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ABSTRACT

Insulin and neuronal nitric oxide synthase (NNOS) are major regulatory
substances in the central nervous system. It has been shown that both insulin and
nNOS can regulate multiple brain function such as neuronal development, neuronal
survival, as well as learning and memory. The previous studies suggest that nNOS
function in the brain can be regulated by insulin through PI3K/Akt signaling pathway.
In contrast, the impairment of insulin signaling, insulin resistance, can diminish the

activity and the function of nNOS in several organs and tissues. Several studies



have reported that high-fat diet consumption is the major cause of obesity, leading to
the development of insulin resistance and oxidative stress. However, effects of
insulin resistance following chronic high-fat diet consumption on nNOS expression
and oxidative stress in the hippocampus have not yet been investigated. Therefore,
the aims of the present study are to investigate the correlation among peripheral
insulin resistance, NNOS expression in the hippocampus, and brain oxidative stress of
high-fat diet-induced insulin-resistant rats.

The experiments were performed in male Wistar rats (n=20). The animals
were randomly divided into two groups as the normal diet-fed groups (ND, n=10) and
the high-fat diet (HFD, n=10) fed-groups. The animals in the ND group received a
standard chow diet containing fat at 19.77% of the total energy (%E) while those in
HFD group received a fat-enriched diet containing fat at 59.28 %E. After 12 weeks
of the dietary period, blood and brain samples were collected for the analysis of the
peripheral insulin resistance, nNOS expression in hippocampus, and oxidative stress
in the brain.

We found that 12 weeks of high-fat diet feeding led to significantly elevated
in body weight accompanied by an increased visceral fat. Compared with the 12
weeks of ND groups, fasting plasma insulin levels and HOMA index were
significantly elevated in the 12 weeks of HFD groups. However, food intake, fasting
plasma glucose levels, fasting plasma free fatty acid levels, fasting plasma triglyceride
levels were not significantly different between both dietary groups. These results
suggest that the rats fed with the high-fat diet for 12 weeks exhibited obesity and
peripheral insulin resistance. In addition, the nNOS expression in hippocampal CAl

regions of 12-week HFD rats was significantly attenuated without any changes in the



Vi

structure and the number of hippocampal CA1 neurons, while oxidative stress in the
brain was significantly elevated. Our results indicate that the elevation of brain
oxidative stress was correlated with various parameters of peripheral insulin
resistance. Furthermore, the reduction of nNOS expression in hippocampal CAl
regions was also correlated with brain oxidative stress. In conclusion, the abolished
nNOS expression in the hippocampal CA1 regions may be caused by the elevation of
brain oxidative stress and the impairment of neuronal insulin signaling following 12-

weeks HFD consumption.



vii

A v
A a a a

4 a a J 4 o o o 1
Yors0INeNHWUE HavoIdN IR UgAUNg NN Tase 1115 lviiugaaenis

U

a a Ia
meaaﬂmmuﬂﬁu@a”lumﬂaaﬂ"lcnwummmmnmm'%sJﬂ

a 7 1 a Y a 4
pondaduluauesdiugl lluauwavesnyIans
Y 2 a a A o d
RN W a3 @y I
Sayan Mendasuriiuga (d35mMe)

d' a a J
ﬂm%ﬂii&lﬂ]iﬂﬂ%ﬂ‘kﬂ]ﬂﬂ1uwuﬁ

an o a o= v

TAATNNY. AINT RATNNINT ’t’]'ﬁ]'ﬁﬂﬁﬂ?ﬂ‘kﬂwaﬂ
a J o a S '

AAT.UN. UWUT RATNNINT f]']’iﬂﬁfl“l/]lﬁﬂﬂ"lﬁ')ll
I A a o U

IA.AT. BIITTIU WAULNYTA ’t’]'ﬁ]'lﬁﬂ‘ﬂlﬁﬂ‘]&l'lﬁﬁlﬂ

U ]
UNANED

A A A a A < A o o
sugauazion laiiiaTsuea luasnoen leagume Wuamsmuguiiianudiny
luszuulszamdiunais @150AUANNITHINIUYDIANEI TUNA189 ATUABAY 1FU
AuguiaIMsveuradlszaIn  AIugNANUBgIAveuFasIzaIN  5INDN AN

~ o A ' o 4
ﬂi%ﬂluﬂ1i!§ﬂu§ua$ﬂ’ﬂuiﬂGUEN’!;‘TIIEN %1ﬂﬂ1’§ﬁﬂ’]&l1‘ﬂw1uuﬂl‘lﬂ’ﬂ mimqmmmmu”lcm

a 1

a a Ia a a 1
uﬂiu’oallumﬂaaﬂ"lwmumﬁiuaum ﬁ?ﬂ?iﬂgﬂﬂ?ﬂﬂﬂﬁjiﬂﬂu‘ﬂfauNWH‘VIN’J%ﬂ"ﬁﬁQ

U

Tynaves PI3K/AKt Tunsasenudy msasdyanuianasvesdugaunionioniualu

a a

4 ¥ a o Ia a
Gtlﬁl)"li]"ll’li]\‘] “ﬁm’;zﬁa@umau” mmma@ﬂ%ﬂ3muazmi‘mqmmmmu"lcmuﬂiuaa”lumm

U

L) &’ d' [ 1 Y = 1 [
aﬂ”l@mwumﬁ“lumawauazmmzmm ulﬂ Ha1y4] NITANHITIYIIUIN MISVYsETMU0IMIg

A A Y I o a Y =< o Y :ﬁy a a
ﬂu'lmuuquﬂummcam YUDINITINATNIITOIU G]Nm"1,1Jgwwmmmmﬁmamaaugau



viii

a a

a R 1 ' ] { o
U,a3ﬁﬂqjglﬂ%ﬂﬂﬂaﬂ“ﬁl@]WUﬁlwuiu fJfJ’Nlliﬂﬂ']iJ Waell@\‘]ﬁﬂ’ljgﬁﬂﬂucﬁa‘l‘lﬂaqéﬂqﬂﬂqﬁ

Qa

@ A @ 3 1 Ja
Sudszmuenns i lusiugeiluszeznatenuiu aemsudaseonveou laiiilsuea Tu

a Ia ~ a @ 1 a o o 1 =
ﬂiﬂﬁ)ﬂﬂllcﬁﬂ“]iumﬁuazﬁﬂ??&ﬂiﬂﬂﬂ@ﬂ%iﬂ“b’ﬂil&ﬁwﬂﬁﬁ’)u gu Tdunue 8Nvl,3JLﬂfJiJﬂTi

Y 9
Y o v J

4 [ 4 av 1 g o o
ATIAOVNINOU AU Inglseaenvenisivelunseil 50%1ﬂ1i@5’3%ﬁ@‘u‘VH?‘I’NZJET?J‘W‘L!‘E

Q

U ¥ a a ¥ 4 U Ia a
sEMINAnzAedugauveuilowedIulae msudasesnveson lmiiaTsuealuaineon

Ia v a o a % ¥ o
Iy Fumealuauediudl Tuauia wazanisiasenoendindu luauesvesny fignanih

Y Aa dy a a Y A LY
Glmﬂ@ﬁm’Jmaaucyaumﬂmmivm]lwuqq

[ o

a <1 Y 9 o JIda Jd ,o0 % 1
et laminmsAne lunyvrmadiugiams (Gwau 20 @) Taouis

=

dninaaesuuguesniuasingu fe ﬂmeumm”lﬂ%“ummsiJﬂa (317U 10 91) tay

'
(% =

' { o o o o 4 1 o
ngunaassn ldsuormsluiugs $wau 10 @) Tasdainaasslunguaiuauilasy
a Yo A o v o a 3 9 @ 2
p15Und vz lasuemshlinasnunnluiufaiuiosay  19.77 vewndsnuniviug
{ U o 1 { % % - { U %
Turnzidainaasslungunanssi 1d5ue1ms luduge aglasuemsndnasauainluiu
a d o ¥ o o ¢ Y
Aniludosaz 59.28 voawalIUNINA HaInn 12 dlaivesns1dems nynaaesez
< o 1 A A o a o a dy a a Ay A 1
ginUAIegIIdeAIaz aNed DN AT ITIMSINAdN 1Nz AvdUgALVeLiBBBd a1

Ja a Ia ~ a o
ﬂ1§l,l,’(3fﬂ\1f]@ﬂﬂl@il@ullcﬁﬂuﬁiﬁuﬂﬁuluﬁiﬂ’ﬂ@ﬂ]l“]i@c]fulﬂﬁ Lla$ﬁﬂ13$m58ﬂ@ﬂﬂ°ﬁm%’uﬂWEJGI,L!

[5\GN

1 o A @ I o Jd o v
HAMIANET WU M3 185 De1s il lviugeiluszezina 12 dam i ldgns

@ [

' Y
LWMﬂJuﬂJ@ﬁuTﬁuﬂ@]’mﬂN e 310w] anﬂumi!fwuﬁumm“lwu“lummzmﬂclumLm%m

v
=

4 o v ' o a gl o d 1
Wou evhmsnSeufoununguatuaui ldsuemsdndiluszezinar 12 dilad wumn

e

' F '

33 mmau«vauiuwmﬁm1u%3ﬁ@ﬂmmmazm%ﬁﬁmuaﬂﬁqmwﬁ@maui}gaumu
S v v o w 1oAY Yo A~ @ I [ 4 1 ]

gavuegniisdngylunquildsue sl luingeiluszeznar 12 dilai ed1alsnaw

ﬂ?mmmmsﬁ SUYsEnu s ﬂ‘]JEUE’NﬂaIFIﬁ ﬂiﬂ]lleiJu’e)ﬁi” Lga“"lmsﬂagcnaillsﬂiuwawau1

9
Glu%’NfJﬂ@WWWiulilflﬂ’ﬂiJLmﬂ@]Nﬂl.l’é)EJNlIuﬂﬁWﬂQ‘Jig?T?TQﬂQN@WﬁWi ﬂ?ﬂwﬁﬂ1iﬁﬂ‘ﬂ1lﬁﬁ1ﬁ

= Ay Yo A ) < o ¢ A v
llﬁ@\‘]iﬁlwuj'] Wiag‘ﬂUlﬂi“um‘l’iﬁﬂnul"lmuﬁdlﬂui$ﬂm’m1 12 ﬁﬂﬂWi UANITDIULLASTNIIY

u

a a

g j‘ d’ 1 a dg! Ia a A
AoduyaUVeILooa U eI mmﬁmaaﬂmmmu"lqmuﬂsuaa“lumﬂaaﬂ”lmmu

U



a U a o 1 ~ Yo A ] I
maluninu cAl vesawesdudl Tluauwavesngunaasei lasuemsid lviiuguilu

9 @

[ 4 1 1 ] {
szezna 12 dlaviuaanatedwitediaa laglsiaanmaalasuulasmediulassadig

o

uagiuiuveusaalszam vaurh annnivasendatunieluauesueangunAa e

A @

Yo A o I [ s A X 1 o = v 2
lasvernsnd luduguiluszezina 12 deamiiannuiueisiived Ay namsany11asa
A 2 a Y o v oo a Jd
ﬂ15LW3JﬁH6U’ENﬁﬂTJ$!ﬂd§Elﬂﬂ’ﬁlﬂclim“]f‘Hﬂ'lEJ‘IUﬁiJﬁNﬁﬂ’J'liJ’ﬁll‘W‘L!‘ﬁﬂ‘]J‘W151llmE]5{5]N”] UBINIT
a zil a a til A J dy A =)
mﬂﬁmaxﬂ@@wyaummm@wamuﬂmﬂ HINIINU mmama’aﬂmmwmmu%muﬂﬁ
a ) a 1 a @ v A (% v Jd o
uaa”lumﬂaaﬂ”lcm%umaslumnm CAl mmﬁummuaﬂiﬂmu‘wa PIUANUTUNUTNY
A da! = a U 9 ] [ z:i
MIINNUVUVITN1IZIAT IR0 NFIAFUN Y I UdNOIAIBITUAY Tﬂﬂﬁ?ﬂ NITLUTANDDNNAAA
Ia a ) a U a Y =~
Guml,au'l%muﬂiuaa"lumﬂaaﬂ”lcmcnumﬁslumnm CAl ﬂl@ﬁﬁﬂ@ﬂﬁ?uﬁﬂiﬂ!mu‘iﬁlﬁ RERFY
' Y
ﬁ'”llfmiliﬂﬁnﬂﬂ']ﬁL‘Wllﬁ‘Llsll@Qﬁfﬂ')gLﬂdﬁﬂﬂ@ﬂﬂ“ﬁ!ﬂﬂfuﬂWfJGluﬁ‘JJ’ENLlagﬂ’JnﬁJﬂWifl\ﬂuﬂ"ﬁﬁ\i

o a a @ o { @ <
dyaravesdugaunieluszuvilszam vasinmssudsemuermshi laduguilu

szozia 12 duat



