for early diagnosis of murine 
liver fibrosis. There are other viable appearances of proline and tyrosine [17]. We also observed 
random intensity differences in the peaks corresponding to one or all of the biomolecules. The 
increase and decrease of peaks are caused by amino acids, nucleic acids, proline and glucose. The 
characteristic of the disordered intensity shifts of peaks indicates biomolecule composition changes in 
the murine liver tissue. Further, a considerable increase of the collagen, lipids and protein content 
possibly with a high-fat diet and serve samples of fibrosis. Also, the more drastic change caused is 
significant not only with collagen increase or lipids but also with protein accumulation alongside 
significant loss of vitamin A content. The murine liver tissue analysis based on average Raman 
spectra recorder in the present study provide highly sensitive and specificity of slight and drastic 
changes in the post-treated and control murine liver tissue [18].  
 
The present study is minimally-invasive in nature as Raman finger printings provide a validation that 
highlight the sensitivity of label-free Raman spectroscopy and indicate the competence to predict liver 
fibrosis, therefore it is a potential and useful diagnostic tool, relatively simple analytical approach to 
predict murine liver fibrosis.  

2. Materials and Methods 

2.1 Sample Extraction, purification and Sample Preparation  

The samples are received in various pre-conditions as follows: Arm 1 is CTR1 and CTR2 – Normal 
Food and Tap water. Arm 2 is VC4 and VC5 – Fat food, sugar water + normal water by gavage. Arm 
3 is BPF7 and BPF8 – BPF powder + water + fat food + sugar water. In order to obtain optimal 
results, the samples are provided with a buffer solution (LYSIS), Lysis Buffer Formula, 150 mM 
NaCl, 0.1% TRITON, and 0.5% Sodium Deoxycholate, 0.1% SDS, 50mM TRIS-HCl pH 8, Inhibitor 
Protease, and Inhibitor Phosphatase. Once the sample is delivered with the Buffer solution, it is 
cryopreserved at -80°C. When the experiment is ready to be done, the samples are removed from 
cryopreservation, thawed and analysis is carried out at RT (room temperature). The length of each 
analysis is ensured to be under 20 minutes since the samples may succumb to death after this time 
[19].  
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2.2 Raman Experiments  

In the present study, Raman spectroscopy used to optically probe to investigate the molecular changes 
associated with diseased tissues. The measurement of Raman scattered radiation, provides information 
on chemical bonding and molecular structure through the detection of photons that are scattered 
inelastically from a liver tissue using Laser wavelength 830nm (is ideal for biological samples). When 
the energy of incident photon is unaltered after collision with a liver tissue, the scattered photon has 
the same frequency as the incident photon, this phenomenon is Rayleigh or elastic scattering, but then 
again, 1 in 10P

10
P million photon a very small portion can get scattered. The loss (or gain) in the photon 

energies corresponds to the difference in the final and initial vibrational energy levels of the 
molecules participating in the interaction. If the proton has a higher frequency and therefore lower 
energy than the incident light, this phenomenon is Stokes-Raman Scattering and is due to the change 
in vibrational mode of the sample, if it is higher, it is Anti-Stokes Raman Scattering[20]. At room 
temperatures, the Stokes Raman scattering process is predominant and Raman spectra is a plot of 
scattered intensity as a function of the energy difference between the incident and Raman scattered 
photons is equivalent to the frequency of the vibrational energy levels of the molecules participating 
in the interaction (Fig 1g). Consequently, the Raman spectra are characterized by shifts in 
wavenumbers or inverse of wavelength in cmP

-1
P that are from the incident frequency. Accordingly, the 

frequency difference between incident and Raman-scattered light is labelled “Raman shift” is unique 
for any individual molecules that are measured by the detectors and characterized as 1/cm. Every 
molecule has a unique Raman spectrum are narrow, signifies the vibration of exact chemical bond or a 
single functional group in the molecule, also known as Raman “fingerprint”. 
 

 
Figure 1: Raman Investigation Pattern a-g. a) Diluted murine liver tissue thawed to RT from 
cryopreservation; b) Cleaned CaFR2R coverslips first with Ethanol followed by DI wash and dried with 
NR2R gun, CaFR2R is used because of their excellent optical properties and negligible Raman spectra; c) 
Diluted samples of 1µL is pipetted over a CaFR2R coverslip; d) Assembled manually the top layer with 
another CaFR2R coverslip and the samples are correctly aligned between the sandwiched CaFR2R layers; e) 
The samples are excited with Raman spectrometer of 830nm and power 50mW; f) Raman spectra 
obtained for the aqueous medium of samples with limited noise; g) Schematic illustration of Raman 
and Rayleigh scattering. In Rayleigh and Raman scattering, the incident photon has much higher 
frequency whereas, the scattered photon is similar to incident in Rayleigh but a lower or higher 
frequency in Raman. This difference in frequency is interpreted as the molecular vibrational 
frequency that relates for any spectroscopic studies  
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To obtain high precision spectra, we ensured that we use the optimal procedure to acquire Raman 
spectra. Murine liver tissue thawed to Room Temperature (RT) from cryopreservation, the sample 
with buffer solution are sandwiched between two (Fig 1d) layers of CaFR2 R(Calcium Fluoride), since 
CaFR2R has high optical properties against negligible Raman signals, Samples of 1 µl (Fig 1e) are then 
carefully handled to be pipetted on top of the lower CaFR2R glass and then top layer of CaFR2R glass is 
placed with utmost care not to disturb the sample. The Raman spectra of the murine liver tissues were 
obtained by the inVia Renishaw Raman microscopes with excitation laser wavelength of 830nm, the 
50Lx objective (Olympus), the maximum laser power at the sample position 50mW was applied for 
acquisition of single spectra with 10 scans with an integration time of 10s. Each spectrum acquired in 
dark ambiance in order to avoid other light interaction on sample, Raman microspectrometer able to 
produce most of the finest spectra and with less noise (Fig 1f).  

3. Results and Discussion 

The full range (600-2500cm-1) of the Raman spectra was used for each spectra acquisition. The data 
is kept for analysis, including pre-processing by removal of cosmic ray, baseline, first derivative, 
second derivative, normalization, smoothing, and background correction and buffer subtraction to 
achieve optimal spectra. The Raman spectra are acquired for all sample variations in aqueous medium 
of CTR, VC and BPF were collected and are shown in Fig 2. Proteins, lipids, and collagen reflects 
specific fingerprint spectra. In present study, murine liver shows diverse functions as normal liver 
does which is critical for liver functions in terms of metabolism of lipids, protein functions (collagen), 
storage of vitamin A, and other minerals [16]. With these diverse functions reflected in building of 
various cells that are involved in the network of building organs such as hepatocytes, Hepatic Stellate 
Cells etc [21]. Having complex multitude liver functions, it is a key organ in the pathogenesis of many 
diseases. The Raman spectra shown in the present study is useful for the investigation and the role of 
protein, lipid and collagen variance in the murine liver tissue particular interest on the context liver 
fibrosis. Multiple peaks varying from weak to medium and strong to prominent are observed at 
different wavelengths and the spectral profile of individual murine tissue sample is significantly 
different depending on saturation, liquid state and geometrical isomerism [9]. 

Typical characteristic features of Raman spectra are discussed, there are multiple peaks varying for 
weak to medium and strong to prominent are observed at different wavelengths and summarized. 

 

Figure 2: Raman spectra of Murine liver tissue acquired. 
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3.1 Peak assignments 

Strong to Medium & Weak, All the samples have multiple similar signals of which most commonly 
found are 680, 715, 1007 and 1417 cmP

-1
P. These peaks correspond to C=S chains, C-S aliphatic chains, 

aromatic rings and CH3CH2 of lipids & proteins respectively, at 680 cmP

-1
P more pronounced in VC4 

& VC5; strong in BPF7 & BPF8; whereas they are medium in CTR1 & CTR2, at 715 cmP

-1 
Pmedium in 

VC4 and VC5; weak in BPF7, BPF8, CTR1 and CTR2, 1007 cmP

-1
P more pronounced in CTR1 & 

CTR2; strong in VC4; medium in VC5; whereas diminishing in BPF7 & BPF8, 1417 cmP

-1
P 

diminishing in CTR1 and CTR2; weak in VC4, VC5, BPF7 and BPF8, Medium to diminishing. The 
peak at 1661 cmP

-1
P is due to CC CN Amide groups, Lipids C55 C stretch. It seems to observe a 

medium intensity with CTR1 & CTR2, whereas with VC4 &VC5 they are weak, and no significant 
peak is observed on BPF samples. A peak at 858 cmP

-1
P are due to presence of Tyrosine, Proline, 

Collagen, medium in VC4 & VC5; weak in CTR and BPF samples. Weak to diminishing, in addition 
to the above-mentioned signals and peaks, there are also other peaks with lesser intensity are observed 
with greater significance on the chemical substances used on the samples. It is summarized as below. 
At 1033 cmP

-1 
Pdue to Proline is weak in CTR1 & CTR2 whereas no signal observed in VC & BPF 

samples, At 1129 cmP

-1
P due to Si-O-C or Si-O-Si stretching is weak in CTR1, CTR2 & VC4; whereas a 

little bump in VC5 and no signal in BPF samples, At 1264 cmP

-1
P due to CC aliphatic chains or 

carboxylate salt is a weak peak found only in CTR1 1 & CTR2 samples, At 1343 cmP

-1
P due to 

CH3CH2 wagging, collagen, nucleic acids are a feeble or diminishing peak present only in CTR 
samples, At 1552 cmP

-1
P due to aromatic azo, Amide II groups, single human RBC is diminishing peak 

in CTR samples only, At 1578 cmP

-1
P due to nitro or aliphatic azo, phenylalanine, hydroxyproline 

results in a weak peak at CTR samples only and a small bump in VC samples [17] (Fig 2). 

Table1: Peak position and tentative assignments of Raman fingerprints for liver murine tissue [16, 22, 
23] 

 
Peak 
position 
in cmP

-1 
Assignments CTR VC BPF 

623 C=S Chain, C-C twisting (protein), C-C twist aromatic 
ring (one of C-C vibrations to be expected in aromatic 
structure of xylene), C-C twisting mode of 
phenylalanine (proteins), Cholesterol/Cholesterol esters 

W N/A or 
VW 

N/A or 
VW 

644 (C-S) gauche (aminoacid methionine), C-C twisting 
mode of tyrosine, C-C twisting mode of phenylalanine 
(proteins, C-C twisting mode of tyrosine) 

W VW N/A 

680 Ring breathing modes in the DNA bases, G (ring 
breathing modes in the DNA bases)/C-20- endo-anti 
heme 

M S P 

716 C-N (membrane phospholipids head)/adenine, 
CN2(CH3)3 (lipids), Choline group,  C-N (membrane 
phospholipid head)/nucleotide peak, Symmetric stretch 
vibration of choline group, characteristic for 
phospholipids, Phosphatidylcholine, sphingomyelin, C-
C-N symmetric stretching in phosphatidylcholine (lipid 
assignment), DNA, Cholesterol v(steroid ring) 720(w) 
Phospholipids 

W M M 

824 Out-of-plane ring breathing, tyrosine (protein 
assignment), Phosphodiester 

M VW VW 

854 Ring breathing mode of tyrosine & C-C stretch of 
proline ring, Glycogen, (C-O-C) skeletal mode of a-
anomers (polysaccharides, pectin), Ring breathing 
tyrosine (proteins), Proline, tyrosine, (C-C), proline 
(CCH) ring breathing, tyrosine (protein assignment and 

M VW VW 
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polysaccharide) ,(CCH) phenylalanine, olefinic 
(protein assignment  and polysaccharide), Proline, 
hydroxyproline, tyrosine , C-C stretching, proline 
(collagen assignment) 

918 Proline, hydroxyproline, Glycogen and lactic acid, C-C 
stretch of proline ring/glucose/lactic acid, C-C, praline 
ring (collagen assignment), Fatty acids 

W N/A VW 

937 Proline (collagen type I), Amino acid side chain 
vibrations of proline and hydroxyproline, as well as a 
(C-C) vibration of  the collagen backbone, C-C 
backbone (collagen assignment), Glycogen, (C-C) 
residues (a-helix), C-C stretching, a-helix (proteins), C-
O-C glycodides (carbohydrates), Proline, 
hydroxyproline, (C-C) skeletal of collagen backbone, 
C-C stretch backbone 

M N/A 
 

W 

1003 Phenylalanine, C-C skeletal S M M 
1033 Differences in collagen content, Phenylalanine mode, 

(CO), (CC), (CCO) (polysaccharides, pectin), C-H in-
plan phenylalanine (proteins), Phenylalanine 

W N/A N/A 

1095 Lipid, Phosphodioxy, nucleic acids W N/A N/A 
1123 (C-C) skeletal of acyl backbone in lipid 

(transconformation), Heme v(Cα-N) 1166(m)Vitamin 
A 

M M W 

1159 C-C/C-N stretching (proteins) M W W 
1164 Tyrosine (collagen type I) Tyrosine W N/A N/A 
1177 Cytosine, guanine W N/A N/A 
1207 Hydroxyproline, tyrosine (collagen assignment) 

Hydroxyproline, tyrosine (C-C6H5), tryptophan, 
phenylalanine (protein assignment) Vitamin A 

W N/A N/A 

1340 CH3, CH2 wagging (collagen assignment), Glucose, 
Proteins δ(CH2) 1366(w) Guanine/Tryptophan 

M N/A W 

1399 C55O symmetric stretch CH2 deformation  W N/A N/A 
1450 CH2CH3 deformation, CH2CH3 deformation (collagen 

assignment), Protein bands, Umbrella mode of 
methoxyl, C-H bending mode of structural proteins, 
Collagen/Lipids/Proteins/ Phospholipids 

S W W 

1548 Tryptophan, (C55C), tryptophan (protein assignment), 
(C55C), porphyrin 

W VW VW 

1556 Tryptophan, (CN) and d(NH) amide II (protein 
assignment), (C55C) porphyrin, Tyrosine, amide II, 
COO2, Tryptophan 

W VW VW 

1579 Pyrimidine ring (nucleic acids) & heme protein M VW VW 
1662 Nucleic acid modes, Nucleic acid modes indicating the 

nucleic acid content in tissues, Lipids/Proteins 
S M W 

 
S-Strong, M- Medium, W-Weak, VW- Very Weak, P- Prominent, N/A- NotAvailable 

3.2 Protein Assignments  

Three pairs of samples participated (CTR, VC and BPF), for each sample, three measurements were 
performed and the averaged spectrum was recorded. Spectra were preprocessed by baseline correction 
and area normalization[24]. Each sample was measuring three times and the averaged spectra used in 
further analysis.  Fig 3a shows the average spectra of three groups of samples. Peaks of protein and 
collagen assignments a can be consistently observed in all three groups. At peak 623 – Adenine, 644 – 
(C-C), Wagging Tyrosine, 716 – Adenine/Tyrosine, 854 –  v(C-C), Proline δ(CCH) ring 
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breathing/Tyrosine, 937 – C – C Skeleton, Protein 1003 – C-C symmetric ring breathing, 
Phenylalanine, 1033 – δ(C-H), Phenylalanine, 1123 – v(C-N) Protei,1340 – CH2 CH3 wagging 
Collagen , 1450 – δ(CH2), δ(CH3), Collagen, 1548 – v(C=C) Tryptophen/v(C=C)Porphyrin, 1579 –δ 
(C=C) Phenylalanine,1662 –  v(C=O) amide I, α-helix, Collagen 
a

 

b

 

c

 

Figure 3 Cumulative Raman peak assignments for Protein (a), Collagen (b) and Lipid (c) 

3.3 Collagen Assignments  

Peaks of Collagen are the most distinct between groups 680  C-S stretching mode of cystine (collagen 
type I) (1), 918 collagen I (1), 1207 collagen assignment (1), 1303 Amide III (collagen I) (3), 1340 
CH2 CH3 wagging Collagen (3), 1450 δ(CH2), δ(CH3), Collagen I, one of vibrational modes of 
collagen II (1), 1662 Alpha-Helix, collagen type IV (2) (Fig 3b). 
 
3.4 Lipid Assignments  
 
Lipids are undoubtedly one of the most important classes of biomolecule involved in the cellular 
signaling, energy storage and building of cellular membranes, In the present study Raman scattering 
cross section of several lipids signals is large due to the presence of long non-polar acyl chains in the 
structure, hence, bands assigned to lipids are omnipresent in the Raman spectra of the tissues [16]. 
The most characteristic features of Raman spectra of lipids are related to the presence of the 
hydrocarbon chain and for all lipids are observed in the three following regens 1500-1400, 1300-1250 
and 1200-1050cmP

-1
P in the fingerprint. The bands in the 1500-1400cmP

-1
P range and around 1300cmP

-1
P are 

assigned to scissoring and twisting vibrations of the CH2 and CH3 groups, respectively. Bands in the 
1200-1500cmP

-1
P regions are attributed to the C-C stretching vibrations. Additionally, very intense 

group of bands in the higher wavenumber range like 3100-2800 cmP

-1
P are due to the C-H stretching 

modes are the characteristic feature of lipids spectra [25]. In the present study, Raman spectroscopy 
gave useful information on lipids, the spectra acquired with laser wavelength of 830nm (power of 
laser is 50mW) are generally ideal for most biological samples and including liver tissues. As 
mentioned Raman spectra collected with different laser lines can differ considerably depending on the 
polarization and orientation of crystal and macro-domains of the components. In summary upon lipids 
in this work can serve that each sample analyzed together with characteristic of the structure, function 
and properties, to this knowledge of lipids compositions on liver tissue and contents that Raman 
spectroscopy has a strong potential in the presented work. At 1264 fatty acids , 1303 Amide III 
(collagen assignment), 1450  one of vibrational modes of collagen , lipids, amino acids side chains of 
the proteins, 1662 Alpha-Helix, collagen [26] (Fig 3c). 

4. Discussion 

Three pairs of samples participated (CTR, VC and BPF) in our Raman microspectroscopy (Renishaw) 
investigations. The samples were irradiated at 830nm using He-Ne laser at an operating power of 
50mW.  Each sample was under radiation light for 10s. For each sample, three measurements were 
performed, of which the best signaling spectra was chosen and the spectra are shown altogether for 
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comparison. Separately every spectrum obtained was preprocessed by baseline correction and buffer 
subtraction before analysis. We have shown Raman spectra of the three groups of samples.  

Strong peaks in CTR at Raman shift of 1003, 1452, 1662 cmP

-1
P are observed. In comparison with the 

CTR, the corresponding peaks are medium in VC and BPF. These peaks can be evaluated more 
clearly with the intensity difference observed through spectroscopy (Table1).  

Medium peaks in CTR at Raman shift of 680, 824, 854, 937, 1129, 1343, 1579 cmP

-1
P are observed 

(Table1). In contrast to the CTR samples, liver tissue of VC at 680 shows strong intensity and of BPF 
shows very strong intensity. The intensity peak differences are evidently observed in the intensity 
Table in this document. This indicates that the VC and BPF absorbed more fructose and sucrose. The 
Raman shift for of VC and BPF at 1129 which is lipid transconformation medium and weak 
respectively. On assessing the intensity differences for Raman shift at 1129 CTR exhibits strong, BPF 
as medium and VC as weak peaks are observed. Whereas other Raman shifts are weakly or not 
observed in VC and BPF.  

Weak peak intensities in CTR at Raman shift of 619, 636, 715, 918, 1033, 1095, 1159, 1164, 1177, 
1207, 1399, 1552, 1556, 1739 cmP

-1
P are acquired (Table1). When evaluated against CTR, liver tissue 

of VC at 715 observed medium intensity. The other Raman shifts for VC and BPF are observed but 
diminished and not visible. Comparisons of these Raman shifts are visibly classified in terms of 
strong, medium and weak with respect to CTR are shown in the peak intensity table in this document. 
In order to give better understanding of cumulative visibility of peaks and intensity differences of 
CTR, VC and BPF are shown in peak intensity differences Table.  

In conclusion, the Raman spectrum of liver tissue of CTR, VC and BPF are observed. It contains the 
information about presence of biomolecules such as proteins, nucleic acids and lipids. In comparison 
with CTR (normal liver tissue treated with tap water), the intake of sugar in VC Liver tissue shows 
increase of band intensity at around 680 and 715cmP

-1
P, consequently the decrease of band intensity for 

BPF at 680 and 715cmP

-1
P is caused by bergamot powder and may also be due to the metabolism within 

BPF treated liver tissue.  The CTR peak at 1003cmP

-1
P is the result of Phenylalanine (phy) collagen 

assignment and phy protein assignment, the decrease of this band intensity in VC and BPF may be 
caused by treatments undertaken. The peak at 1452cmP

-1
P indicates protein bands umbrella mode of 

methoxyl observed in CTR, but we don’t see umbrella behavior in the case of treated VC and BPF, 
instead it displays negative behavior. To note that the umbrella motion is totally symmetric and thus 
polarized in the Raman spectrum. The increase and decrease of other peaks are caused by amino 
acids, nucleic acids, lipids, collagen, proline, glucose etc. The intensity differences of liver tissue 
comparing with CTR (normal group) increased intensity with the increase in sugar and protein. This 
clearly shows that liver tissue with Raman spectra reflects more sugar and protein molecular 
component change in the blood caused by liver associated diseases [27]. And thus, the similarities 
with the increase in intensity peaks in the Raman spectra between liver tissues demonstrate that liver 
tissue follow same or slightly different pathology. Although, the peak increased intensities assigned to 
the same biomolecules but could undergo different metabolic. 

In summary, we investigated the possibility of using Raman with Liver tissues of CTR, VC and BPF. 
The increased and decreased intensity peaks indicated that the biomolecule composition change in the 
liver tissue. The intensity increases of Raman peaks as a result of the deterioration of liver tissue in 
VC and BPF could be due to liver fibrosis. This preliminary research demonstrates the potential for 
the clinical use of liver tissue using Raman Spectroscopy. Further study will be focused on to 
determine by using the Surface enhanced Raman Scattering (SERS), in this way it is highly possible 
to obtain more enhanced peaks that are not visible (or diminished) in the Raman spectroscopy and 
also the inclusion of statistical analysis using large scale of samples [28-31]. 
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