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Postmortem Changes in Element Levels in
Rat Skeletal Muscle Tissue

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  This ex pe ri men tal study was de sig ned to de ter mi ne post mor tem chan ges
in ele ment le vels in rat ske le tal musc le tis su e and to eva lu a te its re la ti on with the post mor tem in-
ter val. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Fifty-two thre e-month-old ma le Spra gu e-Daw ley rats we re sac ri fi -
ed by cer vi cal dis lo ca ti on, and fo ur rats we re set asi de for dis sec ti on; the re ma i ning 48 rats we re
di vi ded in to two gro ups to de ter mi ne the ef fect of tem pe ra tu re on the le vels of tis su e ele ments.
One gro up of rats was kept at 4ºC and the ot her gro up was kept at 18 ± 2ºC. The fo ur rats that had
be en set asi de we re dis sec ted im me di a tely af ter sac ri fi ce; the re ma i ning 48 rats that we re kept at two
dif fe rent tem pe ra tu res we re dis sec ted 6, 12, 24, 48, 72, and 96 ho urs af ter de ath, with fo ur rats in
each gro up. The le vels of ele ments in ske le tal musc le tis su e we re de ter mi ned by inductively cou-
pled plasma-atomic emission spectrometry. The va lu es for cal ci um (Ca), cup per (Cu), firon (Fe),
po tas si um (K), mag ne si um (Mg), sodium (Na), phosphorus (P), sulp hur (S) and  zinc (Zn) we re eva l-
u a ted by the Krus kal-Wal lis test and Mann-Whit ney U test with Bon fer ro ni’s cor rec ti on. RRee  ssuullttss::
Con si de ring the re sults for both tem pe ra tu res, Fe, Na, and K sho wed sig ni fi cant chan ges at 4ºC and
18 ± 2ºC. CCoonncc  lluu  ssii  oonn:: Our re sults sug gest that the se thre e ele ments in ske le tal musc le tis su e may be
use ful for de ter mi ning post mor tem in ter val. For this re a son, a mo re de ta i led study on the le vels of
Fe, Na, and K in rat ske le tal musc le tis su e inc lu ding a lar ger num ber of rats is plan ned in the ne ar
fu tu re.

KKeeyy  WWoorrddss::  Post mor tem chan ges; ske le tal musc le LIM pro te in 1, rat; mi ne rals;
fo ren sic me di ci ne 

ÖÖZZEETT  AAmmaaçç::  Bu de ney sel ça lış ma, sı çan la rın is ke let ka sı do ku sun da ki post mor tem ele ment se vi ye -
le ri ni tes pit et mek ve post mor tem in ter val ile iliş ki si ni de ğer len dir mek için plan lan mış tır. GGee  rreeçç  vvee
YYöönn  tteemm  lleerr::  Bu amaç la, 52 adet üç ay lık Spra gu e-Daw ley cin si er kek sı ça na ser vi kal dis lo kas yon
yön te mi ile öta na zi uy gu lan dık tan son ra dördü he men di se ke edil di. Di ğer 48 sı çan ise, ce se din kal -
dı ğı or tam ısı sı nın do ku ele ment se vi ye le ri ne et ki si nin araş tı rıl ma sı ama cıy la iki gru ba ay rıl dı. Grup -
lar dan bi ri 4ºC’de, di ğe ri 18 ± 2ºC’de bek le til di. Da ha son ra her iki ısı da bek le ti len sı çan lar dan
dörder ade di ne, ölüm den 6, 12, 24, 48, 72 ve 96 sa at son ra dis sek si yon uy gu lan dı. Her sı çan dan is -
ke let ka sı ör nek le ri alın dı. Ör nek ler, mik ro dal ga yak ma yön te miy le ana li ze ha zır ha le ge ti ri le rek,
indüksiyonla birleştirilmiş plazma-atomik emisyon spektrometre ci ha zın da ele ment dü zey le ri öl -
çül dü. Kal si yum (Ca), ba kır (Cu), de mir (Fe), po tas yum (K), mag nez yum (Mg), sod yum (Na), fos for
(P), kü kürt (S) ve çin ko (Zn) ele ment le ri ne ait de ğer ler, is ta tis tik sel ola rak Krus kal-Wal lis tes ti ve
Bon fer ro ni-dü zelt me li Mann-Whit ney U tes ti ile de ğer len di ril di. BBuull  gguu  llaarr::  Her iki ısı da ki bul gu -
lar or tak ola rak de ğer len di ril di ğin de, Fe, Na ve K ele ment le ri nin 4ºC ve 18 ± 2ºC’ler de an lam lı de -
ği şim gös ter di ği sap tan dı. SSoo  nnuuçç::  El de edi len bul gu lar, is ke let ka sı do ku sun da ki bu üç ele men tin
post mor tem in ter va lin be lir len me sin de fay da lı ola bi le ce ği ni gös ter mek te dir. Bu ne den le, ya kın ge -
le cek te da ha faz la sa yı da sı çan üze rin de, is ke let ka sı do ku sun da ki Fe, Na ve K se vi ye le ri ile il gi li da -
ha ay rın tı lı bir ça lış ma plan lan mış tır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Post mor tem de ği şik lik ler; sı çan is ke let kas do ku su LIM pro te in 1; 
mi ne ral ler; ad li tıp  
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ost mor tem chan ges evaluated to estimate
the time in ter val de ath after, inc lu de dif fe -
rent pro ces ses such as body co o ling and hy-

pos ta sis, sup ra vi tal re ac ti ons, au toly sis, ri gor
mor tis, and put re fac ti on.1 Fo ren sic en to mo logy and
the fin dings of mac ros co pic eye exa mi na ti on are al -
so re por ted to be used in post mor tem in ter val
(PMI) de ter mi na ti on.2,3

Cur rently, the re are few sci en ti fic met hods ba -
sed on che mi cal me a su re ments that can be used to
ge ne ra te in for ma ti on re gar ding the PMI. Typi cally,
such in for ma ti on is ga i ned thro ugh the co o pe ra ti -
on of tra i ned fo ren sic sci en tists who pro vi de in for -
ma ti on ba sed on ex pe ri en ce and opi ni on. For
examp le, es ti ma ting the PMI pri or to the on set of
put re fac ti on (36-72 h) ge ne rally in vol ves vi su al in-
s pec ti on of the body ap pe a ran ce (i.e., ri gor and li -
vor mor tis) and de ter mi ning the co re body
tem pe ra tu re. Chan ges in blo od and ce reb ros pi nal
flu id bi oc he mistry are de ter mi ned, however the se
me a su re ments are sub ject to con si de rab le er ror.
The most use ful bi oc he mi cal in di ca tor of the PMI
pri or to put re fac ti on is the K con tent of the vit re -
o us hu mor.4

Most of the che mi cal met hods used for esti-
mation of the ti me after de ath are ba sed on some
underlying principles. One of the prin cip les is au-
toly sis, with bre ak down of cell mem bra nes and dif-
fu si on du e to the dif fu si on gra di ent, ac cor ding to
Fick’s law of dif fu si on. The hig her the con cen tra -
ti on gra di ent, the mo re su i tab le is the substance for
the es ti ma ti on of the ti me sin ce de ath; de pen ding
on the vo lu me of dis tri bu ti on.5 Au toly sis starts ap-
pro xi ma tely 4 min af ter de ath. As cells of the body
are dep ri ved of oxy gen, car bon di o xi de in the blo -
od in cre a ses, pH dec re a ses, and was tes ac cu mu la te,
which po i son the cells. Con co mi tantly, cel lu lar en-
z ymes (e.g., li pa ses, pro te a ses, and amy la ses) be gin
to dis sol ve the cells from the in si de out, even tu ally
ca u sing them to rup tu re and re le a se nut ri ent-rich
flu ids. Af ter an ade qu a te num ber of cells ha ve rup-
tu red, nut ri ent rich-flu ids be co me ava i lab le and
the pro cess of put re fac ti on can be gin. Put re fac ti on
is a comp li ca ted pro cess, however it pri ma rily de-
pen ds on tem pe ra tu re and to a les ser ex tent on mo -
is tu re, and is the re sult of a comp lex as sort ment of

pro ces ses, ran ging from enz yma tic di ges ti on and
bac te ri al ac ti on to en vi ron men tal con di ti ons.6 As a
re sult of put re fac ti on de ve lo ping af ter au toly sis, tis-
su e and or gan unity is de for med. For this re a son,
li qu id and ele ment exc han ge oc cur among dif fe -
rent tis su es bet we en in tra cel lu lar and ex tra cel lu lar
fi elds.

In this study, ske le tal musc le tis su e was se lec -
ted for analy sis be ca u se the ske le tal musc le tis su e of
the ex tre mi ti es is to pog rap hi cally iso la ted from the
lar ge or gans and blo od ves sels of the ab do mi not -
ho ra cic ca vity, and thus au toly tic chan ges and pu-
t re fac ti on pro ce ed slo wer com pa red to body flu ids
and or gans. This ex pe ri men tal study was de sig ned
to de ter mi ne post mor tem chan ges in ele ment le v-
els in rat ske le tal musc le tis su e and to eva lu a te its
re la ti on with the PMI.

MA TE RI AL AND MET HODS
Sel cuk Uni ver sity Ex pe ri men tal Me di ci ne Re se arch
and App li ca ti on Cen ter Ex pe ri men tal Ani mals Et -
hics Com mit te e per mis si on was ob ta i ned be fo re
be gin ning the study (De ci si on Num ber: 2004/38).

EX PE RI MEN TAL ANI MALS AND GRO U PING

Rats we re se lec ted for this study be ca u se of the ir
small si ze and ea se-of-ca re. Fifty-two, thre e-month
old ma le Spra gu e-Daw ley rats, we ig hing 210 ± 10
grams, we re fed by rat pel let fod der ad li bi tum.

Rats un der went cer vi cal dis lo ca ti on by an 
ap prop ri a te met hod.7 Fo ur of the rats that had un-
der go ne cer vi cal dis lo ca ti on we re se pa ra ted for im-
me di a te dis sec ti on. The se four rats we re used for
de ter mi ning “zero ho ur va lu e s” for both tem pe ra -
tu res. The re ma i ning 48 rats we re di vi ded in to two
gro ups to in ves ti ga te the ef fects of en vi ron men tal
tem pe ra tu re on the le vels of tis su e ele ments. The
first gro up of rats was kept in the ref ri ge ra tor (4 ºC)
and the se cond gro up was kept at ro om tem pe ra -
tu re (18 ± 2 ºC).

EX TRAC TI ON OF TIS SU E SAMP LES

The fo ur rats that we re set asi de fol lo wing cer vi cal
dis lo ca ti on un der went im me di a te dis sec ti on. The
musc les of the right fron tal thigh we re rid of fat tis-
su e, and samp les we re ta ken. After 6, 12, 24, 48, 72
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and 96 ho urs following cer vi cal dis lo ca ti on, dis sec -
ti on was per for med on fo ur rats in each of the two
gro ups that we re kept at dif fe rent tem pe ra tu res. 

All the samp les we ig hed bet we en 0.4 and 0.6
g. The ob ta i ned samp les, were kept with the met -
hods previously used in the stu di es in vol ving the
le vels of ele ments in bi o lo gi cal samp les, and we re
put in to 10 ml poly propy le ne tu bes, kept in 10%
HNO3 for 24 ho urs and was hed with dis til led wa -
ter.8,9 The samp les we re kept at -20ºC un til they
we re analy zed.

PRE PA RA TI ON OF SAMP LES AND MIC RO WA VE DI GES TI ON 

In our study, the pres su ri zed mic ro wa ve oven di-
ges ti on met hod was used.8 Mic ro wa ve di ges ti on is
a fast and ef fec ti ve pro ce du re for the bre ak down of
bi o lo gi cal samp les and re sults in a tho ro ugh di ges -
ti on of or ga nic ma te ri al in a re du ced samp le pre pa-
ra ti on ti me.10,11

The samp les we re put in to XP-1500 Tet raf lu -
or met ha xil (TFM®; Ho echst AG, Frank furt, Ger-
many) tu bes (CEM Cor po ra ti on, Matt hews, NC,
USA) af ter they we re we ig hed. Ten ml of 65%
HNO3 was ad ded to each tu be. The di ges ti on to ok
pla ce in a pres su ri zed mic ro wa ve oven (Mars 5,
CEM Cor po ra ti on, Matt hews, NC, USA) at 150 psi
pres su re and 180ºC. When the de si red pres su re and
tem pe ra tu re we re re ac hed, the tu bes we re kept at
this sta ge for 10 mi nu tes and then they we re co o -
led. Af ter co o ling, the tu bes we re ope ned and the -
ir con tents we re po u red in to 25 ml vo lu met ric
flasks was hed with 10% HNO3 and dis til led wa ter.
The samp les we re bro ught to 25 ml with de i o ni zed
wa ter with 18 Ωcm-1 re sis tan ce (P.Nix UP 900, Hu -
man Cor po ra ti on, Se o ul, Ko re a).

Vo lu met ric flasks we re sha ken for 10 mi nu tes
to ho mo ge ni ze the con tents. La ter, this li qu id was
pla ced in to 10 ml poly propy le ne tu bes which we -
re kept in 10% HNO3 for at le ast for 24 ho urs, we -
re was hed with dis til led wa ter and then we re
num be red.

The samp le pre pa ra ti on pro cess was com pa red
to bo vi ne li ver NIST 1577b (Na ti o nal Ins ti tu te of
Stan dards & Tech no logy, Ga it hers burg, MD, USA)
which was used as a stan dard re fe ren ce ma te ri al

(SRM) in or der to ve rify the ac cu racy of the analy-
sis. A to tal of 10 samp les we re pre pa red by di ges ti -
on with the mic ro wa ve met hod for analy sis, each
we ig hing at le ast 250 mg.

ANALY SIS OF TIS SU E ELE MENT LE VELS WITH 
IN DUC TI VELY CO UP LED PLAS MA-
ATO MIC EMIS SI ON SPEC TRO METRY (ICP-AES)

ICP-AES was pre fer red du e to its spe ed, sen si ti vity,
inex pen si ve cost, and the fact that it can analy ze
many ele ments con cur rently.12,13 Be fo re the analy-
sis, ICP-AES was ca lib ra ted with ICP mul ti-ele -
ment stan dard so lu ti on IV (Merck, Darm stadt,
Ger many). Ca, Cu, Fe, K, Mg, Na, P, S, and Zn le v-
els we re me a su red with ICP-AES (Vis ta AX, Va ri -
an Inc., Mel bo ur ne, Aus tra li a) in the samp les
which we re re ady for the analy sis, and re sults we -
re ex pres sed as µg/g.

STA TIS TI CAL ANALY SIS

Com pa ri sons of the va lu es ob ta i ned from the ICP-
AES analy sis we re per for med with the Krus kal-
Wal lis test for each tem pe ra tu re gro up. When a
sig ni fi cant dif fe ren ce was de tec ted with the Krus -
kal-Wal lis test, the Mann-Whit ney U test with
Bon fer ro ni’s cor rec ti on was used to iden tify the so -
ur ce of the dif fe ren ce. In ad di ti on, Mann-Whit ney
U test was used for com pa ri sons of the va lu es of
two tem pe ra tu re gro ups in each post mor tem in ter -
val (ho urs).

RE SULTS
The re sults of the SRM (NIST 1577b bo vi ne li ver)
analy sis that was used to de ter mi ne the re li a bi lity
of the ICP-AES and the va lu es in the SRM cer ti fi -
ca te we re shown in Tab le 1. Re pe a ted anay sis of
the bo vi ne li ver cer ti fi ed re fe ren ce ma te ri al from
NIST ga ve a re co very that was 100 ± 5% of the tar-
get va lu e for all ele ments.

Me di an (mi ni mum-ma xi mum) va lu es of ele -
ment le vels in ske le tal musc le tis su e of rats are gi -
ven in Tab le 2. Among the ni ne analy zed ele ments,
only Fe, Na, and K we re shown to ha ve sig ni fi cant
chan ges at 4ºC and 18 ± 2ºC; Ca, Cu, Mg, P, S, and
Zn did not show any sig ni fi cant chan ges un der any
cir cums tan ces (Tab le 2). 
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Fe in cre a sed at 4 °C at 48, 72, and 96 ho urs
post mor tem, com pa red to the le vels at 0, 6, 12, and
24 ho urs. At 18 ± 2 °C, the le vels of Fe in cre a sed at
24, 48, 72, and 96 ho urs post mor tem when com pa -
red to 0, 6, and 12 ho ur levels (Fi gu re 1).

Na in cre a sed at 4ºC at 48, 72, and 96 ho urs
post mor tem com pa red to 0, 6, and 12 ho ur levels.
At 18 ± 2 °C, Na in cre a sed at 48 and 72 ho urs post-
mor tem when com pa red to 0, 6, and 12 ho ur levels,
and at 96 ho urs post mor tem com pa red to levels at
0, 6, 12, and 24 ho urs (Fi gu re 2).

Elements ICP-AES Wave length (nm) Mean measure value (µg/g) (n= 10) Certified content (µg/g)   

Ca 396.847 113 ± 15 116 ± 4

Cu 327.395 158 ± 6 160 ± 8

Fe 238.204 192 ± 18 184 ± 15

K 766.491 9495 ± 172 9940 ± 20

Mg 279.553 605 ± 24 601 ± 28

Na 589.592 2340 ± 101 2420 ± 60

P 213.618 10864 ± 284 11000 ± 300

S 181.972 7510 ± 66 7850 ± 60

Zn 213.857 131 ± 12 127 ± 16

TABLE 1: Accuracy and precision of ICP-AES (Standard reference material: NIST 1577b bovine liver).

Temperature Postmortem interval (hours) P*

0 6 12 24 48 72 96

Ca 4 ºC 77.6 (61.0-91.5) 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) n.s.

18 ± 2 ºC 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) n.s.

Cu 4 ºC 0.42 (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) n.s.

18 ± 2 ºC 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) n.s.

Fe 4 ºC 15.5 (15.0-16.9) 15.2 (12.3-20.3) 14.4 (14.2-26.3) 15.2 (14.3-16.3) 26.5 (23.7-32.1) 25.8 (21.8-35.0) 32.7 (28.7-34.6) <0.05

18 ± 2 ºC 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 (23.7-29.3) <0.05

K 4 ºC 4531 (4011-4772) 4042 (3958-4175) 3704 (3642-3993) 3900 (3757-4009) 3759 (3349-3860) 3705 (3491-3933) 3570 (3146-3637) <0.05

18 ± 2 ºC 3926 (3770-4043) 3953 (3656-3964) 3781 (3359-3925) 3711 (3552-3832) 3577 (3483-3735) 3626 (3564-3710) <0.05

Mg 4 ºC 315 (284-349) 302 (139-305) 289 (281-312) 299 (284-306) 294 (153-311) 293 (279-318) 289 (281-303) n.s.

18 ± 2 ºC 315 (299-340) 299 (292-305) 297 (295-299) 292 (280-306) 306 (291-309) 306 (294-320) n.s.

Na 4 ºC 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 ºC 721 (601-760) 709 (635-755) 770 (677-830) 784 (714-856) 822 (758-910) 914 (837-1059) <0.05

P 4 ºC 2349 (2078-2494) 2234 (1477-2328) 2150 (2040-2207) 2161 (2127-2243) 2106 (1884-2228) 2098 (2003-2295) 2131 (1860-2168) n.s.

18 ± 2 ºC 2275 (2172-2388) 2155 (2102-2252) 2125 (1991-2137) 2176 (2068-2272) 2155 (2039-2190) 2089 (2039-2150) n.s.

S 4 ºC 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 ºC 2797 (2719-2842) 2635 (2576-2674) 2566 (2531-2630) 2680 (2488-2754) 2601 (2540-2657) 2603 (2511-2706) n.s.

Zn 4 ºC 15.4 (13.5-17.7) 13.7 (8.7-16.3) 13.2 (9.7-16.1) 12.3 (11.0-13.3) 15.0 (12.4-17.6) 12.4 (11.9-15.9) 13.8 (13.1-15.8) n.s.

18 ± 2 ºC 18.2 (13.1-28.2) 13.9 (9.2-21.1) 13.6 (9.0-16.1) 13.7 (11.7-15.7) 12.1 (11.9-15.5) 14.4 (9.5-17.1) n.s.

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 (µg/g wet weight; n=4 for all groups).

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

ICP-AES: Induction coupled plasma-atomic emission spectrometry.
NIST: National Institute for standards and Technology.
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K dec re a sed at 4ºC at 12 and 24 ho urs post mor -
tem when com pa red to 0 ho ur, at 48 and 72 ho urs
post mor tem when com pa red to 0 and 6 ho urs, and
at 96 ho urs post mor tem when com pa red to 0, 6, 12,
and 24 ho urs. At 18 ± 2ºC, K dec re a sed at 12 ho urs
post mor tem when com pa red to 0 ho urs, at 24 ho -
urs post mor tem when com pa red to 0 and 12 ho urs,
at 48 ho urs post mor tem when com pa red to 0 ho urs,
at 72 ho urs post mor tem when com pa red to 6 ho urs,
and at 96 ho urs post mor tem when com pa red to 0
and 6 ho urs (Fi gu re 3).

The re we re not sig ni fi cant dif fe ren ces of the
ele ment le vels bet we en two tem pe ra tu re gro ups,
ex cept Fe le vels at 24 ho urs (Tab le 2).

DIS CUS SI ON
In de ter mi ning the ti me of de ath, as ref lec ted by
the ad van ce ments in tech no logy, stu di es ha ve be -
en con duc ted using dif fe rent analy tic met hods, in-

c lu ding che mi cal analy sis in body flu ids, such as
the vit re o us hu mo ur, ce reb ros pi nal flu id, blo od,
and syno vi al flu id.1,4 With res pect to stu di es per-
for med on tis su es and or gans to de ter mi ne the
PMI, spe ci fic me a su re ments ha ve be en re por ted as
fol lows: in lungs, lac ta te and ma la te dehy dro ge na -
se le vels; in bra in, li ver, he art, and kid ney samp les,
vas cu lar en dot he li al growth fac tor le vels; in he art,
tro pin I le vels; in musc le, cre a ti ni ne con cen tra ti -
ons; and in lungs and musc le tis su e, cal mo du lin-
bin ding pro te in ac ti vity.14-18

Re ports sug ges ted that the con cen tra ti ons of
Ca, Mg, Cu, Fe, Zn, Mn, and Al we re not ho mo ge -
no us in the bra in.8 Coc kell et al. in the ir analy sis of
rat lungs, sta ted that the le vels of ele ments in the
samp les ob ta i ned from dif fe rent parts of the lungs
we re com pa tib le and ad ded that a samp le from any
part of the lung co uld ref lect the ele ment con cen -
tra ti on of the en ti re lung.19 Thus, when it is ne ces -
sary to ta ke samp les to de ter mi ne the PMI, we ne ed
to know whet her the tis su es in pe op le show dif fe -
rent cha rac te ris tics in dif fe rent parts of the or gans
and we ne ed to con si der this fact. Sin ce we to ok
the samp les from the sa me parts of the ske le tal
musc les of the rats in our analy sis, we can say that
the re are no dif fe ren ces wit hin the tis su e.

In the stu di es in which so me flu ids, such as the
vit re o us hu mo ur, spi nal flu id, blo od, pe ri car di al
flu id and syno vi al flu id we re used to de ter mi ne the
ti me af ter de ath, the chan ges in the le vels of ele -
ments play a ma jor ro le. Ho we ver, our re vi ew of
the li te ra tu re re ve a led that no study exis ted, eit her

FI GU RE 1: Chan ges in me an Fe le vels of ske le tal musc le tis su e of rats kept
at 4ºC and 18 ± 2ºC.

FI GU RE 2: Changes in mean Na levels of skeletal muscle tissue of rats kept
at 4ºC and 18 ± 2ºC.

FI GU RE 3: Changes in mean K levels of skeletal muscle tissue of rats kept
at 4ºC and 18 ± 2ºC.
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ex pe ri men tal or ba sed on au topsy ma te ri al, in
which the le vels of ele ments we re me a su red to de-
ter mi ne the PMI, ma king it dif fi cult for us to eva l-
u a te our fin dings.

Our re sults re ve a led that Fe le vels in cre a sed
du ring the first 12-48 ho urs af ter de ath (Fi gu re 1).
This in cre a se was mo re evi dent at 4ºC bet we en 24
and 48 ho urs and at 18 ± 2ºC bet we en 12 and 24
ho urs. Iyen gar per for med a study to exa mi ne the
chan ges in le vels of ele ments for in samp les ob ta i -
ned from au topsy ma te ri al to de ter mi ne the bi o lo -
gic va ri a ti ons in the le vels of tis su e ele ments af ter
de ath.20 He sta ted that the re we re chan ges in the
con cen tra ti ons of so me ele ments in lung samp les
ob ta i ned from rats and that we re kept at dif fe rent
tem pe ra tu res; ho we ver, this can be dec re a sed by
ke e ping the corp se in the cold, and in so do ing,
may not stop, but slow down the post mor tem
events. The fact that Fe in cre a ses ear li er at 18 ± 2ºC
du ring the post mor tem pro cess might re sult from
the ac ce le ra ti on of au toly sis and put re fac ti on at
high tem pe ra tu res (Tab le 2, Fi gu re 1). Ne vert he -
less, the va lu es ob ta i ned from rats that we re kept at
two dif fe rent tem pe ra tu res re ve a led that Fe in cre -
a sed cle arly af ter 48 ho urs.

Na in cre a sed du ring the post mor tem pro cess
at both tem pe ra tu res (Fi gu re 2). In con trast, K de-
c li ned du ring the post mor tem pro cess (Fi gu re 3).

This dec re a se was si mi lar at both tem pe ra tu res and
was par ti cu larly evi dent du ring the first 12 ho urs.

The re was a sta tis ti cally sig ni fi cant dif fe ren ce
bet we en two tem pe ra tu re gro ups only in the Fe le -
vels at 24 ho urs post mor tem (Tab le 2). According
to this fin ding it sho uld be con si de red that, when
used for PMI de ter mi na ti on, tem pe ra tu re is im por-
tant for Fe es pe ci ally bet we en 12 and 48 ho urs.

CONC LU SI ON
In our study, tho ugh all the samp les we re exa mi ned
in terms of the le vels of the ni ne ele ments, sig ni fi -
cant chan ges with the PMI only oc cur red for Fe,
Na, and K. Na and K we re af fec ted less  by the en-
vi ron men tal tem pe ra tu re when com pa red to Fe.
Our re sults sug gest that the se thre e ele ments in
ske le tal musc le tis su e may be use ful for de ter mi -
ning PMI. For this re a son, a mo re de ta i led study on
the le vels of Fe, Na, and K in rat ske le tal musc le tis-
su e with a lar ger num ber of rats is plan ned in the
ne ar fu tu re.

AAcckk  nnooww  lleedd  ggee  mmeennttss
This study was sup por ted by Sel cuk Uni ver sity Sci en ti -
fic Re se arch Pro jects Co or di na ting Of fi ce (Pro ject 
Num ber: 05102009). We ap pre ci a te sup port by Sel cuk
Uni ver sity Ex pe ri men tal Me di ci ne Re se arch and App li -
ca ti on Cen ter (Pro ject Num ber: 2004/38).

1. Madea B, Henssge C. Timing of death. In:
Payne-James J, Busuttil A, Smock W, eds.
Forensic Medicine: Clinical and Pathological
Aspects. 1st ed. London: Greenwich Medical
Media Limited; 2002. p.91-114.

2. Tüzün A, Yüksel S. [Estimating post-mortem
interval in forensic entomology investigations:
Review]. Turkiye Klinikleri J Foren Med
2007;4(1):23-32.

3. Kocatürk BK, Balcı Y, Bal C. [The evaluation
of the findings of macroscopic eye examina-
tion with regard to post-mortem interval (PMI)
in 200 cases known death time]. Turkiye
Klinikleri J Foren Med 2007;4(3):102-5.

4. Coe JI. Postmortem chemistry update: Em-
phasis on forensic application. Am J Forensic
Med Pathol 1993;14(2):91-117.

5. Madea B. Is there recent progress in the esti-
mation of the postmortem interval by means

of thanatochemistry? Forensic Sci Int
2005;151(2-3):139-49.

6. Gill-King H. Chemical and ultrastructural as-
pects of decomposition. In: Haglund WD, Sorg
MH, eds. Forensic Taphonomy: The Post-
mortem Fate of Human Remains. 1st ed. Boca
Raton, FL: CRC Press; 1997. p.93-104.

7. American Veterinary Medical Association.
2000 Report of the AVMA panel on euthana-
sia. J Am Vet Med Assoc 2001;218(5):669-
96.

8. Bush VJ, Moyer TP, Batts KP, Parisi JE. Es-
sential and toxic element concentrations in
fresh and formalin-fixed human autopsy tis-
sues. Clin Chem 1995;41(2):284-94.

9. Rahil-Khazen R, Bolann BJ, Myking A, Ulvik
RJ. Multi-element analysis of trace element
levels in human autopsy tissues by using in-
ductively coupled atomic emission spectrom-

etry technique (ICP-AES). J Trace Elem Med
Biol 2002;16(1):15-25.

10. Somogyi G, Jenei E, Szokol J, Buris L, Buris
L Jr, Nagy D, et al. Distribution of inorganic el-
ements in human autopsy tissue. Pharmazie
2000;55(3):239-42.

11. Cominos X, Athanaselis S, Dona A, Koutseli-
nis A. Analysis of total mercury in human tis-
sues prepared by microwave decomposition
using a hydride generator system coupled to
an atomic absorption spectrometer. Forensic
Sci Int 2001;118(1):43-7.

12. Subramanian KS, Meranger JC. Simultaneous
determination of 20 elements in some human
kidney and liver autopsy samples by induc-
tively-coupled plasma atomic emission spec-
trometry. Sci Total Environ 1982;24(2):
147-57.

REFERENCES



Turkiye Klinikleri J Med Sci 2010;30(4)1338

Doğan ve ark. Adli Tıp

13. Lalchev M, Ionov I, Daskalova N. Application
of inductively coupled plasma atomic emission
spectrometry in forensic science. J Anal Atom
Spectrom 1997;12(1):21-4.

14. Gos T, Raszeja S. Postmortem activity of lac-
tate and malate dehydrogenase in human liver
in relation to time after death. Int J Legal Med
1993;106(1):25-9.

15. Thaik-Oo M, Tanaka E, Tsuchiya T, Kominato
Y, Honda K, Yamazaki K, et al. Estimation of
postmortem interval from hypoxic inducible
levels of vascular endothelial growth factor. J

Forensic Sci 2002;47(1):186-9.

16. Sabucedo AJ, Furton KG. Estimation of post-
mortem interval using the protein marker car-
diac Troponin I. Forensic Sci Int 2003;134(1):
11-6.

17. Brion F, Marc B, Launay F, Gailledreau J,
Durigon M. Postmortem interval estimation by
creatinine levels in human psoas muscle.
Forensic Sci Int 1991;52(1):113-20.

18. Kang S, Kassam N, Gauthier ML, O’Day DH.
Post-mortem changes in calmodulin binding

proteins in muscle and lung. Forensic Sci Int
2003;131(2-3):140-7.

19. Cockell KA, Fischer PW, Belonje B. Elemen-
tal composition of anatomically distinct regions
of rat liver. Biol Trace Elem Res
1999;70(3):251-63.

20. Iyengar GV. Post mortem changes of the ele-
mental composition of autopsy specimens:
Variations of K, Na, Mg, Ca, Cl, Fe, Zn, Cu,
Mn and Rb in rat liver. Sci Total Environ
1980;15(3):217-36.


