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Evaluation of Protective Effect of
Ozone Against Acute Liver Tissue Injury

Induced by Irradiation in Rats

AABBSS  TTRRAACCTT OObb  jjeeccttiivvee:: The aim of this study was to in ves ti ga te ra di op ro tec ti ve ef fect of ozo ne aga -
inst li ver tis su e da ma ge in du ced by to tal body ir ra di a ti on in rats. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Thirty- two
ma le Wis tar rats we re inc lu ded in this study and di vi ded in to fo ur equ al gro ups: Gro up 1: re ce i ved
no tre at ment (con trol arm), gro up 2: only ir ra di a ted rats (RT), gro up 3: re ce i ved ozo ne be fo re and
af ter ir ra di a ti on (O3RT), gro up 4: re ce i ved ozo ne af ter ir ra di a ti on (RTO3). The rat we ights we re
re cor ded at the be gin ning and the end of the ex pe ri ment in each gro up. The ozo ne was ad mi nis te -
red for 4 days be fo re ir ra di a ti on and con ti nu ed for 3 days af ter ir ra di a ti on on ce da ily by rec tal app -
li ca ti on. On the 4th day, rats in gro up 2, 3 and 4 re ce i ved a sing le who le-do se of 8 Gy. At the end of
7th day, blo od samp les we re ta ken from the rats un der et her anest he si a and then the rats we re sac -
ri fi ced. Li ver tis su es samp les we re ta ken. Oxi da ti ve stress mar kers, so me bi oc he mi cal pa ra me ters,
and pe rip he ral blo od cells we re me a su red and analy zed. RRee  ssuullttss:: Decreases in whi te blo od cell, ne -
ut rop hi le, thrombocyte counts and ALP level we re de tec ted whi le sig ni fi ci ant in cre a ses AST, ALT,
LDH, to tal bi li ru bin and di rect bi li ru bin levels in ra di ot he rapy gro up when com pa red to con trol gro -
up (p< 0.05). In ad di ti on, RT gro up was cha rac te ri zed with a sig ni fi cant in tis su e and plas ma MDA,
and lo wer tis su e CAT ac ti vi ti es. In the gro ups that we re ad mi nis te red ozo ne in as so ci a ti on with ir -
ra di a ti on, im pro ve ment was ob ser ved in so me oxi da ti ve pa ra me ters, pe rip he ral blo od cells and cer -
ta in ot her bi oc he mi cal pa ra me ters. Bi oc he mi cal pa ra me ters, blo od cells and so me oxi da ti ve
pa ra me ters we re mar kedly im pro ved by pre-tre at ment gro ups. But pre- and post-tre at ment with
ozo ne ca u sed nor ma li za ti on in the se pa ra me ters when com pa red with the ra di ot he rapy gro up.
CCoonncc  lluu  ssii  oonn:: The re sults sug gest that ozo ne of fer a re mar kab le pro tec ti ve ef fect aga inst ra di a ti on-in -
du ced of li ver in jury. 

KKeeyy  WWoorrddss:: Radiation injuries, experimental; radiation protection

ÖÖZZEETT AAmmaaçç:: Bu ça lış ma nın ama cı, sı çan lar da tüm vü cut ışın lama sı na bağ lı olu şan akut ka ra ci ğer
ha sa rı na kar şı ozo nun ko ru yu cu ro lü olup ol ma dı ğının araştırılmasıdır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Ça lış -
ma ya 32 adet Wis tar Al bi no di şi sı çan alın dı. Araş tır ma da hay van lar 4 gru ba ay rıl dı; Grup 1: te da vi
al ma yan kon trol gru bu (K), grup 2: sa de ce ışın te da vi si ve ri len (RT); grup 3: ışın te da vi si ön ce si ve
son ra sı ozon ve ri len (O3RT); grup 4: ışın te da vi sin den son ra ozon ve ri len grup (RTO3) ola rak be lir -
len di. Hay van lar de ney baş lan gı cın da ve so nun da tar tıl dı. De ne yin 4. gü nün de grup 2, 3 ve 4’e 8 Gy
tüm vü cut ışın lama sı ya pıl dı. Ozon, ışın te da vi sin den dört gün ön ce ve üç gün son ra rek tal yol la,
gün de bir de fa ve ril di. De ne yin 7. gü nün de sı çan lar eter anes te zi si al tın da iken kan nu mu nele ri alın -
dık tan son ra sak ri fi ye edil di. Ka ra ci ğer do ku ör nek le ri alın dı. Kan da top lam kan sa yı mı, ba zı bi yo -
kim ya sal pa re met re ler; plaz ma ve ka ra ci ğer do ku sun da ise ok si da tif stres pa ra met re le rin ana liz le ri
ya pıl dı. BBuull  gguu  llaarr:: Rad yo te ra pi gru bu, kon trol gru bu ile kı yas lan dı ğın da trom bo sit, be yaz kü re, nöt -
ro fil sa yı sı ve ALP dü zey le rin de an lam lı dü şüş olur ken; bi yo kim ya sal pa re met re ler den AST, ALT,
LDH, to tal bi li ru bin ve di rekt bi li ru bin dü zey le rin de is ta tis tik sel ola rak an lam lı ar tış gö rül dü (p<
0.05). RT gru bun da do ku ve plaz ma da ki MDA se vi ye sin de ar tış gö rü lür ken; ka ra ci ğer do ku sun da
CAT ak ti vi te sin de önem li düş me (p< 0.05) göz len di. Rad yo te ra pi ile bir lik te ozon ve ri len grup, RT
gru bu ile kı yas lan dı ğın da bu pa ra met re ler de nor ma li zas yon gö rül dü (p< 0.05). Rad yo te ra pi ön ce si ve
son ra sı ozon baş la nıl ma sı, rad yo te ra pi son ra sı ve ri len ozon te da vi sin den da ha et ki li bu lun du. SSoo  nnuuçç::
Yap tı ğı mız ça lış ma da ozo nun akut ka ra ci ğer ha sa rı nı en gel le me de et ki li ol du ğu gö rül dü.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Radyasyon hasarları, deneysel; radyasyondan korunma
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a di ot he rapy is used ef fec ti vely in a wi de va-
ri ety of can cer. The ma in aim of ra di a ti on
tre at ment is to apply an ef fec ti ve do se of io -

ni zing ra di a ti on to eli mi na te tu mor cells in a well-
de fi ned the tu mor vo lu me, with the mi ni mum si de
ef fect to sur ro un ding he althy tis su e. Acu te and de-
la yed si de ef fects on the nor mal tis su es in the tre at -
ment fi eld is the es sen ti al li mi ting fac tor for
ra di a ti on do se that can be ad mi nis te red the tu mor.
Des pi te ad van ces in mo dern RT tech no logy, so me
acu te comp li ca ti ons ha ve not be en ame li o ra ted in
can cer pa ti ents af ter ra di ot he rapy.1-4

Ra di a ti on is an oxi da ti ve stress for tis su es.
When tis su e is ex po sed to io ni zing ra di a ti on, de-
com po si ti on oc curs thro ugh a va ri ety of re ac ti ve
oxy gen spe ci es (ROS) such as the su pe ro xi de ra di cal,
the hydro gen pe ro xi de, and the hydro xil ra di cal are
over pro du ced and ari se from oxi da ti ve stress. A ba l-
an ce bet we en the ge ne ra ti on of ROS and inac ti va -
ti on of ROS is led by the an ti o xi dant system in
or ga nisms. The im ba lan ce bet we en ROS and an ti o -
xi dant de fen se mec ha nism is led to in jury wit hin
cel lu lar mem bra ne and/or in tra cel lu lar mo le cu les.
ROS se ems to be a ma jor mec ha nism of tis su e in-
jury. One of the in di ces of the oxi da ti ve da ma ge is
the MDA which con si de red be ing the most sig ni fi -
cant in di ca tor of mem bra ne li pid pe ro xi da ti on ari s-
ing from the in te rac ti on of ROS with cel lu lar
mem bra nes. All cells are equ ip ped with pro tec ti ve
enz ymes [such as su pe ro xi de dis mu ta se (SOD), ca -
ta la se (CAT), glu tat hi o ne pe ro xi da se (GSH-Px) etc.];
in cre a sed oxi da ti ve stress in cells stem ming from io -
ni zing ra di a ti on may overw helm the pro tec ti ve sys-
tems, le a ding to the cell in jury.3-5

Se ve ral drugs and subs tan ces may re du ce the
si de ef fect of ra di a ti on. The se are known as ra di a -
ti on pro tec tors or do se-mo dif ying com po unds and
ad mi nis te red short ti me in ter vals (wit hin 30 mi n-
u tes) be fo re ra di ot he rapy. The ra pe u tic do ses of ra-
di op ro tec tors of ten ca u se si de ef fects in pa ti ents
which li mit the wi des pre ad use of the se agents.
The re fo re the re is an un met ne ed for bet ter and
mo re po tent com po unds, es pe ci ally to bo ost an ti o -
xi dant de fen se.1-3,6 One of them may be ozo ne in
fu tu re re se arch. Ozo ne has an an ti o xi dant and fre -
e ra di cal sca ven ger. The pos si bi lity that ozo ne co -

uld in du ce a use ful adap ta ti on to oxi da ti ve stress
was des cri bed by Boc ci.7,8

Ozo ne the rapy is not of fi ci ally al lo wed in
many co un tri es, but pri va te me di cal ser vi ces are
using this the rapy worl dwi de. The ma in ozo ne the -
rapy mec ha nism of ac ti on is ba sed on an ex tre mely
tran si tory and re gu la ted oxi da ti ve stress im po sed
ex vi vo. At the sa me ti me, ozo ne the rapy acts as an
ef fi ci ent oxi da ti ve stress re gu la tor sti mu la ting the
an ti o xi dant system of the cell. Evi den ce that an ti -
o xi dant enz ymes, nit ric oxi de path ways, and ot her
sub cel lu ler ac ti vi ti es co uld be mo du la ted by low
ozo ne do ses is now pro ven and co uld sup port the
sur pri sing ef fects of ozo ne in many pat ho lo gi cal
con di ti ons.7-10 Ozo ne has be en re por ted to ha ve
the ra pe u tic and be ne fi ci al ef fects in se ve ral hu man
di se a ses such as va ri o us ne op las tic and inf lam ma -
tory sta tes, in fec ti ons, he art isc he mi a chro nic ul-
cers and ot hers.8-16

Se ve ral stu di es de mons tra ted that ozo ne pro-
tec ted in tact tis su es aga inst si de ef fect of che mot -
he rapy and ra di ot he rapy, wit ho ut in hi bi ting
ef fi cacy. The se re se arc hes ha ve re por ted that con-
trol led ozo ne ad mi nis tra ti on may pro mo te an ox-
i da ti ve pre con di ti o ning or adap ta ti on to oxi da ti ve
stress that, in turn, in cre a ses an ti o xi dant en do ge -
no us systems pro tec ting aga inst tis su e da-
ma ge.11,14-17

The aims of the pre sent study we re to de ter -
mi ne whet her the tre at ment with ozo ne might re-
du ce acu te li ver si de ef fect in du ced by ir ra di a ti on
and if it is so, to elu ci da te the ro le of li pid pe ro xi -
da ti on and so me an ti o xi dant enz yme such as CAT
in the pro tec ti ve ef fect. 

MA TE RI AL AND MET HODS

ANIMALS AND WEIGHTS OF RATS 

This study was con duc ted at Er ci yes Uni ver sity Ex-
pe ri men tal and Cli ni cal Re se arch Cen ter and ap-
pro ved by the Et hics Com mit te e of Er ci yes
Uni ver sity. All ex pe ri men tal pro ce du re was con-
duc ted in ac cor dan ce with the Gu i de to the Ca re
and Use of La bo ra tory Ani mals. Thirty two ma le
Wis tar rats we re inc lu ded. They we re 12 we eks-
old and weig hed 210-290 grams. Ani mals we re fed
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with a stan dard com mer ci al di et and wa ter ad li bi -
tum. All rats we re kept in the sa me ro om with stan-
dar di zed air con di ti o ning (23oC and 50-60%
hu mi dity) in 12 ho urs light/dark cycle. The rat we -
ights we re ob ta i ned at the be gin ning and the end of
the ex pe ri ment with in each gro up. 

TRE AT MENT CA TE GO RIES

Ani mals we re di vi ded in to fo ur gro ups of each in-
c lu ding eight ani mals:

Gro up 1: Re ce i ved no tre at ment (con trol), 

Gro up 2: Only ir ra di a ted rats (RT), 

Gro up 3: Re ce i ved ozo ne star ting from 4 days
be fo re ra di a ti on and con ti nu ed for 3 days af ter ir-
ra di a ti on (O3RT), 

Gro up 4: Re ce i ved ozo ne 3 days af ter ir ra di a -
ti on (RTO3).

IR RA DIA TI ON

Pri or the ir ra di a ti on, ani mals we re anest he ti zed by
sub cu tan in jec ti on of 30 mg/kg ke ta mi ne hydroch -
lo ri de (Ke ta lar®; Par ke Da vis, İstan bul, Tur key)
and 5 mg/kg xyla si ne (Rom pun® Ba yer, İstan bul,
Tur key), to tal ir ra di a ti on fi eld was 25 x 15 x 5 cm,
firmly fi xed in a wo o den box and fo ur rats we re ir-
ra di a ted si mul ta ne o usly. Rats we re sub jec ted to
who le body gam ma-ir ra di a ti on of a sing le do se of 8
Gy on the fo urth day from the Co bal t–60 te let he -
rapy mac hi ne (The rat ron 780 C, Ca na da).  The do -
se was cal cu la ted as Dmax do se at 2.5 cm gi ven
depth for SSD 80 cm (the do se ra te was 3.03
cGy/MU). Con trol gro up was sub jec ted to the sa -
me pro ce du re but was not ir ra di a ted. Ani mals we -
re re tur ned to the ir ho me ca ges af ter ir ra di a ti on.

APP Lİ CA Tİ ON OF OZO NE 

Ozo ne was ge ne ra ted by Ozo no san α-Plus equ ip -
ment ma nu fac tu red by Va ri ces & Ozon Cli nic in
Kay se ri. Ozo ne was ob ta i ned from me di cal-gra de
oxy gen by me ans of a si lent elec tric disc har ge, rep-
re sen ting only abo ut 0.3% of the gas mix tu re (i.e.
0.3% ozo ne and 0.97% me di cal oxy gen mix tu re).
The ozo ne con cen tra ti on was me a su red by using a
UV spec trop ho to me ter at 254 nm. The ozo ne do se
was the pro duct of the ozo ne con cen tra ti on ex pres -

sed as μg/mL, by the gas mix tu re vo lu me (L). Gro -
up 3 and 4 re ce i ved ozo ne tre at ments, 2.5-2.6 mL
ozo ne in con cen tra ti on 20 μg/mL on ce per day per-
for med with a su i tab le poly the ne can nu la con nec -
ted to sing le-use si li con tre a ted poly propy le ne
syrin ges (ozo ne-re sis tant) by rec tal in suff la ti ons.
Ac cor ding to the re sults of the pro tec ti on stu di es
such as in the pre ven ti on of oxi da ti ve stress, ozo ne
was se lec ted to de ter mi ne its low do se (ran ging
from 10-20 μg/ mL) ac ti vity. By kno wing the body
we ight of the rat, the ozo ne do se and sche du le we -
re pro ved to be op ti mal in pre vi o us stu di es.7,8,11,13

Rats we re ob ser ved da ily for the de ve lop ment of
any signs of to xi city thro ug ho ut the tre at ment pe-
ri od.

COL LEC TION OF BLO OD AND LI VER SAMP LES

At the end of ex pe ri ment pe ri od, the ani mals we re
with light et her ana est he si a. Im me di a tely, blo od
samp les we re ob ta i ned by in tra car di ac punc tu re in -
to he pa rin-co a ted and dry tu bes (3.5 mL of blo od).
Sub se qu ently, the li ver tis su e was ta ken for oxi da -
ti ve stress mar kers stu di es. 

Blo od samp les we re cen tri fu ged at 3000 g for
10 min for the se pa ra ti on of se rum and plas ma. Se -
rum was used for the analy ses of bi oc he mi cal pa ra -
me ters. Plas ma was ob ta i ned MDA le vels. The
ot her blo od samp les we re col lec ted in he pa ri ni zed
tu bes and eva lu a ted for he mog lo bin, whi te blo od
cell, ne ut rop hil, and pla te let co unts. The li ver tis-
su es we re was hed with ice-cold iso to nic sa li ne,
blot ted bet we en two fil ter pa pers and in ice-cold
0.1 M po tas si um phosp ha te buf fer, Ph 7.5 iso to nic
sa li ne on ice for 10 s in the first spe ed le vel. The
ho mo ge na te was cen tri fu ged at 10.000 rpm for 60
min at 4oC. The se su per na tants we re used for the
analy ses of an ti o xi dant enz ymes. The se rum, plas -
ma and su per na tant we re sto red at-70oC un til bi o-
c he mi cal and an ti o xi dants enz ymes analy sis.

ME A SU RE MENT OF BIOC HE MI CAL 
PA RA ME TERS IN SE RUM 

The me a su re ment of se rum bi oc he mi cal pa ra me -
ters to tal bi li ru bin, di rect bi li ru bin, gam ma glu-
tamyl trans pep ti da se (GGT), lac ta te dehy dro ge na se
(LDH), as par ta te ami not rans fe ra se (AST), ala ni ne
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ami not rans fe ra se (ALT), and al ka li ne phosp ha ta se
(ALP) le vels/ac ti vi ti es we re per for med using a Ko -
ne lab 60i mo del au to-analy ser and Ko ne lab Ther -
mo Cli ni cal Labsy stems, Fin land) la bel kits we re
used to as sess.

ME A SU RE MENT OF PE RIP HE RAL BLO OD CELLS 

The ot her blo od samp les we re col lec ted in he pa ri -
ni zed tu bes and eva lu a ted for he mog lo bin, whi te
blo od cell, ne ut rop hil, and pla te let co unts we re
me a su red using John son & John son la bel kits and
de ter mi ned spec trop ho to met ri cally using an au to -
ma ted analy zer. 

ME A SU RE MENT OF OXI DA TI VE STRESS MAR KERS OF
PLAS MA AND LI VER TIS SU E 

MDA plas ma le vels we re me a su red spec trop ho to -
met ri cally at 532 nm as thi o bar bi tu ric acid re ac -
tants, ac cor ding to Yos hi a ka et al.18 Cal cu la ti ons
we re ex pres sed as na no mo le per mi li lit re (nmol/
mL) of plas ma.

Tis su e MDA and CAT me a su re ments we re
per for med using a spec trop ho to me ter. Tis su e MDA
was me a su red at ac cor ding to Oh ka wa.19 MDA ac-
ti vity was al so ex pres sed as na no mo le per mi lig ram
(nmol/mg) pro te in of li ver se di ment. CAT aci ti vity
was me a su red in tis su e as pre vi o usly des cri bed by
Luck.20 The prin cip les of this met hod was ba sed on
the me a su re ment of the dec re a se in ab sor ban ce at
240 nm ca u sed by the de com po si ti on of hydro gen
pe ro xi de, pre sent in an ap prop ri a te buf fer, by the
enz yme ca ta le se exis ting in the samp le. CAT re sults
we re ex pres sed as unit per mi lig ram (U/mg-pro te -
in) of li ver se di ment.

STA TIS TICAL ANALY SIS 

Sta tis ti cal analy ses we re per for med with Sta tis ti cal
Pac ka ge for So ci al Sci en ces 15.0 (SPSS Inc, Chi ca -
go, IL, USA). All va lu es we re ex pres sed as me an±
stan dard er ror (SEM). First, the out li er’s pre li mi -
nary tests for de tec ti on of er ror va lu es we re used.
Af ter ward, the one-way analy sis of va ri an ce
(ANO VA) then ho mo ge ne ity va ri an ce test (Tu key
HSD) was app li ed. In ad di ti on, Dun can’s mul tip le
ran ge test for the com pa ri son of two gro ups we re
do ne. The le vel of sta tis ti cal sig ni fi can ce was set at
p< 0.05.

RE SULTS

WE IGHT CHAN GES

We ights of rats are gi ven in Tab le 1. The we ight at
the end of se venth day was com pa red to the ori gi -
nal we ight wit hin each gro up. Con trol ani mals did
not ga in any we ight du ring the rapy. The re was no
sig ni fi ci ant chan ge in the we ight of con trol gro up
(p> 0.05). Ho we ver, the re was a sta tis ti cally sig ni -
fi cant we ight loss in gro up 2, 3 and 4 (p< 0.05). In
RT gro up, ra di a ti on ca u sed sta tis ti cally sig ni fi cant
dec re a ses in the we ight com pa red to star ting we -
ights (p< 0.05). The we ight chan ges ob ser ved in the
RTO3 and O3RT gro up was com pa red to ori gi nal
we ight and the re we re al so sig ni fi cant dif fe ren ces
(p< 0.05).  

BIOC HE MI CAL FIN DINGS 

The ef fect of ir ra di a ti on and ozo ne on se rum bi oc -
he mi cal pa ra me ters are de pic ted in Tab le 2 and 3.
Li ver func ti o nal pa ra me ters of rats we re sig ni fi ci -
antly dif fe rent among gro ups.
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Groups Weight 1 (Mean ± SD) Weight 2 (Mean ± SD) P< 0.05

Group 1 272.75 ± 14.95 271.62 ± 13.96 NS

Group 2 266.12 ± 11.01 249.50 ± 14.41 *

Group 3 271.50 ± 9.94 254.62 ± 14.81 *

Group 4 268.00 ± 25.30 248.37 ± 21.53 *

TABLE 1: Weight of the rats characteristics belonging to each
group. The rat weights were obtained at the 

beginning of the experiment and the end of the 
experiment with in each group (n: 8).

Re sults ha ve be en rep re sent as me an±SD (Me an ± Stan dard De vi a ti on); NS, no sig ni -
fi cant; *, Sta tis ti cally sig ni fi cant (p< 0.05); Gro up 1, con trol; Gro up 2, RT; Gro up 3, O3RT;
Gro up 4, RTO3.

AST (U/L) ALT (U/L) ALP (U/L) GGT (U/L)

Groups (Mean ± SD) (Mean ± SD) (Mean ± SD) (Mean ± SD)

Groups 1 160.87 ± 32.04 37.12 ± 5.25 182.87 ± 39.16 1.25 ± 0.88

Groups 2 191.12 ± 47.64 52.75 ± 7.06* 150.90 ± 45.61 2.0 ± 0.53

Groups 3 78.37 ± 12.51* 27.25 ± 1.66* 88.87 ± 23.91* 2.00 ± 0.00

Groups 4 111.87 ± 39.74* 29.50 ± 3.16* 87.00 ± 7.92* 1.87 ± 0.64

TABLE 2: Serum AST, ALT, ALP and GGT activities of the
control and trial group.

Re sults ha ve be en rep re sent as Me an±SD (Me an ± Stan dard De vi a ti on); *, Sta tis ti cally
sig ni fi cant (p< 0.05); Gro up 1, con trol; Gro up 2, RT; Gro up 3, O3RT; Gro up 4, RTO3.



Se rum AST le vel:  The se rum AST le vel of the
gro up that was ad mi nis te red ir ra di a ti on alo ne was
de ter mi ned to be ele va ted when com pa red to the
con trol gro up. In com pa ri son to the con trol gro up,
va lu es per ta i ning to the gro up that re ce i ved ozo ne
we re de ter mi ned to be sig ni fi cantly re du ced.

Se rum ALT le vel: A sta tis ti cally sig ni fi cant dif-
fe ren ce was de ter mi ned to exist among the gro ups.
The se rum ALT le vel of the gro up that was ad mi -
nis te red ir ra di a ti on alo ne was de ter mi ned to be el-
e va ted. This in cre a sed fo und to be sig ni fi cant, in
com pa ri son to the con trol gro up. Furt her mo re, a
sta tis ti cally sig ni fi cant dec re a se was de ter mi ned in
the enz yme ac ti vity of the gro up that re ce i ved ozo -
ne plus ir ra di a ti on. 

Se rum ALP le vel: Sta tis ti cally sig ni fi cant dif fe -
ren ces we re de ter mi ned in the gro up 3 and 4, in
com pa ri son to the con trol gro up. Com pa red to the
con trol, the se dif fe ren ces we re de ter mi ned to be in
the form of dec re a se in the ex pe ri men tal gro ups.

Se rum GGT le vel: The GGT le vel of the RT
gro up and that re ce i ved O3RT we re de ter mi ned to
be si mi lar. Furt her mo re, va lu es per ta i ning to the

gro up that was ad mi nis te red ozo ne in as so ci a ti on
with ir ra di a ti on and ir ra di a ti on alo ne gro up we re
de ter mi ned to be hig her than tho se of the con trol
gro up.  

Se rum LDH le vel: The se rum LDH le vel of the
gro up that was ir ra di a ted alo ne was de ter mi ned to
be ele va ted when com pa red to the con trol gro up.
This in cre a se was fo und to be sig ni fi cant, in com-
pa ri son to the con trol gro up. On the ot her hand,
va lu es per ta i ning to the gro up that re ce i ved ozo ne
in as so ci a ti on with ir ra di a ti on disp la yed sig ni fi cant
dec re a se and we re de ter mi ned to fall be low the va -
lu es of the con trol gro ups. 

Se rum to tal bi li ru bin and di rect bi li ru bin: The
se rum to tal bi li ru bin and di rect bi li ru bin le vel of
the gro up that was re ce i ved ir ra di a ti on alo ne was
de ter mi ned to be in cre a sed. When com pa red
RTO3 this dec re a se was de ter mi ned to be sig ni fi -
cant. 

ME A SU RE MENT OF BLO OD CHE MISTRY 

Whi te blo od cell, he mog lo bin, ne ut rop hil, and
throm bocy te co unts are shown in Tab le 4. Af ter ir-
ra di a ti on, a sig ni fi cant drop in whi te blo od cell and
ne ut rop hil was se en in all ir ra di a ted ani mals in
com pa ri son to con trol gro ups. A sta tis ti cally sig ni -
fi cant dif fe ren ce was fo und when con trol gro ups
we re com pa red to all gro ups. Rats that had be en
tre a ted with ozo ne af ter ir ra di a ti on de mons tra ted
sig ni fi ci antly hig her ne ut rop hil and whi te blo od
cell le vels when com pa red with rats sub jec ted to
ir ra di a ti on alo ne. No sig ni fi cant chan ges we re no-
ti ced in he mog lo bin le vels co unts af ter ir ra di a ti on.
Rats sub jec ted to ra di a ti on-in du ced in jury sho wed
dec re a sed throm bocy te co unts in se rum when
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Total Bilirubin Direct Bilirubin LDH

Groups (mg/dL)(Mean ± SD) (mg/dL)(Mean ± SD) (U/L)(Mean ± SD)

Group 1 0.11 ± 0.03 0.01 ± 0.01 1568.75 ± 189.96

Group 2 0.15 ± 0.01 0.03 ± 0.01 1828.87 ± 92.74*

Group 3 0.11 ± 0.02 0.01 ± 0.01* 587.37 ± 189.69*

Group 4 0.10 ± 0.02* 0.01 ± 0.01 880.25 ± 189.51*

TABLE 3: Serum total bilirubin, direct bilirubin, and LDH levels
of the control and trial groups.

Re sults ha ve be en rep re sent as Me an±SD (Me an ± Stan dard De vi a ti on); *, Sta tis ti cally
sig ni fi cant (p< 0.05); Gro up 1, con trol; Gro up 2, RT; Gro up 3, O3RT; Gro up 4, RTO3.

Hemoglobin White blood cell  Neutropfil Trombocyte

Groups (g/dL)(Mean ± SD) (10³/mm³)(Mean ± SD) (106/mm³) (Mean ± SD) (10³/mm³)( Mean ± SD)

Group 1 15.03 ± 1.88 7.51 ± 1.78 1.14 ± 0.62 515.87 ± 177.42

Group 2 14.88 ± 0.93 3.20 ± 0.57* 0.45 ± 0.71* 388.87 ± 59.08

Group 3 15.47 ± 0.96 4.56 ± 0.81* 0.51 ± 0.26* 573.12 ± 132.68*

Group 4 15.37 ± 0.75 5.07 ± 0.98* 0.63 ± 0.35 573.12 ± 132.68*

TABLE 4: Hemoglobin, white blood cell, neutrophil, and trombocyte of the control and trial groups.

Results have been represent as Mean±SD (Mean ± Standard Deviation); *, Statistically significant (p< 0.05); Group 1, control; Group 2, RT; Group 3, O3RT; Group 4, RTO3.



com pa red to con trol gro up. That dec re a se was fo -
und to be sig ni fi cant, in com pa ri son to the con trol
gro up. Ozo ne ap pe a red to ha ve syner gis tic ef fect in
in cre a sing throm bocy te co unts (p< 0.05).

AN TI O XIDANT FIN DINGS

As shown in Tab le 5, MDA con tent as an in dex of
li pid pe ro xi da ti on was sig ni fi cantly hig her in rats
sub jec ted to ir ra di a ti on in du ced when com pa red to
con trol gro up. This in cre a se in du ced by ir ra di a ti on
was sig ni fi ci antly at te nu a ted by ozo ne. CAT in li -
ver tis su e dec re a sed strongly in rats sub jec ted to ir-
ra di a ti on in jury com pa red with con trol. This
dec re a se was fo und to be sig ni fi cant. On the ot her
hand, va lu es per ta i ning to the gro up that re ce i ved
ozo ne disp la yed sig ni fi cant in cre a se. Ozo ne ap pe -
a red to ha ve syner gis tic ef fect in furt her in hi bi ting
the dec re a se of CAT. 

DIS CUS SI ON
Ra di a ti on the rapy is wi dely used to tre at and pre-
vent the re cur ren ce in many tu mors, but acu te and
de la yed si de ef fects on the nor mal tis su es li mit the
ef fec ti ve ness of ra di ot he rapy. Tis su e to xi city is the
ma jor li mi ting fac tor of ra di a ti on the rapy, ari sing
ma inly from oxi da ti ve da ma ge. Io ni zing ra di a ti on
has se ve ral mec ha nisms that in du ce cel lu lar da ma -
ge. The cel lu lar bi o mo le cu les are al te red fre e oxy-
gen ra di cal pro duc ti on. Cell in ju ri es are ca u sed by
fre e oxy gen ra di cals who con tri bu te to the tis su e
da ma ge. As li pid pe ro xi da ti on is the ma in path way
for tis su e ra di cal da ma ge, bloc king of this path way
ap pe ars to be an at trac ti ve stra tegy to pro tect the
tis su e from re ac ti ve oxy gen spe ci es me di a ted da m-
a ge.1-5 Many of the drugs and/or subs tan ces are used
to re du ce the si de ef fect of ra di a ti on. They in cre a -

se the ef fi ci ency of the the rapy wit ho ut any si de
ef fects on the nor mal cells.1-3,6 One of them may be
ozo ne in fu tu re re se arch.

Ozo ne is nor mally pre sent as very a re ac ti ve
gas. So me pe op le, inc lu ding a num ber of doc tors
and bi oc he mist, be li e ve ozo ne re mar kab le he a ling
pro per ti es. Ot hers ha ve ar gu ed that it is nons ci en -
ti fic and has no pro ven be ne fits. For many ye ars
ozo ne me di cal va lu e or non-va lu e has be en the
sub ject of con tro ver si al and emo ti o nal de ba te. Ozo -
ne the rapy is a well es tab lis hed al ter na ti ve and
comp le men tary the rapy in most ma in land Eu ro pe -
an co un tri es whe re he alth aut ho ri ti es ha ve to le ra -
ted its prac ti ce.7-10

Cli ni cal stu di es on the ef fects of ozo ne on the
tis su es ha ve shown that ozo ne can be eit her the ra -
pe u tic or to xic de pen ding upon its con cen tra ti on
and cu mu la ti ve do se. Ozo ne can exert the ra pe u tic
ef fects wit ho ut to xi city which ha ve so-cal led “the -
ra pe u tic win do w” that is the ran ge of ozo ne con-
cen tra ti ons (ex pres sed as mg/mL of gas per mL of
blo od). The ran ge of ozo ne con cen tra ti ons is sur-
pri singly wi de. It chan ges in a ran ge of 10-15
mg/mL as a mi ni mum and 80 mg/mL as a ma xi -
mum. Most re cently pub lis hed sci en ti fic da ta em-
p ha si sed and fo cu sed on the use of low ozo ne do ses,
as a pro-drug, co uld be mo du la ted an ti o xi dant en-
z ymes and ot her sub cel lu lar ac ti vi ti es. The thres h-
old le vel va ri es in the ran ge bet we en 15 and 20
mg/mL, de pen ding upon the in di vi du al an ti o xi dant
ca pa city. Se ve ral tech ni qu es of ad mi nis te ring ozo -
ne (i.e. inc lu ding to pi cally by in tra ar te ri al, lo cal ir-
ri ga ti on, in tra ve no us, in tra mus cu lar, sub cu ta ne o us,
in tra ar ti cu lar, and rec tal) are be ing pro mo ted as a
tre at ment for di se a se.7-17
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Groups Plasma MDA(nmol/ml)(Mean ± SD) Tissue CAT(U/mg-protein)(Mean ± SD) Tissue MDA(nmol/mg protein)(Mean ± SD)

Group 1 7.84 ± 0.86 0.16 ± 0.01 0.15 ± 0.01

Group 2 9.21 ± 0.45* 0.11 ± 0.01* 0.25 ± 0.01*

Group 3 7.45 ± 0.26* 0.27 ± 0.01* 0.13 ± 0.01*

Group 4 8.48 ± 0.71* 0.22 ± 0.01* 0.15 ± 0.01

TABLE 5: Plasma and tissue MDA, tissue CAT of the control and trial groups.

Results have been represent as Mean±SD (Mean ± Standard Deviation); *, Statistically significant (p< 0.05); Group 1, control; Group 2, RT; Group 3, O3RT; Group 4, RTO3.



Syste mic ozo ne the rapy has be en pro ven to be
ef fec ti ve to mo du la te im mu ne system by in du cing
the pro duc ti on of cyto ki nes from pe rip he ral blo od
mo no nuc le ar cells and to re gu la te the oxi da ti ve
stress by in du cing an in cre a se of cel lu lar an ti o xi -
dant system. This mec ha nism has be en as cri bed to
ozo ne the rapy’s pro tec ti on aga inst fre e ra di cal da -
ma ge of he art, pre ven ti on of re nal and he pa tic di s-
or ders.9,12

Small amo unt of re se arch of ozo ne in the tre -
at ment of can cer has be en do ne. In 1980, Swe et et
al dis co ve red ozo ne in hi bi ted growth of lung, bre -
ast and ute ri ne can cer cells in a do se de pen dent
man ner whi le he althy tis su es we re not da ma ged by
ozo ne.16 Re cent re se arc hers ha ve shown ozo ne the -
rapy can im pro ve oxy ge na ti on in hypo xic tu mors.
In 2005 Ox ford Uni ver sity re por ted of a Spa nish
can cer re se arch ins ti tu tes on hu man tri al of ozo ne
the rapy. In cu rab le he ad and neck tu mors (in vol -
ving 19 pa ti ents) re ce i ved te ga fur and ra di ot he rapy,
plus eit her che mot he rapy (12 pa ti ents) or ozo ne
the rapy (7 pa ti ents). Tho se re ce i ved ozo ne in tra ve -
no usly du ring ra di ot he rapy whe re on ave ra ge 10
ye ars ol der the ir tu mors sig ni fi ci antly mo re abun-
dant and prog res sed than the che mot he rapy gro up.
But on ave ra ge the ozo ne gro up sur vi ved slightly
lon ger than tho se re ce i ving che mot he rapy. They
conc lu de the se re sults war rant furt her re se arc her
of ozo ne as a tre at ment of can cer.22

Cur rently, emer ging evi den ce from a few re se -
arch sug ges ted that ozo ne as an an ti o xi dant, an ti-
inf lam ma tory and a cytop ro tec ti ve agent co uld be
use ful in tre at ment the de bi li ta ting si de ef fects of ra-
di ot he rapy and/or che mot he rapy.8,10,11,14,15,23 Gon za -
lez et al. fol lo wing the ad mi nis tra ti on of Cisp la tin
(i.e. an ti can cer drug) which is known to ca u se acu -
te kid ney da ma ge, and ad di ti o nally ozo ne, ha ve de -
mons tra ted ozo ne to ex hi bit pro tec ti ve ef fect
ex tre me to xi city and acu te da ma ge in the kid neys of
rats. Ozone may reduce chemotoxicity by inducing
the antioxidant response.11 So that, these researchers
reports that ozone may be useful in treating the de-
bilitating side effects of cancer treatment.  

A ra di a ti on-in du ced in jury has be en suc cess -
fully tre a ted with ozo ne app li ca ti on.14,22,24 Cla vo et

al. ha ve re por ted that in vol ve ment of ozo ne the r-
apy di mi nis hed the in ci den ce and deg re e of ra di -
ot he rapy si de ef fects, im pro ve ment of the qu a lity
of li fe, im mu no lo gi cal pa ra me ters, and sig ni fi cally
in cre a se the ac ti vity of an ti o xi dant de fen se sys-
tem.22 Her nuss et al ha ve re por ted that the po ten -
ti al im pro ve ment in the ef fects of ra di ot he rapy by
ozo ne the rapy in ad van ced gyne co lo gi cal tu mors.24

Boc ci has re por ted that most of the pa ti ents
with me tas ta tic can cer re sis tant to ra di ot he rapy
and che mot he rapy re port a stri king im pro ve ment
of the qu a lity of the li fe with pro lon ged (twi ce we -
ekly for months) ozo ne tre at ments.15,17 Zan ker et al
ha ve re por ted that ozo ne has a po ten ti al po si ti ve
ef fect du ring che mo - ra di ot he rapy as be ing du e to
the ef fects on isc he mi a -hy po xi a.25

Any study in vol ved in the ef fects of ozo ne on
ir ra di a ti on-in du ced li ver da ma ge has not be en re-
por ted yet. Ozo ne is a simp le and harm less met hod
that pro vi des a new to ol to pro tect or gans from ra-
di a ti on-in du ced li ver in jury. Ho we ver, the re is a
li mi ted amo unt of in for ma ti on in the li te ra tu re re-
gar ding li ver ozo ne the rapy. In a pre vi o us study,
Pe ral te et al de mons tra ted that ozo ne pro tec ted rats
aga inst li ver in jury. In ad di ti on, ozo ne has pro tec -
ti ve ef fects on car bon tet rach lo ri de and he pa tic is-
c he mi a-re per fu si on in du ced li ver da ma ge in rats
with a pro bab le mec ha nism by sti mu la ti on of an ti -
o xi dant en do ge no us systems.12

The re sults of this study cle arly show a sig ni fi -
cant re duc ti on in ra di a ti on in du ced li ver da ma ge in
rats tre a ted with ozo ne (20 μg/mL) used as re fe ren -
ce drug. In ad di ti on, it has be en de mons tra ted that
this pro tec ti on is do se and sche du le de pen -
dent.7,8,11,13 The ba sis of the sche du le de pen dency-
i.e., the ob ser va ti on that ozo ne pro tec ti on is gre a test
when ozo ne is the drug in which pe ak le vels of ozo -
ne in cre a sed with re pe a ted ad mi nis tra ti on is gi ven
be fo re ir ra di a ti on. Our study sho wed that who le-
body ir ra di a ti on ca u sed oxi da ti ve tis su e da ma ge in
the li ver of the rats and al so ca u sed a mar ked dec -
re a se in the we ight. Ozo ne was ab le to pro tect aga -
inst the acu te ir ra di a ti on-in du ced we ight loss.

In our study, ozo ne pro tec ted to tal body ir ra -
di a ted rats aga inst ra di a ti on in du ced mye lo sup -
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pres si on. This fin ding is in ag re e ment with re cent
stu di es de mons tra ting that ove rex pres si on of an ti -
o xi dant (for examp le Mn2+ su pe ro xid dis mu ta se)
pro tects ha e mo po i e tic cells fol lo wing ir ra di a ti on by
in hi bi ti on of ra di a ti on in du ced apo pi to sis.9,12,21

ALT, AST, to tal bi li ru bin, di rect bi li ru bin and
GGT we re in cre a sed in li ver da ma ge but ALT was
an enz yme that spe si fic to li ver da ma ge. In the pre -
sent study, when com pa red to the con trol gro up,
the ozo ne dec re a sed in the se rum ALT, AST, to tal
bi li ru bin, di rect bi li ru bin and GGT le vels of rats ir-
ra di a ted; de mons tra tes ra di a ti on in du ced li ver da -
ma ge to ha ve de ve lo ped. LDH ac ti vi ti es we re
mar kers of ge ne ra li zed tis su e da ma ge. LDH le vels
in RT gro up we re dif fe rent than the con trol gro up.
Furt her mo re, when com pa red to RT gro up, the
LDH le vels that re ce i ved ozo ne we re de mons tra -
ted to ha ve sig ni fi ci antly dec re a se than the RT gro -
up. The most re le vant ar tic les re cently pub lis hed
on the ef fects in du ced by low do ses on va ri o us bi -
oc he mi cal path ways lin ked to com mon and ra re
hu man pat ho lo gi es.4,12,17,26,27

Af ter 7 ses si ons of tre at ment (i.e. O3RT gro -
up), blo od analy sis re pe a ted and com pa red with the
first one (RTO3 gro up), in or der to de ter mi ne the
in di vi du al spe ci fic chan ges af ter ozo ne tre at ment.
The re was a slight dec re a se in the pro o xi dant sta te,
gi ven by a high le vel of TBARS and a small in cre -
a se CAT. Af ter 7 tre at ment ses si ons, ozo ne in cre a -
sed sig ni fi cantly in the an ti o xi dant pa ra me ters
CAT. The ac ti ons of ozo ne co uld exert pro tec ti ve

ef fects, by up re gu la ti on of the an ti o xi dant system
and the re duc ti on in re ac ti ve oxy gen spe ci es. It
might pro po se that ozo ne is an ac ti va tor of an ti o -
xi dant enz ymes. Ozo ne the rapy had a pro tec ti ve
ef fect on li ver tis su e. As it was re por ted be fo re, the
ozo ne the rapy ef fect, with the sti mu la ti on of the
an ti o xi dant de fen se system, pro tec ted the tis su es
aga inst the oxi da ti ve stress shown in io ni zing ra di -
a ti on.7-11,23,24 The ef fi cacy of ozo ne was a pro tec tor
which has be en used with go od re sults. For that re -
a son, con trol led ozo ne ad mi nis tra ti on wo uld pro-
mo te an oxi da ti ve pre con di ti o ning pre ven ting the
tis su es da ma ge by fre e ra di cals. Ho we ver, com bi -
ned use of pre con di ti on and post con di ti on ozo ne
plus ir ra di a ti on in te res tingly ex hi bi ted an ad di ti ve
ra di op ro tec ti ve ef fect. Thus, we co uld spe cu la te
that the ina bi lity of the post con di ti on ozo ne to pro -
vi te to pro tec ti on may in di ca te that they we re suf-
fi ci ently and ef fec ti vely ava i lab le to da ma ged li ver
tis su es. In any event, our re sults in di ca ted that
post con di ti on ozo ne may par ti ally pro tect aga inst
ir ra di a ti on-in du ced in jury to the li ver tis su e.

Conc lu si on: Our re sults sug gest that re pe a ted
ad mi nis tra ti on of ozo ne at low do ses might play a
ro le in the con trol of ra di a ti on in du ced li ver in jury
with no si de ef fects. When ozo ne was used in the -
ra pe u tic fas hi on it may pro mo te an oxi da ti ve pre-
con di ti o ning thro ugh the in cre a se and pre ser va ti on
of an ti o xi dant en do ge no us systems, a no vel pro p-
erty that is hardly ac hi e vab le with anot her the ra -
pe u tic ap pro ach.
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