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etinopathy of prematurity (ROP) has been a topic of research among
ophthalmologists.1 The disease is characterized by the obliteration of
vessels followed by pathological intravitreal neovascularization.2 It
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AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  To in ves ti ga te the bi oc he mi cal ef fects of lep tin and lep tin plus L-NA ME on
re ti nal nit rot yro si ne, ma lon di al dehy de, and su pe ro xi de dis mu ta se le vels in a mo del of hyper car bic
oxy gen in du ced re ti no pathy in rats. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Forty new born rat pups we re di vi ded
in to four gro ups con sis ting of lep tin, lep tin plus L-NA ME, hype ro xi a and sham gro ups. All gro ups,
ex cept the sham gro up, we re ex po sed to ten mi nu tes of hyper car bi a fol lo wed by ten mi nu tes of hy-
pe ro xi a twi ce a day with an in ter val of 30 mi nu tes. This pro to col was per for med for three days and
then pups we re sac ri fi ced. The re ti nas we re dis sec ted and re ti nal nit rot yro si ne, su pe ro xi de dis mu -
ta se and ma lon di al dehy de le vels we re me a su red. RRee  ssuullttss::  The hig hest re ti nal nit rot yro si ne le vels
we re me a su red in the lep tin gro up fol lo wed by the hype ro xi a gro up (p< 0.05). Lep tin plus L-NA -
ME and the sham gro up sho wed si mi lar re sults, in di ca ting an an ti o xi da ti ve ro le for L-NA ME (p<
0.05). Su pe ro xi de dis mu ta se le vels we re al so lo wer in the Lep tin plus L-NA ME gro up when com-
pa red to the hype ro xi a gro up (p< 0.05). CCoonncc  lluu  ssii  oonn::  This study sho wed that lep tin-in du ced re ti nal
oxi da ti on may be pre ven ted by nit ric oxi de syntha se in hi bi tors. We sho wed the pro tec ti ve ro le of
L-NA ME aga inst nit ric oxi de me di a ted pe roxy nit ri te to xi city. Furt her re se arch sho uld be car ri ed out
to in ves ti ga te the ro le of nit rot yro si ne on oxy gen in du ced re ti no pathy.

KKeeyy  WWoorrddss::  Lep tin; NG-nit ro ar gi ni ne methyl es ter; nit ric oxi de; re ti no pathy of pre ma tu rity 

ÖÖZZEETT  AAmmaaçç::  Sı çan lar da hi per ba rik ok si jen le in dük le nen bir re ti no pa ti mo de lin de lep tin ve lep tin
ar tı L-NA ME’ nin re ti nal nit ro ti ro zin, ma lon di al de hid ve sü pe rok sit dis mu taz se vi ye le ri üze ri ne bi -
yo kim ya sal et ki le ri ni araş tır mak. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Kırk ye ni do ğan sı çan yav ru su lep tin, lep tin
ar tı L-NA ME, hi pe rok si ve pla se bo ola rak dört gru ba ay rıl dı. Pla se bo gru bu ha riç tüm grup lar gün -
de iki şer kez 30 da ki ka aray la on da ki ka lık hi per kar bi son ra sı on da ki ka hi pe rok sik du ru ma ta bi tu -
tul du lar. Bu pro to kol üç gün uy gu lan dık tan son ra sı çan yav ru la rı sak ri fi ye edil di ler. Re ti na la rı
di se ke edi le rek re ti nal nit ro ti ro zin, sü pe rok sit dis mu taz ve ma lon di al de hid dü zey le ri öl çül dü. BBuull  --
gguu  llaarr::  En yük sek re ti nal nit ro ti ro zin dü zey le ri lep tin gru bun da ve ikin ci ola rak da hi pe rok si gru -
bun da be lir len di (p< 0.05). Lep tin ar tı L-NA ME ve pla se bo gru bun da ben zer so nuç lar el de edil di,
bu da L-NA ME’ nin an ti ok si da tif bir ro lü nün ol du ğu na işa ret et mek te dir (p< 0.05). Ay nı za man da
sü pe rok sit dis mu taz dü zey le ri de lep tin ar tı L-NA ME gru bun da hi pe rok si gru bun da da ha dü şük tü.
SSoo  nnuuçç::  Bu ça lış ma so nu cun da lep tin le in dük le nen re ti nal ok si das yo nun nit rik ok sit sen taz in hi bi -
tör le rin ce ön le ne bi le ce ği gös te ril di. Biz L-NA ME’ nin nit rik ok sit ara cı lı pe rok si nit rit tok si si te si ne
kar şı ko ru yu cu ro lü ol du ğu nu gös ter dik. Ok si je ne bağ lı re ti no pa ti de nit ro ti ro zi nin ro lü nün araş tı -
rıl ma sı amaç lı ile ri ça lış ma la ra ge rek bu lun mak ta dır. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Lep tin; NG-nit ro ar ji nin me til es ter; nit rik ok sid; pre ma tü ri te re ti no pa ti si  
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is a sig ni fi cant prob lem le a ding to ir re ver sib le
blind ness and res pon sib le for a lar ge pro por ti on of
vi su al loss, es pe ci ally in de ve lo ped co un tri es.1

Oxy gen may be res pon sib le for this di se a se,
as is in many pat ho lo gi cal pro ces ses.3,4 When it
was no ti ced that pre ma tu re ba bi es ex po sed to hy-
per ba ric oxy gen the rapy we re mo re li kely to de-
ve lop the di se a se, a spe ci al ro le has be en at tri bu ted
to oxy gen to xi city. This fin ding has led to the use
of oxy gen to cre a te ROP ani mal mo dels.5 Ne o na tal
rats are ex ten si vely used as an ex pe ri men tal oxy-
gen-in du ced re ti no pathy (OIR) mo del to in ves ti -
ga te oxy gen de pen dent pro li fe ra ti ve re ti no pathy.6,7

So me ti mes car bon di o xi de is al so ad ded to this hy-
pe ro xic en vi ron ment to streng hten the mo del,
which is cal led as hyper car bic OIR.8,9 Ex po su re to
high con cen tra ti ons of oxy gen to ani mal mo dels
has suc cess fully ge ne ra ted an en vi ron ment of vit-
re o re ti nal pro li fe ra ti ons si mi lar to that se en in
ROP.7

Re cently many re se arc hes ha ve fo cu sed on ni-
t ric oxi de (NO) me ta bo lism as well as oxi da ti ve
stress in the pat ho ge ne sis of OIR.10-12 NO is a uni -
qu e mo le cu le ac ting in many physi o lo gi cal and pat -
ho lo gi cal pro ces ses. Mo re o ver, lep tin is a hor mo ne
re por ted to ha ve a pos sib le cytop ro tec ti ve ef fect in
isc he mi a re per fu si on in jury.13,14

Alt ho ugh many stu di es exist abo ut OIR, no ne
of them has des cri bed the ro le of NO, lep tin and L-
NA ME in oxy gen-de pen dent re ti no pathy. The
prin ci pal to pic of this re se arch was to ref lect so me
pers pec ti ve in to the bi oc he mistry of oxy gen-re la -
ted re ti no pathy. We ha ve in ves ti ga ted whet her ni-
t rot yro si ne, an oxi da ti ve stress mar ker, has so me
im pact on OIR and whet her lep tin hor mo ne af fects
this pat ho lo gi cal phe no me non. To test tho se ef-
fects, we de sig ned a rat mo del of hyper car bic OIR
in this study. 

MA TE RI AL AND MET HODS
All ex pe ri ments we re ap pro ved by the ins ti tu ti o -
nal Com mit te e for Ani mal Use in Re se arch and Ed-
u ca ti on and con for med to the Sta te ment for the
Use of Ani mals in Oph thal mic and Vi si on Re se arch
(AR VO). Oxy gen-in du ced re ti no pathy was in du -

ced in new born mi ce star ting from the first day ac-
cor ding to the met hod des cri bed be low. All rat
pups we re we ig hed and re cor ded. Forty pups we re
ran domly gro u ped in to fo ur gro ups. Sham gro up
and hype roxy ge na ti on gro up did not ta ke any me -
di ca ti on. Lep tin gro up was gi ven lep tin hor mo ne
in a do se of 20 µg/kg and lep tin+L-NA ME gro up
was gi ven 20 µg/kg lep tin and 25 mg/kg L-NA ME,
both in tra pe ri to ne ally.

To cre a te oxy gen in du ced re ti no pathy, all gro -
ups we re put in to cus tom bu ilt cham bers. The
cham bers we re ma de up of trans pa rent glass with a
co ver ha ving two ports for the pi pes co ming from
the oxy gen and CO2 tu bes. The cham bers we re
eva cu a ted off air first and then fil led with 100%
CO2 for 10 mi nu tes. Du ring this stay, blu ish co lor
chan ge of pup skin was con fir med vi su ally, rep re -
sen ting a tru e hypo xic en vi ron ment for the sub-
jects. Af ter this, CO2 was eva cu a ted and 100%
oxy gen was gi ven to the cham ber and the pups bre -
at hed high oxy gen con cen tra ti on for the next 10
mi nu tes. This al lo wed the pup skins to ga in a pink
hu e. The pups we re ta ken out and al lo wed to stay
in ro om air for 30 mi nu tes. Af ter this, the cycle of
hyper car bi a fol lo wed by hype ro xi a was re pe a ted
for the next 20 mi nu tes on ce aga in. This pro to col
was app li ed for thre e days in all gro ups ex cept the
sham gro up. The sa me pro to col was app li ed to the
sham gro up but the cham bers we re gi ven only nor-
mal ro om air. All rat pups we re re tur ned to the ir
mot her’s ca ge af ter the ex pe ri ment and kept in a
nor mot her mic en vi ron ment (21oC- 23oC). They
we re al lo wed to re ce i ve bre ast milk and wa ter ad
li bi tum and kept un der 12 ho urs of light and dark
cycle. Af ter the third day, the pups we re de ca pi ta -
ted, the ir re ti nas we re dis sec ted and pre pa red for
in ves ti ga ti on.

SAMP LE PRE PA RA TI ON

All test spe ci mens we re was hed with sa li ne and
we re left to dry. Then the samp les we re ho mo ge -
ni zed in a phosp ha te buf fe red dis til led wa ter (0.01
mol/L, pH: 7.0) in 1:10 ra ti o (we ight/vo lu me,
g/mL). Af ter the samp les we re cen tri fu ga ted at
8.000 rpm for 30 mi nu tes. Su per na tants we re used
for the bi oc he mi cal analy ses.

Turkiye Klinikleri J Med Sci 2011;31(4) 781

Ophthalmology Özdemir et al



SU PE RO XI DE DIS MU TA SE (SOD)

SOD ac ti vity was de ter mi ned as des cri bed by Fri -
do vich.15 This met hod emp loys xant hi ne and xan-
t hi ne oxi da se to ge ne ra te su pe ro xi de ra di cals,
which re act with 2-(4-io dop henyl)-3-(4-nit ro phe-
nol-s-phenyl tet ra zo li um chlo ri de) to form a red
for ma zan dye. SOD ac ti vity is then me a su red with
spec trop ho to me ter in 230 nm (Shi mat zu 1201-UV
Ja pan) by the deg re e of in hi bi ti on of this re ac ti on.
Re sults we re ex pres sed in unit/mg-pro te in for
SOD.

MA LON DI AL DEHY DE (MDA) ME A SU RE MENT

The deg re e of li pid pe ro xi da ti on in tis su e ho mo ge -
na tes was as ses sed by the met hod of Oh ka wa et al.16

The prin cip le of this met hod is ba sed on me a su ring
the con cen tra ti on of pink chro mo gen com po und
that forms when ma lon di al dehy de co up les to thi o -
bar bi tu ric acid. Co lor so lu ti on was me a su red with
spec trop ho to me ter in 532 nm. Re sults we re cal cu -
la ted in na no mo les of MDA per mil lig ram of pro-
te in. 

PRO TE IN ME A SU RE MENT

The pro te in con tent of ho mo ge na tes was de ter mi -
ned with spec trop ho to metry ac cor ding to the pro-
ce du re of Lowry et al.17

NIT ROT YRO SI NE ME A SU RE MENT

Nit rot yro si ne le vels we re me a su red with enz yme
lin ked im mu no sor bent as say (ELI SA) (BI OXY -
TECH-OXIS In ter na ti o nal Port land, USA). This
met hod is prin ci pally a sand wich ELI SA in which
an ti gen cap tu red by a so lid pha se mo noc lo nal an ti -
body is de tec ted with a bi o tin-la be led go at poly-
clo nal an ti-nit rot yro si ne. A strep ta vi din pe ro xi da se
con ju ga te then binds to the bi o tiny la ted an ti body.
The tet ra methy lben zi di ne subs tra te is ad ded and
the yel low pro duct is me a su red at 450 nm. Ab sor -
ban ce va lu es we re cal cu la ted aga inst to stan dard
cur ve as na no mo les of nit rot yro si ne and the re sults
we re gi ven as na no mo les per mg of pro te in.

STA TIS TICS

Da ta we re ex pres sed as me di an (mi ni mum-ma xi -
mum). The sta tis ti cal analy ses we re do ne using
Krus kal Wal lis analy sis of va ri an ce and Mann-

Whit ney U test, as ap prop ri a te. A thres hold va lu e
of p< 0.05 was ta ken as sig ni fi cant. 

RE SULTS 
The we ight of the pups was bet we en 7.1-8.0 gr and
was si mi lar among the gro ups (p> 0.05). All pups
in the study comp le ted the ex pe ri ment. The me di -
an nit rot yro si ne le vel was the hig hest in lep tin gro -
up, which was 2.09 nmol/mg-prot (p< 0.001).
Su pe ro xi de dis mu ta se le vels we re the hig hest in
sham gro up and the lo west in lep tin gro up (p<
0.001). Lep tin + L-NA ME gro up was si mi lar to
sham gro up in nit rot yro si ne, MDA and SOD le vels
(p> 0.05). The re sults are pre sen ted in the Tab le 1.

DIS CUS SI ON
The SOD le vel was lo wer and MDA le vel was hig -
her in hype ro xi a and lep tin gro ups in our study.
MDA le vel is an in di ca tor of li pid pe ro xi da ti on in
the tis su e, de ri ved from oxy gen ra di cals. We pro-
du ced oxi da ti ve da ma ge in the re ti na of rat pups in
our ex pe ri men tal de sign. The ra di cals ge ne ra ted in
the en vi ron ment, at tack mo le cu les and dep le te an-
ti o xi dant enz ymes such as su pe ro xi de dis mu ta se,
and le ad to the fa i lu re of sca ven ging ca pa city.
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Groups SOD Nitrotyrosine MDA

U/mg prot nmol/mg-prot nmol/mg-prot

Sham 2858.02 0.17 9.62

(2498.12-3157.28) (0.11-0.25) (7.93-17.79 )

Hyperoxia 801.70 0.86 34.40

(605.74-850.52) (0.34-1.37) (19.24-58.93)

*p< 0.001 *p< 0.001 *p< 0.001

Leptin 443.18 2.09 53.60

(384.37-477.94) (1.94-2.90) (27.80-74.36)

*p< 0.001 *p< 0.001 *p< 0.001

¥p< 0.001 ¥p< 0.001 ¥p= 0.042

Leptin+L-NAME 2275.32 0.23 § 12.62 §

(1409.55-2706.04) (0.20-0.33) (8.89-27.85)

§p> 0.05 §p> 0.05 §p> 0.05

TABLE 1: The median levels (minimum-maximum) of
SOD, nitrotyrosine and MDA according to the groups.

* significant from the sham group,
¥ significant from the hyperoxia group,
§ nonsignificant from the sham group,
SOD: Superoxide dismutase,
MDA: Malondialdelnyde.



We fo und that nit rot yro si ne le vels we re 10-
fold hig her in lep tin gro up com pa red to the sham
gro up, a re sult which is very stri king. In this study,
lep tin-ag gra va ted nit ro sa ti ve stress in rat pups sub-
jec ted to hype ro xi a, in di ca ting re ti nal to xi city ca u -
sed by NO me ta bo lism. Lep tin sti mu la tes NO
pro duc ti on in en dot he li al cells by in te rac ting with
its re cep tor on the cell mem bra ne.18-21 Stu di es al so
in di ca ted that lep tin sig ni fi cantly in cre a sed in tra -
cel lu lar re ac ti ve oxy gen ra di cal for ma ti on in en-
dot he li al cells and ca u sed en dot he li al da ma ge
thro ugh oxi da ti ve stress.22-24 Un der the exis ten ce of
in cre a sed ox yra di cals, nit ric oxi de un der go es a ra -
pid re ac ti on with su pe ro xi de ra di cals to form pe r-
oxy nit ri te, which may be anot her me di a tor of
oxi da ti ve stress. In isc he mic con di ti ons whe re both
subs tra tes are pre sent in fa vo rab le con cen tra ti ons,
the for ma ti on of pe roxy nit ri te is aug men ted. Pe r-
oxy nit ri te has nu me ro us po ten ti al pat ho lo gi cal
con se qu en ces on ocu lar blo od ves sels and tis su es
such as va sos pasm, pla te let ag gre ga ti on and li pid
pe ro xi da ti on, all of which re sult in im pa i red cir cu -
la ti on and va so ob li te ra ti on.25 Hen ce, in co o pe ra ti -
on with ot her oxi dants, it may ta ke part in the
pat ho ge ne sis of isc he mic pro li fe ra ti ve re ti no pat hi -
es such as ROP. The pe roxy nit ri te ani on al so re acts
ra pidly with car bon ra di cals to in cre a se tis su e da m-
a ge, which may be a co fac tor for re ti nal da ma ge
such as the ca se in our study.   

We ha ve fo und that lep tin is a stress in du cer
hor mo ne un der hype ro xic con di ti ons in pre ma tu -
rely de ve lo ped re ti na. It in cre a sed tis su e to xi city in
our study. Ho we ver, con tro ver si al re ports al so exist
abo ut the be ne fi ci al ro le of lep tin. Lep tin is re por -
ted to ha ve a pro tec ti ve ef fect aga inst da ma ge in du -
ced by isc he mi a re per fu si on in jury in the
gas tro in tes ti nal system.13 This may be at tri bu ted to
the tis su e spe ci fic ef fects of lep tin.26,27

We sho wed that sti mu la ted NO synthe sis in a
me di a rich of oxy gen in cre a sed da ma ge whi le the
in tro duc ti on of L-NA ME dec re a sed re ti nal nit -
rosy la ti on sig ni fi cantly. L-NA ME sho wed an ti o xi -
da ti ve ef fect, which was al so ref lec ted by the SOD
le vels. L-NA ME is a struc tu ral ana lo gu e of L-ar gi -
ni ne and it in hi bits the pro duc ti on of NO thro ugh
com pe ti ti on with L-ar gi ni ne. The pro tec ti ve ro le

of L-NA ME has be en re por ted by ot her aut hors.12

NO me di a ted da ma ge of lep tin is sug ges ted to be
in hi bi ted by L-NA ME ad mi nis tra ti on.7,18,19,23

The high pro duc ti on ra te of ox gen ra di cals and
pe roxy nit ri te will le ad to the fa i lu re of an ti o xi da ti -
ve ca pa city, and the pro te in at tack of pe roxy nit ri -
te pro du ces pro te in tyro si ne nit ra ti on.28

Nit rot yro si ne is a bi o mar ker of re ac ti ve nit ro gen
spe ci es and an in di ca tor of pe roxy nit ri te for ma ti -
on.12,29 It helps track the for ma ti on of re ac ti ve nit -
ric oxi de-de ri ved spe ci es in di se a ses.9,12,30 In this
as pect, the high le vels of nit rot yro sin in lep tin and
hype ro xi a gro up fo und in our study ref lects re ti nal
da ma ge. 

Oxy gen in du ced re ti no pathy is me di a ted by
oxy gen ra di cals and is si mi lar to pat ho lo gi cal events
ta king pla ce in ROP. Ad ding hyper car bic the rapy
to this mo del was al so pro ven to be suc cess ful for
sti mu la ting re ti nal ne o vas cu la ri za ti on.5,8 Alt ho ugh
hype ro xi a may still be the trig ge ring in sult, hyper -
car bi a du e to the re du ced CO2 re mo val can al so be
a con fo un ding fac tor exa cer ba ting the pat ho logy.8,9

We used a hyper car bic mo del of OIR in our ex pe -
ri ments and suc ce e ded to pro du ce re ti nal da ma -
ge.

So me qu es ti ons may ari se re gar ding to our
study. We used 100% pu re oxy gen and car bon di -
on di o xi de for a short ti me to cre a te an en vi ron -
ment rich in oxy gen and car bon di o xi de,
si mu la ting the me di um se en du ring the OIR. Alt -
ho ugh we lack de fi ni te evi den ce that our de sign
sup port OIR, we can as su me that our mo del ref lects
so me parts of this pro li fe ra ti ve re ti no pathy ac cu ra -
tely. Les ke et al. tri ed to ge ne ra te such an en vi ron -
ment in the ir ex pe ri ment by using re la ti vely low
le vels of oxy gen and car bon di o xi de but with a hig -
her in ter val.8

Our pri mary fo cus was lep tin-as so ci a ted bi oc -
he mi cal stress and re ti nal nit rosy la ti on. To our best
know led ge, this study is the first in this as pect. Su -
ga na mi et al. sug ges ted in the ir re port that lep tin
an ta go nism might be a new ap pro ach for the pre-
ven ti on of ROP.14 When lep tin de fi ci ent mi ce we -
re ex po sed to high con cen tra ti ons of oxy gen ,
ex ten si ve ne o vas cu la ri za ti on de ve lo ped; an ex pe ri -
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ment in di ca ting the pro vo ca ti ve ro le of lep tin in
vas cu lar pro li fe ra ti ve re ti no pat hi es. In ac co unt
with our fin dings, lep tin an to go nism may of fer so -
me help in of re ti no pathy pre ma tu rity.14,31

As an ex ten si on of our study, morp ho lo gi cal
al te ra ti ons may be in ves ti ga ted con cur rently with
bi oc he mi cal analy ses. In this way, it wo uld be bet-
ter to show the bi oc he mistry and his to logy at the
sa me ti me and we wo uld be ab le to cor re la te bi oc -

he mi cal events to morp ho lo gi cal chan ges. Furt her
analy ses are re qu i red to re ach mo re de ci si ve re sults
abo ut the pat hoph ysi o logy of the di se a se.
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