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Abstract Rheumatoid arthritis (RA) is characterized by

chronic inflammation of the joints and can lead to a pro-

gressive destruction of articular cartilage and bone. In this

study, the specificity and sensitivity of the RA diagnostic

methods based on the receiver-operating characteristic

curves for monitoring C-reactive protein (CRP) and rheu-

matoid factor (RF) were compared with the Raman spec-

troscopic diagnostic method developed in this work. Sera

from 24 patients with rheumatoid arthritis and from 16

healthy individuals were analyzed to assess the biochemi-

cal composition and presence of inflammatory activity by

the aforementioned methods. By comparing with the

clinical results for specificity and sensitivity from the RF

and CRP tests, we show that the overall results from the

newly developed Raman method were significantly better,

with a specificity of 96%, a sensitivity of 88%, and cor-

rectly identifying 92% of the RA and healthy individuals,

while the RF test gave a specificity of 100% and a sensi-

tivity of 54%, and the CRP test gave a specificity of 87%

and a sensitivity of 58%, respectively.
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1 Introduction

Recent rheumatoid arthritis (RA) studies have shown that

the expression of cytokines and other pro-inflammatory

mediators in individuals with RA is primarily responsible

for the progressive destruction of articular cartilage and

bone [1–4]. RA is a systemic inflammatory disorder char-

acterized by chronic inflammation of unknown causes that

primarily affect the joints and extra articulated regions

[5–7]. RA strikes approximately 0.5–1.5% of the world‘s

population between the ages of 40 and 60 and is more

common in women than in men [6, 7]. RA is a growing

public health problem in the USA, requiring a spending of

$128 billion dollars per year alone according to recent

statistics from the CDC (Centers for Disease Control

and Prevention) in Atlanta, Georgia. During the period

2007–2009, there was an increase of approximately 1 million

adult cases in USA per year [8].

The difficulties in clinical diagnosis of RA are essen-

tially due to the complexity of this disease. Most cases of

RA are unfortunately only identified in the advanced

stages. The standard procedure used is based on the patient

having at least four of the following seven criteria [estab-

lished by the American College of Rheumatology (ACR)]:

(1) morning stiffness in and around joints lasting at least

1 h before maximal improvement, (2) soft tissue swelling

(arthritis) of 3 or more joint areas observed by a physician,

(3) swelling (arthritis) of the proximal interphalangeal,

metacarpophalangeal, or wrist joints, (4) symmetric

swelling (arthritis), (5) rheumatoid nodules, (6) the pres-

ence of rheumatoid factor, and (7) radiographic erosions

and/or periarticular osteopenia in hand and/or wrist joints

[9]. Physicians use patient interview data and the patient

anamneses, laboratory examinations, radiographic findings,

and clinical tests to document that the patient possesses

four or more of the seven criteria and hence has RA. Very

recently, the classification scheme for RA has been criti-

cized due to the failure to detect and diagnose RA in its

early stages, which has led to a new classification scheme

[10].

Within the new scheme, the new criteria are as stated in

[10]: classification as ‘‘definite RA’’ is based on the con-

firmed presence of synovitis in at least one joint, absence of

an alternative diagnosis that better explains the synovitis,

and achievement of a total score of 6 or greater (of a

possible 10) from the individual scores in four domains:

number and site of involved joints (score range 0–5),

serologic abnormality (score range 0–3), elevated acute-

phase response (score range 0–1), and symptom duration

(2 levels; range 0–1). This work was based on the old

criteria, but the elevated acute-phase response was mea-

sured through the presence of C-reactive protein (CRP),

which is used in the new one.

However, the early diagnoses are still unavailable

because most of these criteria are not specific for RA, and

some are present only in the later phases of the disease

[11]. Only one of the seven criteria involves the presence

of biomarkers, the rheumatoid factors (RFs). RFs are

autoantibodies produced in inflamed synovial tissues that

form immune complexes in the synovia of patients with

RA [12–14].

Nevertheless, the detection of RFs is not absolute, with

20–30% of patients with RA testing negative for its pres-

ence [14]. In addition, these antibodies can be produced in

other autoimmune diseases, infections, and to a lesser

extent, in healthy individuals [12, 15]. The presence of

C-reactive protein is also very common in other clinical

trials, such as cardiovascular diseases, chronic obstructive

pulmonary disease, and cancer [16–19]. The production of

large quantities of acute-phase proteins (APPs) during any

inflammatory process occurs due to the presence of cyto-

kines, mainly IL-1b, IL-6, and TNF-a. The increased con-

centration of APPs aids in the diagnosis and is indicative of

evaluative inflammatory response (disease progression), but

the results have shown low specificity [20–22]. Indeed, there

is no consensus in the scientific community about the agent

or specific stimulus that triggers the whole chain of events

that leads to RA [6, 15].

Raman spectroscopy has been investigated as a prom-

ising new tool for diagnosis by measuring the Raman

spectra and/or images of biological samples, such as fluids

and tissues, for both healthy and diseased states, and using

the observed differences in the individual spectra and

images as characteristic biomarkers. The published results

have shown high potential in distinguishing normal and

abnormal characteristics of the samples [23–25]. In this

study, the sera of healthy and patients with RA were ana-

lyzed by Raman spectroscopy in the 775–1,775 cm-1

region. The functional group frequencies and Raman

intensities assigned to the amide groups in proteins and the

secondary structural elements and hydration and aggrega-

tion states of the proteins, immunoglobulins, and lipids

were correlated with clinical signals and symptoms as well

as the biochemical changes present in the rheumatic pro-

cesses. The diagnoses were also performed with traditional

clinical tests (CRP and RF), which were used to confirm

the diagnoses made with the new Raman spectroscopic

method reported in this work.

2 Experimental details

2.1 Blood samples (collection and storage)

Sera from 40 women from the ambulatory at UniFeSP were

collected in accordance with the requirements and
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recommendations of the National Committee for Clinical

Laboratory and Approved Standards (NCCLS) [26] and

subsequently taken to the Vibrational Biomedical Spec-

troscopy Laboratory (LEVB) of the Institute for Research

and Development (IP&D) of the Universidade do Vale do

Paraı́ba (UniVaP) where the Raman and clinical analyses

were undertaken. A total of 16 samples were from healthy

donors and 24 from patients with RA defined according to

criteria of the ACR from 1987 [9]. The following inclusion

and exclusion parameters were preset for both groups. In

the healthy group, 30- to 60-year-old women were recrui-

ted, without related chronic diseases. The RA group

women included only patients with confirmed diagnoses.

The procedure for collection and storage used involved the

following steps: (1) venous blood samples were collected

through an antecubital venipuncture of the right arm; (2)

the blood was drawn into sterile and gel-barrier collection

tubes (BD Vacutainer SST Advance Tube, 5 mL, Gold);

(3) the blood was centrifuged at 4,000g for 6 min; (4)

and finally, the sera were stored in Nalgene� tubes at

-20 �C.

2.2 Raman spectroscopy

The samples were warmed to room temperature,

homogenized by a mixer (Vortex AP 56–Phoenix) at

2,000g for 10 s, and then a drop (10 lL) was deposited on

a calcium fluoride (CaF2) window and lyophilized for

45 min (Eppendorf Concentrator 5301) to concentrate the

sample.

The Raman spectrum acquisition was performed using a

confocal system (Horiba Jobin–Yvon) connected to an

EspectraPro spectrometer� (PI-Acton 2500i) equipped

with a charge-coupled device (CCD) detector (Spec10,

Princeton). The excitation source was a 785-nm diode laser

delivering 10 mW of power to the serum sample. Two

spectra were collected for each sample for 25 s spectra

collection times with three accumulations. All spectra were

input into the WinSpec� program and therewith underwent

the following signal processing: (1) a baseline correction

was done using a Matlab� routine which fit the background

Raman scattering to a polynomial function [27]; (2) the

average spectrum was calculated for each sample; (3) the

spectra were smoothed using adjacent averaging to remove

the background noise, (4) the spectra were normalized by

dividing by the value at 1,430 cm-1, which corresponding

to the maximum of spectra intensity; (5) and finally, all

spectra were mean centered for statistic analysis using the

Minitab� program.

After this first step (normalization followed by mean

centering), the data were analyzed using the principal

components analysis (PCA) module within the Minitab�

program. In this study, the first six principal components

(PC1-PC6) were used to perform the linear discriminant

analysis to classify the RA and N groups according to

the pathological reports. The areas of the main spectra

peaks were calculated and analyzed through a parametric

test.

The distribution of the areas calculated was assumed to

be Gaussian, and this assumption/hypothesis was verified

using the Kolmogorov–Smirnov test for normal distribu-

tions. The one-way ANOVA test was used to compare the

group means with each other, which had a significance

level below 0.05 (Minitab� program). This test is used to

compare groups of samples of different sizes using the F

statistic [28], where F is the ratio of the two different

estimates with the common population variance. For the

calculations with different sample sizes, one applies the

factor F given by standard Eq. 1.

F ¼

P
nið �Xi�XÞ2

k�1P
ðni�1ÞS2

iP
ðni�1Þ

ð1Þ

where �X is the average values in the ith sample; X is the

average values of all samples combined; k is the number of

population means being compared; ni is the number of

values in the ith sample; and S2
i is the variance of the values

in the ith sample.

2.3 Clinical analysis

The RF and CRP analyses were done by indirect aggluti-

nation using latex coated with human IgG and with a high-

purity, anti-CRP monoclonal antibody (2900L-909024AB

of Wama Diagnostic� Kit), respectively. These tests were

chosen because they are the ones most frequently used in

RA trials [29, 30].

2.4 Medication and alimentary diet

In this study, there was neither food restriction nor a

standardized diet for all individuals involved. Blood was

collected in the morning, at which time all the volunteers

reported having had a light meal.

Individuals in both groups were using specific medica-

tions. In the RA group, the types of drugs and their asso-

ciations depended on the RA stage, activity, and disease

severity. Foremost among them those being taken were

disease-modifying anti-rheumatic drugs (DMARDs),

corticosteroids (used at physiological concentrations:

quantities normally found in the body), nonsteroidal anti-

inflammatory drugs (NSAIDs), and antihypertensive drugs.

In the control group, 40% of the subjects reported using

antihypertensive drugs, mainly used to control the blood

pressure [31, 32].
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3 Results and discussions

The results are presented in two parts. First, all samples

were analyzed using the standard clinical tests, and the

values of specificity and sensitivity were determined.

Second, all samples were analyzed using the Raman

methodology developed in this work, and the values of

specificity and sensitivity were determined. In addition, we

provide a biological interpretation for the Raman data we

have collected.

3.1 Clinical analysis

Inflammatory activity was measured for all samples by

using the standard RF and CRP tests. All sample positives

were tested in duplicate, the so-called A and B samples.

Laboratory tests on the B samples were made to confirm

the results of laboratory tests for all A samples that showed

a positive response with an agglutination test which was

visible to the naked eye. Figure 1 shows a comparison of

the specificity and sensitivity for these tests, which were

determined using receiver-operating characteristic curves

(ROCs) [33].

The RF and CRP specificity values were 1.00 and 0.87,

respectively, while the RF and CRP sensitivity values were

0.58 and 0.54, which are significantly lower. This result

can be explained by the limitations of the RF and CRP

tests. Clear serum agglutination for samples with concen-

trations below 6 mg/L of CRP protein of acute phase and

below 8 UL/mL of RF was not seen. These results are in

agreement with other works where it was shown that the

RF test has a higher specificity but a lower sensitivity

[34–36].

CRP is a marker used to show an acute inflammatory

response during an infection, tissue damage (injury), or

neoplasia [37]. However, the presence of these acute-phase

proteins is also present in healthy individuals, because of

any micro-inflammation in the body [38].

3.2 Raman spectroscopy

Figure 2 shows the average Raman spectrum for the N and

RA groups. In order to help identify the slight differences,

a residual line was created by subtracting the RA from the

N spectra. The negative and positive fluctuations were

represented by the dark filled area, indicating the bio-

chemical variations. Figure 2 shows small differences in

the molecular structure of the sera of both groups. Based on

this evidence, inferential statistics was used to highlight the

biochemical variations of the serum.

The principal components analysis was performed in the

range of 775–1,775 cm-1 by a covariance matrix. Figure 3

displays the loading plot for the first six PCs, which cor-

respond to the variation of PCs as a function of Raman

shift. The six first PCs were considered based on the

eigenvalues, and data proportion that were, respectively,

PC1 11.87 and 29.7%; PC2 8.99 and 22.5%; PC3 4.93 and

12.3%; PC4 3.21 and 8%; PC5 2.6 and 6.5%; PC6 1.3 and

3.4%. PC1, PC2, and PC3 represent 64.5% of the total data

variance.

The spectra were analyzed by linear discriminant anal-

ysis (LDA) using the first six principal components and a

cross-validation method, which works by omitting each

observation one at a time, recalculating the classification

function using the remaining data, and then classifying the

omitted observation. The classification role was based on

medical reports with thorough anamneses, laboratory, and

radiographic exams according to ACR rules [9, 15]. The

results are shown in Table 1.

The result shows a total correct proportion of 92.5%.

There was one false positive for the N group and two false

negatives for the RA group. Figure 4 shows the ROC curve

Fig. 1 Specificity and sensitivity as function of the clinical trials RF

(filled triangle) and CRP (filled circle)

Fig. 2 Spectra averages for normal and rheumatic groups and the

spectra differences given by the subtraction line
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that was calculated using the values of the centroid dis-

tances given by LDA.

The Raman results gave the best values overall for

specificity and sensitivity which values of 96 and 88%,

respectively. Based on these results, the optical Raman

spectroscopy can be utilized for the differential diagnosis

of RA. The information obtained by this technique is

extremely important for the development of a spectral

library for the classification of rheumatic diseases.

3.2.1 Medications and diet

Both dietary and drug regimes have been reported to have

possible interfering affects on the Raman spectra if not

properly accounted for in the analysis. Below, we discuss

and refer to some studies documenting some of these

effects which also suggest that changes in concentration

and conformation of proteins and lipids in human serum

may be a predictor of RA.

Disease-modifying anti-rheumatic drugs (DMARDs),

also known as antimetabolites such as methotrexate (MTX)

and leflunomide, were the main drugs used by patients with

RA in this study. MTX is a drug with anti-folate properties

commonly used in the treatment of RA and may be asso-

ciated with other drugs such as leflunomide. The long-term

use of MTX causes gastrointestinal intolerance, mucositis,

alopecia, and more severe/rare complications such as

hematological abnormalities, hepatotoxicity, and pulmon-

ary toxicity [39–42]. Leflunomide inhibits pyrimidine

synthesis and regulates the proliferation of CD4 [43], may

cause nausea, diarrhea, alopecia, hypertension, and may

cause elevated levels of some enzymes in the liver [39].

However, both drugs are not associated with dyslipidemia

[39]. Park et al. [44] describe in his study that liver dys-

function is not common even at high doses of MTX, since

these risk factors have been controlled in the development

of this drug. Park et al. [45] suggest that lipid changes take

place before the use of these medications and hence are not

due to DMARDs. In this study, laboratory monitoring of

complete blood count, liver function tests (AST and ALT),

and monitoring of creatinine were used to check for pos-

sible side effects in the patients with RA. Kermani and

Fig. 3 Loading plot for the six first principal components of the total

data

Table 1 Summary classification of LDA

Classification with cross-validation

Put into group True group

N RA

N 14 1

RA 2 23

Total number 16 24

Number correct 14 23

Proportion (%) 87.5 95.8

N = 40, N correct = 37, Proportion correct = 92.5%

Fig. 4 ROC curve from Raman data based on LDA
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Luthra [46] say that the use of folic acid during treatment

with MTX reduces its side effects. The combination of

these drugs is being taken by many of our rheumatic

patients.

Nonsteroidal anti-inflammatory drugs (NSAIDs) such as

diclofenac and ketoprofen have potent anti-inflammatory

effect, analgesic with antipyretic properties, are well

absorbed orally, and dissolve in the intestinal fluid [47].

Dipyrone is a potent analgesic drug that causes minor

adverse effects [48].

Corticosteroids such as prednisone are used only in

cases of pain and at physiological doses (quantities nor-

mally found in the body) in combination with supplemental

calcium carbonate (CaCO3) and vitamin D (cholecalcif-

erol). The use of corticosteroids is associated with serious

dysfunctions, such as hypertension, fluid retention, gas-

trointestinal disturbances, increased blood glucose, osteo-

porosis, and dyslipidemia [39]. However, in the RA group,

these medications were prescribed only at physiological

dosages during painful crises.

Another group of drugs considered in our study are the

antihypertensives, such as b-blockers (atenolol), ACE

inhibitors (captopril and enalapril), diuretics (hydrochlo-

rothiazide), and angiotensin II receptor blockers. In a 1999

study, Papadakis stated that antihypertensive drugs do not

cause significant changes in lipid levels [49]. In 1988,

Krone suggested that a, b-adrenergic antagonists and cal-

cium antagonists affect lipid metabolism, but these changes

have not been clearly elucidated which suggests that pre-

vious analyses should be reinvestigated to exclude any

preexisting hyperlipidemias [50]. In 2007, Hadda reported

that lipid levels in patients with RA tend to normalize with

the control of the disease activity with medications [51]. In

2009, Steiner showed that DMDC has beneficial effects on

both inflammation and maintaining the proper lipid levels

and hence limiting the risk of cardiovascular disease [52].

In 2008, Seven showed that the increase in lipids, proteins,

markers of DNA oxidation and antioxidant factors may

indicate the activity of RA, showing that lipid peroxidation

can serve as marker of RA [53]. These studies corroborate

the findings highlighted in our study that lipid abnormali-

ties found by Raman spectroscopy can predict the activity

of RA.

3.2.2 Biochemical interpretation of the spectra

Table 2 shows the main Raman assignments of molecules

in human blood, which has a column to distinguish the

different blood constituents analyzed by various authors

[55–61].

The Raman spectra were divided in several parts based

on the molecules assignments (Table 2) and also on the

variance of PCs (Fig. 3). The Figs. 2 and 3 have the

regions markers, separating the following spectral ranges:

(I) 776–900 cm-1; (II) 902–1,049 cm-1; (III) 1,051–1,098

cm-1; (IV) 1,100–1,180 cm-1; (V) 1,181–1,370 cm-1;

(VI) 1,372–1,599 cm-1; (VII) 1,601–1,776 cm-1.

In order determine the statistic significance of each

region, the areas were calculated and analyzed by the sta-

tistical parametric test [54]. The parametric test assumes

that the both the groups RA and N have a normal distri-

bution. For each spectral region, the normality distribution

of the data was checked by descriptive statistics using the

method of Kolmogorov and Smirnov the so-called KS test

Table 2 The main Raman

assignments of molecules in the

human blood

Range (cm-1) Human blood Molecules assignments References

510–1,200 Sera Lipids (HDL and LDL) [55]

510–1,320 Blood and sera Glucose [55, 56]

510–1,800 Blood and sera Triglycerides [55, 56]

550–1,800 Sera Creatinine [55]

565–1,746 Sera Cholesterol [56]

720–1,602 Blood and sera Albumin [55, 56]

744/760/1,342/1,448 Blood and sera Tryptophan [57, 58]

829–851 Sera Tyrosine [57, 59]

1,000/1,003 Blood and sera Phenylalanine [57, 58]

1,000–1,800 Sera Globulin [55]

940–1,320 Plasma � hélix [57]

960 Plasma Random coil [57]

990/1,240 Plasma b sheet [57]

1,230–1,309 Plasma and sera Amide III [60, 61]

1,542/1,620 Dried blood Hemoglobin [58]

1,645–1,680 Plasma Amide I [60]

1,654 Sera Amide I [61]
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[28]. All the regions were analyzed using the ANOVA

method [28]. Regions II, III, IV, and V have many varia-

tions as shown in Fig. 2 (RA-N subtraction line), but these

are not statistically relevant due to the high data variance.

The variations in these regions are due to other variables

(see Sects. 2.6, 3.2.1) other than those specific for RA.

Regions I, VI, and VII have variations which are statisti-

cally significant and are due specifically to RA. The cal-

culated areas for these regions with the p significant values

are shown in the Fig. 5.

3.2.2.1 Region I (776–900 cm-1) This region has many

assignments from the molecules such as lipids, glucose,

triglycerides, tryptophan, creatinine, cholesterol, albumin,

and tyrosine [55–59]. The most abundant plasma proteins

are the serum albumins that contribute to the transport and

regulatory processes of the cells. Tyrosine phosphorylation

is important for the regulation of several physiological

processes such as cell proliferation, migration, and differ-

entiation [62]. However, there are studies that claim that

different tyrosines participate in the pathophysiology of

RA and that the inhibitors of these tyrosines contribute to

the reduction of symptoms and disease activity [63]. There

is evidence that tyrosine kinases inhibitors have the ability

to inhibit cytokine production [63]. Tryptophan is required

for the biosynthesis of proteins and is a precursor for

several biologically important compounds. In vivo,

enhanced cytokine-induced degradation of tryptophan is

observed whenever a cellular immune response is induced

[64]. With respect to the tryptophan studies, one has con-

cluded that patients with RA have a deficiency in the

concentration of free peptides, which would result in less

protection of the connective tissue during inflammatory

attacks [65]. The variations of the calculated area could

indicate a greater involvement of the tyrosine doublet at

829–851 cm-1 in patients with RA that perpetuates the

inflammatory process.

Cytokines are local protein mediators, involved in

almost all important biological activities (cell growth,

activation, inflammation, immunity, and differentiation)

[2]. Thus, there is agreement between several works that

cytokines play an important role in autoimmune diseases,

like RA [2, 3, 21]. Studies suggest that the increase in

cytokines such as IL-1a, IL-8, and TNF-a is not derived

from circulating monocytes of patients with RA. They

believe that the source of these cytokines is the inflamed

joints [2, 66]. In the case of RA, the increase in APP’s,

IL-I, TNF-a, and IL-6 concentrations in the circulatory

system is usually associated with a severe stage of disease

progression [67]. Nevertheless, the cytokines vibrational

modes are still unknown. Many authors have been studying

the sera by Fourier Transform Infrared Spectroscopy

(FT-IR), and modes in this region have been correlated

with the CO stretching modes (900–1,300 cm-1) of glucose

and lactate [68–70].

3.2.2.2 Region VI (1,372–1,599 cm-1) This region has

the contributions of the albumin mode (720–1,602 cm-1)

[55, 56] as shown in Table 2. Albumin is involved on the

transport process of metal ions, fatty acids, bilirubin, and

drugs in the blood. Albumin is also involved in the phar-

macokinetics of various therapeutic drugs that can be

bound to the protein. Changes in vibrational modes of

region VI may be due to medications used by patients with

RA [71, 72]. Pezolet et al. [73] had described the region of

the 1,406 cm-1 for COO- stretching vibration modes of

immunoglobulin G (IgG) that are composed of peptide

chains and tryptophan (1,554–1,584 cm-1). Deléris et al.

[69, 70] have reported this region in the FT-IR study, and

molecular assignments were to COO- stretching, CH2 and

CH3 bending of amino acids, fatty acids, phospholipids,

and triglycerides.

3.2.2.3 Region VII (1,601–1,776 cm-1) This region has

the contribution of amide I vibrational modes. The amide I

usually reflects hydrogen bonding in the various secondary

structural elements in proteins, for example the hydrogen-

bonding pattern of the C=O groups both within the albumin

protein (intramolecular hydrogen bonding) and with other

proteins and the environment (intermolecular hydrogen

bonding) [74]. Fraile et al. [75, 76] reported changes in the

region of 1,630–1,695 cm-1, corresponding to amide I

region, on the addition of lipids to albumin which reflect

not only changes in the hydrogen bonding but also of the

presence of changes in the secondary structural elements.

Dotzlaw et al. [77] described in his study that the expres-

sion of proteins can serve as a baseline to monitor the

effectiveness of therapy and be of diagnostic value for the

Fig. 5 Statistical results of the significant spectral ranges of the full

spectra
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classification of autoimmune diseases according to

molecular pathophysiology.

Extensive conformational and compositional analyses of

serum and other biological solutions by optical spectroscopy

have been reported, for example, proteins (albumin-HSA),

peptides, amides, carbohydrates, and glucose [69, 70,

78–81]. Raman spectroscopy is an important analytical

method for the identification of specific molecules [82] and

can be used for diagnostic or prognostic value for verifi-

cation of chemical changes [82, 83]. One of the limitations

found is the lack of standardization of the spectral bands of

specific molecules present in serum. New markers need to

be scored to try to establish a relationship between the

serological analysis and optical spectroscopy through

chemicals entities, which do not suffer the interference of

dietary factors or drug interactions.

4 Conclusions

Our work here lends further support to other similar studies

in demonstrating that Raman spectroscopy may be of

interest as a diagnostic tool for RA by determining not only

the presence of biomolecules such as proteins, amines,

lipids and immunoglobulins but also changes in the

molecular and structural composition and chemicals enti-

ties. The results from the statistical analysis showed that

this technique is extremely promising for use in the diag-

nosis of rheumatic disease. However, one still needs to

understand more about the constituents in isolation from

serum in order to establish more precise regions for

compounds present in human serum. Future studies are

needed to clarify the effectiveness of the technique for

early diagnosis of RA using the recently developed new

criteria.
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(2009) Plasma powder as cold-set binding agent for meat system:

rheological and Raman spectroscopy study. Food Chem 113:493–

499

61. Fleury F, Ianoul A, Berjot M, Feofanov A, Alix AJP, Nabiev I

(1997) Camptothecin-binding site in human serum albumin and

protein transformations induced by drug binding. FEBS Lett

411:215–220

62. Xie Y, Zhang D, Jarori GK, Davisson VJ, Ben-Amotz D (2004)

The Raman detection of peptide tyrosine phosphorylation. Anal

Biochem 332:116–121

63. Tristano AG (2009) Tyrosine kinases as targets in rheumatoid

arthritis. Int Immunopharmacol 9:1–9

Theor Chem Acc (2011) 130:1211–1220 1219

123

http://www.clsi.org/Content/NavigationMenu/Resources/QualityManualThirdEdition.pdf
http://www.clsi.org/Content/NavigationMenu/Resources/QualityManualThirdEdition.pdf
http://dx.doi.org/10.1117/1.1911847


64. Schrocksnadel K, Wirleitner B, Winkler C, Fuchs D (2006)

Monitoring tryptophan metabolism in chronic immune activation.

Clin Chim Acta 364:82–90

65. McArthur JN, Dawkins PD, Smith MJH, Hamilton EBD (1971)

Mode of action of antirheumatic drugs. Br Med J 2:667–679

66. Rodenburg RJT, Van de Hoogen FHJ, Van de Putte LBA, Van

Venrooij WJ (1998) Peripheral blood monocytes of rheumatoid

arthritis patients do not express elevated TNF-a amd IL-8 mRNA

levels. A comparison of monocyte isolation procedures. J Immu-

nol Meth 221:169–175

67. Badolato R, Oppenheim JJ (1996) Role of cytokines, acute-phase

proteins, and chemokines in the progression of rheumatoid

arthritis. Semin Arthritis Rheum 26:526–538

68. Petibois C, Melin AM, Perromat A, Cazorla G, Déléris G (2000)
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