
AhmedOGTheImpactofInsulin-likeGrowthFactor-1

www.ijmbs.org   ISSN:1947-489X   

150

ARTICLE

The Impact of Insulin-like Growth Factor-1, Growth Hormone, and 
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Abstract
Background: The pathophysiological mechanisms in-
volved in hypothyroid retinal damage are still being de-
bated.Materials and methods:Ninety-sixpupsofalbino
ratswereequallydividedintocontrol,hypothyroidmodel
andthyroidsupplementgroups.Eachgroupwasseparated
into juvenile and adult subgroups thatwere sacrificed at
day20and60postnatally,respectively.Pupsinthehypo-
thyroidgroupwereborntomotherswhoreceived0.05mg
Carbimazole/day/pregnant female orally during gestation
andat20daysoflactationinjuvenilesubgroup.Theadult
subgroupreceivedthehypothyroidagentuntilday60post-
natally.Thethyroidsupplementgroupreceivedantithyroid
agent, thenwere treatedwithL-thyroxineorally (10ug /
kgbodyweight)foronemonth.Results:Asignificantre-
duction inbodyweight, temperature,heart rate, levelsof
Triiodothyronine (T3), Tetra-iodothyronine T4), growth
hormone(GH)andInsulin-likegrowthfactor(1GF-1),and
antioxidant enzymes and an increase in systolic pressure

andlipidperoxidation(LP)productswereevidentinhypo-
thyroid subgroups associatedwith adecreasing thickness
anddegenerationofretinallayers.Thyroidsupplementa-
tiongroupshowedapartialnormalizationofthemeasured
mediatorsaccompaniedbyrecoveryofstructuralchanges
especiallyinthejuvenilesubgroup.Conclusions:Thyroid
hormone has a vital role in normal retinal growth. GH,
IGF-1andoxidativestressarealsosignificantmediatorsof
retinaldegeneration.

Keywords:Hypothyroidism, retinaldegeneration, IGF-1,
GH,oxidativestressandanimals.

Abbreviations:   T3:triiodothyronine,T4:Tetra-iodothy-
ronine,GH:growthhormone,IGF-1:Insulin-likegrowth
factor1,LP:lipidperoxidationproducts

Introduction
The thyroid hormone axis has an important role in the
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physiological functionsand thedevelopmentof theCNS,
includingtheeye(1,2).Retinaldegenerationcontinuesto
beasignificantcauseofblindnessworldwide.Itispossible
that further reductions in the prevalence and severity of
blindnesscausedbyretinaldegenerationwillbemadeonly
withadvancementsinitsprevention,ratherthantreatment
onceitoccurs.

Insulin-like growth factor (IGF)-I and growth hormone
(GH)aremajorregulatorsofnormalgrowthandactivityof
retinainmiceandhumans(3,4).Besides,IGF-1isacriti-
calmodulatorofthyroidactivity.Infantsbornprematurely
(<27weeks)aremorelikelytohavelowthyroxine(T4)lev-
els,indicatinganabnormalhypothalamus-pituitary-thyroid
axisfunction(5).Theseconsiderationsraisethepossibility
thathypothyroidismmaybeinvolvedinretinaldegenera-
tion.

Growthfactorshavebeenfoundinvitreousfluid,inwhich
theyregulateretinalfunctionandprovidemarkersofocu-
lardegeneration.ThepresenceofGHinthehumanretina
andvitreousfluidsuggeststhatGHmayhaverolesinvi-
sualfunctionandmaybeinvolvedinthepathophysiologi-
caltheoriesofoculardegeneration(6).Freeradicalshave
beenknowntodamagecellularcomponents.Also,changes
inthelevelsoflipidperoxidationandantioxidantenzyme
activitiesindifferenttissuesofhypothyroidratsarethepri-
marycauseforfunctionaldisordersofthesetissues(7).

Multiplepathophysiologicalmechanismsmaybeinvolved
inexplanationofhypothyroid retinaldegeneration.How-
ever,ourknowledgeoftheexactmechanismsremainsun-
clear.Wehypothesizedthathypothyroidismwouldinduce
retinaldegeneration,andthatsupplementationwiththyrox-
inecanamelioratethiscondition.Therationalebehindthis
researchwastofocusontheroleofIGF-1,GHandoxida-
tivestressascontributorstohypothyroidretinaldamage.

Totestourhypothesis,ananimalmodel(whitealbinorats)
wasestablished.Theanimalsweredividedintothreeequal
groups: control, hypothyroid model and thyroid supple-
ment. Each group was separated into juvenile and adult
subgroups.TotesttheefficacyoftheCarbimazoleinthein-
ductionofhypothyroidmodel,numberoflivingpups,body
temperature,bodyweight,heart rate, systolicbloodpres-
sure,andserumlevelsofT3andT4werealsoevaluated.

Materials and Methods

Animals and Maintenance
Duringtheexperiments,theanimalsweretreatedinaccor-
dancewiththepublishedrulesforanimallaboratorycare,
and theprotocolhasbeenapprovedby theCommitteeof
Assuit University, School ofMedicine,Assuit, Egypt.A
totalofninetysixnewlybornmaleratswereusedandob-
tainedfromAssuitUniversityAnimalFacility.Theywere
housedintheAnimalFacilitywithroomtemperaturemain-
tainedat65–75_F,relativehumidityof50–70%andanair-
flowrateof15exchanges/h.Inaddition,atime-controlled
systemprovideda12:12-hourlight-darkcycle.Allanimals
weregivenfoodandwateradlibitum.

Induction of hypothyroid model
After a seven-day acclimatization period, experimental-
ly native, infection-free, adult female Wister-albino rats
weighing200-250grams,were placed in individualwire
meshcagesandwerematedwithadultmaleratsforcopu-
lation.Afterconfirmingpregnanciesbydailymorningex-
aminationuntilfindingofvaginalplug, thepregnant rats
wereplacedinnestingcagesandremainedundisturbedun-
tildelivery.

Thirty gravid rats (dams) were then randomly assigned
intotwogroups.Oneofthemwasthehypothyroidgroup
(n=25)thatreceivedanti-thyroidagentCarbimazole(Neo-
mercazole,SigmaChemical,Co.,StLouis,MO,)0.05mg/
kgbodyweight,orallybygastrictubefromday16ofgesta-
tion(dateofretinaldevelopment)tilldeliveryandcontinue
for20daysof lactation(8).Theothergroup,control(n=
5)receivedonlythevehicleinthesamedoseandrouteas
hypothyroidgroup.

Thepupsofcontrolmothers(n=32)weredividedintotwo
equalsubgroups,juvenileandadultthatweresacrificedat
day20and60postnatalrespectively.Whilethepupsofhy-
pothyroidmotherswereseparatedintotwomajorgroups,
hypothyroid model and thyroid supplement, each group
contained 32. Hypothyroid model group alienated into
juvenile subgroup, theirmothers received the antithyroid
drugduringgestationand20dayslactationandadultsub-
groups,thepupsthemselvescontinuouslyreceivingthehy-
pothyroidagentorallyuntilday60postnatal.

Thyroid Supplementation
Theoffspringofthethyroidsupplementgroupweresimi-
larlyseparatedintotwoequalsubgroups,juvenileandadult,
thatreceivedthesameregimenasthehypothyroidmodel
groups, then they were treated by L. thyroxine (Galaxo
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WellcomeCompany)10ug/kgbodyweightorallybygas-
tricforonemonth(9).
Physiological Assays
Theanimalsofeachgroupwereevaluatedfornumberof
livingpups,bodyweight(gm)ofthepups,systolicblood
pressure,heartrate,bodytemperaturethentheywereanes-
thetizedby an IP injection of chloral hydrate, 40mg/Kg
bodywt., (chloralhydratewasusedonce to induceanes-
thesiaandwasusedinallgroups,eventhecontrolgroup,
tobalance itssuppressioneffecton thyroidfunction)and
bloodsamplesweretakenimmediatelybeforedecapitation.
Theirserumandvitreousfluidwasevaluatedforlevelsof
T3andT4,IGF1,GHandLP,SOD,catalaseandGSH-Px
(U/mgHb).

Blood pressure:Systolicbloodpressurewasmeasuredfor
allpupsattheendoftheexperimentwithapneumatictail-
cuff device (NARCO,Biosystems, Inc.,Houston,Texas)
aftertheanimalhadbeenprewarmedfor30min.inametal
chambermaintained at approximately 30o C. Three con-
secutivemeasurementsweremadeatthesametimeofday.
Mean systolic blood pressure value from threemeasure-
mentswasrecordedasthepressurevalueforeachanimal.

Recording of heart rate with electrocardiogram
Thepupswereanesthetized,thenneedlesofelectrocardio-
graphwereinsertedintheskinoffourlimbs.Theneedle
wereconnectedtoECGrecorderandcountedtheheartrate
(ECGCardiofaxNihOnkohnKohden;KogyoCo.Ltd,Ja-
pan).

Recording of body temperature
Body temperaturewasmeasured by insertion of a rectal
thermistorprobe(Cole-ParmerInstrumentCompany,Chi-
cago,IL).Theprobewas3.3mmindiameter,andwaslu-
bricated with petroleum jelly. Temperature measurement
wasconductedonatable.Eachratwasheldatthebaseof
itstailastheprobewasinserted2.5cmintotherectum.The
probewas removed after the animal’s temperature stabi-
lized30–60seclater.Thethermistorwasaccurateto0.1°C
(10).

Laboratory Measurements
Bloodsampleswereobtainedfromthejugularveinofan-
aesthetizedanimalsimmediatelybeforesacrifice.Samples
were collected in both types of tubes with and without
EDTA, and were centrifuged at 3000 r.p.m. for 20 min
to separate serum, plasma andRBCs. Erythrocyteswere
washed with saline then haemolysedwith an equal vol-

umeofdistilledwater.Theplasma,serumandhaemolysed
RBCswerepreservedat-200Cforassy.

Estimation of  T3, T4, GH and IGF1
 Enzyme-linked imunosorbentassays (ELISA)wereper-
formed for measuring concentrations total triiodothyro-
nine, total thyroxine,GH, IGF-1 in serum; alsoGHand
IGF-1weremeasuredinvitreousfluidusingBiosurceEu-
ropecommercialkitswithmonoclonalantibodiesagainst
eachsubstanceandfollowingtheinstructionsuppliedwith
eachkit.TheapparatususedwasAnsoth2000,manufac-
turedinAustria.

Estimation of Lipid Peroxidation
Lipidperoxidationproductslevelsweremeasuredinplas-
maaccordingtoAruoma,etal(11).
EstimationofSODinplasmaandcatalaseactivityinhe-
molysateswasdoneaccordingtoMisraandFridovich(12)
andLuck(13)respectively.
Estimationofantioxidantenzymeglutathioneperoxidase
(GSH-PX):level inRBCswasmadefollowingthemethod
describedbyHafeman,et al. (14).Thevalueswere then
divided on hae-moglobin concentration/l. Haemoglobin
concentration was determined by the following method
describedbyCrosby,etal.(15),byusingCompleteHe-
moglobinreagentkits; (Merckotest,E.Merk,Darmstadt,
Germany).

Histological and Morphometric analysis
Botheyesfromeachpupwereenucleatedandplacedinice-
coldphosphate-bufferedsaline(PBS;pH7.4).Enucleation
wasperformedwiththeuseofirisforcepsandscissorsfor
separationoftheeyesfromthesurroundingconnectivetis-
sue,nerves, andmuscles.The eyeswere dried on sterile
gauze,andthevitreousfluidwasaspiratedwitha0.5-mL
insulinsyringeandplacedoniceinsterile tubes(Eppen-
dorf).Theeyeswerethenfixedin4%gluteraldehydeand
preparedforlightandelectronmicroscopicexamination.
The thickness of different layers of the retinawasmea-
suredintoluidinebluestainedsections,andcellcountof
theganglioncell layer (linearcelldensity innumberper
unit length of the retina) was done. The measurements
wereperformedusingImageAnalyzer(LeicaQ500).

Statistical Analysis
Dataareexpressedasmean±SEforallparameters.The
datawereanalyzed usingGraphPadPrismdataanalysis
program(GraphPadSoftware,Inc.,SanDiego,CA,USA).
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Forcomparisonofstatisticalsignificancebetweendiffer-
ent groups Student Newman-Keuls t-test for paired data
wereused.Formultiplecomparisons,one-wayanalysisof
variance(ONE-WAY-ANOVA)testfollowedbytheleast
SignificantDifference(LST).Correlationswereassessed
usingSpearman’snon-parametriccorrelationcoefficientρ
asdescribedbyKnappandMiller(16).AvalueofP≤0.05
wasconsideredstatisticallysignificant.

Results
Presentation of the results
The anti-thyroid drug Carbimazole (Neomercazole) suc-
cessfullyinducedhypothyroidretinaldegenerationinrats.
AdministrationofL.thyroxineamelioratestosomeextent
theseseffects.AsummaryoftheresultsisshowninTables

1-3,Histogram1-6andFigures1-15. Theseareoutlined
belowhighlightingthepathologicalmechanisms:
Effects of anti-thyroid agent
Intake of anti-thyroid agent was associated with reduc-
tion of number of living pups, bodyweight, temperature
andheartratewhileincreaseinsystolicbloodpressureof
both subgroupswhencomparedwith their corresponding
age-matchedcontrols.TreatmentwithL-thyroxineforone

monthsignificantlyameliorated  thesechangesespecially
injuvenilesubgroupsasshowninTable1.
Relation to serum levels of T4 and T3
Estimation of serum levels of bothT4 andT3 showed a
significant decrease in both subgroups of hypothyroid
model rats when compared with their control euthyroid
subgroups.Thereductionwasobviousinadultsubgroups
ofhypothyroidmodel.TreatmentwithL.thyroxinesignifi-
cantlyincreasedthelevelsofT4andT3inbothsubgroups
(Table2).

Relation to lipid peroxidation and antioxidants (SOD, 
CAT and GSH-Px)
Comparedwith thecontrol euthyroidgroup,LPproducts
significantly increasedwhile the levelsofmeasuredanti-

oxidants decreased in hypothyroid model subgroups.An
administrationofL. thyroxinewasassociatedwitha sig-
nificantimprovementintheplasmalevelofLPandantioxi-
dantswhencomparedwithhypothyroidmodelsubgroups,
andtheresponsewasmanifestedmoreinthejuvenilethy-
roidsupplementsubgroup(Table2).

Relation to GH and IGF-1 levels in serum and vitreous 

Table 1:Comparisonmeanvaluesofsurvivalrate,bodytemperature,bloodpressure,heartrateincontrol,hypothyroidmodeland
thyroidsupplementratgroups.

Valuesrepresentmean±SDandwereanalyzedbyaStudent–3Newman–Keulst-test.,SubgroupIandIIofrats,Sacrificedat
day20(juvenilesubgroup)and60(adultsubgroup)postnatal.(n=16ineachsubgroup),(*)Significanceversuscontrolgroup.
(€)Significanceofvaluesinthyroidsupplementsubgroupversusitscorrespondinghypothyroidismsubgroup,***/(€)(€)(€)
significantdifferenceatP<0.001.

Groups/Items

GroupA
Control(Euthyroid)

GroupB
(hypothyroidmodel)

GroupC
ThyroidHsupplement

SubgroupI SubgroupII SubgroupI SubgroupII SubgroupI SubgroupII

Survivalrate 14/16 15/16 10/16 12/16 13/16 13/16

No.oflivingrats 14 15 10 12 13 13

Bodyweight(gm) 82.5±5.7 138.3±18.3 53.2±6.93*** 104.9±9.3*** 74.54±9.3€€€ 132.5±12.87€€€

Bodytemp.
0C 37.01±0.25 37.16±0.32 36.19±0.47*** 35.98±0.34*** 36.7±0.28€€ 36.42±0.35€€

BP(mmHg) 114±3.0 116±2.9 133±2.27*** 148±5.4*** 121±4.1€€€ 126±3.96€€€

Heartrate
(beats/m) 225.5±6.88 219±6.95 197.6±6.52*** 184±4.9*** 206±8.8€ 196±8.2€€€
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Table 2: Alterations of levels of T4, T3, lipid peroxidation products LP, SOD, Catalase and glutathione peroxidase (GSH-PX) in 
hypothyroid model and thyroid supplement groups.  
   
Values represent mean ± SD and were analyzed by a Student–3Newman–Keuls t-test. Subgroup I and II, Sacrificed at day 20 
(juvenile subgroup) and 60 (adult subgroup) postnatal. (n=16 in each subgroup) , (*) Significance versus control group.  (€) 
Significance of values in thyroid supplement subgroup versus its corresponding hypothyroidism subgroup, ***/ (€)(€)(€) significant 
difference at P<0.001, 8/ € significant difference at P<0.05, **/ €€ significant difference at P<0.01. 

Groups/ Items
 Group A
Control (Euthyroid)

Group B
(hypothyroid model)

Group C
Thyroid H supplement
 

Subgroup I
(n= 14)

Subgroup II
(n=15)

Subgroup I
(n= 10)

Subgroup II
(n= 12)

Subgroup I
(n=13)

Subgroup II
(n=13)

SerumT4 (µg/dl) 13.2±0.83 12.76±0.68 6.1±0.1.5 *** 4.4±0.55 *** 8.6±0.75 €€€ 7.9±0.76 €€€

Serum T3 (ng/l) 0.9±0.1 0.68±0.12 0.07±0,02 *** 0.08±0.4 *** 0.63±0.15 €€€ 0.55±0.11 €€€

LP (nmol/ml) 2.37±0.45 2.4±0.47 4.96±0.5 *** 5.2±0.49 *** 4.37±0.46 €€ 4.7±0.54 €

SOD (nmol/ml) 4.89±0.37 5.03±0.41 2.52±0.45 *** 2.97±0.6   *** 3.74±0.58  €€€ 3.33±0.69 €

Catalse(U/mg Hb) 0.58±0.05 0.62±0.04 0.42± 0.05  *** 0.36±0.04  *** 0.53±0.04  €€€ 0.44±0.05  €€€

GSH-Px(U/mg Hb) 58.3±0.8 58.5±0.7 53.2±2.1 *** 51.6±1.4 *** 55.1±0.9 €€ 53.1±1.4€



IbnosinaJournalofMedicineandBiomedicalSciences(2011)

IbnosinaJMedBS 155

fluid
EstimationofvitreouslevelsofbothGHandIGF-1inboth
euthyroidsubgroupsrevealedatwo-foldincreaseinlevels
invitreousfluidincomparisontolevelsinserum.Also,sta-

tisticalanalysisshowedasignificant increase(P<0.001)
GHandIGF-1inthejuvenilesubgroupofcontrolswhen
comparedwith the adult subgroup. Intakeof anti-thyroid
agentssignificantlydecreasedGHandIGF-1inserumand
vitreousofbothhypothyroidsubgroups incomparison to
their control subgroups.Treatmentwith L. thyroxine for
onemonthsignificantlyrestoredtheirlevels,especiallyin
thejuvenilesubgroup(Histograms1,2).

Correlation and Regression Analysis
Inbothhypothyroidratmodelsubgroups,therewasasig-
nificantpositivecorrelationbetweenserumT4andserum
GH, IGF-1 and antioxidants (SOD, CAT and GSH-Px)

whileanegativerelationwithLPproductswasnoted(His-
tograms3-6).

Histological results

Fig. 1, 2 and 3:Asemithinsectionofthejuvenileretinaofcontrolalbinoratthatsimi-
lartothatofcontroladultsubgroup:showing;epitheliallayer(E),photoreceptorlayer
(P),outernuclearlayer(ONL),innernuclearlayer(INL),innerplexiformlayer(IPL)
andganglioncelllayer(GCL).(ToluidineblueX200,X1000).Electronmicroscopic
examinationshowing;apartofepithelialandphotoreceptorlayers,structuresofthe
photoreceptorsoutersegment(x5000)(Fig.2),innerplexiformlayer(IPL)andgan-
glioniccelllayercanbeseeninfigure3(x4000).
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Histogram 1:SerumandvitreousIGF-1(mean±SDfromindividualratswereanalyzedbyaStudent–3Newman–Keulst-test.Levels
ofIGF-1weredecreasedinall(Carbimazole)treatedratsinadoseof0.05mgmg/day/pregnantfemaleduringgestationandlactation,
subgroupsIandII,Sacrificedatday20(juvenilesubgroup)and60(adultsubgroup)postnatalrespectively.TheIGF-1increasesmore
inthyroidsupplementsubgroup1.(n=16ineachsubgroup),(*)Significanceversuscontrolgroup.(€)Significanceofvaluesin
thyroidsupplementsubgroupversusitscorrespondinghypothyroidismsubgroup,***/significantdifferenceatP<0.001.
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Histogram 2:SerumandvitreousGH(mean±SDfromindividualratswereanalyzedbyaStudent–3Newman–Keulst-test.Levels
ofGHweredecreasedinall(Carbimazole)treatedratsinadoseof0.05mg/day/pregnantfemaleduringgestationandlactation,sub-
groupsIandII,Sacrificedatday20(juvinealalsubgroup)and60(adultsubgroup)postnatalrespectively.TheGHincreasesmorein
thyroidsupplementsubgroup1.(n=16ineachsubgroup),(*)Significanceversuscontrolgroup.(€)Significanceofvaluesinthyroid
supplementsubgroupversusitscorrespondinghypothyroidismsubgroup,***/significantdifferenceatP<0.001.

Fig. 4, 5 and 6:Asemithinsectionofthejuvenileretinaofhypothyroidsubgroup:showingreductionofthethicknessofmostlayer,
disturbedarchitectureofGCLwithshrunkenanddegenerationofsomeganglioncellswerenoticed(X200,X1000).Electronmi-
croscopicexaminationshowing:distortion,degenerationoftheoutersegmentofphotoreceptors.Bleb–likeprotrusion(arrow)ofthe
surroundingplasmamembraneisnoticed(x5000)(Fig.5).Degeneratedganglioncellwithdensegranularnucleus(N)surroundedby
rarefiedcytoplasm,dilatednuclearenvelope(arrowhead)andmitochondriawithdestructedcristaecanalsobenoticed(m)infigure6
(X10000).
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Fig.7, 8 and 9: A semithinsectioninthejuvenileretinaofthyroidsupplementalbinoratshowingrecoveryofthethicknessofmost
layerswhichappearsimilartothatofthecontrolsubgroup.AmagnifiedpartofGCLshowing;normalappearanceofganglioncells
(ToluidineblueX200,X1000).Electronmicroscopicexaminationshowingrecoveryofthelamellarstructuresoftheoutersegment
ofthephotoreceptors(x5000)(Fig.8),normalganglioncellwithlargeroundednucleus(N)andthecytoplasmcontainsribosomes(r)
andsmallsizedmitochondria(m)X000)(Fig.9).

Fig. 10, 11, 12: Asemithinsectioninadultretinaofhypothyroidsubgroupshowing;reductionofthethicknessofmostlayer(Tolu-
idineblueX200).Distortion,degenerationanddecreaseinthedensityoftheoutersegmentofphotoreceptorsareobserved.Central
degenerationinthelamellaeisnoticed(*)(X000)(Fig.14).Degeneratedamacrinecells(AM)withrarefiedcytoplasmisobserved.
Somenuclei(N)appeardensewithdilatednuclearenvelope.Nocellorganellescanbeseen(X000)(Fig.15).
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Inthejuvenilehypothyroidsubgroup,themainfindingwas
areductioninthethicknessofdifferentretinallayers(Fig.
4,5and6),whichattributedtothereductioninthephotore-
ceptorcelllayer,innernuclearlayerandganglioncelllayer
incomparisontothecorrespondingcontrolsubgroup(Fig.
1,2and3).Electronmicroscopicexaminationshowedde-

generativechangeswithdistortionandvacuolationofmost
layers.Distortionsofthemitochondriawerealsoobserved.

Juvenilethyroidsupplementsubgroup (Fig.7,8,9),light
microscopicexaminationrevealedasignificantincreasein
thethicknessofallcelllayersincomparisontothehypo-

Histogram3.CorrelationandlinearregressionofserumT4withGHandIGF-1inhypothyroidratmodel(Juve-
nilesubgroup)sacrificedatday20postnatal.Apositive,significantrelationshipwasnotedbetweenserumT4
andGHandIGF-1.

Histogram 4:CorrelationandlinearregressionofserumT4withGHandIGF-1inhypothyroidratmodel(adultsubgroup)sacrificed
atday60postnatal.Apositive,significantrelationshipwasnotedbetweenserumT4andGHandIGF-1.
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Table 3: Alterationofthicknessoftheretinaanditslayers(mm)inhypothyroidmodelandthyroidsupplementgroups.Thedata
wasrepresentedasmean±SD.

Valuesrepresentmean±SDandwereanalyzedbyaStudent–3Newman–Keulst-test.SubgroupIandII,Sacrificedatday20
(juvenilesubgroup)andday60(adultsubgroup)postnatal.(*)Significanceversuscontrolgroup.(€)Significanceofvalues
inthyroidsupplementsubgroupversusitscorrespondinghypothyroidismsubgroup,***/(€)(€)(€)significantdifferenceat
P<0.001,*/€significantdifferenceatP<0.05,**/€€significantdifferenceatP<0.01.

GroupA
Control(Euthyroid)

GroupB
(Hypothyroidmodel)

GroupC
ThyroidHsupplement

SubgroupI
(n=14)

SubgroupII
(n=15)

SubgroupI
(n=10)

SubgroupII
(n=12)

SubgroupI
(n=13)

SubgroupII
(n=13)

Totalretinal
thickness(RT) 0.30±0.01 0.36±0.04 0.18±0.06*** 0.15±0.06*** 0.31±0.003

€€€
0.19±0.1

Photoreceptorlayer
(P) 0.06±0.009 0.15±0.02 0.04±0.005

***
0.034±0.008
***

0.12±0.007
€€€

0.040±0.005
€

Outernuclearlayer
(ONL) 0.07±0.004 0.076±0.005 0.05±0.005

***
0.043±0.008
***

0.071±0.005
€€€

0.054±0.011
€€

Innernuclearlayer
(INL) 0.05±0.006 0.058±0.003 0.03±0.006

***
0.023±0.01
***

0.056±0.007
€€€

0.031±0.004
€

Ganglioniccelllayer
(GL) 0.03±0.004 0.04±0.011

0.02±0.005
***

0.020±0.001
*** 0.038±0.008

€€€

0.024±0.003
€€€

Histogram 5:CorrelationandlinearregressionofserumT4withLPandantioxidants(SOD,CATandGSH-px)of
juvenilehypothyroidsubgroupofrat.Apositive,significantrelationshipwasobservedbetweenserumT4withSOD,
CAT,GSH-pxandnegativewithLP.



AhmedOGTheImpactofInsulin-likeGrowthFactor-1

www.ijmbs.org   ISSN:1947-489X   

160

thyroidmodel.Normalganglioncellswithmarkedrecov-

eryinmostlayerswerenoticedandtheybecamesimilarto
thatofthecontrol.

Adulthypothyroidsubgroup (Fig. 13,14and15) showed
markedreductionsinthemeanthicknessofdifferentreti-

nallayers,withanoticeabledegenerationwhencompared
to the corresponding control subgroup that had the same
charactersastheadultjuvenilesubgroup(Fig.1,2and3). 
Adult thyroid supplement subgroup (Fig. 16, 17, 18),
showed a minimal improvement in the retinal layers in
comparison to the adult hypothyroid subgroup .3-5-Mor-

Histogram 6:CorrelationandlinearregressionofserumT4withLPandAntioxidants(SOD,CATandGSH-px)ofadulthypothyroid
subgroupofrat.Apositive,significantrelationshipwasnotedbetweenserumT4withSOD,CAT,GSH-pxandnegativewithLP.

Fig.13, 14 and 15:Asemithinsectionoftheretinaofadultthyroidsupplementsubgroupofratshowing:reductionofthethickness
ofmostlayersisstillpresent.Inset:AmagnifiedpartofGLshowing;ganglioncellswithminimalrecovery.(ToluidineblueX200,X
1000).Electronmicroscopicexaminationshowing:partialrecoveryoftheepithelialandtheoutersegmentofphotoreceptorlayers.
Centraldegenerationofdiscmembraneisobserved(*).Someofthemareconvertedintoanamorphouselectron-densemass(arrow-
head)(X000)(Fig.17).Twoganglioncellswithrarefiedcytoplasmandsmalldegeneratedmitochondria(m)werestillnotice(X000)
(Fig.18).
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phometricresults(Table3).Themorphometricresultsre-
vealedasignificantimprovementinallretinallayersafter
supplementationwithl-thyroxinewhencomparedwiththe
hypothyroidsubgroups(Table3)

Discussion
Thyroidhormoneisacriticalregulatorfornormalgrowth
andphysiological functionofretinal receptors,especially
cones(17).However,thepathophysiologicalmechanisms
ofhypothyroidretinaldegenerationandtheinvolvementof
GH, IGF-1andoxidative stress in this case is still being
debated.Inthisinvestigation,wehypothesizedthatthyroid
supplementcanamelioratetheexperimentalmodelofhy-
pothyroid retinal degeneration.To accomplish our goals,
ananimalstudywasestablishedthatconsistedofacontrol
group,ahypothyroidmodel,andaLevothyroxine-treated
group.

Suppression effects of hypothyroidism on the number of
living pups and bodyweight in the current study concur
withpreviousreports(18,19).Thisgrowthretardationcan
beexplainedbyincreasingcompetitionforfoodorthede-
cliningof serumGHand IGF-1 (20).Unfortunately, it is
impossibletoascertainthecauseofdeathofpupsasoften
themotherseat theirdeadpups.Thyroidsupplementation
restoresthebodyweightinthejuvenilesubgroup(21).

Thereductionofbodytemperatureandheartrate, the in-
creaseofsystolicbloodpressureinhypothyroidratmodel
subgroups, and the amelioration that happened after TH
supplementationareinlinewiththepreviouslypublished
work(22-24).Theseeffectsaresupportedbymanyobser-
vationsasthyroidhormonesregulatemetabolismthrough
hypothalamo-pituitary neuroendocrine feedback loops. In
turn,decreasedT3output reducesmetabolismandenergy
usage(25)andT4administrationrapidlyincreasestherest-
ingmetabolic rateofhypothyroidratsand improvestheir
survival(26).Ithasbeenthoroughlyestablishedthatneo-
nates with congenital hypothyroidism had a significant
reductionoffetalheart rate,and thisfindingmightbean
early sign of fetal hypothyroidism (27).  Levothyroxine
treatmentofmaternalhypothyroidpatientsimprovesheart
ratereduction(28).

Deprivation of thyroid hormone in the juvenile hypothy-
roidsubgroupseemedtointerferewiththenormalcourse
ofdevelopmentoftheretina,decreaseinthetotalthickness
ofallretinallayers,reductionoffreeribosomes,distortion
ofmitochondriaandinductionofultrastructuraldegenera-

tion. The previous findings are in accordwith results of
others(29)whofoundthatcongenitalhypothyroidratshad
significantlysmallerandthinnerretinas,withfewerdivid-
ingprogenitorcells.Inaddition,morphometricresultsof
hypothyroidsubgroupsrevealedasignificantreductionof
totalretinalthicknessandallretinallayers.Thesefindings
canbeclarifiedbythefollowing:thyroidhormoneactsdi-
rectlyatthetranscriptionlevelbybindingtonuclearrecep-
torstocontrolanumberofphysiologicalanddevelopmen-
tal processes (17,30).Also, hypothyroidismmay depress
ventilation leading to hypoxemia. It may also decrease
blood vessel density,whichin turn decreases delivery of
oxygenandnutrientstotissues(31).
Supplementation with L-thyroxine showed amelioration
of most degenerative and morphometric changes. Addi-
tionally, photoreceptors and ganglion cells restored their
normalorganizationinagreementwiththefindingsofPin-
azo-Durán,etal(2).Thisimprovementwasobviousinthe
juvenilesubgroupthatreceivedtheL-thyroxineearly,but
therewasmarked resistance to cell recovery in the adult
subgroup,whichreceivedtheL-thyroxineafterachieving
adolescence.

Inthepresentstudy,thetwo-foldincreaseinthevitreallev-
elsofGHand IGF-1 than that found in theserum levels
wasevidentinbothjuvenileandadultcontrolsubgroups,
and this reveals theirpotential roles in thenormalvisual
growthasproposedpreviously(32).Moreover,Arnold,et
al. (33), elucidated that the aqueousand vitreous humor
fluids arepotential sitesof synthesis of IGF-bindingpro-
teins,whichcanexplaintheirhighconcentrationofGHand
IGF-1.Therefore,thevitreousfluidactsasareservoirfor
stabilizing visual physiology. LowGH concentrations in
thevitreousofdiabeticpatientsmaycorrelatewithretinal
neuro-degeneration,andmayprovideamarkertofollowits
progression(34).
Retinal degeneration noted after thyroid deprivationmay
bemediated by the recorded reduction in the serum and
vitreousGH and IGF-1 aswell as increased serum lipid
peroxidation products and decreased antioxidants (SOD,
CATandGSH-px)inbothhypothyroidsubgroups.Inaddi-
tion,thedeviationinthelevelsofGH,IGF-1,LPandan-
tioxidantshasbeennormalizedpartiallyafterL-thyroxine
supplementation,especiallyinthejuvenilesubgroup.

The decline in the serum and vitreousGH aftermedical
thyroidectomybycarbimazoleisatvariancewiththeprevi-
ouslypublishedresults(6,9,34),asvitrealgrowthfactors
regulate retinal functions, act as neuro-protective factors
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forretinalganglioncells,andprovidemarkersofocularde-
generationasinthecaseofhypothyroidism(35,20).Also,
GHmayactbyinductionof theIGF-Isystemordirectly
throughitsreceptor(36).
Ithasbeensuggestedthathypothyroidretinaldegeneration
mayalsobemediatedbylower-than-normalIGF-1inse-
rumandvitreousfluid that is inagreementwithprevious
work(18,37),asIGF-1isapotentgrowthpromoterofreti-
nalendothelialcellsandretinalpericytein.Alsoitiscritical
fornormalretinalvasculargrowthandfunction(3).

Inaddition,asignificantpositiverelationshipbetweense-
rumT4andserumGHandIGF-1wasevidentinbothhy-
pothyroidsubgroupsofrats,whichprovestheassociation
betweenhypothyroidretinaldegenerationandsuppression
ofGHandIGF-1,as theyconstitute thevitalmodulators
ofthyroidactivity(3).Furthermore,prematureinfantsare
morelikelytohavelowT4levelsandGH,indicatinganab-
normalhypothalamus-pituitary-thyroidaxis function (38).
Moreover, hypothyroidism is associated with significant
reductionsofIGF-1andIGF-1bindingprotein-3(39).The
mostfrequentlyquotedmechanismsupportstherelationof
THwithGHandIGF-1,thatGHeitherdirectlyorthrough
IGF-1increasesperipheralT4toT3deiodination(40).Itis
alsonotedthatAkin,etal.[41],reportedthatGH-IGFaxis
was affected inpatientswith subclinicalhypothyroidism,
andthatT4replacementtherapycouldpreventabnormali-
tiesrelatedtoGH-IGFaxis.Moreover,Joanna,etal.[42],
provedthatinchildrenwithneglectedcongenitalhypothy-
roidism,evenafterlongperiodofhypothyroidism,T4re-
placement improved the growth rate, leading to a partial
recoveryofGH-IGF-IaxisasGHandIGF-1receptorsare
downstreamofthyroidreceptoralpha.

AlterationofplasmalevelsofLPandantioxidants(increase
ofLPproductsanddecreaseofSOD,CATandGSH-px)in
bothhypothyroidmodelsubgroupsthatwasevidentinthis
studyharmonizeswithotherinvestigations.Cano-Europa,
etal(43),foundthathypothyroidismwasassociatedwith
oxidative stress (increased levelsofmalondialdehyd, and
decreasedlevelsofCAT)thatcontributedtoretinaldegen-
eration(7,44).

Thepresentstudyshowedthatthyroidsupplementationfor
onemonthcanre-establishtheoxidantchangesinducedaf-
terintakingofcarbimazole,asitsignificantlydecreasedthe
levelsofLPproductsandincreasedtheantioxidants(SOD,
CATandGSH-px),especiallyinthejuvenilesubgroupof
rats.However,thepathophysiologicalconsequencesofthe

deceleratedantioxidantlevelsincaseofhypothyroidismare
notyetelucidated.Thisbiochemicalchangeinthelevelof
freeradicalandantioxidantsisthoughttobeaphysiologi-
caladaptationandresponsetohypothyroidism,asachronic
state of hypothyroidism is characterized by degeneration
intheredoxpotential.Thisleadstofreeradicalchainre-
actionsandmetabolicsuppressionofantioxidantcapacity
(44).Thus,itislikelythatretinalcellsmaybedamagedby
prolongedoxidativestressthatfarexceedsthecapacityof
thetissuetosynthesizeantioxidants.

Thepreviousresultsaresupportedbyasignificantlyposi-
tiverelationshipbetweenserumT4andantioxidants(SOD,
CATandGSH-Px)whilehavinganegative relationwith
LPproducts inbothhypothyroid subgroups.Thisfinding
provesthepotentialroleofoxidativestressasamediator
forretinaldegenerationinthehypothyroidrat.

In conclusion, this work indicates that Carbimazole
wassuccessful in inducingahypothyroid retinalde-
generationmodelinrats.Thiswasassociatedwith:(i)
reducingthenumberoflivingpups,bodyweight,body
temperature,heartrateandincreaseinsystolicblood
pressure,(ii)dramaticdecreaseinthebloodlevelsof
TandT4withdecreasedthicknessandcellnumbers
of all retinal layers. Thepathophysiologyof retinal
degeneration ismediatedbysuppressionofT4,GH,
IGF-1andincreasedoxidativestress.Also,L-thyrox-
ineadministrationcanbluntthemetabolicpathologies
and morphological changes induced by anti-thyroid
agents.ObligatoryLthyroxinesupplementationthera-
pyinthejuvenilestagehasbeenrecommendeddueto
itsdramaticresponse,andatrialforclinicalapplica-
tionismandatory.
Thisstudyrecommendsbloodtestingforhypothyroid
patients’ T4, GH, IGF-1 and antioxidant systems in
ordertomonitortheprogressionofpathologyandto
prompttheconsiderationofmedicalcare.
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