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Abstract

Diabetes causes alterations in female reproductive function including impair the function
of insulin receptor and signaling in the ovary. Insulin receptor substrate protein-4 (IRS-4)
is widely distributed throughout ovarian compartments, including theca, granulosa and
stromal tissues. The experiment was determined the expression of IRS-4 in rat ovary
with streptozotocin-induced diabetes. Twenty-six Wistar rats, weight 200-250 g, 8 wks of
age were used. Animals were divided into 2 groups: treatment (n=13) and control
(n=13). Animals in treatment group were injected (i.p.) with a single dose of
streptozotocin (STZ, 70 mg/kg). The plasma glucose level was significantly increased in
the treatment group compared to control group (P<0.05). The mean body weight tended
to decrease in treatment group. The degeneration of pancreatic acini (H&E staining)
was observed in treatment group. Immunohistochemistry showed the expression of IRS-
4 in theca and granulosa cells from both groups, but the results were not significant
different. The IRS-4 expression from treatment groups tended to be decreased in theca
and granulosa cells. The results from this study suggested that the alterations in IRS-4
in the ovary may partly be associated with the STZ-induced diabetes. This information

provides basis for further study the impact of diabetes on female reproductive function.

Keywords: Diabetes, Insulin receptor substrate protein-4 (IRS-4), Ovary, Theca,

Granulosa, Rat, Streptozotocin
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nInaaay Phase 1

Preliminary Study
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Wabudwimmduiumnu lasdasfidingloaluifon 400-500 mg/dL finoazidoad

A13197 1

17197 1 wsasszaunglaalwian (Preliminary Study)

Blood glucose (mg/dl)
Groups Time relative to STZ induced-diabetes (day)
-1 +2 +5 +6
Control (C1) 164 134 276
Treatment (T1) 140 998
Treatment (T2) 142 270
Treatment (T3) 138 208 392 490

WNBLAG 1. Wi T1 uaz T2 meluiui 5 naananieah
2. M3muaNany C1 (Thiopental 30 mg/kg i.p.) Y0 5 Basmaniteth

3. MIMUNA%Y T3 (Thiopental 30 mg/kg i.p.) Fufl 6 wasnITnit
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ldsudyiitnsamanmenszuiunmemeduyuludaland  ldund  nsUsuszeu
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a. control anti-IRS-4 1:50 b. control anti-IRS-4 1:200

c. treatment anti-IRS-4 1:50 d. treatment anti-IRS-4 1:200

AN 1 LLﬁﬂx‘lﬂ’]‘J@l‘S’J'im’N?Jllﬁ%l%ﬁﬁi@]Lﬂfl IRS-4 1%%'\1vl°1imﬂﬁhm§jumqu (a and b)

LaENFUNARSY (c and d) NazauaNUTNTUId anti-IRS-4 1:50 Uaz 1:200
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13 @1 Mmuntehmulungunaassliiduiumnudisnsfa Streptozotocin (STZ;

Sigma®) Tuswna 70 mg/kg 1 0.1M sodium citrate buffer (pH 4.5) [ihTasriasnsaLien
dm%ﬁumﬁumuguﬁmﬁﬁ@iﬁmﬁa (normal saline; vehicle injection; i.p.)

maiuaen

MsiiuReanyn 6. Tootfuannidwdaaiinng (ateral tail vein) Suasuanits
Surawmawnieaingas STZ aunszneiui 6 nasnsniisarh Lﬁ"amnszé'mgiﬂmﬁa
Budwimmiuininnm I@ﬂ@mﬂszﬁmgiﬂﬂmﬁa@Li’lumwﬁ lasfinmsiingiszauy
nalaalwion = 500 mg/dL azfiaiwwduwnnauuazinmIniyaeana (Thiopental 30
mg/kg i.p.)

ATHIRAMIEn

ﬁwmi%‘am{mﬁfﬂﬁhmﬂﬁmﬂfu Susmndnisiutansmanionings STz
INNTENITUN 6 NEINTRILT

N13IA3IINIIANLN5INEN (Histopathological studies) uaz

Immnohistochemistry

WAININM IR ANY sufiusudouuasssloviud  wazsilugluinen
Formaldehide 10% annuiu 24 saluawasuiiy Ethyl Alcohol 70% NI HW
ﬁ”'u@aumsm’%amﬁalﬁamagawm%’?wm Toglgsansluuianwis@in  uazdadwita
maalrianunundszanm 4-5 lwlasuas uddand H&E m’mmmlﬁﬂﬁaaqamiﬂﬁ
WRIFING vﬁamuns:mumsma‘ém&uiu%a‘[@Lﬂﬁlﬁammm IRS-4 launssuIums
neBuyuludaland  azlfinafla  Avidin-Biotin-Peroxydase (Vectastain ABC-Elite

standard; Vector Laboratories)
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szauianaluidan

WU mMIswmisningismiae STZ luawe 70 mgkg b 0.1M sodium citrate
buffer (pH 4.5) nTasrasipnssden mmmmﬁmﬁﬂﬁ%wﬂmmmwﬂﬁmstu
2R 6 % I@ﬂwm:ﬁwaai’fwmalmﬁa@Lﬁu%uluﬂa;umaaoéfmﬁmml,l,@ﬂ@mamo

fupfAaynaia (P <0.05) asuaaslunIng 2

700 —a—control (n=13)

600 —m—treatment (n=13)

"y

o

=
1

400 -

300

200 -+

Blood glucose (mg/dl)

100 -

Time relative to STZ induced-diabetes (day)

NN 2 usasdafovasszaunglasluian (mg/dl) (mean + SEM) lununga

ﬂ@ﬂﬂdLLﬂzﬂ@;Nﬂ’lUQN
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300 ——control (n=13)

——treatment (n=13)
250 -

Weight (g)
[
o
o]

150 -

100 T T T T T T

-1 1 2 3 4 5 6

Time relative to STZ induced-diabetes (day)

NN 3 LLam@hmﬁﬂﬁmﬁfﬂé’mH (g) (mean + SEM) Iuﬂéjuﬂ@aaaLLa:ﬂiju
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msﬁn‘mmagawm%"“mmmaoéfudau WuNsHaAIuad pancreatic acini 8819
U g U { A { v Qs U g
mumlunqwmaaa (LRAILUAINN 4) Tanedasnunslediuas Beta  cells  bu

pancreatic islets NNAVaINTRRLN IRTAINaaa Ll LI RINUGID STZ

NN 4 URAIIANENTINNVBIAUBaUNHNGIBE Hematoxylin and Eosin annyngs

AIUAY (a and c) wBNFUNARDY (b and d)
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msﬁnmmaﬁugufuaafmLﬂﬁtﬁamsaawﬂ IRS-4 Tu39la

midnsnsBuyuludalondl  wunsuseseanvas IRS-4 lu Theca uaz
granulosa cells 1u%'\1vl°1imamhkﬁg\ﬂuﬂ§§umaaaLLaznsjaJmtuQaJ lagwuINNIuEaIaanvad
IRS-4 1 Theca Waz granulosa cells ﬁy’ﬂumjumaaaLm:mjumquvlaiﬁm’mLmn@haﬁ'u
nafid (P>0.05) winwuimiuaadaanzed IRS-4 Jumilivaaaslungamanes asuaas

Tuwnwi 5

NN 5 ugeinIaTaneBayuludaland IRS-4 lusslinnnynguaiugu (a and o)

LLa:ﬂ@luﬂ(ﬂaad (b and d), mmﬁmguuwﬁwlumw a LL&®J negative control,

TE = Theca externa cells; GC = granulosa cells.
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ﬂﬁ%’mzﬁgﬂﬁmﬂ"ﬁasi*muwiumﬂlmmmaamfm6] WNaLARe IRFaINaaadLie
LW (Konrad et al, 2001; Akbarzadeh et al, 2007) lag STZ azldvinane beta cells
YIALBOURINALAFATAANIZILIRINUANNY (Wu and Huan, 2008) LiNaANEHAT8Y
Aa A o ¢ ' '
Ismmmmmms:uuauwug % NNINARBIUBYI McLean Lazamhe (1996) 189 1WIN
uwn*ﬂﬁgﬂmﬁmﬁ'ﬂﬁﬂmmmm@hUmiﬁ@ STZ aznuANNRAUARINEINUSTUY
ﬁuﬁuﬁfﬁamsﬁmmmaomaaLﬁaﬁ@ﬂﬂa aim’mﬂaﬁagl,ﬁam@m LRZEINUINTEAUV IR
a & A o [ =< A '
\AesauagasluuANad TIFEAARBINUNNTANENUEY Ballester wazaAmhe (2007) WL Wi
LL‘mﬁgﬂmﬁmﬁﬂﬁlﬂmmmwﬂ@Umiﬁﬂ STZ  azvhlviiamaaswulasluszuy
FUNUT Ao waa lide szauvadaaslun FSH uaz LH ludiuaaatatneflinbdan a9
InsUfountadved FSH waz LH receptor lusdladnday  wddsldwunsansni
=2 . . [ ' o ¢ A A °
NPNUDINIUFAIBBNVDY insulin receptor WAz IRS luidvlwaaammaaa‘ngnmumm
T uinman
NNNINAFBIUATIRNLINMTRALIMenTaa STZ Tuuwia 70 mgkg 1w
0.1M sodium citrate buffer (pH 4.5) 1iTasrasiBIaTIALY MunInmae iy
& U a [ 3/ A A' ; 1
Wwtuinawlanioluszoziian 6 Tu I@mwmmwaau’]maluma@qugamuluﬂqw
‘é 1 1 = o = a A Qs g: [~ Q
NasITIIAMALANEIIB LN NRIRIALNIEDE@ (P <0.05) muu%wm%amua@fﬂ@aao
d'dn:l' d' o v A d' R =S 1 =\ %
m*nmmsmmumml%m@memmalﬁﬂnmmwamaummm@m:uuauwuﬂuLWﬂ

el
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wananil Nam‘smaaaﬂ'&wudﬂﬁmﬁfﬂﬁ’maa%kﬂumjumaaaﬁumiﬁwama &9
MyaaasUasinningLdsomInaafineatewitiasmaifianizimnw  Tagainwy
safuamIneadinang leun Tasnazannduuasfwianiu

msﬁﬂmmaﬁ;awm%‘iﬂmmaaﬁuéau WU é’uéaﬂumjw@aaawumiﬂaéfﬁ
2oy pancreatic acini agnaauda (usaslumndl 4) FufpiTasiunsiladias Beta
cells 1 pancreatic islets eI SR M dwunwinuaas STZ Semeanaasiv

INLIWYDY Holemans wazatwe (1997) ez Akbarzadeh azate (2007)

msﬁnmma'ﬁm&ﬂu%a‘[mmﬁl,ﬁamnm IRS-4 lusild wamInaaaswuny
LEAIeanUDd IRS-4 113 lwaadaiia granulosa Uas theca ﬁalun@umaamazﬂajumuqu
udlifanuuandanwnIgia (P>0.05) uansii ufiindnawumsugasoanas
IRS-4 lungunanasfiuwaliuaaaslu granulosa uaz theca cells Fanamnasasiinide
1 mIasuudsswesmIuaaioansey IRS-4 granulosa W&z theca cells JWa
Adaslagassanmanienhlwiduwne  nmsenaensswudt - S9mdes
e lifiGesftlarimsanennisugaseanues IRS lussly 1w nsAnwves Richards
(1994) Muuny IRS-1 ludalainuumn MIAN®IVEY Dunaif Lazamse (2001) LAY
Yen uazanss (2004) 8UNY IRS-1 luTilavaian MIANBIVEY Negavova WAL
ATAZ (2007) @TIAWL IRS-1 Uaz IRS-2 lu theca uaz granulosa cell luiildvasnylud
MIANEVEYI Somchit-Assavacheep uazaAmss (2013) @TIAINU IRS-1,2 Uaz 4 luTilavad
Nz &9 IRS-1, IRS-2 uaz IRS-4 f:ﬁmuf%ﬂﬁtylum:mumsw’%fyL@UI@]LLazﬂ’]sLLﬁaLﬁmﬁ
yasly swlddensanls Tag IRS vhmshfiifendaslunssuinmssaaseiaaslunwion
laslanlaziaalasian

IRs Afunwuluilagiud 4 ¢ 'léun IRS-1, 2, 3 uaz 4 (Sun et al, 1991; Laven et
al, 1997ab; Giovannone et al, 2000; Fantin et al, 2000) WU IRS-1 SnifgaTasiy
NIzUIBMILLNA LM YIAUlavaTas (Withers et al, 1998; Kido et al, 2000)
MIANMANaIlUAUAALAINUTNTIN (gene knockout) 73 IRS-2 zwueuAaUnd
lumsWamvesuaaadlududean inanzdudugdn (insulin resistance) ¥inldgnis
Aalsamann wenanndi InmMIAnEaas Withers (2001) T1891W37 WRAAUG
Wugﬂsiwﬁvlﬂﬁ IRS-2 %W‘umﬁuvl,&iamﬁlifﬁﬁufﬂmmﬂLﬁ@mmﬁ@ﬂﬂaﬁvlﬂﬂma’lﬁa
daunndns wazdaly MliszuufuiuiieUn@de Silisliawnaidn Suaunesiidaaass
laidaadagiiion  uazfanzlianly SIReARRBIAUMIANENYEY  Fantin UAZADA
(2000) ‘ﬁﬁ’]ﬂ’liﬁﬂﬂ’]luﬁ%ﬁ@LLﬁdﬁugﬂiiNﬁqﬂﬁ IRS-4 ﬁwummﬁ@ﬂﬂ&ﬁmﬁ‘mgﬂﬂa
WwanUeAmuTINTINUANNAaUNGAS e d% IRS-3 wuinlifianufsdeeny
nalasuauafaw Lﬁaqmnmiﬁﬂmlu%ﬁ@LL@ioﬁuqmsu AU IRS3  wuh
é‘mfﬂ@maaLmhﬁ?u"l,ajLLammmsﬁﬁ@ﬂﬂaLﬁmﬁ‘unQIﬂmm’maaamwiazi'lﬂm sumslal
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wuaNuRaUNAlwITUUFLRUTAIY (Liu et al, 1999) INHAMIANHININITUNARBIAI
dl 1 v U Y & 1 & = [ 1 w o a dld o s
ANENTIIAN  UEAILFARIY IRS-2 uay 4 \dudmdirudriusugiuniianuimdngus:
Neatasnunglaswauedauaniga (Giovannone et al, 2000; Fantin et al, 2000)

sugdulianuinedasiumsdianziaidosesdaasluuluisly (Downing et al,
1999; Wu et al, 2000; Wu et al, 2003; Scaramuzzi et al, 2006) JINDILNLITRINUNNT
NAUWIVDINDRRLARLAZNITLUIAIVEY theca WA granulosa cell (Adashi et al, 1997;
Poretsky et al, 1999) Wu1 insulin receptor agnszanamluluiilivasauuazdainay
7@ lauwy insulin receptor AU theca, granulosa, oocyte wazLibaLdatNyING
(Poretsky et al, 1999)

a o a a s 6 = 6 (g 1

aumgmmimmmaaawgaulumzmumsmLmﬁmammamaaﬂuﬂmﬂm
(SUNBUTAUNILGU insulin receptor WAz IRS INUH IRS ALHINYYIMUAILANMT
o ) . . . . ‘é o 1
NINIBHIUNIY gonadotrophin-stimulated cAMP/PKA signaling pathway sﬁdﬁlzuﬂ‘lﬂgﬂ’]‘i
g 6 =) 6 =1 = 1 =1
FuAsviafssanaaaslunli theca waz granulosa cell  AmsdAnm wuin IRS &

o @ ] A o A A v L . . . .

m’mmmy@]aizuuauwugﬁmmmma\ﬂ@mmaﬂ‘u insulin signaling pathway (Burks et al,
2000; Johnston et al, 2003; Yen et al, 2004)

MINARDINBUONAIFAT (in vitro) WU BugAUNTTUNMIFILATEARLAD TG
Fa5lunly theca waz granulosa cell 33 lavasgainaosiia leun wne (Campbell et al,
1996; Campbell et al, 1998), Ta (Spicer et al, 1993; Gutierrez et al, 1997) URSENI
(Zhang et al, 2000) I@Uwudwﬁwgamﬁm"iTaoﬁ'umiﬁwmmaaaaﬂmu FSH ¢an1y
o & =i o o
Fuanzrzaslunealasiauiazlusiasaalsuli granulosa cell waz LN8TeINUNNT
Mauvedszaslun LH dannisaasziaaslunianlasianli theca cell (Nobels and
Dewailly, 1992) MIAN®IVY Poretsky Waz Kalin (1987) Wuii AWTRL
= a a 1 Q U v = 1 v &
wiodugAuwivzeilan LH smwsanszgunmiaiigeilausenlanauluislyld &9
ROAARBINUNNIAN®IVEY Dunaif (1997) AWLT1 A1IzMIAa hyperinsulinemia 3e¥in 19
\ia  hyperandrogenism @1uan  Sewuldlugiefiuaasainisves polycystic ovary

v & 1. a A o {o o o =
syndrome (Corbould, 2008) LLamMmm’]auﬁgamﬂummuquﬁmmymvmamami
v 6 = 6
AT RRLALIRUATAT LN

miieanuiauUn@lunainusas insulin receptor waz IRS Tuisly vzl
ANNUNNTaIlUNTZUIRNNTFIATITA R AUToGTas NN §INAALNANNRAUNA Iz UL

e v A U ™ 1 { ] g:
ﬁuwuﬁj'l,ﬂ mﬁ]:wuvl,éﬂu;dmUﬂ%aamfﬂ’mﬁl,ﬂul,mmm (Krook et al, 2000)  2ibhh
M3anEN A TIRANUNITIURIULURIVBINSUEAIDaNTEITEAU IRS-4 slu%'avl,ﬂli&lwkkﬁgﬂ
A ° v A2 A > =< =< '
mnih ilwuimnudsdianuimaglunmsdnsiinasasnziuimnudanna
a a A a = ] A & 6 1 ] % (%
N@ﬂﬂmaaszuuauwuﬂmwmumm"l;ﬂ mauﬂuﬂszimuamamnmamswwmmmg

A s Aa ' A v & A & = A o a
In El’)ﬂiJIiﬂ LUTAIMUNUNRIEG ﬂiZUUﬁ‘LI‘W‘Wq LWE]L‘]J%LL%’J‘Y]’NI%TTW??ITTH"]W BN AV
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INTRODUCTION & OBJECTIVE RESULTS

e Biomedical research associated with animal model for
diabetes has been developed. ~800 ~-control (N=13)

e Diabetes causes alterations in female reproductive function %600 treatment (n=13)
including impair the function of insulin receptor and £ ] I ] I ;
signaling in the ovary. % 400 | l I |

e Insulin receptor substrate protein-4 (IRS-4) is widely § I
distributed throughout ovarian compartments, including 5200 .,
theca, granulosa and stromal tissues. § 0

e Streptozotocin (STZ) is a broad spectrum antibiotic and o -1 1 2 3 4 5 6
anti-neoplastic activity. A single large dose of STZ can Timerelativeto STZ induced-diabetes (day)
produce diabetes in rodents, resulted from the degeneration Figure 1 The mean + SEM plasma glucose concentrations
of the beta cells of Langerhans islets. (mg/dL) in control (n=13) and treatment group (n=13)

® The experiment was determined the expression of IRS-4 in

rat ovary with streptozotocin-induced diabetes. 300 ~control (n=13)

MATERIALS & METHODS . treatment (n=13)

e Animals: Twenty-six Wistar rats, weight 200-250 g, 8 wks of ?250 I i ! : T —
age were used. All animals were fed with a standard diet and _-%200 1 : i I | i I
chlorinated water ad libitum. The animal room was g 150 :
maintained the temperature at 20-25°C, relative humidity at
50-60%, light : dark cycle at 12 : 12 hrs. 100

® |[nduction of diabetes: Animals were divided into 2 groups: T_ilmerelétivetozSTZ in%uced—giabeteg(day)G

treatment (n=13) and control (n=13). Animals in treatment
group were injected (i.p.) with a single dose of STZ (Sigma®;
70 mg/kg), the animals in control group were injected with
normal saline (vehicle injection).

® Blood collection: Blood samples were collected from lateral
tail vein from all animals starting at a day before STZ
induction until day 6.

e Body weight: All animals were weighed once a day from the
day before STZ induction until day 6.

® Evaluation of diabetes status: Animal that had plasma
glucose level = 500 mg/dL, was considered diabetes status
and was euthanized at this time.

e Euthanasia: All animals were euthanized at the end of
experiment.

e Immunohistochemistry: Pancreas and ovaries were
removed for further analysis by H&E staining and
rcchisochomsty, resperthel e e e el

DISCUSSION & CONCLUSION an e q frea

e |n this study, we ensured induction of diabetes in rats, in group (b and d). Aows Indicate prancretic acini.
which clinical signs of diabetes such as hyperglycemia,
weight loss, polyuria and polydipsia were seen within 6 days
of STZ injection.

® The degeneration of pancreatic acini were observed in
treatment group, these results might be associated with the
destruction of the beta cells of Langerhans islets.

e Immunohistochemistry showed the expression of IRS-4 in
theca and granulosa cells from both groups, but the results
were not significant different. The IRS-4 expression from
treatment groups tended to be decreased in theca and
granulosa cells.

® The results from this study suggested that the alterations in
IRS-4 in the ovary may partly be associated with the STZ- ; ; :
induced diabetes. Figure 4 Immunohistochemistry of ovary showed the expression of IRS-4 in theca and

® This information provides basis for further StUdy the impact granulosa cells from control group (a and c) and treatment group (b and d).
of diabetes on female reproductive function. Inset in (a) showed negative control. TE = Theca cells; GC = granulosa cells.

Figure 2 The mean + SEM body weight (g) in control (n=13) and
treatment group (n=13)
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