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Abstract. Application of mid infrared spectroscopy in diabetic tissues will be presented which highlight the promise of this
technique in medical research. Examples presented mainly will focus on diabetic rat heart crude membranes. Diabetes mellitus
(DM) was induced in rats by streptozotocin (STZ) injection that is one of the most popular experimental models for the study of
type I diabetes. The shift in the peak positions, bandwidths and the intensity of the bands in FTIR spectra were analyzed to have
valuable structural and functional information, which may have diagnostic value. In the diabetic membranes significant increase
was observed in lipid order and lipids concentration. While the concentration of saturated lipids increases, the concentration
of unsaturated lipids decreases. In addition, broadening of the amide I bands and the appearance of the new band around
1640 cm−1 together with the decrease in the amide I to amide II ratio indicate the structural changes occurring in proteins
of diabetic membranes. A dramatic increase in oligosaccarite band (1042 cm−1) and a decrease in olefinic stretching band
(3012 cm−1), were also observed.
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1. Introduction

Diabetes mellitus is a heterogenous multi-organ disorder that can effect various systems of the human
body. It has been known that diabetic patients have a tendency towards cardiovascular system disorders,
including congestive heart insufficiency, hypertension, arteriosclerosis, micro and macro angiopathy and
together with these, various smooth muscle functions have been negatively affected by this disease [1–8].
Disorders also include musculoskeletal abnormalities such as diminished bone formation, bone healing
retardation and osteoporosis [9–11]. Although functional disorders of these organs have been determined
both clinically and experimentally, the mechanisms behind these pathologies have not been completely
understood yet. There are conflicting results on the effect of diabetes on membrane fluidity [12–16]. The
other conflicting results appear in the analysis of 3012 cm−1 bands in diabetic tissues. This band arises
from the olefinic=CH stretching vibrations which is used as an indication of peroxidation in the system.
The behaviour of this band in terms of intensity changes due to diabetes is uncertain yet [17,18].

Several studies including ours have used streptozotocin (STZ) to induce experimental diabetes, which
is well-established model in the rat [10,12,13,19]. Streptozotosin impairs the function of pancreatic beta
cells, thereby prevents the secretion of insulin. In the present study Fourier Transform Infrared (FTIR)
spectroscopy was used to obtain detailed information about the effects of diabetes on structure, function
and composition of rat crude heart membranes at molecular level. FTIR spectroscopy possesses sev-
eral advantages for the study of biological tissues and membranes. It does not require the use of probe
molecules. The method directly monitors specific functional molecules groups in the system.
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2. Materials and methods

2.1. Reagent

Streptozotosin and KBr and all other chemicals were purchased from Sigma Company.

2.2. Animals and feeding

17 Wistar rats of both sex (200–250 mg) were divided into two different groups, control (5 rats) and
diabetic (12 rats). Animals were housed at a density two or three per cage, in a room that was maintained
at temperature of 22±1◦C on a 12-h light/dark cycle. They were provided with food and water at libitum
until the experimentation. Rats were made diabetic by injection of a single i.p. dose of STZ (50 mg/kg
body weight) dissolved in 0.05 M citrate buffer (pH 4.5). Control animals were injected with citrate buffer
alone. By the end of the first week after injection tail vein blood glucose was measured in all animals.
Any streptozotin-threated rat having blood glucose level less than 2 times of control value was excluded
from further study. At the end of 5th week all animals were anaesthetized with 30 mg/kg pertobarbital
and then sacrified by opening their chest. All tissues were stored frozen (−80◦C) until analysis.

2.3. Crude membrane preparation for FTIR analysis

After removal of excess fatty and connective tissues, the heart tissue of each animal was washed in
cold water. In the next step the samples was weight and ice-cold homogenization buffer (Appendix) was
added (1 : 3 g/v). Homogenization was done with a T18 Turrax for 3× 20 sec. The homogenized sample
was centrifuged at 1000g for 10 min. Supernatants obtained from previous step was centrifuged again in
ultracentrifuge at 125 000g for 1 h. Finally pellets, which will be used for FTIR study, were taken and
placed 1 ml alidouts.

2.4. FTIR spectroscopy and spectral analysis

Infrared spectra were obtained using a Bomem 157 FTIR Spectrometer (MB Series, Canada). The
sample compartment was continuously purged with dry air to minimize water vapor and carbon diox-
ide interference. Spectra of membrane samples and thin sliced were recorded in the 4000–1000 cm−1

region with CaF2 window using 12µm path length. Interferograms were accumulated for 200 scans at
4 cm−1 resolution. All spectra were recorded at 25◦C and the Grace-Specac temperature controller unit
was used for temperature regulation. Bomem Easy and Grams/32 software were used for all FTIR data
manipulations.

2.5. Statistics

The results were expressed as mean± standard deviation (SD). Data were analysed statistically by
using student’st-test and the p values less than 0.05 were considered statistically significant.

3. Results and discussion

Strong water absorption located at 3500–3000 cm−1 and 1700–1600 cm−1 disturbs main lipid and
protein bands of interest in this study, for this reason, the water signals should digitally subtracted from
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Fig. 1. FTIR spectrum of rat health crude membrane.

Fig. 2. FTIR spectrum of rat health crude membrane, before and after buffer subtraction.

the membrane spectrum. Figure 1 shows the FTIR spectrum of crude heart membrane for control rat
before and after buffer subtraction. As seen from the figure, after water subtraction all bands are clearly
seen and a quite flat baseline is observed for further FTIR analysis.

Main absorptions observed in spectra were labeled on Fig. 2 and detailed band assignments were given
in Table 1.

As seen in Fig. 2, the infrared spectra of natural membranes are very complex. For this reason in order
to display clearly the details of spectral analysis, the spectra were investigated in two regions, the C–H
stretching (2800–3050 cm−1) and finger print (1000–1800 cm−1) region.

3.1. 3100–2800 cm−1 region

Figure 3 shows the mean spectra of diabetic and control rat crude membranes in the C–H stretching
region at 25◦C. The CH2 antisymmetric and symmetric and CH3 asymmetric stretching bands monitor
the lipid acyl chain and the CH3 symmetric stretching bands are mainly due to proteins (Table 1). The
changes, which are observed in the frequency, bandwidth and intensity values of these bands between
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Table 1

General band assignment of rat heart crude membrane

# Wavenumber (cm−1) Definition of spectral assignment
1 3300 Amide A (N–H stretching): proteins

O–H stretching vibration
2 3012 Olefinic=CH stretching: unsaturated lipids
3 2958 CH3 asymmetric stretching: lipids
4 2924 CH2 antisymmetric stretching: lipids
5 2873 CH3 asymmetric stretching: mainly proteins, with little contribution from lipids
6 2853 CH2 symmetric stretching vibration: lipids
7 1741 Saturated ester C=O stretching: lipid
8 1653 Amide I (80% protein C=O stretching, 10% protein N–H bending, 10% C–N stretching)
9 1547 Amide II (60% protein N–H bending, 40% C–N stretching)

10 1466 CH2 scissoring: lipids
11 1458 CH3 scissoring: proteins
12 1400 COO− symmetric stretching: fatty acids
13 1232 PO−2 asymmetric stretching: phospholipids
14 1080 PO−2 symmetric stretching: phospholipids, C–O stretching: oligosaccharides
15 1042 C–O stretching: oligosaccharides

Fig. 3. Mean spectra of the C–H stretching region for control and diabetic rat heart crude membranes at 25◦C.

diabetic and control membranes, are used to obtain structural and functional information about the system
of interest.

The means of the frequencies of the bands and the intensity values of the olefinic=CH stretching
band in this region were given in Tables 2 and 3, respectively, for control and diabetic membranes. The
intensity of the olefinic=CH band (3012 cm−1) can be used as an index of relative concentration of double
bonds in the lipid structure from unsaturated lipids [20]. From the Fig. 3 and Table 3, it is clearly seen that
there is a decrease in intensity of olefinic band (p < 0.05) in diabetic membranes, indicating a decrease
in unsaturated lipid content in these membranes. The reason for this can be the lipid peroxidation, which
results in loss of olefinic bonds [18]. In addition, there is a slight frequency shift to lower value for
the olefinic=CH stretching band (p < 0.05) in diabetic membranes (Table 2). The shift observed in
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Table 2

The frequency values of the infrared bands in the C–H stretching region
for control and diabetic spectra at 25◦C

Peak Control (ν) Diabetic (ν) P

Olefinic=CH 3012.96± 0.38 3012.10± 0.42 0.022* (<0.05)
CH3 asym. 2957.31± 0.11 2957.10± 0.10 0.6
CH2 antisym. 2924.38± 0.16 2924.11± 0.7 0.035* (<0.05)
CH3 sym. 2872.75± 0.31 2872.45± 0.42 0.3
CH2 sym. 2853.44± 0.11 2852.75± 0.13 0.001*(<0.05)

Table 3

Intensity values of the olefinic=CH band for control and diabetic membranes

Temperature Control membrane (I) Diabetic membrane (I) P

25◦C 0.082± 0.006 0.057± 0.008 0.015* (<0.05)
37◦C 0.081± 0.004 0.068± 0.006 0.019* (<0.05)

olefinic=CH stretching band may represent the ordering of unsaturated lipids in diabetic membranes
[21–24], which can be related with lipid peroxidation. During lipid peroxidation double bonds in the
unsaturated acyl chains are broken and the number of trans conformers in the membrane increase.

Table 2 also illustrates the presence of slight shift to lower value of the frequency of the CH2 anti-
symmetric and symmetric stretching vibrations for diabetic membranes. The band position of the CH2

antisymmetric stretching mode shifts from 2924.38± 0.16 in control to 2924.11± 0.07 (p < 0.03) in
diabetes. Similar shift to lower frequency is observed at diabetic spectra for the CH2 symmetric band po-
sition. The CH2 symmetric vibration, shifts from 2853.44±0.11 in control to 2852.75±0.13 in diabetic
membranes (p < 0.05). In the previous studies, it was reported that CH2 stretching vibrations depend on
the degree of conformational disorder and hence can be used to monitor the average trans/gauche isomer-
ization in the system [21,22,24,25]. The present results imply the presence of lower number of gauche
conformers, i.e., ordering of lipid bilayer. This result is in agreement with a previous FTIR finding for
diabetic platelets [17]. However, in their study, the frequency decrease in CH2 stretching vibrations was
interpreted as a decrease in membrane fluidity.

Actually fluidity information are obtained from the bandwidth of the CH2 stretching bands [22,24].
A slight increase in the bandwidth of CH2 antisymmetric vibration mode is observed in diabetic spectra
indicating a higher mobility in diabetic membranes (Fig. 2). Similar finding was previous reported in dia-
betic rat heart and liver tissues [11] and seen in the spectra of other recent study on diabetic platelets [17]
although the interpretation of it was not given in the article. In contrast to these findings the other studies
on erythrocytes membranes, which used fluorescence spectroscopy, reported a decrease in membrane
fluidity [25–27].

Important results can be obtained from the investigation of the CH2 and CH3 symmetric stretching
vibrations. An increase in lipid content was obtained from the present study since the signal intensity
of CH2 symmetrical mode of lipids increases in diabetic spectra (Fig. 2). This result is in consistent
with a previous study, which reported the strong correlation between elevated levels of lipid and the
depression in heart function [28]. Since the CH2 symmetric stretching arises mainly from lipids and the
CH3 stretching arises mainly from proteins, the intensity ratio of these absorptions gives information
about lipid/protein content in the system [12]. Interestingly the results of present study show that in
addition to lipid concentration, protein concentration also increases, because there is a decrease in the
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Table 4

Intensity ratio of CH2 to CH3 symmetric stretching vibrations

Ratio of band intensities Control membrane Diabetic membrane P

CH2 sym/CH3 sym (25◦C) 2.762± 0.160 1.925± 0.126 0.001* (<0.01)
CH2 sym/CH3 sym (37◦C) 2.750± 0.135 1.875± 0.126 0.001* (<0.01)

intensity ratio of the CH2 to the CH3 symmetric stretching vibrations. That ratio decreases from 2.762±
0.160 in control to 1.925± 0.126 in diabetic group (p < 0.01) (Table 4).

3.2. 1800–1000 cm−1 region

The second frequency range, which is under consideration, is 1000–1800 cm−1 region, which is also
called finger print region. Fig. 4 shows the mean spectra of control and diabetic crude rat heart mem-
branes, in this region at 25◦C. The spectra were normalized with respect to the Amide I absorption
located at 1653 cm−1. As seen from the figure the spectra of the membranes in this region are quite com-
plex consisting of several bands. The mean values of the frequencies of the FTIR bands in this region
with standard deviation andp values were listed in Table 5.

The C=O stretching band at 1740 cm−1 monitors the glycerol backbone near the aqueous part of the
lipids. This band consists of two overlapping bands which are located at 1742 cm−1 and 1728 cm−1.
The high frequency absorption represents free C=O group, while low absorption arises from hydrogen
bounded C=O group [29]. As seen from Table 5 the frequency of this band decreases from 1742.15±0.62
in control to 1741.08± 0.33 in diabetic spectra (p < 0.01). It implies the reorientation of the lipid head
groupswith a decrease in free carbonyl groups, which are the results of a hydrogen bonding formation [22,
24,30].

The findings of higher lipid content in diabetic membranes based on the analysis of the C–H stretching
bands are supported by the intensity increase of lipid ester band at 1740 cm−1 which originates from
the ester C=O group and the PO−

2 asymmetric stretching vibrations of lipid head groups at 1240 cm−1

(Fig. 4). Actually, the PO−2 asymmetric stretching vibration arises mainly from nucleic acids with little
contribution of phospholipids [31]. However in the present study since nucleic acids are excluded from
the system in sample preparation of crude membranes, the 1240 cm−1 band arises from phospholipids.

The strong amide I band in the FTIR spectra has been widely used for determination of the secondary
structure of proteins [32]. This band is due to in plane C=O stretching vibration weakly coupled with
C–N stretching and in plane N–H bending. Since the peak maximum of the amide I band occurs at
different frequencies for various type of secondary structures, the discrete types of secondary structure in
membrane proteins can be identified by the frequencies of these maxima in their FTIR spectra [20]. The
components of that amide I band are due to amide group segments in theβ-sheets, theα-helices, the turns
and anti-parallelβ-sheets showed at approximately 1630 cm−1, 1655 cm−1, 1670 cm−1 and 1682 cm−1,
respectively [32]. The random coils are detected at a frequency of approximately 1640 cm−1 [33].

In the present study the frequency of the amide I band in control membranes appear at around
1653 cm−1 indicating that protein segments with theα-helical conformation are predominant. It is seen
from Table 5 that, the frequency of that band shifts from 1653.23± 0.59 in control to 1651.73± 0.48
in diabetic membranes (p < 0.05). A shift to lower frequency was also observed in diabetic membranes
for amide II absorption band (p < 0.05). These shifts reflect altered protein profiles in diabetic samples
compared to those in control ones. The similar shifts to lower values of amide I and amide II absorption
bands were previously reported in the human platelet membranes [17]. Moreover, in diabetic spectra
(Fig. 4) a new band at 1639 cm−1 appears, reporting an increase in the number of random coil at the
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Fig. 4. Mean spectra for control and diabetic rat heart crude heart membranes in 1000–1800 cm−1 region at 25◦C.

Table 5

The frequency values of the infrared bands in 1000–1800 cm−1 region
for control and diabetic spectra at 25◦C

Peak Control (ν) Diabetic (ν) P

C=O stretch. 1742.15± 0.62 1741.08± 0.33 0.006*<0.01
Amide I 1653.23± 0.59 1651.73± 0.48 0.036*<0.05
Amide II 1546.36± 0.44 1544.80± 0.34 0.003*<0.01
PO−

2 asym. 1231.23± 0.59 1630.73± 0.48 0.004*<0.01

expense ofα-helices. This is together with a decrease in the ratio of amide I to amide II (Fig. 4) may
correspond to denaturation of some proteins in diabetic membranes.

Changes in the hydration state of the head group of phospholipids are investigated by the analysis of the
frequency of the PO−2 antisymmetric double bond stretching. As reported in the literature, the frequency
around 1200 cm−1 indicating hydrogen bounded phosphate groups, and at 1240 cm−1 indicating free
phosphate groups [34]. It is clearly seen from Fig. 4 and Table 5 that, the frequency of this band shifts
to lower value (p < 0.05) for diabetic membrane indicating an increase in hydrogen bonding either with
the oxygen of the phosphate head group or with its aqueous environment [35].

From the mean spectra of diabetic and control membranes, illustrated in Fig. 4 one can easily observe
that, the intensity of the band at 1042 cm−1, which is due to oligosaccharides, increases. This indicates
an increase in oligosaccharides concentration in diabetic membranes [17].
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