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Abstract
We report the changes in salivary pattern of normal pregnant women in each trimester qualitatively and quantitatively.
FTIR spectroscopic technique has been successfully applied to analyze the saliva samples of various age groups
from18 to 25 and 25 to 35. The role of FTIR spectroscopy in the analysis of saliva of normal pregnant women of 1st, 2nd
and 3rd trimester of various age groups are clearly demonstrated both qualitatively and quantitatively. Among the three
trimesters, the vibrational peaks of the progesterone increased in the 1st trimester: whereas, in the 2nd trimester there
was a decrease: In 3rd trimester there was a further decrease. Similarly, in the case of normal pregnant women of age
between 25 to 35 has a greater absorption value than the normal pregnant women of age 18 to 25. This may be
attributed to the salivary IgA and IgM concentrations higher in ageing people. It is concluded that FTIR salivary
signature may be applied to indicate different stage of pregnancy of different age group.
Keywords: Saliva, normal pregnant women, trimester, FTIR spectroscopic analysis.
Introduction
The use of infrared spectroscopy for biomedical and genitourinary systems. Local physical changes occur
applications has increased tremendously in the recent in different parts of the body, including the oral cavity. The
years. Fourier Transform Infrared (FTIR) Spectroscopy is present work reports the changes that occur during
a non-invasive, reagent free diagnostic tool in the normal pregnancy in each trimester of various age groups
analysis of biological fluids. The results can be best i.e., age between 18 to 25 and 25 to 35. IR absorption
employed in the qualitative and quantitative investigation patterns provide the basis to distinguish among the
of biological fluids like saliva, blood, serum, urine etc. In constituents and to separately quantify them. In addition,
addition, these techniques also provide molecular-level IR- based analytical methods require very small sample
information allowing investigation of functional groups, volumes (typically microlitres), show good precision over
bonding types and molecular conformations. Spectral the entire physiological range, and are well suited for
bands in vibrational spectra provide direct information automation.
Oral changes seen in pregnancy include gingivitis,
about the biochemical composition (Movasaghi et al.,
2008). The promise of IR based analysis is that it can gingival hyperplasia, pyogenic granuloma and salivary
rapidly and simultaneously quantify several components changes. Increased facial pigmentation is also seen.
Elevated circulating estrogen which causes increased
without any specific reagents (Deleris & Petibois, 2003).
Human saliva is composed of 98% water, while the capillary permeability, predisposes pregnant women to
other 2% consists of other compounds such as gingivitis and gingival hyperplasia (Hugoson, 1971;
electrolytes, mucus, antibacterial compounds and various Soory, 2000). Pregnancy gingivitis usually affects
enzymes. As part of the initial process of food digestion, marginal and interdental papilla and is related to
the enzymes in the saliva break down some of the starch preexisting gingivitis (Neville et al., 2002). Good oral
and fat in the food at the molecular level. Pregnancy hygiene can help to prevent or reduce the severity of the
involves complex hormonal interactions, which cause hormone-mediated
inflammatory
oral
changes.
profound physiologic changes. Some changes are more Pregnancy does not cause periodontal disease but does
evident than others. The changes that occur are the result worsen an existing condition (Tilakaratne et al., 2000).
of increasing maternal and fetal requirements for the Female sex hormones (estrogen, progesterone & human
growth of the fetus and the preparation of the mother for gonadotrophin) are secreted primarily by the placenta.
delivery. An increase in the secretion of female sex These hormones are responsible for most of the
hormones, estrogen by 10-fold and progesterone by 30- physiologic changes during pregnancy. The main salivary
fold is important for the normal progression of pregnancy changes in pregnancy involve its flow, composition, pH
(Sies, 1991). Increased hormonal secretion and fetal and hormone levels. Cross-sectional studies show a
growth induce several systemic, as well as local reduced whole stimulated salivary flow rate in pregnant
physiologic and physical changes in a pregnant woman. women, but longitudinal studies show that there is no
The main systemic changes occur in the cardiovascular, change in the whole stimulated salivary flow rate (Laine
hematologic,respiratory, renal, gastrointestinal, endocrine
et al., 1988). The change in composition of the saliva
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includes a decrease in sodium and pH and an increase in
potassium, protein and estrogen levels (Laine et al.,
1988; Salvolini et al., 1998). Salivary estrogen level has
been suggested as a screening test to detect the risk
potential for preterm labor. Salivary estrogen also
increases the proliferation and desquamation of the oral
mucosa and an increase in sub-gingival crevicular fluid
levels. The present work is a new approach in the
analysis of saliva in normal pregnant women in each
trimester of various age group and the changes in
salivary pattern during pregnancy using mid-IR
spectroscopy. The present work is also attempted in the
study of changes in salivary pattern in normal pregnant
women in each trimester using FTIR spectroscopy both
qualitatively and quantitatively. The type of spectral
signatures qualitatively differentiates the progesterone
levels in pregnancy in each trimester: whereas, the
intensity ratio among the absorption bands quantitatively
characterizes it.
Materials and methods
Saliva samples of normal pregnant women were used
for spectral analysis with written informed consent
obtained from all subjects as approved by local ethics
committee. The samples were collected from 2 sets of
study group each consists of 10 volunteers. The first set
consists of age group 18 to 25 and the second set
consists of age group 25 to 35. The salivary samples
were collected from both sets at 1st, 2nd and 3rd trimester
of pregnancy. All the sampling procedures were
performed between 12 a.m to 1 p.m. The FTIR spectral
measurements of all the samples were carried out at
Sophisticated Analytical Instrumentation Facility, IIT,
Madras, Chennai-36, using spectrum one Perkin-Elmer
FTIR spectrophotometer. The spectra were recorded in
the mid infrared region of 4000–400 cm-1 in the absorption
mode. 50 μL of each solution was spread evenly on the
thallium bromide crystals window. The samples were air
dried for water evaporation to eliminate the stray
absorption bands due to water. The spectrometer is
equipped with a globar source and DTGS cooled
detector. The sampling window is scanned as the
background and 32 scans are co-added with a spectral
resolution of 1 cm-1. All the spectra were baseline
corrected and normalized to acquire identical area under
the curve.
Results and discussion
The infrared spectrum is the essence of reflection of
the infrared colour pattern characteristics of the sample
(Liu et al., 2002). A representative FTIR absorption
spectrum of saliva sample of 1st trimester of age from 18
to 25 of normal pregnant women is shown in Fig. 1. A
vibration band assignment is done with the idea of the
group frequencies of the various analytes present in the
sample. FTIR spectroscopy as a bio-diagonostic tool to
predict changes occur during pregnancy of 1st, 2nd,
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3rd trimester. An increase in the secretion of female sex
hormones, estrogen by 10-fold and progesterone by 30fold, is important for the normal progression of pregnancy.
The characteristic vibrational peaks are mainly dominated
by the protein constituents of the sample (Petibois et al.,
2001; Deleris & Petibois, 2003). The spectral region
3600–3000 cm-1 comprises of C-H, O-H and N-H
stretching vibrations of the proteins. The prominent
absorption peak at 3295 cm-1 is due to amide N-H
stretching. The asymmetric and symmetric stretching C-H
vibrations of methyl and methylene group are found to be
present around 2930–2875 cm-1. The observed peak at
2882 cm-1 is attributed to C-H lipid region of CH3CH2-lipid
and protein and 2992 cm-1 is assigned to C-H stretching
of the vibrational spectra of estriol (C4 -H) stretching
vibration (Minaeva et al., 2008), and the band at 2994
cm-1 is due to CHαα’ stretch. The peak available at 2936
cm-1 is due to C-H stretching. The absorption band in the
region 1600-1800 cm-1 is mainly occupied by C=O
stretching. The band at 1653 cm-1 is due to C=O, C=N, NH of adenine, thymine, guanine, cytosine. Absorption at
1620 cm-1 is due to progesterone (John et al., 2005) and it
is the peak of nucleic acids due to the base carbonyl
stretching and ring breathing mode (Chiriboga et al.,
1998). The prominent absorption peak at 1646 cm-1 is
assigned to C5 methylated cytosine C=O stretching C=C
uracyl, NH2 guanine (Dovbeshko et al., 1997). The
observed peak at 1520 cm-1 is mainly due to stretching
C=N, C=C, C=N of adenine and cytosine (Dovbeshko et
al., 2002). The band at 1544 cm-1 is due to amide II bands
(arises from C-N stretching & CHN bending vibrations
(Huleihel et al., 2002).The spectral region 1400–1200 cm-1
attributed to the C–H deformation of methyl and
methylene group of the proteins.
The prominent absorption peak is at 1224 cm-1 is due
to symmetric stretching of phosphate groups in
phospholipids (Fabian et al., 1995). The spectral region
1250-925 cm-1 is predominantly occupied by C–O–C
asymmetric and symmetric vibrations of phospholipids of
proteins (Randhawa, 2003). The peak is at 1075 cm-1 is
due to symmetric phosphate stretching modes or
stretching vibration (PO2-). Symmetric phosphate
stretching modes originate from the phosphodiester
groups in nucleic acids and suggest an increase in the
nucleic acids (Fujioka et al., 2004). The peak at 545 cm-1
gives an estimate of carbohydrate concentrations
(Mordechai et al., 2001; Huleihel et al., 2002). As the IR
spectrum exhibits vibration band characteristics of the
various group frequencies, the spectrum of a normal
pregnant women of 1st trimester and that of 2nd trimester
and 3rd trimester saliva samples are the same with
respect to the positions of the peaks but different in terms
of the absorption levels of the peaks. Fig. 2, 3 shows the
FTIR spectrum of normal pregnant women of 2nd trimester
and 3rd trimester respectively. It is observed that the
spectral features are the same as expected, but the
amount of absorption increases in 1st trimester; thereafter
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Fig. 1. FTIR spectrum of normal pregnant of 1st trimester of age from 18 to 25.
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Fig. 2. FTIR spectrum of normal pregnant women of 2 trimester of age from 18 to 25.
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Fig. 3. FTIR spectrum of normal pregnant women of 3rd trimester of age from 18 to 25.
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Fig. 4. FTIR spectrum of normal pregnant women of 1 trimester of age 25 to 35.
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Fig. 5. FTIR spectrum of normal pregnant women of 2nd trimester of age 25 to 35.
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Fig. 6. FTIR spectrum of normal pregnant women of 3rd trimester of age 25 to 35.
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Table 1. Intensity ratio of normal pregnant women (age 18-25).
Intensity ratio
R1=I2936/I1646
R2=I2936/I545
R3=I1224/1075
R4=I1646I1544
R5=I1544/I1075
R6=I1646/I1075

Age between (18 to 25)
1st trimester
2nd trimester
3rd trimester
2.07
1.19
0.65
1.3
0.97
0.72
1.06
0.58
0.53
0.54
0.51
0.5
0.53
0.44
0.41
0.44
0.22
0.2

it decreases in 2nd trimester and further decreased in the
3rd trimester. This decrease in absorption is due to the
salivary changes that occur during pregnancy i.e., an
increase in the secretion of progesterone in the 1st
trimester and decreases in the 2nd trimester and further
decreases in the 3rd trimester. Similar pattern is also
observed with the normal pregnant women of age group
from 25 to 35. In order to quantify the results further,
intensity ratio parameters of 6 characteristics absorption
bands of saliva R1 (I2936/I1646), R2 (I2936/I545), R3(I1224/I1075),
R4(I1646/I1544), R5(I1544/I1075), R6(I1646/I1075), are calculated.
It is observed that these values increase in 1st trimester,
decreases in 2nd trimester and further decreases in 3rd
trimester. Table 1 verifies the same absorption by
intensity ratio calculation. The analysis is repeated for the
normal pregnant women of age group from 25 to 35. The
normal pregnant women of age 25 to 35 has a greater
absorption value than the normal pregnant women of age
18 to 25. It may be due to salivary IgA and IgM
concentrations higher in ageing people (Pajukoshi et al.,
1997). IgA in salivary secretion plays a crucial role in
mucosal immunal function and is the first line of defense
for the human body against pathogenic microbial
invasion. Thus, saliva as a body fluid expresses
variations even in the ageing people which can be
quantified by FTIR analysis. Fig. 4, 5 and 6 show the
absorption levels of the various peaks of normal pregnant
women of age between 25 to 35. In order to quantify the
results further, 6 intensity ratio parameters R1(I1224/I1075),
R2(I2936/I1646), R3(I2936/I545), R4(I1544/I1075), R5(I1646/I1544),
R6(I1646/I1075), are calculated. The absorption levels of the
peaks increases in 1st trimester and decreases in the 2nd
trimester than that of the 1st trimester and further
decreases in the 3rd trimester than that of the 2nd
trimester. Table 2 verifies the same absorption by
intensity ratio calculation.
Table 2. Intensity ratio of normal pregnant women (age 25-35).
Intensity ratio
R1=I1224/1075
R2=I2936/I1646
R3=I2936/I545
R4=I1544/I1075
R5=I1646/I1544
R6=I1646/I1075

Age between (25 to 35)
1st trimester
2nd trimester
3rd trimester
2.21
1.59
1.5
2.13
1.78
1.55
1.5
1.42
1.28
0.87
0.77
0.68
0.55
0.54
0.51
0.48
0.42
0.34
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Conclusions
FTIR spectra of saliva of normal pregnant women of
1st, 2nd and 3rd trimester differed qualitatively and
quantitatively. Among the three trimesters, the
vibrational peaks of the progesterone were highest in the
1st trimester and lower in 2nd trimester and lowest in the
3rd trimester. The normal pregnant women of age
between 25 to 35 showed a greater absorption value
than the normal pregnant women of age 18 to 25 which
may be attributed to the higher concentrations of salivary
IgA and IgM in ageing people.
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