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Abstract

Biochemical tests are critical in the management of patients with hypothyroidism (HT). Fourier Transfer Infrared (FTIR) which allows for global bio-fluid metabolic
profiling may give more appropriate information by measuring a broad range of metabolic parameters in bio-fluid. Here we present the application of FTIR with
chemo metric analysis for the diagnosis of patients with hypothyroidism (HT). Twenty-six patients and twenty-six healthy sex-matched individuals were prospectively
recruited in this study. FTIR spectra were measured in serum samples. The most informative variables obtained by FTIR were selected by variable importance in the
projection (VIP) value after creating an OPLS-DA model at three specific regions: 900-1200 cm™, 1500-1700 cm™!, and 2800-3100 cm™. The significance of each
created model was validated by P-value (P<0.05) of CV-ANOVA. Multivariate analysis (OPLS-DA) of the FTIR data revealed the differences in the serum metabolic
components of patients with hypothyroidism. OPLS-DA models revealed validation for 900-1200 cm™ region (R2Y(cum)=0.934; Q2(cum)=0.514), 1500-1700
cm’! region (R2Y (cum)=0.726; Q2(cum)=0.555), and 2800-3100 cm' region (R2Y (cum)= 0.959; Q2(cum)= 0.618) with P-value <0.05 of CV-ANOVA. The results
indicated that FTIR spectral biomarkers distinguish the serum of patients with hypothyroidism, for example, carbohydrates and nucleic acids, proteins (Amide 1/
Amide II), and lipids biomolecules.

In summary, this work demonstrates that FTIR spectroscopy supported by Orthogonal Partial Least Squares Discriminant Analysis (OPLS-DA) has the potential
to become a fast and reagent-free method for biochemical characterization of serum that consequently could have a diagnostic significance in patients with
hypothyroidism (HT).
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approach has some advantage as it is a technique of a reagent-free
testing method and gives allowance for a rapid and non-destructive
diagnosis as compare with traditional problems associated with serum/
plasma in diagnosis and screening. This method is comparatively easy,
reproducible, require minimum preparation of sample as well as small
amount of sample requirements [9,10]. The FTIR technique relies on
the distinctive absorbance of corresponding molecular vibration in the
functional group of biomolecules such as lipids, amino acids, proteins,
carbohydrates, as well as chemical bonds between two atoms. The

Introduction

Thyroid hormones including both thyroxin (T4) and
triiodothyronine (T3) are important for normal development
and proper function of virtually all organs [1]. They modulate the
metabolism of carbohydrate and lipid, as well as stimulate protein
synthesis [2-4]. The synthesis and release of these hormones by the most
important glands, known thyroid gland, are controlled by the anterior
pituitary thyroid stimulating hormone (TSH) which is synthesized in

response to hypothalamic TSH-releasing hormones [5]. Abnormal
in the function of the thyroid gland is medically known thyroid
disease; both hypothyroidism (low amount of thyroid hormones) and
hyperthyroidism (high amount of thyroid hormones) are the major
conditions thatinvolved the thyroid gland [6]. Vibrational spectroscopic
techniques, including infrared absorption, have developed across the
previous twenty years as introducing routine analytical techniques for
a large variety of applications, as they providing particular biochemical
information and molecular structure of analyzed samples without
the use of extrinsic stable labels [7,8]. Vibrational spectroscopy
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fundamental concept of FTIR is when these biochemical compounds
are subjected to infrared radiation, the radiant energy corresponds to
the energy of a particular molecular vibration and absorption happens.
FTIR can offer assistant to recognize unknown materials, determine a
sample’s quality or consistency, and define the number of components
in combination samples [8]. Numerous spectroscopic studies show
the potential of FTIR spectroscopy for medical diagnosis, commonly
from tissue [11] and recently from fluids such as serum [12-14], plasma
[15,16] and tears [17]. Despite its potential, FTIR spectroscopy is not
exploited in clinical practice, because nearly all these studies were trial
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of concept studies [18]. The progression of medical diagnosis based
on vibrational spectroscopy involves two-phase project: the first one
is diagnosis or classification of biomarkers and the second one is
identification of the collected biomarkers [19]. FTIR spectra allow for
identification of the wide biochemical alterations induced by disease
via the acquired metabolic fingerprint from it. Spectral analysis and
biomarker identification are required a reduction in the number of
spectral variables (wavenumbers) form hundreds to about a dozen, in
order to minimize the influence of redundant variables and noise [20].
This can be done by combining principal component analysis (PCA)
and Orthogonal Partial Least Squares Discriminant Analysis (OPLS-
DA) with FTIR spectral data [21]. The aim of the present work is to
evaluate the ability of FTIR spectroscopy to obtain a global metabolic
profile useful for the assessment of patients with hypothyroidism (HT).
For that, the first part of this study will present a chemo metric analysis
approach for discriminating HT patients, while the second part will
propose the biochemical assignment of the selected FTIR spectral
markers.

Materials and Methods

Study Population and Serum Sample Preparation

The blood samples were collected, using a plain tube. After
withdrawal from 26 patients (women) and 26 healthy sex-matched
individuals, the blood samples were centrifuged at 3000 rpm for 10
min to collect sera for storage at 40°C. The sera were thawed at room
temperature when necessary for the analysis stage. All individuals
were fully informed and given the consent forms prior to this study;
from each patient, a standard medical history was obtained as well as
clinically examined and diagnosed by endocrinologist in the Specialized
Center for Endocrinology and Diabetes during November 2018 to July
2019. This study was approved by the Ethics Board of the College of
Pharmacy/Mustansiriyah University/Baghdad/Iraq.

Hormonal Assessment

Serum levels of thyroid function including TSH and T4 were
estimated by the Enzyme-Linked Fluorescent Assay (ELFA) technique
using a commercially available kit (VIDAS® Thyroid panel) from
BIOMERIEUX (Lyon, France). All of the assay steps were performed
automatically by the MINI VIDAS analyzer from BIOMERIEUX,
France. The normal range for TSH was taken as 0.25-5 uU/ml, for T4
it was 60-120 nmol/l. These ranges are in accordance with the available
kit.

Analyses were conducted using Microsoft Excel 2010 software.
Data were represented as meantstandard deviation. Variables were
compared between patient and healthy control groups using Student’s
t-test. P<0.05 was considered statistically significant.

FTIR Spectral Data Acquisition

Infrared spectra were acquired with Fourier transform infrared
spectrophotometer (FTIR-8400S, SHIMADZU). Spectra were recorded
in absorption mode in the spectral region 400-4000 cm™, with 45 scans
and a resolution of 4 cm™. During acquisition, room temperature
and humidity were maintained at 23°C and £39% respectively. After
thawing the frozen liquid samples, 10 pl of a liquid sample (serum) was
spread on a 3 cm diameter of KBr cell. To avoid the interference of the
previously analyzed samples, KBr cell was cleaned using Chloroform
(stab/Amylene) HPLC (Biosolve; cat no. 03080602) between each
sample. The measurements were performed in a triplicate for each
liquid serum sample.
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FTIR Spectral Pre-Treatment

First, the dimensionalities of the spectra were reduced to three
specific biochemical component regions 900-1200 cm, 1500-1700
cm’ and 2800-3100 cm” dominated by the spectral features of
carbohydrates and nucleic acids, proteins (amide I and amide II) and
lipids absorption, respectively. Subsequently, second derivatives were
calculated, smoothed using a 13-point Savitzky-Golay algorithm.
Finally, the spectra were normalized by vector normalization over the
whole spectral region before converting them into ASCII format and
then collected as a single table of Microsoft Excel (2010). The raw FTIR
spectral dataset was recorded and pre-processed using Shimadzu IR
solution 1.60 software.

Chemometric Analysis of FTIR Spectra and Univariate
Statistics

The normalized second derivative FTIR spectral dataset of patient
and healthy control groups were averaged and imported into SIMCA
14.1 software (MKS Umetrics AB, Umed, Sweden) for performing
unsupervised principal component analysis (PCA) to qualify and check
the homogeneity of data visually as well as to discover and remove
the outliers among the samples which might not fit the model, and
supervised Orthogonal Partial Least Squares Discriminant Analysis
(OPLS-DA) pattern recognition technique to discriminate between
these two groups in a scaling parameter of unit variance (UV). The
used model was described by the criterion of R2, which reflect the
goodness of fit, and Q2, which reflect the goodness of prediction. The
variable importance in the projection (VIP) values exceeding 1.5 were
selected as the most important peak signal of absorbance for predicted
variables in the scatter plots. Furthermore, the significance of each
created OPLS-DA model was validated by P-value (P<0.05) of CV-
ANOVA. Univariate analysis (Student’s t-test) between patient with
hypothyroidism and healthy control groups was performed (with
p<0.05) using Microsoft Excel 2010.

Results
Patient and Healthy Population

Overall fifty-two participants were recruited, 26 patients with
hypothyroidism and 26 healthy individuals. The clinical and
biochemical characteristics of the studied population are summarized
in Table 1. All patients and healthy individuals were female. The mean
age of the patients was 43.5+10.4 years and the mean age of the healthy
individuals was 30.6+10.0 years. There was a statistically significant
increase in mean BMI (p<0.01) and TSH level (P<0.01) and a decrease
in mean T4 level (P<0.01) was recorded in a hypothyroidism group as
compared to control group.

FTIR Spectral Description

To better characterize individual spectral components, second
derivative spectra with 13 smoothing points Savitzky-Golay algorithm
for the serum FTIR spectra of hypothyroidism and healthy control

Table 1: Clinical and biochemical characteristics of patients with hypothyroidism and
control individuals.

Characteristics Hypothyroidism (n=26) Control (n=26) P-value
Mean+SD Mean+SD

Age (years) 43.5£10.4 30.6£10.0 1.67x10°

BMI 33.00£6.0 26.36+4.38 1.85x10*

TSH (uU/ml) 6.40+0.9 2.12+0.83 6.78x10°1*

T4 (nmol/l) 55+15.2 106+18.17 1.33x10
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were normalized, averaged and presented in figure 1. At first glance,
the preliminary data demonstrated that the mean FTIR spectra of the
hypothyroidism (HT) serum samples (blue lines) were unique when
they compared with the healthy control serum samples (red lines),
especially the spectrum within the spectral range of carbohydrates
and nucleic acids (900-1200 cm™) and lipids (2800-3100 cm™),
indicative of the metabolic, genomic, and lipidomic variation between
hypothyroidism and healthy control individuals.

FTIR Spectral Classification and Biochemical Assignment of
the Spectral Signature

The biochemical features from biological samples are extremely
complex and, therefore, FTIR data must be analyzed by methods of
multivariate analysis. In this study, for a clear assessment of spectral
variance over the studied groups for each region we successfully
employed Orthogonal Partial Least Squares Discriminant Analysis
(OPLS-DA) method to reveal the discrimination in the FTIR spectral
profile between hypothyroidism and healthy control sera, after applying
principal component analysis (PCA). It was found that spectral regions
900-1200 cm™ (carbohydrates and nucleic acids feature), 1500-1700 cm™
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(proteins feature) and 2800-3100 cm™ (lipids feature) have important
values for discrimination of hypothyroidism sera. These results
suggested variations in the mechanisms of carbohydrates and nucleic
acids, proteins and lipids between these two groups. These spectral
features are discussed in detail below to determine the mechanism
of differences and acquire further insight into the pathophysiological
processes of the hypothyroidism. Beside its classification capacities, the
OPLS-DA model gives the opportunity to highlight variables that are
highly relevant to this discrimination. Univariate analysis (t-test) with
P<0.05 focused on the variable importance in projection (VIP>1.5)
obtained from the OPLS-DA model.

Carbohydrates and Nucleic Acids Region

Unsupervised method (PCA) for 900-1200 cm™ region
(carbohydrates and nucleic acids feature) is first achieved to build up
a picture of sample variances and determine the outlier sample, from
which no outlier samples from both hypothyroidism and healthy
control groups falling outside the 95% confidence level of Hotelling’s
T2 ellipse (Figure 2A). The PCA result presented as score plot of the first
two PCs (PC1 (24.1%) and PC2 (18.3)) and the model demonstrated the
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Figure 1: Mean of the normalized second derivative FTIR spectra within the analysis regions obtained from 3 replicates of 26 serum samples for each hypothyroidism (HT) and healthy

control group)

(A) 900-1200 cm™ region (B) 1500-1700 cm™ region and (C) 2800-3100 cm™' region. X-axes represent the wavenumber (cm™) and Y-axes represent the absorbance. Blue color lines
correspond to patients with hypothyroidism (HT) and red color lines correspond to healthy control groups.
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Figure 2: PCA and OPLS-DA Score plots of carbohydrates and nucleic acids region. (A) Principal component analysis (PCA) score plot of second derivative FTIR spectra, with component
1 (X-axis) showing 24.1% and component 2 (Y-axis) showing 18.3% of the variation, and (B) The corresponding OPLS-DA score plot, X-axis indicates the first principal component and

Y-axis indicates the first orthogonal component.

Table 2: Possible FTIR band assignments of variables with the highest discriminatory power of the hypothyroidism (HT) and healthy control groups in the carbohydrate and nucleic acid

(900-1200 cm™) spectral region.

Wave number  Absorbance P value
(em™) Hypothyroidism Control

1092 0.420678 0.645973 2.16x10*
1080 0.581613 0.348844 8.1x101°
1112 0.270342 0.516188 5.05x10°
1082 0.574111 0.354344 6.66x10®

goodness of fit, R2X (cum)=0.782, and predictability, Q2(cum)=0.534.
Then, a definitive PCA model is used for a supervised method, OPLS-
DA, for the identification of samples.

In the OPLS-DA model, all spectral dataset lay inside the 95%
confidence region (Hotelling T2 ellipse) (Figure 2B) of the score plot.
The score plot shows a distinct separation between hypothyroidism
and healthy control groups, and the samples distributed in each
group’s region. OPLS-DA model shows a good fit with R2Y=0.934 and
predictability with Q2=0.514; validation of the model for predictive
ability was assessed with significant (P<0.05) cross validated—
ANOVA (CV-ANOVA). These findings suggested variations in the
pathophysiological processes of the hypothyroidism.

Ellipses represent the 95% confidence intervals. Circles represent
hypothyroidism (HT) group (n=26), squares represent healthy control
group (n=26). The differential variables (wave numbers) were selected
using the criteria with both variable importance in projection (VIP)
value over 1.5 in OPLS-DA model and p<0.05 according to Student’s
t-test. Table 2 represents the main assignments of an apparent change
in the absorption of the selected variables (wavenumbers) in the region
(900-1200 cm™), that predominated by the vibration of PO, of nucleic
acid, C-O vibration of glucose, glycogen, collagen and glucose at
different wavenumbers including 1092, 1080, 1112, and 1082 cm™.

Proteins Region

Unsupervised method (PCA) for 1500-1700 cm™ region (proteins
feature) is first achieved to build up a picture of sample variances
and determine the outlier sample, from which two outlier samples
from healthy control group falling outside the 95% confidence level
of Hoteling’s T2 ellipse (Figure 3A). The result presented as score
plot of the first two PCs (PC1 (36.1%) and PC2 (20.7%)) of this PCA
model and demonstrated the goodness of fit, R2X (cum)=0.983,
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VIP value Literature Assignment
1.60906 Symmetric stretching vibration of PO, of DNA [22]
1.5563 Symmetric stretching vibration of nucleic acid [23]
C-O symmetric stretching of glucose [24]
1.55226 Glycogen band [25]
Symmetric of phosphate [26]
1.54648 Symmetric stretching vibration of PO, of nucleic acid [27]

Collagen [28]
Glucose [29]

and predictability, Q2 (cum)=0.848. Then, a definitive PCA model
is used for a supervised method, OPLS-DA, for the identification of
samples. In the OPLS-DA model, all spectral dataset lay inside the
95% confidence region (Hotelling T2 ellipse) (Figure 3B) of the score
plot. The score plot shows definite hypothyroidism and healthy control
grouping with a small overlap after excluding two outlier samples
from the healthy control group. OPLS-DA model shows a good fit
with R2Y=0.726 and predictability with Q2=0.555; validation of the
model for predictive ability was assessed with significant (P<0.05) cross
validated-ANOVA (CV-ANOVA). These findings suggested variations
in the pathophysiological processes of the hypothyroidism.

Circles represent hypothyroidism (HT) group (n=26) for PCA and
OPLS-DA score plot, squares represent healthy control group (n=26)
for PCA and (n=24) for OPLS-DA. The differential variables (wave
numbers) were selected using the criteria with both variable importance
in projection (VIP) value over 1.5 in OPLS-DA model and p<0.05
according to Student’s t-test. Table 3 represents the main assignments
of an apparent change in the absorption of the selected variables
(wavenumbers) in the region (1500-1700 cm™), that predominated
by the vibration of N-H, C-N, and C=0 in amide I and II at different
wavenumbers including 1578, 1576, 1580 and 1682 cm™.

Lipids Region

Unsupervised method (PCA) for 2800-3100 cm™ region (lipids
feature) is first achieved to build up a picture of sample variances and
determine the outlier sample, from which no outlier sample from both
hypothyroidism and healthy control groups falling outside the 95%
confidence level of Hotelling’s T2 ellipse (Figure 4A). The PCA result
presented as score plot of the first two PCs (PC1 (21.3%) and PC2 (15.2))
and the model demonstrated the goodness of fit, R2X(cum)=0.768, and
predictability, Q2(cum)=0.389. Then, a definitive PCA model is used
for a supervised method, OPLS-DA, for the identification of samples.
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Figure 3: PCA and OPLS-DA Score plots of proteins region. (A) Principal component analysis (PCA) score plot of second derivative FTIR spectra, with component 1 (X-axis) showing
36.1% and component 2 (Y-axis) showing 20.7% of the variation, and (B) The corresponding OPLS-DA score plot, X-axis indicates the first principal component and Y-axis indicates the

first orthogonal component. Ellipses represent the 95% confidence intervals.
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Figure 4: PCA and OPLS-DA Score plots of lipids region: (A) Principal component analysis (PCA) score plot of second derivative FTIR spectra, with component 1 (X-axis) showing 21.3%
and component 2 (Y-axis) showing 15.2% of the variation, and (B) The corresponding OPLS-DA score plot, X-axis indicates the first principal component and Y-axis indicates the first

orthogonal component. Ellipses represent the 95% confidence intervals.

Table 3: Possible FTIR band assignments of variables with the highest discriminatory power of the hypothyroidism (HT) and healthy control groups in the protein (1500-1700 cm™) spectral

region.
Wavenumber (cm™) Absorbance P-value VIP value Literature Assignment
Hypothyroidism Control

1578 0.7458 0.6566 7.53x10° 1.87239 N-H bending vibration coupled to C-N stretching vibration
(amide IT) [30]

1576 0.6748 0.5942 2.27x10* 1.58854 N-H bending vibration coupled to C-N stretching vibration
(amide II)

1580 0.7990 0.7397 4.7x10* 1.58277 N-H bending vibration coupled to C-N stretching vibration
(amide II)

1682 0.6249 0.5512 9.69x10* 1.52427 C=0 stretch vibration coupled to N-H bend vibration (amide I)

In the OPLS-DA model, all spectral dataset lay inside the 95%
confidence region (Hotelling T2 ellipse) (Figure 4B) of the score plot.
The score plot shows a distinct separation between hypothyroidism
and healthy control groups and the samples distributed in each
group’s region. OPLS-DA model shows a good fit with R2Y=0.959 and
predictability with Q2=0.618; validation of the model for predictive
ability was assessed with significant (P<0.05) cross validated-
ANOVA (CV-ANOVA). These findings suggested variations in the
pathophysiological processes of the hypothyroidism.

Circles represent hypothyroidism (HT) group (n=26), squares
represent healthy control group (n=26). The differential variables
(wave numbers) were selected using the criteria with both variable
importance in projection (VIP) value over 1.5 in OPLS-DA model
and p<0.05 according to Student’s t-test. Table 4 represents the
main assignments of an apparent change in the absorption of the
selected variables (wavenumbers) in the region (2800-3100 cm™), that
predominated by the vibration of C-H ring, CH,, C-H, =CH, and CH,
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at different wavenumbers including 3072, 2870, 3074, 2998, 3052, 3000,
2978, 3020, 3050, and 2858 cm™'.

Discussion

In this study, we have tried to explore the use of FTIR spectroscopy
coupled with chemo metric analysis in the detection of potential
biomarkers in the serum of hypothyroidism and the possibility of this
methodology serving as a complementary tool for Nuclear Magnetic
Resonance (NMR) and Mass Spectrometry (MS). To our knowledge,
the first application of FTIR to human hypothyroidism sera is presented
here. The presented data (OPLS-DA results) described above show
that FTIR-based metabolic profiling can discriminate and recognize
functional groups that exist in metabolites. These metabolites were
found in the carbohydrates and nucleic acids (900-1200 cm™), proteins
(1500-1700 c¢m™), and lipids (2800-3100 cm™) absorption regions.
Suggesting that irregularities in the metabolic pathways involving
these biomolecules have been associated with the change of adverse
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Table 4: Possible FTIR band assignments of variables with the highest discriminatory power of the hypothyroidism (HT) and healthy control groups in the lipid (2800-3100 cm™) spectral

region.
Wavenumber (cm™) Absorbance P-value
Hypothyroidism Control

3072 0.4292 0.6570 1.86x10¢
2870 0.3563 0.5296 4.20x10¢
3074 0.4643 0.6532 8.80x107
2998 0.4769 0.6419 2.22x10¢
3052 0.5064 0.7173 1.07x10°
3000 0.4849 0.6597 1.16x10¢
2978 0.4434 0.5901 7.47x10°
3020 0.4179 0.5607 1.46x10*
3050 0.5347 0.6863 3.77x10*
2858 0.4104 0.5358 3.86x10*

metabolic effects in patients with hypothyroidism [40,41]. Thyroid
hormone has been known to control various metabolic processes
essential for regulating metabolism in the human body [40,41]. It has
been documented that thyroid hormone regulates the metabolism
of carbohydrates via gluconeogenesis and glycogenolysis pathways
[42,43], proteins via protein catabolizing lysosomal enzymes [44], and
lipids via the oxidation of fatty acids and cholesterol metabolism [45].
The sensitivity of FTIR spectroscopy is very high for carbohydrates,
lipids, proteins, and nucleic acids vibration. The absorbance of infrared
in the first spectral region (complicated region) at 900-1200 cm™ is
attributed to the presence of carbohydrates, phosphates and nucleic
acids vibration and absorption [46]. According to previous studies
by Fabian H, et al. (1995) [47], and Wood BR, et. al. (1998) [48], the
spectral region between 1000 and 1150 cm™ is typical for carbohydrate
while the region between 900 and 1300 cm™ is predominantly for
nucleic acids. The results indicate that the serum absorption of
hypothyroidism decreases at 1092 and 1112 cm™, while increases at
the region 1080-1082 cm™. These changes would give a signature in
this region of FTIR spectra that is characteristic of hypothyroidism.
However, it has been documented that the absorption of nucleic
acids dramatically affect by environmental factors and only reveals
clearly in the absence of glycogen [49]. Thus, the variation in nucleic
acid signals can be influenced by changes in glycogen and phosphate
contents which have overlapping absorbance with nucleic acids in
this region and make it difficult to precisely identify and measure the
change in any peak wavenumber value during such alterations [50].
Since the absorbance is dependent on the concentration of different
biomolecules in the sample, alteration of any biomolecules with respect
to each other would distinct themselves as changes in the spectra.
These are perhaps the reason for the decreased absorbance at 1092 and
1112 cm™ and increased absorbance in the region 1080-1082 cm™ in
the serum of patients with hypothyroidism. Increases in the proteins
spectral region (1500-1700 cm™), the second region, of patients with
hypothyroidism at 1576, 1578, 1580, 1682 cm™ suggest an increase in
protein content as compared with control individuals. Considering
this observed change in the underlying characteristics of the protein
region is not possible from this work alone to determine what changes
in protein secondary structure or protein folding or unfolding events
may have occurred as a result of the disease. The changes in the amide
I bands reflect the symmetry of secondary structures, whereas the
changes in the amide II bands reflect directly the coupling between
hydration water and protein residuals. Our result showed that patients
with hypothyroidism altered both the amide I and amide II bands,
and thus affected the protein content. Furthermore, the association of
low-grade inflammation is known in patients with even mild degrees
of hypothyroidism [51]. The resultant increase in serum protein
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VIP value Literature Assignment

1.92344 C-Hring [31]

1.914 CH, symmetric stretching of lipid [32]

1.86943 C-H ring [31]

1.74388 C-H stretching of lipid [33]

1.68639 C-H Symmetric stretching of methyl group [34]
1.67162 Olefinic=CH [35,36]

1.56612 C-H stretching of lipid [33,35]

1.55766 Olefinic=CH stretch (unsaturated lipid) [30,36]
1.52942 C-H stretching of aromatic [37]

1.51192 CH, Symmetric stretching vibration [38,39]

content of patients with hypothyroidism has been reported previously
[52,53]. In patients with hypothyroidism decreases were observed in
the lipid spectral region (2800-3100 cm™), the third region, at 2858,
2870, 2978, 2998, 3000, 3020, 3050, 3052, 3072, 3074 cm™ as compared
with control individuals suggest a decrease in the lipids content. It was
documented that the decreased levels of thyroid hormones decrease
serum free fatty acids, however increase cholesterol, and triglyceride
levels [54]. The release of free fatty acids from triacylglycerol stores in
hepatic cells is mediated by the enzymatic activity of cytosolic lipase
[55]. So, the decrease in fatty acids content can occur as a result of
a decline in hepatic lipase activity [56] as this enzyme is sensitive to
thyroid hormone [57]. Since then, the decreased levels of fatty acids
in the serum of patients with hypothyroidism have been reported
previously [58]. Furthermore, fatty acid synthesis is regulated by fatty
acid synthase gene, which encodes fatty acid synthase enzyme, is down-
regulated in the liver of patients with hypothyroidism [59]. This study
prove the ability of FTIR spectroscopic approach which, although not
giving a definite picture of the different metabolic alteration, solely
based on FTIR spectral data and subsequent chemo metric analysis
shows satisfactory method of diagnosis.

Conclusion

The FTIR-based spectroscopic technique, which is a simple, cost-
effective and high-throughput method, could be used as a powerful
technique in a clinical laboratory to discriminate the profiling of
patients’ serum with hypothyroidism. Combining FTIR spectroscopy
with chemo metric analysis provided a method for hypothyroid
diagnosis. OPLS-DA analysis of second derivative spectra revealed
18 data-points providing from different spectral regions more
discriminatory power to identify the differences and similarities
between sera of patients with hypothyroidism and healthy individuals.
These peaks showed characteristic patterns in the samples of patients
with hypothyroidism and healthy individuals. This combination
between vibrational spectroscopy and chemo metric analysis provides
understanding serum-based bio-molecule composition at different
FTIR absorption regions and could serve as useful tool in clinical
diagnosis of hypothyroidism after further validation in depth.
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