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Radioprotective Effect of Amifostine
(WR 2721) and Vitamin E on

Whole-Body-Irradiated Rat Liver

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  The aim of this study was to assess whether amifostine with/or without vitamin E could
protect the normal liver from the effects of ionizing radiation. MMaatteerriiaall  aanndd  MMeetthhooddss:: Six groups were included
in the study, each consisting ten, healthy, male, Wistar rats. The first group (control group) did not receive any
radiation, amifostine (WR 2721), or vitamin E (∝ tocopherol acetate). The second group received an intraperi-
toneal (i.p.) infusion of 200 mg/kg amifostine (WR 2721) and subcutaneous (s.c.) infusion of 100 IU/kg vitamin E
(∝ tocopherol acetate). The third group received only 8 Gy total body irradiation (TBI). The fourth group re-
ceived irradiation and an intraperitoneal (i.p.) infusion of 200 mg/kg amifostine, administered half an hour prior
to the irradiation. The fifth group received irradiation and subcutaneous (s.c.) infusion of 100 IU/kg vitamin E (∝
tocopherol acetate), administered one hour prior to the irradiation. The last (sixth) group received irradiation
and amifostine and vitamin E infusion under the same conditions. We measured thiol and malondialdehyde
(MDA) levels in plasma and MDA levels in liver tissue. RReessuullttss::  Plasma MDA levels were not different in the
control and the irradiated groups.  Plasma thiol level was lowest in the third [irradiation alone (R)] group, and it
was significantly different from the first (C) group (p< 0.001). Plasma thiol level of the fifth (irradiation plus vi-
tamin E [R + V - E]) group was lower than the level in the first (C) group and the difference was significant (p=
0.019). The comparison of the plasma thiol level of the third (R) group with the fourth (R + A) and the sixth (R
+ A + V - E) groups revealed much higher levels in the fourth (R + A) and the sixth (R + A + V - E) groups than
in the third (R) group; this difference was significant (p< 0.001). The highest liver MDA level was in the third (R)
group and the difference compared with the first (C) group was significant (p< 0.001). In the third (R) group, the
level of liver MDA was significantly higher than in the fourth (R + A) and sixth (R + A + V - E) (p= 0.001 and p=
0.003 respectively) groups. CCoonncclluussiioonn:: Amifostine and vitamin E are effective in protecting the liver against the
damage induced by irradiation.

KKeeyy  WWoorrddss::  Radiation protection; amifostine; tocopherols

ÖÖZZEETT  AAmmaaçç::  Bu çalışmada, amifostinin (WR-2721) E vitamini (∝ tokoferol asetat) ile birlikte ya da tek başına
iyonize radyasyona maruz kalan normal karaciğer dokusunu radyasyonun olumsuz etkilerinden koruyup
korumadığı araştırıldı. GGeerreeçç  vvee  YYöönntteemmlleerr:: Her birinde 10 sağlıklı Wistar albino sıçanı bulunan 6 grup bu
çalışmaya dahil edildi. Birinci gruba radyasyon, amifostin ve E vitamini verilmedi; bu grup kontrol grubunu
oluşturdu. İkinci gruba, 200 mg/kg amifostin intraperitoneal (i.p) olarak ve 100 IU/kg E vitamini subkütan (s.k)
yoldan uygulandı. Üçüncü gruba sadece 8 Gy tüm vücut ışınlaması yapıldı. Dördüncü gruba, 8 Gy tüm vücut
ışınlamasından yarım saat önce, 200 mg/kg amifostin i.p uygulandı. Beşinci gruba irradyasyondan bir saat önce
100 IU/kg E vitamini s.k. verildi. Altıncı gruba da aynı şartlar altında hem radyasyon hem amifostin hem de E
vitamini uygulandı. Plazmada, tiyol ve  malondialdehid (MDA); karaciğer dokusunda da MDA seviyelerine bakıldı.
BBuullgguullaarr:: Hem kontrol grubunda hem de radyasyon uygulanan grupta, plazma MDA seviyeleri arasında fark
yoktu. Plazma tiyol seviyeleri üçüncü [sadece radyasyon (R)] grupta en düşüktü ve kontrol grubuna (K, 1. grup)
kıyasla aralarındaki fark anlamlı idi (p< 0.001). Beşinci gruptaki (R + V - E) plazma tiyol seviyesi birinci (K) grupta
olduğundan daha düşüktü ve aralarındaki fark anlamlıydı (p= 0.019). Plazma tiyol düzeyleri, dördüncü (R + A)
ve altıncı (R + A + V - E) grupta, üçüncü (R) gruba kıyasla anlamlı ölçüde daha yüksekti (p< 0.001). En yüksek
karaciğer MDA seviyesi üçüncü (R) grupta idi ve birinci (K) grupla kıyaslandığında aralarındaki fark anlamlı idi
(p< 0.001). Üçüncü (R) grupta karaciğer MDA seviyesi, dördüncü (R + A) ve altıncı (R + A + V - E) grupta
olduğundan anlamlı olarak daha yüksekti (sırasıyla p= 0.001 ve p= 0.003). SSoonnuuçç:: Amifostin, E vitamini ile birlikte
ya da tek başına radyasyona bağlı karaciğer hasarına karşı koruyucu bir maddedir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Radyoproteksiyon; amifostin; vitamin-E 
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mi fos ti ne (WR-2721) (Et ha net hi ol; 2-3
ami nop ropyl-ami no-dihy dro gen phosp ha -
te es ter), which is an ami not hi ol fre e ra di -

cal sca ven ger, is a se lec ti ve cytop ro tec ti ve agent for
nor mal tis su e from the to xi ci ti es as so ci a ted with
che mot he rapy and ir ra di a ti on.1 In de ed, WR-1065,
the ma jor ac ti ve me ta bo li te of ami fos ti ne, which is
se lec ti vely pro du ced by nor mal cells thro ugh dep -
hosp hory la ti on by mem bra ne-bo und al ka li ne
phosp ha ta se at a pre fe ren ti ally ne ut ral pH,2 pro vi -
des cytop ro tec ti on by at le ast thre e dif fe rent mec -
ha nisms. First, it can bind di rectly to, and thus
de to xify, the ac ti ve alk yla ting spe ci es3 and pla ti -
num agents.4 Se cond, it acts as a po tent sca ven ger of
drug-or ra di a ti on-in du ced oxy gen fre e ra di cals.
Third, when ad mi nis te red af ter ex po su re to ra di a -
ti on and/or se ve ral che mi cals, it can mar kedly re-
du ce in jury-in du ced apop to sis.5,6 It is de ba tab le
whet her the pro tec ti on inc lu des the tu mor cells.
Alt ho ugh so me stu di es in ani mal mo dels ha ve
shown mi ni mal pro tec ti on of the tu mor,7,8 most of
the prec li ni cal da ta sug gest that des truc ti on of the
tu mor cells is not com pro mi sed.9,10

Ra di op ro tec ti ve ac ti vity of ami fos ti ne has be -
en de mons tra ted in most nor mal tis su es ex cept the
cen tral ner vo us system.11 One study in rats has
shown that syste mic ad mi nis tra ti on of ami fos ti ne
pro tects he pa tocy tes from rep ro duc ti ve cell de ath
with a do se mo di fi ca ti on fac tor of 2,12 and that the
li ver is pro tec ted from fib ro sis with a do se mo di fi -
ca ti on fac tor that is gre a ter than 2.13

Li pid pe ro xi da ti on (LP) has be en sug ges ted as
one of the ma in ca u ses of io ni zing ra di a ti on da ma -
ge, thus to xi city of ir ra di a ti on to he pa tocy tes may
re sult in part from ra di cal-me di a ted tis su e da ma ge.
The bi o lo gi cal re le van ce of mar kers for LP in rats,
eg, ma lon di al dehy de (MDA), which is an al dehy dic
by-pro duct of LP, can be used as a mar ker that
shows li ver da ma ge in du ced by ir ra di a ti on.11,13,14

Vi ta min E is a fre e ra di cal sca ven ger that acts
as first li ne of de fen se aga inst pe ro xi da ti on of pol -
yun sa tu ra ted fatty acids. In the tis su es, it re acts
very ra pidly with mo le cu lar oxy gen and fre e ra di -
cals and pro tects pol yun sa tu ra ted fatty acids (es pe -
ci ally tho se in mem bra nes) from LP.15

In a num ber of ex pe ri men tal stu di es, it has be -
en de mons tra ted that, vi ta min E can in cre a se the
growth in hi bi tory ef fect of va ri o us tu mor tre at -
ment mo da li ti es such as ra di a ti on, che mot he ra pe -
u tic agents, and hypert her mi a.16 The re are,
ho we ver, conf lic ting re ports in the li te ra tu re on
ra di op ro tec ti ve ef fects of vi ta min E on nor mal tis-
su e.17

In this study we ai med to show whet her ami -
fos ti ne with or wit ho ut vi ta min E co uld act as a ra-
di op ro tec tor agent in rat li ver when ad mi nis te red
alo ne or in com bi na ti on, pri or to who le body ir ra -
di a ti on. We used plas ma thi ol, plas ma MDA, and
li ver tis su e MDA le vels, which we re known to be
inf lu en ced by io ni zing ra di a ti on, as da ma ge mar -
kers. 

MA TE RI AL AND MET HODS

EX PE RI MEN TAL ANI MALS

Fifty ma le Wis tar rats, which we re purc ha sed from
the Ani mal Ho u se of Fa culty of Me di ci ne, Er ci yes
Uni ver sity, we ig hing 270-430 g, we re inc lu ded in
the study. The ex pe ri men tal pro to col used was ap-
pro ved by the De part ment of Ani mal Ca re and Use
Com mit te e of the Tur kish Mi nistry of Ag ri cul tu re
and ad he red to the Eu ro pe an Com mu nity Gu i ding
Prin cip les for the Ca re and Use of Ani mals. All ani-
mals we re con di ti o ned at ro om tem pe ra tu re at na-
tu ral pho to-pe ri od (14 h/10 h: light/dark) for one
we ek be fo re the ini ti a ti on of the ex pe ri ment. A
com mer ci al, ba lan ced di et and tap wa ter, ad li bi tum,
we re pro vi ded. Af ter one we ek of acc li ma ti za ti on,
all rats we re fo od res tric ted (wit ho ut wa ter res tric -
ti on) for 12 h be fo re the ex pe ri ment. This was do ne
to put all ani mals in to a si mi lar me ta bo lic sta te.  

EX PE RI MEN TAL PRO CE DU RE

The ani mals we re di vi ded in to six gro ups and each
gro up con sis ted of 10 ani mals:

FFiirrsstt  ggrroo  uupp: First gro up was the con trol gro up
(C). C did not re ce i ve any ra di a ti on, ami fos ti ne
(WR 2721), or vi ta min E (µ to cop he rol ace ta te). C
was gi ven the ve hic le only.

SSee  ccoonndd  ggrroo  uupp::  This gro up re ce i ved an in tra pe -
ri to ne al (i.p.) in fu si on of 200 mg/kg ami fos ti ne
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(WR 2721) and a sub cu ta ne o us (s.c.) in fu si on of 100
IU/kg) vi ta min E (µ to cop he rol ace ta te) (A + V - E).

TThhiirrdd  GGrroo  uupp: This gro up only sun der went to -
tal body ir ra di a ti on (TBI) with 8 Gy (R), and was
al so gi ven the ve hic le.

FFoo  uurrtthh  ggrroo  uupp: This gro up re ce i ved ir ra di a ti on,
with i.p. in fu si on of 200 mg/kg ami fos ti ne (WR
2721), ad mi nis te red half an ho ur pri or to ir ra di a ti -
on (R + A).

FFiifftthh  ggrroo  uupp: This gro up al so re ce i ved ir ra di a ti -
on with s.c. in fu si on of 100 IU/kg vi ta min E (µ to-
cop he rol ace ta te), ad mi nis te red one ho ur pri or to
ir ra di a ti on (R + V - E).

SSiixxtthh  ggrroo  uupp: This gro up was both ir ra di a ted
and gi ven ami fos ti ne and vi ta min E in fu si ons un der
the sa me con di ti ons that we re des cri bed abo ve 
(R + A + V - E). 

RA DI A TI ON TECH NI QU E

Mild hypno sis of the ani mals for im mo bi li za ti on
was ac hi e ved by in tra mus cu lar ad mi nis tra ti on of
Ke ta mi ne (50 mg/kg B.W.), 5 mi nu tes pri or to the
ir ra di a ti on, en su ring spon ta ne o us res pi ra ti on thro -
ug ho ut the pro ce du re. Then the ani mals we re pa i -
red and pla ced in su pi ne po si ti on on a Ple xig las
bo ard, so that two ani mals wo uld be ir ra di a ted at a
ti me. Rats we re ex po sed to a sing le do se of 8 Gy
TBI of gam ma ra di a ti on from a 60Co so ur ce (The r-
at ron 780-C), at a do se ra te of 0.52 Gy/min, ad mi -
nis te red at 1.5 cm depth be low the skin, the
so ur ce-skin dis tan ce be ing 80 cm. 

Fol lo wing the ir ex po su re to io ni zing ra di a ti -
on, the ani mals we re pla ced in di vi du ally in to me -
ta bo lic ca ges. Af ter an in ter val of 36 ho urs, all rats
we re sac ri fi ced by ge ne ral anest he si a (50 mg/kg,
i.p. ke ta min). Blo od samp les we re col lec ted from
each rat and we re co o led in ice wa ter. Samp les we -
re cen tri fu ged at 3000 g for 10 min at 4°C to iso la -
te se rum and we re sto red as ali qu ots at -10°C un til
tes ting. Li vers we re ex ci sed im me di a tely and we re
ho mo ge ni zed in ice-cold 100 mM phosp ha te buf fer
(pH 7.4) using a Pot ter-El veh jem ho mo ge ni zer fit-
ted with a Tef lon plun ger. Ho mo ge na tes we re cen-

tri fu ged at 11 000 x g for 20 min and re sul ting su-
per na tants we re sto red at -80°C. 

AAnnaallyy  ttii  ccaall  MMeett  hhooddss

CChhee  mmii  ccaallss::  Thi o bar bi tu ric acid, 5,5-dit hi o bis
(2-nit ro ben zo ic acid), ma lon di al dehy de, n-bu ta nol,
pyri di ne and so di um do decyl sul fa te we re all ob ta -
i ned from Sig ma (St. Lo u is, MO, USA).

AAss  sseessss  mmeenntt  ooff  aann  ttii  oo  xxii  ddaanntt  ssttaa  ttuuss

The plas ma fre e thi ol gro ups may be im por-
tant com po nents of the ex tra cel lu lar an ti o xi dant
de fen se system. 

PPllaass  mmaa  tthhii  ooll  mmee  aa  ssuu  rree  mmeenntt: Thi ol le vels we re
me a su red in plas ma samp les ob ta i ned from the rats
using the met hod which was de ve lo ped by Kos ter
et al.18 The met hod is ba sed on the pro perty of fre -
e sulfydryl com po unds (SH) that enab les them to
re act with 5,5-dit hi o-bis-2-nit ro ben zo ic acid
(DTNB), de ve lo ping a sta i ned comp lex (TNB),
which can be me a su red spec trop ho to met ri cally,
with an ab sor ban ce pe ak at 412 nm, which is di-
rectly pro por ti o nal to its con cen tra ti on. 

PPllaass  mmaa  MMDDAA  mmee  aa  ssuu  rree  mmeenntt:  Ac cor ding to the
met hod de ve lo ped by Wong at al,19 MDA, which
is an LP pro duct, re acts with thi o bar bi tu ric acid,
de ve lo ping a pink co lo red sta in comp lex, which
can be me a su red spec trop ho to met ri cally with an
ab sor ban ce pe ak at 532 nm, which is di rectly pro-
por ti o nal to its con cen tra ti on.

LLii  vveerr  MMDDAA  mmee  aa  ssuu  rree  mmeenntt: The le vels of MDA
in li ver tis su e we re as ses sed ac cor ding to the met -
hod of Oh ka wa et al.20 The as say pro ce du re for
MDA le vel in rat li ver inc lu ded the ad di ti on of 0.2
ml of 8.1% so di um do decyl sulp ha te (SDS) and 1.5
ml of 20% ace tic acid so lu ti on to samp les less than
0.2 ml of 10% (w/v) tis su e ho mo ge na te. pH was ad-
jus ted to 3.5 with Na OH and 1.5 mL of 0.8% aqu e -
o us so lu ti on of thi o bar bi tu ric acid (TBA). The fi nal
vo lu me was bro ught to 4.0 mL with dis til led wa ter
and then the samp le was he a ted in an oil bath at
95°C for 60 min using a glass ball as a con den ser.
Af ter co o ling with tap wa ter, 1.0 mL of dis til led
wa ter and 5.0 mL of the mix tu re of n-bu ta nol and
pyri di ne (15:1 v/v) we re ad ded and the mix tu re was
sha ken vi go ro usly. Af ter cen tri fu ga ti on at 4000

Turkiye Klinikleri J Med Sci 2009;29(5) 1057

Radiation Oncology Kaplan et al



Turkiye Klinikleri J Med Sci 2009;29(5)1058

rpm for 10 min, the or ga nic la yer was ta ken and its
ab sor ban ce at 532 nm was me a su red. MDA le vels
we re ex pres sed in na no mo les MDA per mil li li ter
in plas ma (nmol MDA/mL) and per mil lig ram of
pro te in in tis su e ho mo ge na tes (nmol MDA/mg pro-
te in).

Sta tis ti cal Analy sis

The da ta we re tes ted with Kol mo go rov Si mir nov
test to me a su re its su i ta bi lity to nor mal dis tri bu ti -
on. Du e to its su i ta bi lity for nor mal dis tri bu ti on,
the da ta we re pre sen ted as me ans ± stan dard de vi -
a ti on (SD). All sta tis ti cal eva lu a ti ons we re car ri ed
out with the SPSS 10.0 (Sta tis ti cal Pac ka ges for So-
ci al Sci en ces; SPSS Inc, Chi ca go, Il li no is, USA). Sta-
tis ti cal com pa ri son of the da ta from the fi ve gro ups
was ma de by analy ses of va ri an ce (ANO VA) and
post-ANO VA (Schef fe’s pro ce du re) tests. A p va lu -
e of less than 0.05 was con si de red sig ni fi cant.

RE SULTS
All re sults ob ta i ned from the study gro ups we re
shown in Tab le 1. In the se cond gro up (ami fos ti ne
plus vi ta min-E wit ho ut ir ra di a ti on [A + VE]), the
plas ma thi ol le vel was not sig ni fi cantly dif fe rent
from the le vel in the first gro up [con trol gro up (C)].
Plas ma thi ol le vel was lo west in the third [ir ra di a -
ti on alo ne (R)] gro up, and it was sig ni fi cantly dif-
fe rent from the le vel in the first (C) gro up (p<
0.001). Plas ma thi ol le vel of the fifth gro up (ir ra di -

a ti on plus vi ta min E gro up [R + V - E]) was sig ni fi -
cantly lo wer than that of the first (C) gro up (p=
0.019). The dif fe ren ce bet we en the first (C) and the
fifth (R + V - E) and the sixth [ir ra di a ti on plus am-
i fos ti ne plus vi ta min-E (R + A + V - E)] gro ups was
not sig ni fi cant (p= 0.234 and p= 0.774 res pec ti vely).
The plas ma thi ol le vel was sig ni fi cantly hig her in
the fo urth (R + A) and sixth (R + A + V - E) gro ups
than in the third (R) gro up (p< 0.001). In the fifth
(R + V - E) gro up, plas ma thi ol le vel was hig her
than in the third (R) gro up, but this dif fe ren ce was
not sig ni fi cant (p> 0.079). Plas ma thi ol le vel of the
fifth (R + V - E) and the sixth (R + A + V - E) gro -
ups was sig ni fi cantly lo wer than the le vel in the fo -
urth (R + A) gro up (p< 0.001).

In all gro ups, plas ma MDA le vels we re not sta-
tis ti cally dif fe rent from each ot her.

The hig hest li ver MDA le vel was in the third
(R) gro up, and when com pa red with the first (C)
gro up, the dif fe ren ce was sig ni fi cant (p< 0.001).
Ho we ver, the dif fe ren ces bet we en li ver MDA 
le vels we re not sta tis ti cally sig ni fi cant bet we en the
first (C) and the fo urth (R + A) and the sixth (R + A
+ V - E) gro ups (p= 0.618 and p= 0.430 res pec ti -
vely). In the third (R) gro up, the le vel of li ver MDA
was sig ni fi cantly hig her than in the fo urth (R + A)
and the sixth (R + A + V - E) gro ups (p= 0.001 and
p= 0.003 res pec ti vely). The dif fe ren ces we re not
sta tis ti cally sig ni fi cant bet we en the sixth (R + A +
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Groups       n Plasma thiol Plasma MDA Liver MDA
1. Control (C) 10 483.4 ± 58.6 1.56 ± 0.4 3642.7 ± 590.2
2. A + VE - without irradiation (A + VE) 10 433.5 ± 51.4 a 1.44 ± 0.3 3598 ± 566.7 a

3. Irradiation (R) 10 268.0 ± 46.7a 2.22 ± 0.3 5748 ± 1087.5a

4. Irradiation + amifostine (R + A) 10 561.7 ± 111.6b 1.8 ± 0.4 4192 ± 783.5b

5. Irradiation + vitamin E (R + VE) 10 365.6 ± 41.4a’c 1.8 ± 0.8 4931.3 ± 691a

6. Irradiation + amifostine +
Vitamin E (R + A + VE)  10 439.9 ± 81.5b’c 1.7 ± 0.4 4307.6 ± 457b

F (ANOVA) 32.53 0.24 336.58
p < 0.001 or > 0.05 or < 0.001 or

0.000 0.915 0.000

TABLE 1: Liver tissue malondialdehyde (MDA), plasma MDA and plasma thiol values of study groups*

*Values are: mean ± SD (Standart deviation)
Statistical comparisons:
a: Comparisons with control group,
b: Comparisons with irradiation group,
c: Comparisons with irradiation + amifostine group



V - E) and the fo urth (R + A) or the fifth (R + V -
E) gro ups for the li ver MDA le vels (p= 0.998 and
p= 0.322 res pec ti vely). In the se cond (A + V - E)
gro up, the li ver MDA le vel was not sig ni fi cantly
dif fe rent from the first (C) gro up (p= 0.415). Tab le
2 shows sig ni fi cant dif fe ren ces bet we en all gro ups.

DIS CUS SI ON
Io ni zing ra di a ti on can be used to da ma ge tar get
cells or tis su es. Ho we ver, the ir ra di a ti on al so da m-
a ges non-tar get cells or tis su es. Sin ce ir ra di a ti on of
the body re sults in oxi da ti ve stress du e to the for-
ma ti on of oxy gen ra di cals, da ma ge du e to ir ra di a ti -
on co uld be con trol led by an ti o xi dants and
an ti o xi da ti ve enz ymes, re sul ting in a suc cess ful ir-
ra di a ti on.21 Du e to the la te da ma ge on the nor mal
tis su e ca u sed by ra di a ti on, the po ten ti al ef fi cacy of
it for the tre at ment of ma lig nant tu mors is li mi ted.
Ra di a ti on the rapy se qu els are still so me ti mes una -
vo i dab le and can ca u se gre at han di caps in a sig ni -
fi cant num ber of pa ti ents.22,23

In the past few ye ars, ami fos ti ne (WR-2721)
was in tro du ced in to can cer cli ni cal tri als to study
its pro tec ti ve ef fects aga inst nor mal tis su e da ma ge
ca u sed by ir ra di a ti on and va ri o us che mot he ra pe u -
tic agents.24-26 The phosp hory la ted com po unds ser -
ve as prod rugs for the ac ti ve fre e ami not hi ols, e.g.,
WR-1065 (2-(3-ami nop ropy la mi no) et ha net hi ol)
from WR-2721, and the ir cor res pon ding di sul fi des
for med in vi vo. Phosp ho rot hi o a tes and ot her ami -

not hi ols, which are usu ally ad mi nis te red shortly
be fo re ir ra di a ti on, ha ve be en hypot he si zed to act
by one mec ha nism or by a com bi na ti on of mec ha -
nisms: sca ven ging of ra di a ti on-in du ced fre e ra di -
cals be fo re the ir re ac ti on with bi o mo le cu les;
in du ced hypo xi a; for ma ti on of mi xed di sul fi des;
sca ven ging of me tals; re pa ir of DNA thro ugh hy-
dro gen do na ti on to car bon-cen te red ra di cals; and
ge no me sta bi li za ti on.27 As a re sult of the se ac ti vi ti -
es, they can pre vent or ame li o ra te cisp la tin-in du -
ced nep hro to xi city24 che mot he rapy-re la ted
throm bocy to pe ni a,25 ra di a ti on-in du ced tis su e da -
ma ge,26 etc.

A num ber of stu di es ha ve be en con duc ted
which lo ok in to the ra di op ro tec ti on of li ver by re-
du cing LP and most of them we re ab le to show the
ef fi cacy of ami fos ti ne. Symon et al, used ami fos ti -
ne in a rat li ver tu mor mo del to pro tect he pa tocy -
tes from ra di a ti on tre at ment se lec ti vely9 and they
re por ted that both syste mic and por tal ve no us ad-
mi nis tra ti on of ami fos ti ne ef fec ti vely pro tec ted he-
pa tocy tes from io ni zing ra di a ti on, wit ho ut
com pro mi sing tu mor cell kill, in a cli ni cally re le -
vant ani mal mo del. In our study, we fo und a 30%
dec re a se in MDA le vels with ami fos ti ne, which
was ca u sed by ir ra di a ti on-in du ced LP. Ad di ti on of
vi ta min E had no ef fect on the re sults. Des pi te the
fact that we app li ed very high to tal body ir ra di a ti -
on, ami fos ti ne ef fec ti vely pro tec ted the li ver aga -
inst the ir ra di a ti on-in du ced LP. Mertsch et al,
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Groups       n Plasma thiol Liver MDA
1. Control (C) 10 483.4 ± 58.6 3642.7 ± 590.2
3. Irradiation (R) 10 268.0 ± 46.7a 5748 ± 1087.5a

4. Irradiation + amifostine (R + A) 10 561.7 ± 111.6b 4192 ± 783.5b

5. Irradiation + vitamin E (R + VE) 10 365.6 ± 41.4a’c 4931.3 ± 691a

6. Irradiation + amifostine +
Vitamin E (R + A + VE)  10 439.9 ± 81.5b’c 4307.6 ± 457b

F (ANOVA) 32.53 336.58
p < 0.001 or < 0.001 or

0.000 0.000

TABLE 2: Liver tissue MDA, and plasma thiol values of study groups*
(significantly different from control group and each other)

*Values are: mean ± SD (Standart Deviation).
Statistical comparisons:
a: Comparisons with control group,
b: Comparisons with irradiation group,
c: Comparisons with irradiation +Amifostine group



stu di ed ami fos ti ne in bo vi ne aor tic en dot he li al cell
li ne and re por ted that ami fos ti ne pre ven ted ra di -
cal-in du ced mem bra ne LP in en dot he li al cells in ju -
red by hypo xi a/re oxy ge na ti on and po in ted to the
use of ami fos ti ne in the pro tec ti on of the en dot he -
li um aga inst oxi da ti ve stress, which is a new ap pro -
ach.28

Af ter per for ming cli ni cally re le vant ani mal
mo del stu di es, many aut hors ma de pha se I and pha -
se II cli ni cal stu di es with ami fos ti ne in an at tempt
to pro tect nor mal tis su e from io ni zing ra di a ti on da -
ma ge. Co i a et al, de sig ned a pha se I study to es tab -
lish the ma xi mum to le ra ted do se (MTD) of
ami fos ti ne, when gi ven twi ce we ekly with TBI and
to de fi ne the to xi ci ti es of this com bi na ti on and
sche du le.29 They sho wed that 910 mg/m2 was to le -
ra ted on a twi ce we ekly sche du le with TBI and the
mo re ef fec ti ve or less to xic use of TBI in the tre at -
ment of non-Hodg kin’s lympho ma, which may be
po ten ti ally ac hi e ved with ami fos ti ne, wo uld rep re -
sent an im por tant the ra pe u tic op ti on for the cli ni -
ci an. In anot her ran do mi zed cli ni cal study, Bo ur his
et al sho wed that the con co mi tant use of ami fos ti -
ne was ab le to re du ce the se ve rity and du ra ti on of
mu co si tis in du ced by a much ac ce le ra ted ir ra di a ti -
on re gi men. Ho we ver, the to le ran ce of this twi ce-
da ily ami fos ti ne sche du le was re la ti vely po or.30

Kar bow nik et al, per for med a study to exa mi -
ne the po ten ti al pro tec ti ve ef fect of me la to nin aga -
inst who le body ir ra di a ti on (8 Gy).31 They to ok
li ver tis su e samp les 12 hours af ter ir ra di a ti on but
co uld not find any chan ge in MDA le vels bet we en
the con trol and me la to nin gro ups. In our study, we
co uld not se e any dif fe ren ce in plas ma MDA le vels
bet we en the con trol and ir ra di a ti on gro ups; ho we -
ver, li ver MDA le vels we re mar kedly hig her in the
ir ra di a ti on gro up than in the con trol gro up. This
may re sult from the ti me in ter val af ter which we
to ok plas ma and li ver samp les, which was 36 ho -
urs af ter the ir ra di a ti on. This in ter val was ade qu a -
te for the de tec ti on of the li ver MDA le vels but not
for plas ma MDA. Thus, we ag re ed that we ne e ded
mo re than 36 ho urs if we wan ted to de tect plas ma
MDA le vels. For mer stu di es sta ted that the MDA
in cre a se de pen ded on the ir ra di a ti on do se and the
ti me in ter val af ter which the samp les we re ta ken,

but the op ti mal ti me and the op ti mal ra di a ti on do -
se we re not spe ci fi ed.14,26,27

Fifty years ago, deficiency of vitamin E (i.e.,
a-tocopherol) was reported to be associated with
abnormal repair of connective tissue, which re-
sulted in the production of scar-like tissue in hu-
mans. Today, the antioxidant role of vitamin E in
biological systems is well known. a-tocopherol is
located primarily in the cellular membranes and
is the most important antioxidant that protects
membrane phospholipids from oxidative damage.
Experimental and clinical evidence indicate that
the development of fibrosis in the lung, kidney,
and liver is generally associated with the overex-
pression of TGFβ-1, increased transcription of
procollagen Type I, and LP of biological mem-
branes, as shown by MDA production.32 Vitamin E
plays an important role in the protection against
oxidative damage induced by carcinogenesis and
exposure to ionizing radiation and chemothera-
peutic agents.27,33 There are many studies con-
ducted both with animals and cancer patients
receiving radical irradiation where vitamin E sup-
plementation has been studied. Gitanjali et al, ad-
ministered vitamin E supplementation to patients
with cervical carcinoma, receiving radical radio-
therapy (RRT).15 They randomized fifty patients
with biopsy-proven carcinoma of the cervix into
two groups. Group I received vitamin E supple-
mentation (100 mg orally daily) in addition to
RRT. Following vitamin E supplementation in
group I, serum MDA levels were reduced as com-
pared to group II indicating that vitamin E sup-
plementation was effective in reducing the LP.
This also showed that the serum vitamin E level
correlated with its in vivo effect on LP. The most
effective radioprotectors, such as the phospho-
rothioates, are not protective when administered
in the postirradiation period. Vitamin E belongs
to another class of protectors (free radical sca-
venger or antioxidants) that are also active when
administered during the postirradiation period.27

These compounds probably modulate later reac-
tions, for example, interactions of radiation-in-
duced radicals of biomolecules with reactive
oxygen species evolved during normal cellular
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processes.34 While we were getting a significant
radioprotective effect with amifostine, we could
not achieve a good response against radiation in-
duced LP with vitamin E. This may be a result of
various factors, such as route of administration,
type of vitamin preparation, strain of rat, dose and
administration time of vitamin E and/or total dose
and dose rate of irradiation.  

It sho uld be emp ha si zed that in our ex pe ri -
ment, ir ra di a ti on was gi ven at a do se ra te of 52
cGy/min. Sin ce it has be en re por ted that the re is a
gre a ter ra di a ti on-in du ced LP at lo wer do se ra tes
com pa red to hig her do se ra tes,17,27,35 it is pos sib le
that gre a ter pro tec ti on wo uld be mo re re a dily ob-
ser ved at lo wer do se ra tes by pro tec tors, such as vi-
ta min E, that act ma inly as a mem bra ne an ti o xi dant.

Ad di ti o nal stu di es are re qu i red to es tab lish
whet her vi ta min E wo uld still be ef fec ti ve when
mi ce/rats are ex po sed to hig her do se ra tes of io ni -
zing ra di a ti on. Anot her is su e is that ra di op ro tec ti -
on by vi ta min E may al so in vol ve im mu no lo gi cal
ef fects,17,36 and it is not cle ar whet her the ra di op -
ro tec ti ve ef fects of vi ta min E de pend on its hu mo -
ral fe a tu res or an ti o xi dant fe a tu res. In fact, we
co uld not get a go od res pon se aga inst ra di a ti on in-
du ced LP with vi ta min E and this led us to the tho -
ught that the ra di op ro tec ti ve ef fects of vi ta min E
ma inly de pen ded on its hu mo ral ac ti vity rat her
than its an ti o xi dant ef fect. Anot her re a son for our
fa i lu re in ac hi e ving a go od res pon se with vi ta min E
co uld be the do se of the drug. Ma inly, 100 IU/kg
may not be an ade qu a te do se for ac hi e ving ra di op -
ro tec ti on with vi ta min E; thus, we sug gest that fur-
t her stu di es are ne e ded with vi ta min E re gar ding
its do se of ad mi nis tra ti on. 

In conc lu si on, both ami fos ti ne and vi ta min E
are very im por tant ra di op ro tec tor agents aga inst ra-
di a ti on-in du ced da ma ge. They can pro tect the nor-
mal tis su e from the harm ful ef fects of io ni zing
ra di a ti on eit her alo ne or in com bi na ti on.

To our know led ge, this is the first study sho w-
ing a sig ni fi cant in vi vo an ti o xi dant ef fect of ami -
fos ti ne com bi ned with vi ta min E. The cur rent
fin dings of our study sug gest that exo ge no usly ad-
mi nis te red ami fosti ne is highly ef fec ti ve in re du -
cing the to xic ef fects of io ni zing ra di a ti on.
Ho we ver, we co uld not ac hi e ve the sa me re sult
with vi ta min E ad mi nis tra ti on to rats be fo re TBI.
As dis cus sed ear li er, this may be re la ted with the
do se of ir ra di a ti on and/or vi ta min E or with the
ti ming of plas ma samp ling. The re fo re, the re ma i -
ning is su es that ne ed to be cla ri fi ed are the ti ming,
the do se of vi ta min E and ir ra di a ti on, and ad mi -
nis tra ti on ro u te of drugs (i.p., i.v., oral, ve no us,
etc.). 

With res pect to li ver, es pe ci ally cli ni cal use of
ami fos ti ne may pro tect the li ver from the da ma ge
of ra di o-che mot he rapy if we re ach op ti mal do se
and sche du le. This is the re a son for the ne ed for
furt her prec li ni cal or cli ni cal stu di es to es tab lish
the op ti mal do se and sche du le for ami fos ti ne and
vi ta min E. 
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