
Turkiye Klinikleri J Med Sci 2010;30(4) 1171

Ischemia Modified Albumin
Levels Following Mild Closed Head

Trauma in the Rat

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Mild tra u ma tic bra in in jury (MTBI) is one of the most fre qu ent ne u ro lo -
gi cal da ma ge types in which comp lex physi o lo gi cal and bi oc he mi cal events oc cur in tra u ma ti zed
are a. Re gi o nal isc he mi a can oc cur in the acu te pha se af ter tra u ma. Re cently, both cli ni cal and ex-
pe ri men tal stu di es ha ve shown that isc he mi a mo di fi ed al bu min (IMA) is one of the most pro mi -
sing blo od mar kers of isc he mi a. In this study, whet her se rum IMA va lu es can be used in rats as a
mar ker for in trac ra ni al isc he mi a ca u sed by tra u ma is investigated. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Wis tar-
al bi no adult rats we re uti li zed in this study. Rats we re ex po sed to MTBI by using a tra u ma de vi -
ce. Fron tal and pa ri e tal bra in tis su es we re ta ken for his to pat ho lo gi cal in ves ti ga ti on. Se rum IMA
va lu es of tra u ma ti sed and con trol rats we re me a su red with the ACB (al bu min co balt bin ding) test.
RRee  ssuullttss::  Whi le the ab so lu te IMA va lu es we re  0.576 ± 0.048 for tra u ma gro up, it was iden ti fi ed as
0.568 ± 0.055 for con trol gro up.  The re was no sta tis ti cally sig ni fi cant dif fe ren ce bet we en tra u ma
and con trol gro ups in the me an va lu e of the IMA. In our his to pat ho lo gi cal analy sis, nec ro sis as so-
ci a ted with hypo xi a in the ou ter la yers of bra in cor tex as a re sult of the tra u ma app li ed to rats, and
ne u ron da ma ge  in the in ner la yers of the cor tex we re ob ser ved.  In ad di ti on, red ne u rons we re
de tec ted in the bra in cor tex as a re sult of early sta ge ne u ron da ma ge as so ci a ted with isc he mi a.
CCoonncc  lluu  ssii  oonn:: We fo und that the re is no sig ni fi cant in cre a se in IMA le vels in rats with tra u ma sug-
ges ting that this bi o mar ker wo uld not be use ful in de tec ting early isc he mic chan ges in  MTBI.

KKeeyy  WWoorrddss::  Rats; cra ni o ce reb ral tra u ma 

ÖÖZZEETT  AAmmaaçç::  Ha fif trav ma tik be yin ha sa rı (HTBH) en sık gö rü len nö ro lo jik ha sar lar dan bi ri dir ve
trav ma ti ze alan da komp leks fiz yo lo jik ve bi yo kim ya sal olay lar oluş tu rur. Böl ge sel is ke mi trav ma -
dan son ra ki akut faz da gö rül mek te dir. Son za man lar da kli nik ve de ney sel ça lış ma lar iske mi mo di -
fi ye al bu min (IMA)'in, is ke mi de en umut ve ri ci kan be lir teç le rin den bi ri ol du ğu nu gös ter miş tir.
Ça lış ma da rat lar da se rum IMA de ğer le ri nin trav ma so nu cu olu şan ka fa i çi is ke mi de be lir teç ola rak
kul la nı lıp kul la nı la ma ya ca ğı araş tı rıl dı. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Araş tır ma da Wis tar-al bi no tü rü eriş -
kin rat lar kul la nıl dı. Rat lar trav ma dü ze ne ği kul la nı la rak HTBH'a ma ruz bı ra kıl dı. His to pa ta lo jik
araş tır ma için fron tal ve pa ri e tal be yin do ku la rı alın dı. Trav ma ti ze ve kon trol rat la rın se rum  IMA
de ğer le ri al bu min ko balt bağ la ma (ACB) tes ti ile öl çül dü. BBuull  gguu  llaarr::  Trav ma gru bu na ait IMA de ğe -
ri 0.576 ± 0.048 iken kon trol gru bun da bu de ğer 0.568 ± 0.055 ola rak sap tan mış tır. Trav ma ve
kon trol grup la rı nın IMA de ğer le ri ara sın da is ta tis tik sel ola rak an lam lı bir fark lı lık bu lun ma dı. Yap -
tı ğı mız his to pa to lo jik in ce le me ler de, rat la ra uy gu la dı ğı mız trav ma so nu cu be yin kor tek si ne ait ke -
sit ler de en dış ta hi pok si ye bağ lı nek roz, iç ta ba ka da ise nö ron lar da ze de len me göz lem len di. 
Ay rı ca is ke mi ye bağ lı er ken dö nem nö ron ze de len me si so nu cu be yin kor tek sin de kır mı zı nö ron -
lar sap tan dı. SSoo  nnuuçç::  HTBH son ra sı rat lar ile kon trol gru bu ara sın da IMA de ğer le rin de an lam lı bir
fark lı lık ol ma dı ğı için, IMA’ nın, ka fa  i çi is ke mi de bir be lir teç ola rak kul la nı la ma ya ca ğı so nu cu na
va rıl dı.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Rat; ka fa trav ma sı  
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ra u ma tic bra in in jury (TBI) is a ma jor ca u se
of de ath and di sa bility in both chil dren and
el derly pe op le. In the li te ra tu re, TBI is com-

monly clas si fi ed as mild, mo de ra te or se ve re ba sed
on the Glas gow Co ma Sco re (GCS) at first exa mi -
na ti on.1-4 Mild and se ve re TBI is con si de red to ha -
ve the sa me un derl ying ne u ro-pat ho logy, na mely
dif fu se axo nal and vas cu lar in jury oc cur ring to a
va ri o us ex tent in the pa ra sa git tal de ep whi te mat-
ter, spre a ding from cor tex to bra ins tem.2 Mild tra -
u ma tic bra in in jury (MTBI) can be ac com pa ni ed by
fa ci al and skull frac tu res. The pre sen ce of a skull
frac tu re in MTBI imp li es an in cre a sed risk of  in-
trac ra ni al in ju ri es.1,5 Small ves sel in jury can le ad to
ha e morr ha gic dif fu se axo nal in jury le si ons pre do -
mi nantly in the gray mat ter, owing to bet ter vas cu-
la ri za ti on. In jury to lar ger blo od ves sels re sult in
in tra ce reb ral ha e morr ha ges.6 Fol lo wing a con tu si -
on or ha e morr ha ge, blo od ex tends in to ad ja cent
cor tex whe re ne u rons un der go se con dary nec ro sis
du e to isc he mi a.7

Ce reb ral isc he mi a can oc cur fol lo wing MTBI
and early isc he mi a af ter MTBI may be a gre at inf -
lu en ti al fac tor de ter mi ning ne u ro lo gi cal out co me.
Na bi ka et al re por ted isc he mi a of the in ter nal cap-
su le af ter mild he ad in jury in a 1-ye ar-old boy.8 In
an ex pe ri men tal study of Jen kins et al., it is pro po -
sed that mild mec ha ni cal in jury can po tan ti a te se-
lec ti ve isc he mic hip po cam pal ne u ro nal nec ro sis in
the ab sen ce of overt axo nal in jury.9 The re ap pe ars
to be an in te rac ti on bet we en the isc he mi a and ne -
u ro nal in jury fol lo wing MTBI. Son et al me a su red
N-acety las par ta te/Cre a ti ne ra ti o and lac ta te sig nal
on in vi vo pro ton mag ne tic re so nan ce spec tros copy
in or der to de fi ne me ta bo lic bra in chan ges as so ci -
a ted with MTBI in pa ti ents with re gi o nal bra in
con tu si on and 13-15 of ini ti al GCS. Cell loss and is-
c he mic da ma ge ha ve be en in di ca ted in re gi on of
in te rest at early sta ge.10

As sess ment of MTBI is prob le ma tic for a num-
ber of  re a sons. First, the stan dard pro to col used to
as sess TBI se ve rity and plan re ha bi li ta ti on is do mi -
na ted by CT, MRI and ne u ro be ha vi o ral pro ce du -
res. Whi le the se pro ce du res may be ef fec ti ve for
mo de ra te to se ve re in jury, they may be less use ful
for the as sess ment of MTBI.11 The aut hors com-

ment that exa mi na ti ons as CT, MRI, EEG and ro u -
ti ne ne u ro lo gi cal eva lu a ti ons may be nor mal.12

The re ap pe ars to be an in te rac ti on bet we en
the post tra u ma tic ce reb ral isc he mi a and se con dary
ne u ro nal in jury. The early iden ti fi ca ti on of isc he -
mi a is an im por tant pre dic tor of long-term out co -
me. A ra pid blo od test to di ag no se isc he mi a wo uld
be of gre a test uti lity af ter MTBI. Isc he mi a mo di fi -
ed al bu min (IMA) me a su re ment re fer red as al bu -
min co balt bin ding test (ACB) is a new bi o mar ker
of car di ac isc he mi a, ske le tal musc le isc he mi a and
ce reb ral isc he mi a.13-15 To in ves ti ga te the cli ni cal
uti lity of IMA as a se rum mar ker for MTBI, we at-
temp ted to eva lu a te the ro le of IMA in rats with
clo sed he ad MTBI.

MA TE RI AL AND MET HODS
To de ter mi ne isc he mic events fol lo wing MTBI we
used the ani mal mo del of clo sed he ad in jury. The
se ve rity of bra in in jury can ea sily be con trol led in
this mo del thro ugh the ad just ment of the he ight
and mass of the we ight used for in jury.16 Rats we -
re pro vi ded by the Ex pe ri men tal Me di cal Re se -
arch Cen ter of the Me di cal Fa culty of Ko ca e li
Uni ver sity and the Ani mals Et hics Com mi te e ap-
pro ved the ex pe ri men tal pro to col. Clo sed tra u ma -
tic bra in in jury was ma de by we ight drop
ac cor ding to an ex pe ri men tal mo del des cri bed by
Mar ma ro u et al.17 On the ot her hand Ucar et al18

ha ve ma de so me mo di fi ca ti ons on the tech ni qu e
of this mo del for an ide al MTBI mo del for ma ti on.
We pre fer red the ir mo di fi ed system to ma ke MTBI
in this study. 

ANI MALS

In the pre sent study, 30 ma le adult Wis tar-al bi no
rats (200 to 250 g) we re ho u sed in di vi du ally un der
con trol led en vi ron men tal con di ti ons (12 ho urs
light/12 ho urs dark cycle). Ani mals we re di vi ded
in two gro ups. Fif te en rats un der went MTBI and,
15 rats ser ved as con trol ani mals. Ini ti ally rats we -
re anest he ti zed with et her. Ani mals we re ab le to
bre at he spon ta ne o usly thro ug ho ut the pro ce du res.
In con trol ani mals, all ex pe ri men tal pro ce du res
we re con duc ted but the rats we re not tra u ma ti -
zed.
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TRA U MA DE VI CE AND IN DUC TI ON OF MILD
TRA U MA TIC BRA IN IN JURY

The tra u ma de vi ce con sis ted of a uni qu e co lumn of
a ple xig lass tu be with a fre ely fal ling ste el we ight
by gra vity on to a me tal lic hel met fi xed on the skull
ver tex of the rat by bo ne wax. The ste el we ight falls
thro ugh a 1m ver ti cal sec ti on of the ple xig lass tu -
be held in pla ce with a ring stand (Fi gu re 1).18 We
ha ve emp lo yed an inf le xib le ro pe for tying the we -
ight to pre vent un de si rab le mo ve ments af ter the
first im pact as re com men ded by Ucar et al.18 In ad-
di ti on, the tu be was per fo ra ted at 3 cm in ter vals for
mi ni mi zing the ef fects of fric ti o nal for ces. The an-
i mal was pla ced in pro ne po si ti on on a fo am bed. A
3mm thick sta in less-ste el disc was ser ved as the

hel met. Be fo re the for ce was app li ed a mid li ne skin
in ci si on was per for med and skin was ref lec ted to
ex po se the skull. The me tal lic disc was fi xed to the
cen tral por ti on of the skul. A cylin dri cal we ight
was pla ced in the tip of the tu be and the ope ning of
the tu be was cen te red over the hel met di rectly on
rat’s skull. A 300 g we ight was then drop ped from
the top of the tu be from a he ight of exactly 1 m.
The ani mals we re re mo ved af ter the im pact and
they we re mo ved from the de vi ce to the ir ca ge.
Rats we re kept un der ob ser va ti on for 1 ho ur. Then
ani mals we re anest he ti zed aga in and the blo od was
ta ken from right at ri um of he art. Blo od samp les
we re drawn from all ani mals.
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FIGURE 1: Diagram of trauma.

Trauma group Control group

(n:15) (n:15) p

IMA (ABSU) 0.576 ± 0.048 0.568 ± 0.055 0.443

TABLE 1: Mean IMA levels of trauma and control
groups (mean ± SD).

FIGURE 2: Neuron damage in inner layer of cortex and neuronal necrosis
were observed in outer layers of cortex of the rat brains following cerebral
hypoxia (HE, x100).

FI GU RE 3: Red ne u rons we re se en in early sta ge of isc he mi a by ha e ma -
toxy lin and eo sin sta i ning (HE, x400).



LA BO RA TORY ANALY SIS

The IMA was stu di ed in blo od from right at ri um of
the he art. The blo od samp les we re ta ken in to pla -
in tu bes con ta i ning no pre ser va ti ves, the clot for-
ma ti on we re al lo wed for 30 mi nu tes and the blo od
samp les we re cen tri fu ged at 3000 g for 10 mi nu tes
to se pa ra te the se ra. Then, the ob ta i ned se rum sam-
p les we re sub jec ted to me a su re ment im me di a tely.
ACB test was analy zed ac cor ding to the met hod de-
fi ned by Bar-Or et al.13 In this met hod, 200 mL se -
rum was ad ded to the wa ter so lu ti on of 50 mL %0.1
(w/v) co balt chlo ri di ne (Sig ma; CoCl2.6H2O). It
was mi xed gently and wa i ted for 10 mi nu tes for
suf fi ci ent co balt-al bu min bin ding. Then, 50 mL
dit hi ot hre i tol (DTT) (Sig ma; 1.5 mg/ml H2O) was
ad ded as a co lo ri zing agent. Af ter wa i ting for two
mi nu tes 1.0 ml 0.9% NaCl was ad ded to stop the
co balt bin ding pro cess of al bu min. Af ter wards, the
ab sor ban ce was me a su red thro ugh spec trop ho to -
me ter at 470 nm (Shi mad zu, mo del UV160U). Sam-
p le blank wit ho ut DTT we re used as blind. The
re sults we re re por ted as ab sor ban ce units (Ab sor -
ban ce Units, AB SU).13

LIGHT MIC ROS CO PIC EXA MI NA TI ONS

Fron tal and pa ri e tal bra in tis su es we re ta ken for his -
to pat ho lo gi cal in ves ti ga ti on. The bra ins we re re mo -
ved, post fi xed in 4% pa ra for mal dehy de over night
at 4 °C, em bed ded in pa raf fin wax, and then se ri al
co ro nal 5- mm sec ti ons we re cut and sub jec ted to
stan dard he ma toxy lin and eo sin (HE) sta i ning. Bri -
efly, the sec ti ons we re de wa xed with xyle ne and re-
hy dra ted thro ugh a se ri es of gra ded al co hols. They
we re mo un ted on sli des and sta i ned with he ma -
toxy lin for 3 mi nu tes and rin sed in tap wa ter and
sta i ned with eo si ne for 2 mi nu tes. They we re dehy -
dra ted and cle a red with xyle ne. Sli des we re exa mi -
ned thro ugh light mic ros copy by a pat ho lo gist.

STA TIS TI CAL ANALY SIS

All da ta were pre sen ted as me an ± SD. Sta tis ti cal
analy sis was per for med using SPSS 15.0 soft wa re
prog ram. We com pa red nu me ri cal va ri ab les bet -
we en two gro ups using the two-ta i led Mann-Whit -
ney U test. Sta tis ti cal sig ni fi can ce was as su med at a
le vel of P< 0.05.

RE SULTS
Me a su red me an IMA le vels are pre sen ted in Tab le
1. The ab so lu te IMA va lu es we re 0.576 ± 0.048 for
tra u ma gro up and 0.568 ± 0.055 for con trol gro up.
The re was no sta tis ti cally sig ni fi cant dif fe ren ce be-
t we en tra u ma and con trol gro ups in the me an va -
lu e of the IMA (p= 0.443). 

In tra u ma gro up, light mic ros co pic exa mi na ti -
ons re ve a led ne u ron da ma ge in in ner la yer of cor-
tex and ne u ro nal nec ro sis we re ob ser ved in ou ter
la yers of cor tex of the rat bra ins fol lo wing ce reb ral
hypo xi a (Fi gu re 2). Red ne u rons we re se en in early
sta ge of isc he mi a by ha e ma toxy lin and eo sin sta i -
ning (Fi gu re 3). 

DIS CUS SI ON
Re cent stu di es ha ve de mons tra ted that IMA le vels
in cre a se in the acu te isc he mic stro ke,19 acu te pha -
se of ce reb ro vas cu lar di se a ses15 and af ter car di ac is-
c he mi a.19,20 Ho we ver, the use ful ness of IMA
me a su re ment in cli ni cal prac ti ce and di ag no sis of
cer ta in types of ce reb ro vas cu lar event is still un-
cer ta in.15 We the re fo re de sig ned a study in rats
with MTBI which is IMA le vel pre dic ti ve of an in-
trac ra ni al isc he mi a. Re sults of our study sho wed
that the re is no sig ni fi cant in cre a se in IMA le vels in
rats with tra u ma sug ges ting that this bi o mar ker
may not be use ful in de tec ting early isc he mic chan -
ges in MTBI.

Du ring acu te isc he mic con di ti on, the me tal
bin ding ca pa city of al bu min for tran si ti on me tals,
such as cop per, nic kel and co balt is re du ced, ge ne -
ra ting a me ta bo lic va ri ant of the pro te in, com-
monly known as IMA.15 Alt ho ugh the pre ci se
mec ha nism for IMA pro duc ti on is still not iden ti -
fi ed, isc he mi a may le ad to a si te-spe ci fic mo di fi ca -
ti on of the N ter mi nus of al bu min. In in tact hu man
al bu min, tran si ti on me tals such as co balt can bind
tightly to the ex po sed N ter mi nus of al bu min.19,21

Du ring isc he mi a/re per fu si on, mo di fi ca ti ons al te -
ring the bin ding ca pa city of al bu min for co balt may
ocur as the re sult of aci do sis, re du ced oxy gen ten-
si on and ge ne ra ti on of fre e ra di cals.13,19 Fre e ra di cal
pro duc ti on in cre a ses in stro ke and play a ro le in the
pat ho ge ne sis of the his to lo gi cal da ma ge du ring bra -
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in isc he mi a.22 It has be en sug ges ted that IMA is in
fact a mar ker of oxi da ti ve stress, whi le con di ti ons
as so ci a ted with ra i sed IMA can be re la ted to ot her
mar kers of oxi da ti ve stress.23,24 It is sug ges ted that
du ring the oxi da ti ve stress oc cu ring in acu te stro ke,
the com bi ned pro duc ti on of re ac ti ve oxy gen spe -
ci es with fre e ra di cals and the pas sa ge thro ugh an
im pa i red bra in-blo od bar ri er can exp la in in part
the IMA for ma ti on.19 In a re cent study by Ta vaz zi
et al the oc cu ren ce of oxi da ti ve and nit ro sa ti ve
stres ses in rats un der go ing re cur rent MTBI de li ve -
red with in cre a sing ti me in ter vals was in ves ti ga -
ted.25 They sho wed the re mar kab le ne ga ti ve
con tri bu ti on of re ac ti ve oxy gen spe ci es over pro -
duc ti on and ac ti va ti on of in du cib le nit ric oxi de
syntha se in re cur rent MTBI. The se ef fects we re
ma xi mal when MTBIs we re spa ced by 3 days so it
can be in fer red that oc cu ren ce of a se cond MTBI
in du ces sus ta i ned oxi da ti ve and nit ro sa ti ve stres -
ses. Alt ho ugh one might ha ve ex pec ted an in cre a -
se in IMA le vels in rats with tra u ma, the re was no
sig ni fi cant dif fe ren ces bet we en tra u ma and con trol
gro up in the pre sent study. Sin ce we app li ed 300 
g-1 m im pact, it se ems that this is not eno ugh to
pro du ce an oxi da ti ve stress. It can be sa id that sig-
ni fi cant chan ges in IMA le vels can be ex pec ted in
mo re se ve re he ad in jury mo dels.

It has be en spe cu la ted that the mild in ju ri es
typi cally re sult in axo nal da ma ge fo und wit hin
bra in pa rench yma sho wing no ot her signs of ne u -
ro nal or vas cu lar chan ge. On the ot her hand mo -
de ra te to se ve re in ju ri es fre qu ently re sult in
vas cu lar da ma ge.11,26 Ho we ver, the pat hoph ysi o lo -
gic chan ges ta king pla ce im me di a tely af ter the he -
ad tra u ma are not yet fully un ders to od. The
se ve rity of the pri mary im pact to the bra in is an
im por tant fac tor in the func ti o nal and pat ho lo gi cal

con se qu en ces of TBI.27 So me aut hors ha ve ob ser -
ved in cre a sed IMA le vels in acu te stro ke.19,28 Ab-
bo ud et al17 sho wed that IMA is a bi o mar ker for
early iden ti fi ca ti on of acu te isc he mic stro ke. In the
pre sent study, app li ed im pact which we used for
he ad in jury mo del might not be as se ve re as the is-
c he mi a that oc curs du ring acu te isc he mic stro ke.
They re por ted in cre a se in IMA le vels in bra in 
in farc ti ons, whe re as no chan ge in bra in he morr -
ha ges du ring the first 24h. In the ir study, the 
se rum samp les for IMA we re ob ta i ned from pa ti -
ents wit hin the first 3h of ne u ro lo gi cal de fi cit on -
set. A comp lex che mi cal cas ca de of bi oc he mi cal
events oc cur du ring the first mi nu tes af ter MTBI.
We ob ta i ned the blo od samp les 1 ho ur la ter fol lo -
wing tra u ma. It wo uld be bet ter if we ta ke them
im me di a tely be ca u se ac ti ve isc he mi a might ha ve
to in cre a se IMA, but the he mo con cen tra ti on mec -
ha nism pre do mi na tes and it is re sul ted in dec re a -
sed IMA con cen tra ti on

Furt her stu di es are ne e ded to de fi ne the ro le
of IMA in di ag no sis of isc he mi a in va ri o us isc he -
mic sta tes in hu mans. Sin ce sus cep ti bi lity of cells
to isc hemi a may vary from one or gan to anot her, it
wo uld be cri ti cal to de ter mi ne the op ti mal IMA le -
vels for the di ag no sis of isc he mi a in va ri o us or gans,
es pe ci ally the he art and bra in.28 We conc lu ded that
IMA va lu es shortly af ter clo sed MTBI can not be
used to de tect in trac ra ni al isc he mi a, con trary to ex-
pec ta ti ons. IMA may show a re la ti ons hip with the
pat tern of tra u ma tic bra in in jury and may be sig ni -
fi cantly hig her in mo re se ve re forms of tra u ma tic
bra in in jury.
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