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A method dating samples by electron
spin resonance (ESR) spectroscopy has
been developed in the last 10 years and
applied to a wide variety of materials of
historical, archeological, and
geological interest [1]. This method in-
volves ESR measurements of accu-
mulated radicals on lattice defects
formed by natural radiation. ESR spec-
troscopy has been used to investigate
the denaturation of hemoproteins such
as hemoglobin (Hb) and myoglobin
(Mb) [2}, although details of the pro-
cess of degradation of human blood are
not yet fully understood. Furthermore,
although determination of the age of
human bloodstains is important in
forensic medicine, no standard method
for this purpose is yet available, as far
as we know.

During investigations on degradation
of hemoproteins in some chemical
models [3], we found that ESR signals
due to paramagnetic species in human
blood can be correlated with the time
after bleeding. This paper reports an
ESR method dating for human blood
by estimation of the signal intensities
due to paramagnetic species detected at
77 K. This method for estimating the
age of bloodstains by ESR spectros-
copy should prove to be not only one of
the new fields of bioinorganic chemis-
try but also of practical use in forensic
medicine.
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Human blood from three healthy men
was soaked into filter paper soon after
its extraction without an added antico-
agulant, and dried at room tempera-
ture. Three small pieces (ca. 2 mm x 15
mm each) of the filter paper containing
dried blood were put into a quartz
sample tube (53 mm ) for ESR mea-
surement. ESR spectra were recorded
at liquid nitrogen temperature (77 K) in
a JES FE-1XG (X-band) spectrometer
(9.1 GHz) with 100 kHz field modula-
tion (modulation amplitute 6.3 G) and
5 mW microwave power, which was
calibrated with a Takeda Riken fre-
quency counter, TR 5212. Li-TCNQ
and Mn(II) doped in MgO were used as
standards. The crystal field parameters
of tetragonality (u/\) and rhombicity
(R/p), which were originally proposed
by Blumberg and Peisach [4], were
computed from three ESR g-values by
Bohan’s method [5].

Figure 1 shows ESR spectra (77 K) of
dried human blood on the first day and
4 months after its extraction. Both
spectra showed signals due to ferric
species and free radicals: those of high-
spin ferric heme species at g = 6.2,
ferric nonheme iron species at g = 4.3,
two low-spin ferric heme species at g,
= 292, g, = 2.26, and g; = 1.53 (A)
and g’ = 2.45, g, = 2.26,and g’y =
1.90 (B), and free radicals at around
g = 2.005. The low-spin ferric heme
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species were compared with those of
several types of low-spin ferric heme
complexes, as shown in Table 1. The
ESR g-values and the crystal field pa-
rameters of the highly anisotropic
species (A) were similar to those of
complexes having the dinitrogen-heme
coordination mode, indicating the for-
mation of a bishistidinato-ferric heme
complex in blood. ESR parameters of
the small anisotropic species (B) were
almost the same as those of complexes
with the thiolate-ferric heme-nitrogen
axial ligation mode, in which one
ligand is a mercaptide, presumably
from a cysteine residue, and the other is
an imidazole from a histidine residue.
On the basis of these results, we specu-
late that on denaturation of dried
blood, the distal position of the apo-
protein of the heme in Hb becomes oc-
cupied by either the imidazole-nitrogen
of histidine or the sulfur of a cysteinate
residue. A similar conclusion has been
reached by ESR examination of ghosts
prepared from acetylhydrazine-treated
red cells [6].

The ESR spectra at 77 K were recorded
for about 270 days. The four signals at
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Fig. 1. ESR spectra at 77 K of dried human
blood on filter paper of the first day
(880111) and 4 months (880510) after its
extraction. The recording amplitudes for
880111 and 880510 samples were 1000 and
630, respectively. The g-value at 2.005, due
to free radicals, was obtained by expanding
the magnetic field and amplifying both the
880111 and 880510 samples. The observed
peak-to-trough width was 13.2 G in both
samples
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g = 6.2 (g6), 4.3 (g4), 2.2 (H), and
2.005 (R) changed with time. The in-
tensities of these four signals were not
linearly correlated with the time after
blood extraction. However, in loga-
rithmic plots of the ratios of the mean
values of two signals for three indi-
viduals as functions of time, all six
combinations of ratios of two of the
four main signals showed good linear
correlations: the relations of the ratios
of R/g4, g4/g6 and H/g4 with time
showed the correlation coefficients of
0.990, 0.984, and 0.980, respectively.
The correlation coefficients for other
combinations were 0.958 (R/g6), 0.906
(H/g6), and 0.314 (R/H). Thus, the
correlations of R/g4, g4/g6, and H/g4
were concluded to be useful for de-
termining the age of human blood-
stains. Figure 2 shows a typical example
for the logarithmic relationship of the
ratio of R/g4 with time. The correla-
tion of the day after blood extraction
and the calculated ESR day estimated
by the ESR intensity ratio of R/g4
showed a good correlation (correlation
coefficient 0.974) for about 270 days.
Furthermore, a better correlation (cor-
relation coefficient 0.987) was found
for about 120 days, as depicted in
Fig. 3, suggesting the practical use of
this method for actual samples at least

Table 1. ESR and crystal field parameters of low-spin ferric species in blood and model
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Fig. 2. Logarithmic plot of the intensity
ratio (R/g4) of the two different ESR signals
as a function of the age of dried human
blood. Data are mean values + S.D. for
three individual blood samples

for approximately 100 days. Recently,
similar studies were reported by Miki et
al. [7], who recorded ESR spectra at
room temperature. We think that our
method for ESR measurement of blood
is more practical for providing in-
formation on degradation of blood
than measurements at room tempera-
ture.

We are now investigating the practical
application of this ESR method for dat-
ing human blood on various materials
under various conditions, and full de-
tails will be published.

complexes

Crystal field  Coordi-
Species or ESR g-values parameters nation  Ref.
complex g & & |w\| IR/ mode
A (880111) 2,93 2.27 1.54 335 0.58 N-Fe-N
A (880510) 2.92 2.26 1.53 3.33 0.58 N-Fe-N
B (880111) 2.43 2.27 1.90 5.83 0.39 S -Fe-N
B (880510) 2.45 2.26 190 5.86 046 S -Fe-N
FePPIXDME(Im), 2.90 2.25 1.54 341 0.57 N-Fe-N [8]
FePPIXDME (NMelm), 2.91 2.25 1.55 347 0.56 N-Fe-N (81
FePPIXDME(4-NO,-(-S7)(NMelm) 2.42 2.26 1.91 6.08 0.41 S~ -Fe-N [91
FePPIXDME(4-NO,-(-S ~)(Im) 2.47 2.28 1.89 552 0.42 S~ -Fe-N 91
FePPIXDME(TGE-S ~)(MeOH) 2.35 225 194 7.00 030 S -Fe-O [81
FePPIX(TGE-S~)}H,0) 2.31 2.34 195 7.47 0.26 S -Fe-O [8]
FePPIX(TGE-S™), 2.29 2.22 1.96 8.17 0.23 S -Fe-S~ [8]
FePPIXDME(TGE-S"), 229 2.23 196 8.01 0.22 S -Fe-S™ [8]
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Fig. 3. Correlation of the ESR day as a func-
tion of the actual day of blood samples after
extractions. ESR day was estimated from
the intensity ratio (R/g4). Data are mean =+
S.D. for three individual blood samples

Received September 5 and November 28,
1988

1. Ikeya, M., in: Magnetic Resonance Re-
view, Vol. 13, p. 91. London: Gordon
and Breach 1988

2. Rachmilewitz, E. A., Peisach, J., Blum-
berg, W. E.: J. Biol. Chem. 246, 3356
(1971); Hayashi, A., et al.: Biochim.
Biophys. Acta 147, 407 (1967); Rein, H.,
Ristau, O.: ibid. 94, 616 (1965); Hol-
locher, T. C., Bucky, L. M.: J. Biol.
Chem. 241, 1976 (1966)

3. Tajima, K., et al.: Biochem. Biophys.
Res. Commun. 135, 972 (1986); Tajima,
K., et al.: Inorg. Chem. in press (1989)

4. Blumberg, W. E., Peisach, J., in: Bio-
inorganic Chemistry, p. 271 (ed. R.
Dessy, J. Dillard, L. Taylor).
Washington: Amer. Chem. Soc. 1971

. Bohan, T. L.: J. Mag. Res. 26, 109 (1977)

6. Peisach, J., Blumberg, W. E., Rachimile-
witz, E. A.: Biochim. Biophys. Acta
393, 404 (1975)

7. Miki, T., Kai, A., Ikeya, M.: Jap. J.
Appl. Phys. 26, 972 (1987); Forensic Sci.
Int. 35, 149 (1987); Nucl. Tracks Radiat.
14, 253 (1988)

8. Sakurai, H. Yoshimura, T.: J. Inorg.
Biochem. 24, 75 (1985)

9. Tang, S. C., et al.: J. Am. Chem. Soc.
98, 2414 (1976)

wn

25



