' I
W0 INeNANUS mafasunasmshanvesnszgnlunyiinedodugaunin
| o a @ J
ﬂ']'il“l’i‘ﬁﬂ’)lﬂiﬂﬂﬂﬁﬂufﬂﬁ'l'illslliJuE;(\HmZﬂTwﬂ']'i‘lﬂﬂ8@31%1!

ma Inawesd 1suuu 12 dlasd

Y A a [ a
HIvg UNAN Ayyal sau e
Sayan MeInaasuMIIUNg (IndrINng)
d’ [ a a -4 I v
anzNssuMsnU3nm A3 Ny, ATMEATY TWENMUUY pmsdnSnyvan
an [ a s 1
IAATNNY.AINT BATNNING pmsdnfinu
a J @ a s 1
ALATUN. UWUT RATNANING pmsdnfinym
A @ b4 = '
WAL A9, WRNWE QY 3ol psdnfiny
U v
Unnanee

k4
A o

{ [V~ i A a a a 1
Tsawvinudsznni 2 3ailuTsaEesannanANuAalnAYDITLULINUNUBANYDIT1INY
=\ dy T A a = A Y I 1 9 [ @ dy a a
HAZUNNIEADADD UL miﬁnymmumuaﬂﬂmwmwmmmuimﬂummaaucyaumﬂmi
[ A A 9 I o Y o d 9 ~
fmﬂiz‘nmmmfmu"lwuquﬂuszﬂmmmu m“lwmwnmummgcmamnmzsﬂﬂmﬂ”lﬂi]u
) ' = ' Y dycu Y I 1
uw"hJqmazﬂsz@ﬂwguiuﬂﬁzaﬂmmﬂﬂﬁ AITANHINOUHUINTILAAI I ITUIINITVIA
4 o 9 a Y~ 9 [l I~ 9 1 1%
o5 luuma Inmae lsuhldinalsanszanwgu 1aondae od19l5nam navesn1izeIuswnu
14 1 o @ ] A 9 o = 1
msﬂnﬂa@ﬂuumﬁTmfmaTsummsmamm'eNﬂszgﬂm“lmﬂﬂu@mmsﬁﬂmmmu 1u
= Z’, dy g’/ a 1 I'4 d‘ o Y a 1
NTANHIATIULT 1T NNAF I N5v19803 luuma Inaws Isurdedilinaanuunnsos
4 [ a a 4 o a 4 []
Gljmmiﬁaﬁﬂumunmawgau”luwaaﬂi:sg]ﬂ mﬂﬁ’mﬁ@ﬂ%mmmaaﬂss@,mmzmmwmuuu
k) o Y [ 1 1 = 14 1
YpINITgNanad tazANeIUI la1zaInarudalunynvinges Inuma Iname 1susd
¢ v Jda o o ] I~ [ 1 @
Ae 114mi?iﬂy1ﬁ1%’wgm*mmwmpaﬁﬁmmu 24 ¢ wiaviyeoniilu 2 ngu nguazl2 @1 Ao
v 9
ﬂquﬁ"lﬁ"mmswmmmammzmam%’naaﬂ (bilateral orchiectomy) ttaznguaiunu (sham

. o IR Y Yo o g I o d kS 1
operatlon) waqmﬂmmwgmwmﬂz“lmummﬂwmﬂmzﬂznm 1 ddavi VINUUNYUATS

=

' v I 1 1 A 1 Yo a [V v Aa I Y
ﬂ’qngmmwamﬂu 2 NYUYDY A NYNN ﬂi‘]J®1ﬂ1iq{5]iﬂﬂﬁ(1ﬁ|ﬁ\‘iﬂuﬂ1ﬂ1mMuﬂﬂlfﬂu‘iﬁ]ﬂﬁ%
@ o VoA Yo @ @ v a o 9
19.7 U9INAINIUNIHUA) uazﬂqum”lmummi”lmuuga waanun luiuaailu $esay 59.3

@ e < @ s A 2 [ A 1 1 1
YoINAIIUNIHNa) 1Wunal 12 ddant edugadiaii 12 @eavosnyuaaznguldun



'
1 =

1 Y
nguaugulasueisgasind (NDS) nquitlasumsridamIdumz gt weonuaz

lasuesgasng (NDO) nquadugui lasue s luiugs (HFS) nquit lasunsrdaie
[ ?zl.l [ o I § a 4 @ %’
sumznedesioontay 1d5u01115 lvaiuge (HFO) azgninuiielins1zHszauiiiaa,

a a

4 14 @ yw 4 1 A a @
PUYAY, AADITIADTOA, 305 IuUMa INTA0s 151, AIFIAN1IZABABDUYAY HaZTTA
. g’/ 1 1 9 I A o a d 9
osteocalcin 11nHunTzgNVIMOUANT RNz LN 11U Tns 124 Taseadwueenszan
: s o a s o . . 1
Taelginseudndisdneununesszan lulasmas (Microtomography or micro-CT) &2u
Y Y ° [ ¢ A q9ny % £ o 2 A,
nszanuedneazgniitlidosdaeu lame 19 e radnszqndainuwiziaes oiinig
a o o 4 o . o . -
Usziiiu 1) aﬂymzm"lﬂmmwaaﬂszﬂﬂiﬂﬂmim alkaline phosphatase ttagn1 alizalin red
a . IR 4 - g {
staining 2) msutsfveasaanizqn laeldas alamarBlue cell viability assay wag Tisaun
1 4 A o 4 - 4 a
UVaFDImamuiIuInveawaanszgn (Cyclin D1) 3) msaigvousaanszqn laeldas
1 [ a a 4 a
TUNEL assay tiaz 4) misaadygisvesdugaunislumadnszqn lagds western blot
- = a {a a 14 U
analysisTaggi/suamsianeaanougansmwaosuay 1ilsau Akt #an1snaasanyn
k4 Y H 9
AzAedugaunaTumMznyn 1asue1m1s luiuganniu (HFS waz HFO) Tagiaainal
H Y 1}
HOMA index figaaiufe 26.6 + 3.0, 25.2 + 4.1 awdau eununyngui Idsuemsgas

Un@ (NDS uaz NDO) fie 14.6 + 1.7, 17.2 + 3.2 aud1a seavees luumaInmae Isu

]
1 ~

v A o o w aa Yo 1w o g’/ 9 Yo
ZWY(,N@ﬂ103J1!EJﬁ1ﬂig1/lN’ﬁﬂﬁiu1’iuﬂau%1ﬂiﬂﬂ1iWW]@]LE]W@‘EM“V]$ﬂﬁﬁﬂﬁﬂl1ﬂﬁ)€)ﬂllﬁ$1ﬂiﬂ

Q

v
=

01m13gaslnd (NDO) vunguarnaui 185ue s luiuge (HFS) waznynguit185ums
vhéi’mmé”mmzv‘?’qﬁm%’N'aeﬂuaz”lﬁ'%’ummi"lmﬂ’uz;m (HFO) (0.07 +0.01, 0.46 + 0.01 az
0.15 + 0.06 ng/dl, muaiau) LﬁimiﬁEmLﬁsmﬁ'um,gﬂtcjumumJﬁ”lﬁ%’ummiqmﬂﬂa (NDS)
(0.75 + 0.2 ng/dl) AnuvuIUUYBINTZAN TuaIu trabecular aﬂaﬂuwy’m’cjuﬁ"lﬁ%"umi
sdaesamentanstuesnuaz 1dTuemsgasnd (NDO) nynguaruguit 1d5ue s
Jafuga (HFS) unzvynguit IdTumsidaesamznagesthsesnias Idsuemns luiugs

(HFO) (126.9 + 11.1, 140.9 + 15.3, 155.8 + 10 mg/cm?, awddu) iienl3enidiou Ny

]
1 =

ﬂfjuﬂ’;muﬁ”lﬁ'%mmﬁqmﬂﬂa (NDS) (203.4 + 14.4 mg/cm®) iaanszgn lunyngu

Q

9 v
lasumsrdaedumz o oaniaz lasuensgasing (NDO) niynqualugui 145y
1 9
14113 luiiuga (HFS) naznyngui 185 umsidaeisumziidesdwesnias 1a5001113
lusiugs (HFO) imsuissanasuas Iimsudasesnveelilsau Cyclin D1 Nanasuaziinig

] vy 9 !
mammmaﬁﬁmuﬁu uaﬂmﬂuuﬂqwmwﬁmmuﬂWimﬁuamws?mﬁagapmawgaummmaﬁ

]
1 =

9
nszgnlunyngu ldsumsidaesumzniaestnoenuas Idsuemisgasnd (NDO) 1y

Q



H S
I3 v v [

nguaruguh 1dsue1ms luiuge (HFS) uazvnyngu lasunmsidaio1dumeniaesdisenn
uaz lasuens lvduge (HFO) msasasvesmsauoawlalidisudugau (IR) wazTi/sau
Vv Y Y
windl (Akt) lunyawnguiiulilanuuanarsnunielungu msaneluasatiagllan ms
4 ~ ] = A Y ~ 1 = o Y a &’

g0 luume Indine I5UNe908191R8IMT0ANNDIUINEI0E1RsI T T DI 1 InANTAD
" A a 4 ~ o 1 a [] I

avougaumelumadnszgnuazmionildgmanannz lsanszenngu odrelsnaim anu

sl @i IR azdnanudaslunyiniaees luuma Inaae Isusaudae



Thesis Title Change in Bone Functions in Rats with Insulin Resistance
Induced by High-fat Diet Consumption and Testosterone

Deprivation for 12 Weeks

Author Ms. Pinyada Rattanachote
Degree Master of Science (Pharmacology)
Advisory Committee Dr.Saranyapin Potikanond, M.D. Advisor

Assoc. Prof. Dr. Siriporn Chattipakorn Co-advisor

Prof. Dr. Nipon Chattipakorn, M.D. Co-advisor
Asst. Prof. Dr. Puongtip Kunanusorn Co-advisor
ABSTRACT

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder associated with insulin
resistant condition. We previously demonstrated that an obese-insulin resistant
condition induced by long-term high-fat diet (HFD) consumption markedly impaired
osteoblastic function leading to osteoporosis in the jaw bone. Previous studies also
showed that testosterone deprivation lead to the development of osteoporosis. However,
the effects of combined obesity and testosterone deprivation on bone funtion have not
been investigated. In the present study, we hypothesized that testosterone deprivation
impaired osteoblastic insulin signaling, decreased osteoblast survival, reduces bone
density, and that obesity aggravated those deleterious effects in testosterone-deprived
animals. Twenty four male rats were divided into sham-operated and orchiectomized
groups (n=12/group). A week after the surgery, the rats in each group were divided into
2 subgroups and fed with either normal diet (ND; 19.7% energy from fat) or high fat
diet (HFD;59.3% energy from fat) for 12 weeks. At the end of week 12, blood samples
were collected from all rats [sham-operated ND rats (NDS), orchiectomized ND rats
(NDO), sham-operated HFD rats (HFS) and orchiectomized HFD rats (HFO)] to
determine the levels of glucose, insulin, cholesterol, testosterone, HOMA index and

osteocalcin levels.  The tibias were extracted to determine bone mass using



microcomputed tomography. Furthermore, osteoblasts were isolated from rat tibiae in
each subgroup, and were used to determine (1) osteoblast characteristic using alkaline
phosphatase and Alizarin red staining, (2) osteoblastic cell proliferation using
alamarBlue cell viability assay and proliferation protein marker, Cyclin D1, (3) cellular
apoptosis using TUNEL assay, and (4) osteoblastic insulin signaling by measuring
insulin-mediated insulin receptor phosphorylation (IR-p) and Akt phosphorylation (Akt-
p). We found that only HFS and HFO groups were developed peripheral insulin
resistance as indicated by increased HOMA index (26.6 + 3.0, 25.2 + 4.1, respectively),
compared to that of NDS and NDO groups, (14.6 + 1.7, 17.2 + 3.2, respectively). The
testosterone levels of NDO, HFS and HFO groups were significantly decreased
compared to that of NDS group (0.07 + 0.01, 0.46 + 0.01, 0.15 + 0.06 and 0.75 + 0.2
ng/dl, respectively). Similar to testosterone levels, the trabecular bone density was
significantly decreased in NDO, HFS and HFO groups (126.9 + 11.1, 140.9 + 15.3,
155.8 + 10 mg/cm?, respectively), compared to that in the NDS group (203.4 + 14.4
mg/cm®). NDO, HFS and HFO osteoblasts also demonstrated the decreased cell
proliferation, decreased Cyclin D1 expression and increased cell apoptosis. Moreover,
the impairment of osteoblastic insulin signaling isolated from NDO, HFS and HFO
groups was demonstrated as indicated by the decreased IR-p and Akt-p. No differences
were found among NDO, HFS and HFO rats. These findings indicate that either
testosterone deprivation or obesity could impair osteoblastic insulin signaling, leading
to the development of osteoporosis. However, obesity does not aggravate those

deleterious effects of the testosterone-deprived condition on bone.



