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Postmortem Changes in Element Levels in
Rat Skeletal Muscle Tissue

Sican Iskelet Kas1 Dokusunda Postmortem
Element Seviyelerinin Belirlenmesi

ABSTRACT Objective: This experimental study was designed to determine postmortem changes
in element levels in rat skeletal muscle tissue and to evaluate its relation with the postmortem in-
terval. Material and Methods: Fifty-two three-month-old male Sprague-Dawley rats were sacrifi-
ed by cervical dislocation, and four rats were set aside for dissection; the remaining 48 rats were
divided into two groups to determine the effect of temperature on the levels of tissue elements.
One group of rats was kept at 4°C and the other group was kept at 18 + 2°C. The four rats that had
been set aside were dissected immediately after sacrifice; the remaining 48 rats that were kept at two
different temperatures were dissected 6, 12, 24, 48, 72, and 96 hours after death, with four rats in
each group. The levels of elements in skeletal muscle tissue were determined by inductively cou-
pled plasma-atomic emission spectrometry. The values for calcium (Ca), cupper (Cu), firon (Fe),
potassium (K), magnesium (Mg), sodium (Na), phosphorus (P), sulphur (S) and zinc (Zn) were eval-
uated by the Kruskal-Wallis test and Mann-Whitney U test with Bonferroni’s correction. Results:
Considering the results for both temperatures, Fe, Na, and K showed significant changes at 4°C and
18 + 2°C. Conclusion: Our results suggest that these three elements in skeletal muscle tissue may be
useful for determining postmortem interval. For this reason, a more detailed study on the levels of
Fe, Na, and K in rat skeletal muscle tissue including a larger number of rats is planned in the near
future.

Key Words: Postmortem changes; skeletal muscle LIM protein 1, rat; minerals;
forensic medicine

OZET Amag: Bu deneysel galisma, siganlarin iskelet kas1 dokusundaki postmortem element seviye-
lerini tespit etmek ve postmortem interval ile iligkisini degerlendirmek i¢in planlanmistir. Gereg ve
Yontemler: Bu amagla, 52 adet ii¢ aylik Sprague-Dawley cinsi erkek sigana servikal dislokasyon
yontemi ile 6tanazi uygulandiktan sonra dérdii hemen diseke edildi. Diger 48 sican ise, cesedin kal-
dig1 ortam 1s1s1nin doku element seviyelerine etkisinin aragtirilmasi amaciyla iki gruba ayrildi. Grup-
lardan biri 4°C’de, digeri 18 + 2°C’de bekletildi. Daha sonra her iki 1s1da bekletilen siganlardan
dorder adedine, 6liimden 6, 12, 24, 48, 72 ve 96 saat sonra disseksiyon uygulandi. Her sigandan is-
kelet kasi 6rnekleri alindi. Ornekler, mikrodalga yakma yontemiyle analize hazir hale getirilerek,
indiiksiyonla birlestirilmig plazma-atomik emisyon spektrometre cihazinda element diizeyleri 61-
ciildii. Kalsiyum (Ca), bakir (Cu), demir (Fe), potasyum (K), magnezyum (Mg), sodyum (Na), fosfor
(P), kiikiirt (S) ve ¢inko (Zn) elementlerine ait degerler, istatistiksel olarak Kruskal-Wallis testi ve
Bonferroni-diizeltmeli Mann-Whitney U testi ile degerlendirildi. Bulgular: Her iki 1sidaki bulgu-
lar ortak olarak degerlendirildiginde, Fe, Na ve K elementlerinin 4°C ve 18 + 2°C’lerde anlaml de-
gisim gosterdigi saptandi. Sonug: Elde edilen bulgular, iskelet kas1 dokusundaki bu ii¢ elementin
postmortem intervalin belirlenmesinde faydali olabilecegini gostermektedir. Bu nedenle, yakin ge-
lecekte daha fazla sayida sigan tizerinde, iskelet kas1 dokusundaki Fe, Na ve K seviyeleri ile ilgili da-
ha ayrintili bir galigma planlanmistir.

Anahtar Kelimeler: Postmortem degisiklikler; sican iskelet kas dokusu LIM protein 1;
mineraller; adli tip
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ostmortem changes evaluated to estimate

the time interval death after, include diffe-

rent processes such as body cooling and hy-
postasis, supravital reactions, autolysis, rigor
mortis, and putrefaction.! Forensic entomology and
the findings of macroscopic eye examination are al-
so reported to be used in postmortem interval
(PMI) determination.??

Currently, there are few scientific methods ba-
sed on chemical measurements that can be used to
generate information regarding the PMI. Typically,
such information is gained through the cooperati-
on of trained forensic scientists who provide infor-
mation based on experience and opinion. For
example, estimating the PMI prior to the onset of
putrefaction (36-72 h) generally involves visual in-
spection of the body appearance (i.e., rigor and li-
vor mortis) and determining the core body
temperature. Changes in blood and cerebrospinal
fluid biochemistry are determined, however these
measurements are subject to considerable error.
The most useful biochemical indicator of the PMI
prior to putrefaction is the K content of the vitre-
ous humor.*

Most of the chemical methods used for esti-
mation of the time after death are based on some
underlying principles. One of the principles is au-
tolysis, with breakdown of cell membranes and dif-
fusion due to the diffusion gradient, according to
Fick’s law of diffusion. The higher the concentra-
tion gradient, the more suitable is the substance for
the estimation of the time since death; depending
on the volume of distribution.> Autolysis starts ap-
proximately 4 min after death. As cells of the body
are deprived of oxygen, carbon dioxide in the blo-
od increases, pH decreases, and wastes accumulate,
which poison the cells. Concomitantly, cellular en-
zymes (e.g., lipases, proteases, and amylases) begin
to dissolve the cells from the inside out, eventually
causing them to rupture and release nutrient-rich
fluids. After an adequate number of cells have rup-
tured, nutrient rich-fluids become available and
the process of putrefaction can begin. Putrefaction
is a complicated process, however it primarily de-
pends on temperature and to a lesser extent on mo-
isture, and is the result of a complex assortment of
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processes, ranging from enzymatic digestion and
bacterial action to environmental conditions.® As a
result of putrefaction developing after autolysis, tis-
sue and organ unity is deformed. For this reason,
liquid and element exchange occur among diffe-

rent tissues between intracellular and extracellular
fields.

In this study, skeletal muscle tissue was selec-
ted for analysis because the skeletal muscle tissue of
the extremities is topographically isolated from the
large organs and blood vessels of the abdominot-
horacic cavity, and thus autolytic changes and pu-
trefaction proceed slower compared to body fluids
and organs. This experimental study was designed
to determine postmortem changes in element lev-
els in rat skeletal muscle tissue and to evaluate its
relation with the PMI.

I MATERIAL AND METHODS

Selcuk University Experimental Medicine Research
and Application Center Experimental Animals Et-
hics Committee permission was obtained before
beginning the study (Decision Number: 2004/38).

EXPERIMENTAL ANIMALS AND GROUPING

Rats were selected for this study because of their
small size and ease-of-care. Fifty-two, three-month
old male Sprague-Dawley rats, weighing 210 + 10
grams, were fed by rat pellet fodder ad libitum.

Rats underwent cervical dislocation by an
appropriate method.” Four of the rats that had un-
dergone cervical dislocation were separated for im-
mediate dissection. These four rats were used for
determining “zero hour values” for both tempera-
tures. The remaining 48 rats were divided into two
groups to investigate the effects of environmental
temperature on the levels of tissue elements. The
first group of rats was kept in the refrigerator (4 °C)
and the second group was kept at room tempera-
ture (18 + 2 °C).

EXTRACTION OF TISSUE SAMPLES

The four rats that were set aside following cervical
dislocation underwent immediate dissection. The
muscles of the right frontal thigh were rid of fat tis-
sue, and samples were taken. After 6, 12, 24, 48,72
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and 96 hours following cervical dislocation, dissec-
tion was performed on four rats in each of the two
groups that were kept at different temperatures.

All the samples weighed between 0.4 and 0.6
g. The obtained samples, were kept with the met-
hods previously used in the studies involving the
levels of elements in biological samples, and were
put into 10 ml polypropylene tubes, kept in 10%
HNOs for 24 hours and washed with distilled wa-
ter.3? The samples were kept at -20°C until they
were analyzed.

PREPARATION OF SAMPLES AND MICROWAVE DIGESTION

In our study, the pressurized microwave oven di-
gestion method was used.? Microwave digestion is
a fast and effective procedure for the breakdown of
biological samples and results in a thorough diges-
tion of organic material in a reduced sample prepa-
ration time.'*!!

The samples were put into XP-1500 Tetraflu-
ormethaxil (TFM®; Hoechst AG, Frankfurt, Ger-
many) tubes (CEM Corporation, Matthews, NC,
USA) after they were weighed. Ten ml of 65%
HNO3 was added to each tube. The digestion took
place in a pressurized microwave oven (Mars 5,
CEM Corporation, Matthews, NC, USA) at 150 psi
pressure and 180°C. When the desired pressure and
temperature were reached, the tubes were kept at
this stage for 10 minutes and then they were coo-
led. After cooling, the tubes were opened and the-
ir contents were poured into 25 ml volumetric
flasks washed with 10% HNOj and distilled water.
The samples were brought to 25 ml with deionized
water with 18 Qcm™ resistance (P.Nix UP 900, Hu-
man Corporation, Seoul, Korea).

Volumetric flasks were shaken for 10 minutes
to homogenize the contents. Later, this liquid was
placed into 10 ml polypropylene tubes which we-
re kept in 10% HNOj3 for at least for 24 hours, we-
re washed with distilled water and then were
numbered.

The sample preparation process was compared
to bovine liver NIST 1577b (National Institute of
Standards & Technology, Gaithersburg, MD, USA)
which was used as a standard reference material
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(SRM) in order to verify the accuracy of the analy-
sis. A total of 10 samples were prepared by digesti-
on with the microwave method for analysis, each
weighing at least 250 mg.

ANALYSIS OF TISSUE ELEMENT LEVELS WITH
INDUCTIVELY COUPLED PLASMA-
ATOMIC EMISSION SPECTROMETRY (ICP-AES)

ICP-AES was preferred due to its speed, sensitivity,
inexpensive cost, and the fact that it can analyze
many elements concurrently.'?!® Before the analy-
sis, ICP-AES was calibrated with ICP multi-ele-
ment standard solution IV (Merck, Darmstadt,
Germany). Ca, Cu, Fe, K, Mg, Na, P, S, and Zn lev-
els were measured with ICP-AES (Vista AX, Vari-
an Inc.,, Melbourne, Australia) in the samples
which were ready for the analysis, and results we-
re expressed as pg/g.

STATISTICAL ANALYSIS

Comparisons of the values obtained from the ICP-
AES analysis were performed with the Kruskal-
Wallis test for each temperature group. When a
significant difference was detected with the Krus-
kal-Wallis test, the Mann-Whitney U test with
Bonferroni’s correction was used to identify the so-
urce of the difference. In addition, Mann-Whitney
U test was used for comparisons of the values of
two temperature groups in each postmortem inter-
val (hours).

I RESULTS

The results of the SRM (NIST 1577b bovine liver)
analysis that was used to determine the reliability
of the ICP-AES and the values in the SRM certifi-
cate were shown in Table 1. Repeated anaysis of
the bovine liver certified reference material from
NIST gave a recovery that was 100 + 5% of the tar-
get value for all elements.

Median (minimum-maximum) values of ele-
ment levels in skeletal muscle tissue of rats are gi-
ven in Table 2. Among the nine analyzed elements,
only Fe, Na, and K were shown to have significant
changes at 4°C and 18 + 2°C; Ca, Cu, Mg, P, S, and
Zn did not show any significant changes under any
circumstances (Table 2).
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TABLE 1: Accuracy and precision of ICP-AES (Standard reference material: NIST 1577b bovine liver).
Elements ICP-AES Wave length (nm) Mean measure value (pg/g) (n=10) Certified content (ug/g)
Ca 396.847 11315 1164
Cu 327.395 158+ 6 160+ 8
Fe 238.204 19218 184= 15
K 766.491 9495 + 172 9940 + 20
Mg 279.553 605 =24 601 =28
Na 589.592 2340 = 101 2420 = 60
213.618 10864 + 284 11000 + 300
181.972 7510 + 66 7850 + 60
n 213.857 13112 12716

ICP-AES: Induction coupled plasma-atomic emission spectrometry.
NIST: National Institute for standards and Technology.

TABLE 2: Median (minimum-maximum) values of element levels in skeletal muscle tissue of rats kept at 4 °C and
18 + 2 °C after death (ug/g wet weight; n=4 for all groups).

1820 18.2(13.1-282) 13.9 (@.2:21.1)

Temperature Postmortem interval (hours) P*
0 6 12 24 48 72 96
Ca 4¢C 776(61.0-915)  59.7(51.6-65.8) 58.2 (53.6-88.5) 60.1 (55.9-64.1) 95.9 (75.2-112.7) 67.0 (63.8-71.1) 62.7(55.3-70.8)  ns.
18£2°C 64.3 (59.5-91.8) 64.6 (55.0-68.8) 76.3 (63.3-93.4) 65.9 (52.8-71.2) 66.9 (63.1-73.4) 75.1(64.1-91.6)  ns.
Cu 4°C  042(0.03-1.38)  0.64(0.37-1.09) 0.14 (0.02-0.23) 0.31(0.09-0.82) 0.99 (0.64-1.35) 1.06 (0.53-1.47) 0.35(0.23-1.27)  ns.
18+2°C 0.49 (0.04-1.50) 0.31(0.07-0.56) 0.90 (0.50-1.01) 1.18 (0.25-1.45) 0.99 (0.72-1.30) 1.27 (0.47-1.37)  ns.
Fe 4°C  155(15.0-16.9)  15.2 (12.3-20.3) 14.4 (14.2-26.3) 15.2 {14.3-16.3) 265 (23.7-32.1) 25.8 (21.8-35.0) 327 (28.7-34.6) <0.05
18£2°C 17.0 (14.9-26.8) 15.0 (12.7-16.0)  **27.2(18.9-40.2) 25.8 (21.2-30.2) 26.1 {23.7-26.5) 28.0(23.729.3) <0.05
K 4°C 4531 (4011-4772) 4042 (3958-4175) 3704 (3642-3993) 3900 (3757-4009) 3759 (3349-3860) 3705 (3491-3933) 3570 (3146-3637) <0.05

182°C 3026 (3770-4043) 3953 (3656-3964) 3781 (3359-3025) 3711 (3552-3832) 3577 (3483-3735) 3626 (3564-3710) <0.05
Mg 42  315(284-349) 302 (139-305) 289 (281-312) 299 (284-306) 204 (153-311) 293 (279-318) 289 (281-303)  ns.
18£2°C 315 (299-340) 299 (292-305) 297 (295-299) 292 (280-306) 306 (291-309) 306 (294-320)  ns.
Na  4°C  629(524-692) 636 (491-720) 673 (666-695) 755 (627-767) 786 (758-837) 784 (685-847) 799 (747-888)  <0.05
18+2°C 721 (601-760) 709 (635-755) 770 (677-830) 784 (714-856) 822 (758-910) 914 (837-1059)  <0.05
P 490 2349 (2078-2494) 2234 (1477-2328) 2150 (2040-2207) 2161 (2127-2243) 2106 (1884-2228) 2098 (2003-2295) 2131 (1860-2168)  n.s.
1820 2075 (2172-2388) 2155 {2102-2252) 2125 (1991-2137) 2176 {2068-2272)  2155(2039-2190) 2089 (2039-2150)  n.s.
s 4°C 2709 (2439-2892) 2738 (1331-2867) 2581 (2488-2694) 2650 (2546-2723) 2502 (1702-2739) 2584 (2416-2759) 2573 (2380-2811)  n.s.
18£2°C 2797 (2719-2842) 2635 (2576-2674) 2566 (2531-2630) 2680 (2488-2754) 2601 (2540-2657) 2603 (2511-2706)  n.s.
Zn 4% 154(135177)  137(87-169) 132(97-161)  123(11.0-133)  150(124-17.6)  124(119-159)  138(131-158) ns.

13.6 (2.0-16.1) 137 (117-157)  121(119155  144(3547.1)  ns.

* Kruskal-Wallis test.
**P< 0.05 compared to 40C.
n.s.= not significant.

Fe increased at 4 °C at 48, 72, and 96 hours
postmortem, compared to the levels at 0, 6, 12, and
24 hours. At 18 + 2 °C, the levels of Fe increased at
24, 48,72, and 96 hours postmortem when compa-
red to 0, 6, and 12 hour levels (Figure 1).

Turkiye Klinikleri ] Med Sci 2010;30(4)

Na increased at 4°C at 48, 72, and 96 hours
postmortem compared to 0, 6, and 12 hour levels.
At 18 +2 °C, Na increased at 48 and 72 hours post-
mortem when compared to 0, 6, and 12 hour levels,
and at 96 hours postmortem compared to levels at
0, 6, 12, and 24 hours (Figure 2).
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FIGURE 1: Changes in mean Fe levels of skeletal muscle tissue of rats kept
at4°C and 18 + 2°C.
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FIGURE 2: Changes in mean Na levels of skeletal muscle tissue of rats kept
at4°C and 18 + 2°C.

K decreased at 4°C at 12 and 24 hours postmor-
tem when compared to 0 hour, at 48 and 72 hours
postmortem when compared to 0 and 6 hours, and
at 96 hours postmortem when compared to 0, 6, 12,
and 24 hours. At 18 + 2°C, K decreased at 12 hours
postmortem when compared to 0 hours, at 24 ho-
urs postmortem when compared to 0 and 12 hours,
at 48 hours postmortem when compared to 0 hours,
at 72 hours postmortem when compared to 6 hours,
and at 96 hours postmortem when compared to 0
and 6 hours (Figure 3).

There were not significant differences of the
element levels between two temperature groups,
except Fe levels at 24 hours (Table 2).

I DISCUSSION

In determining the time of death, as reflected by
the advancements in technology, studies have be-
en conducted using different analytic methods, in-
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cluding chemical analysis in body fluids, such as
the vitreous humour, cerebrospinal fluid, blood,
and synovial fluid."* With respect to studies per-
formed on tissues and organs to determine the
PMLI, specific measurements have been reported as
follows: in lungs, lactate and malate dehydrogena-
se levels; in brain, liver, heart, and kidney samples,
vascular endothelial growth factor levels; in heart,
tropin I levels; in muscle, creatinine concentrati-
ons; and in lungs and muscle tissue, calmodulin-

binding protein activity.'*18

Reports suggested that the concentrations of
Ca, Mg, Cu, Fe, Zn, Mn, and Al were not homoge-
nous in the brain. Cockell et al. in their analysis of
rat lungs, stated that the levels of elements in the
samples obtained from different parts of the lungs
were compatible and added that a sample from any
part of the lung could reflect the element concen-
tration of the entire lung.'” Thus, when it is neces-
sary to take samples to determine the PMI, we need
to know whether the tissues in people show diffe-
rent characteristics in different parts of the organs
and we need to consider this fact. Since we took
the samples from the same parts of the skeletal
muscles of the rats in our analysis, we can say that
there are no differences within the tissue.

In the studies in which some fluids, such as the
vitreous humour, spinal fluid, blood, pericardial
fluid and synovial fluid were used to determine the
time after death, the changes in the levels of ele-
ments play a major role. However, our review of
the literature revealed that no study existed, either
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FIGURE 3: Changes in mean K levels of skeletal muscle tissue of rats kept
at4°C and 18 + 2°C.
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experimental or based on autopsy material, in
which the levels of elements were measured to de-
termine the PMI, making it difficult for us to eval-
uate our findings.

Our results revealed that Fe levels increased
during the first 12-48 hours after death (Figure 1).
This increase was more evident at 4°C between 24
and 48 hours and at 18 + 2°C between 12 and 24
hours. Iyengar performed a study to examine the
changes in levels of elements for in samples obtai-
ned from autopsy material to determine the biolo-
gic variations in the levels of tissue elements after
death.” He stated that there were changes in the
concentrations of some elements in lung samples
obtained from rats and that were kept at different
temperatures; however, this can be decreased by
keeping the corpse in the cold, and in so doing,
may not stop, but slow down the postmortem
events. The fact that Fe increases earlier at 18 + 2°C
during the postmortem process might result from
the acceleration of autolysis and putrefaction at
high temperatures (Table 2, Figure 1). Neverthe-
less, the values obtained from rats that were kept at
two different temperatures revealed that Fe incre-
ased clearly after 48 hours.

Na increased during the postmortem process
at both temperatures (Figure 2). In contrast, K de-
clined during the postmortem process (Figure 3).

This decrease was similar at both temperatures and
was particularly evident during the first 12 hours.

There was a statistically significant difference
between two temperature groups only in the Fe le-
vels at 24 hours postmortem (Table 2). According
to this finding it should be considered that, when
used for PMI determination, temperature is impor-
tant for Fe especially between 12 and 48 hours.

I CONCLUSION

In our study, though all the samples were examined
in terms of the levels of the nine elements, signifi-
cant changes with the PMI only occurred for Fe,
Na, and K. Na and K were affected less by the en-
vironmental temperature when compared to Fe.
Our results suggest that these three elements in
skeletal muscle tissue may be useful for determi-
ning PMI. For this reason, a more detailed study on
the levels of Fe, Na, and K in rat skeletal muscle tis-
sue with a larger number of rats is planned in the
near future.
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