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ABSTRACT: Estimation of the time since death (postmortem interval [PMI]) is one of the most difficult problems in forensic investigations, and
many methods currently are utilized to estimate the PMI. The goal of this study was to investigate the changes of attenuated total reflection-Fourier
transform infrared (ATR-FTIR) spectra of rat brain from postmortem time 0–144 h. The intensity ratios of major absorbance bands were examined
(I1066 ⁄ I1392, I1168 ⁄ I1392, I1234 ⁄ I1454, I1301 ⁄ I1392, I1647 ⁄ I2956, I2921 ⁄ I2850, and I1647 ⁄ I1539). The spectra of rat brain displayed prominent changes with
increasing PMI. The band at 2871 and 1737 per cm became weak with the time increasing and even disappeared at postmortem 96 and 72 h, respec-
tively. A close linear correlation was shown between the relative absorption intensity and the PMI, and the I1234 ⁄ I1454 offered a stronger correlation
(r = 0.973). Our results indicate that ATR-FTIR spectroscopy may be a useful technique for estimating the PMI.
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In daily forensic casework, estimation of the postmortem interval
(PMI) is a major task. Estimation of PMI is extremely important in
criminal, civil, and forensic investigations. An accurate determina-
tion of the PMI can help reconstruct a crime scene, differentiate
between homicide and suicide, and pinpoint a suspect, etc.

Many methods have been attempted to accurately determine the
PMI. These include examination of external physical characteristics
of the body, chemical changes in body fluids, stomach contents
and cadaveric temperatures (1–6), and analysis of potassium con-
centration in vitreous humor (7–9) and postmortem protein degra-
dation within different tissues (10,11). In addition, some researchers
have been focused on the degradation of nucleic acid including
DNA and RNA (12,13). Despite the number of papers, a laboratory
method for PMI determination has not been widely accepted or
used in practical application. It remains a challenge for forensic
scholars to look for simpler and more efficient methods to deter-
mine PMI.

Attenuated total reflection-Fourier transform infrared (ATR-
FTIR) spectroscopy is one of the most powerful methods for
recording IR spectra of biological materials in general. It is fast
and yields a strong signal with only a few micrograms of sample
because of the penetration depth of IR light in the sample for ATR
measurements is independent of sample thickness. One of the key
advantages of ATR-FTIR spectroscopy is that it requires minimal
or no sample preparation prior to spectral measurements. In recent
years, the quantitative analysis using ATR-FTIR spectroscopy has

been used in many scientific fields, such as the quantification
organic functional groups in ambient aerosols, the structure of
leather material, the diagnosis of cancers, and other disorders (14–
20). The ATR-FTIR spectroscopy does not require sample prepara-
tion or reagents as opposed to other biomolecular methods that
may influence the chemical reaction within the postmortem tissues.

In the present study, we investigated the postmortem changes on
an experimental animal model. The rat brain was investigated by
detecting the different functional groups using ATR-FTIR spectros-
copy. The correlation between the relative absorption intensity and
the PMI was investigated using linear regression analyses based on
ATR-FTIR data, which to our knowledge, has been reported rarely
previously.

Materials and Methods

Animal Specimens

Male Sprague–Dawley rats (n = 10, 240–260 g) provided by the
Animal Center of Xi’an Jiaotong University were killed by cervical
dislocation, and the cadavers were kept in a controlled environment
chamber set at 20(€2)�C. The brain were subsampled from the
same rat at time 0, 12, 24, 48, 72, 96, 120, and 144 h (eight read-
ings in each of 10 rats; n = 80). The tissues were placed into 2.5-
mL cylindrical tubes and frozen immediately in liquid nitrogen. All
of the animal experiments in the present study were performed in
accordance with the principles for the Care and Use of Laboratory
Animal Committee of Xi’an Jiaotong University.

ATR-FTIR Preparation

Before each measurement, the ATR crystal was carefully washed
with acetone. The brain sample deposited on the ZnSe substrate
directly is pressed tightly and monitored by the ATR-FTIR spectra.
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Spectra Measurement

The ATR-FTIR spectra were recorded quantitatively at room
temperature in the range 4000–900 per cm on a Shimadzu 8400 S

spectrometer equipped with ZnSe ATR device (45 entrance face)
flat crystal (Shimadzu Corporation, Kyoto, Japan). Interferograms
were averaged for 32 scans at 4 per cm resolution. IR solution 1.10
software (Shimadzu Corporation) was used for analysis of the FTIR
spectra and for recording the data from the spectra.

Statistical Analysis

Ratios of different wavelength intensities were analyzed, so that a
peak that varies with PMI is normalized by a peak that does not
vary. The experimental replicates were averaged, and the mean
value € SD was calculated for each time point. Linear regression
analysis between band intensity and PMI was performed and
yielded the equations (Y = Ax + B) with a correlation coefficient (r).
The p-values of <0.05 were considered statistically significant. All
statistical analysis of the data was performed by using SPSS 13.0
software (SPSS Inc., Chicago, IL). Absorption bands were selected
as variable or constant with respect to time and pair ratios chosen.

Results and Discussion

The intensity of the absorption bands is directly related to the
concentration of the molecules (21–24). Eight complete FTIR spec-
tra at different postmortem times showed the intensity changes of
the major bands in Fig. 1. The assignment of IR absorption bands
to various functional groups of some biochemical components are
shown in Table 1.

As shown in Fig. 1, the absorption bands at 2871 per cm and
1737 per cm became weak with the increase in time and even dis-
appeared at postmortem 96 h and 72 h, respectively. It is well
known that the molecule contents decreased gradually as the degra-
dation of the tissue after the organism died. This could be used as
a marker to estimate the PMI. In Fig. 2C, the I2921 ⁄ I2850 ratios
showed decrease from 0 to 144 h postmortem. Our results show
that the ratios of C–H stretching bands decreased significantly at
postmortem. We thought it is because of the hydrolysis of lyso-
somal enzyme, which is similar to the degradation of proteins and
nucleic acids.

In Fig. 1, we can see that the amide II band is greater than the
amide I band at the later time points, while this result was different
with the former reports (15,35–38). In the former reports, the amide
II band is lower than the amide I band obviously at the later time
points. We thought the difference was caused by the influence of
water. The band at 1647 per cm also belongs to the H-O-H
variable-angle vibration of water (39,40). In the former studies,
the KBr pellet method was used, and the tissue was freeze-dried
in vacuo, which can avoid the influence of water. Figure 2A shows

FIG. 1—The original attenuated total reflection-Fourier transform
infrared spectra in rat brain at 0–144 h postmortem.

TABLE 1—Major attenuated total reflection-Fourier transform infrared spectra peak and assignments (21–34).

Wave Number (cm)1) Band Assignments Functional Group

2956 CH3 asymmetric stretching Lipid
2921 CH2 asymmetric stretching Lipid
2871 CH3 symmetric stretching Lipid
2850 CH2 symmetric stretching Lipid
1737 C = O stretching vibration Lipid
1647 C = O stretching Amide I band of tissue and cell proteins
1539 N–H bending, C–N stretching Amide II band of tissue proteins
1454 CH2 bending, CH3 symmetric bending Mainly lipids and methyl groups in proteins
1392 CH3 asymmetric Bending, COO) symmetric stretching Methyl groups in proteins, fatty acids, and amino acids
1301 C-OH bending vibration Uncertain
1234 PO2

) asymmetric stretching Nucleic acid
1168 C-O(H) stretching Serine, threonine, and tyrosine in cell proteins
1066 PO2

) symmetric stretching Nucleic acid
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FIG. 2—The intensity ratio of the bands (A) I1647 ⁄ I1539, (B) I1647 ⁄ I2956, and (C) I2921 ⁄ I2850 at each time point postmortem. The dotted line (- - -) presented
linear relationship between intensity ratio and postmortem interval.

FIG. 3—The intensity ratio of the bands (A) I1066 ⁄ I1392, (B) I1168 ⁄ I1392, (C) I1234 ⁄ I1454, (D) I1301 ⁄ I1392 at each time point postmortem. The dotted line (- - -)
presented linear relationship between intensity ratio and postmortem interval.

TABLE 2—The linear regression equations of different ratios of absorption intensity.

Numbers Linear Regression Equation
x

Assignment
Correlation

Coefficient, r
Significance,

p

1 Y = )355.576 x + 431.637 I1066 ⁄ I1392 0.944 <0.001
2 Y = )423.528 x + 480.095 I1234 ⁄ I1454 0.973 <0.001
3 Y = )509.689 x + 413.268 I1168 ⁄ I1392 0.931 <0.001
4 Y = )771.956 x + 626.970 I1301 ⁄ I1392 0.950 <0.001
5 Y = )353.141 x + 430.000 I1647 ⁄ I1539 0.958 <0.001
6 Y = )572.794 x + 842.240 I2921 ⁄ I2850 0.956 <0.001
7 Y = )88.283 x + 291.842 I1647 ⁄ I2956 0.970 <0.001

Y, represents postmortem interval (hours); x, represents ratio of absorption intensity; I, intensity of absorbance band.
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that the ratio of amide I and amide II intensity decreased
postmortem.

The more precise changes of 1454, 1392, 1301, 1234, 1168,
and 1066 using the intensity bands ratios were displayed in
Fig. 3A–D. As demonstrated, the I1066 ⁄ I1392, I1168 ⁄ I1392,
I1234 ⁄ I1454, and I1301 ⁄ I1392 ratios showed dramatic decrease with
increasing time since death. It was found that the postmortem
DNA degradation occurs in porcine skeletal muscle from 3 to
56 h using single cell gel electrophoresis. However, DNA in
porcine kidney cannot be detected possibly due to its autolysis
(41). Quantification of mRNA and DNA degradation is closely
correlated with the PMI in autopsy cases (12,13).

Furthermore, the correlations between the band intensity ratios
and PMI were analyzed. The linear regression equations of the dif-
ferent intensity ratios were demonstrated in Table 2.

As shown in Table 2, linear regression analysis showed strong
correlations between the intensity ratios and the time since death.
Among all the ratios, the I1234 ⁄ I1454 (r = 0.973), I1647 ⁄ I2956

(r = 0.970), I2921 ⁄ I2850 (r = 0.956), and I1647 ⁄ I1539 ratios (r =
0.958) showed strongest decreasing linear correlations with the
PMI. Our results suggest that the FTIR spectroscopy can be used
to monitor the degradation of biomolecules up to 144 h with high
efficiency.

Conclusion

Our results indicate that FTIR spectroscopic analysis can monitor
the postmortem metabolic changes at molecular level from 0 to
144 h postmortem in rat brain. The absorption intensity ratios show
close linear correlations against PMI. Additionally, FTIR technique
does not require sample preparation or reagents as compared with
other biomolecular methods. Therefore, it has a less influence on
the chemical changes within the tissues postmortem. Compared
with other classical methods, FTIR spectroscopy may be a great
tool for estimating PMI in the forensic investigations.
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