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BB MR MR SRR R AR REY], HAERE R KA K i i
PIE F S5 AU Bl Ak ) AR BDIR S A i A e 23Rk ¢, i B = BcAE R W
fIEATEETE R Wik, A G@Ec EEES IR %= (Streptozotocin, STZ)
FEST/INER 1 BUBE RIS AY, PRI ME . ZUER AR R R A R R R A LA A A
R, NBEIRIR SR KRR BE AR i1 SR AR B IR AR

Tk WSEHEVE BRI, DIBROPE, REWE—, BN 11 H, 5
A QUFETIBRA (OVXD) , QINEYIBR+IEEES STZ (OVX+STZ) , ®
P BT B+ 5 a0 S STZ+ K2 RSt 0.01mg/kg A= 17p-#E —EF (E0.01) , @UYP
HYN RIS ES STZ+ % RIES 0. 1mg/kg A= 17p-1 —FF (E0.1) , ®YIELY)
PR+ RS STZ+ R N iESS Img/kg ARE 178-ME —FE (E1) , ©UPETIBR+IEIE
ST STZA R RS 0.1mg/kg A BAART (P0.1) , @UNETIBR+IE IS STZ+
B RS 2mg/kg PR BEARER (P2), @Y S IBR+IE RS STZ+ N4 8mg/kg
REFRE (P8) , @UPEIFR+IEIEIES STZ+E N A IS 0. 1mg/kg 74 2 M
TN 0.1mg/kg 1A B FAAEHZL (EP0.1) , (OUNEIR+HIE ST STZ+ % N & 3F
TS 0. 1mg/kg 7R E 17p-ME BEA 2mg/kg (A E B AR (EP2) , @UNEVIK+IE
Ve S STZ+ 5 F & JFiE 5T 0.1mg/kg A 5 17p- M —BE A1 8mg/kg 14 5 55 1A B
(EP8) . STZ #%%F K 50mg/kg PR H {7 S LG R v RS 5 K, [RIB R R R R
ST L 17B-UE BE B AV AT 17B-0E AT S A o A 0 A A A 1K
SR G, AT R R R B ZR ARG, RIS 40N B R BRI S SIUAE
FIALBE, 2r BIRAEAE 2 42K, A HE He o] I 8 40 dt A i gg, R ALk
S5 Elisa $5 A I 10975 b 844 BR . 178-ME — /% . C ik (C-Peptide) M fifily =
(Insulin) 7K-F, i RT-PCR A % %% % 't 1 R kI o #& LB ¥4 iz 2 5 4
(GLUT4) , HIEpittizdEE 2 (GLUT2) , & FEMEE (Gek) , % bE-6-
IR (G-6-P) , TR o I X DA B PR 2 I8l ( PCKO) % Ji Ity 25 32 4k (Insulin receptor,
IR) HIRIEKF.
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55 STZ FrEUn 1 BURE RPN SR RS PR W v, PR EE R %, HIUBE IR E 5
PR B A, BRI AN SE, C IRFIE S 2 W B8 B UL GLUT4
FIFTAE Gek ik R, B GLUT2. G-6-p Al PCK F£is & FifE, EILHER
R E AP, B R AR R WL R

R (0.1lmg/kg RE) FIRFE (Imgkg ) 17p-ME —FF 0] B 2 4E 2%
STZ FEUIN 1 BUNE PRI B R A, A3 L MBS FEAIC (K5FI& (0.01mg/kg 45D 17p-
M RO B . AR (0. 1mg/kg PRED 1 17B-ME A ] S0 A =
PR IR S A, A58 C IRFNJEE 5 22 40 Wb 39 0, - B& L GLUT4 FIFFIE Gek ik i,
FFAE GLUT2. PCK Al G-6-P ik Fif.

R (2mg/kg E ) BRSSP B E 5% STZ Fr8UM R 1 BUBEIR
WA, DRI AN, A C BRI 2 b n,  PEARIALRE s B A ER A AT
B a8l GLUT4 MU IE Gek 32k B, HHIE GLUT2. PCK #1 G-6-P £k B3
T, EAIEAE, EHBERARE, BARMAIENER, K & 170 &
BEEER

&F&E (0.1mgkg fAE) FhilE 2mgke fAE) HAM S 178-M K
(0.1mg/kg ) BRE 425X STZ T UM 1 BB PRI R AR IEZAER . RS
M PR R F S C JRRA g 5 2R 1100 0T % IR AR AR FH 38 B — 52 I P [R5
{EHX}F 58U GLUT4 K AFIE GLUT2. Gek. PCK Al G-6-P 131k, (K7 &
(0.1lmg/kg 7RH) FKFE (8mgkg M) HAAREEE 17p-# —fF 0.1mg/kg A H
T FH S R P S OO, T P AR (2mg/kg AR ED EAKEH S 0.1mg/kg A E 17p-
MM — BRI T2 ZEER I P RS

ik

1. 173-ME — B A B8 AR B S 45 25 5 a8 2% STZ BT/ B 1 B0E R IR R 2B
EARRIFNE IR TR . N ES A FIER 178-M B (0.1mg/kg AHE) Mg
PR (2mg/kg AL ) AR M 2594 Bk B A BRI G [, AT B R STZ ArEh
BRI ) 15

2. 17B-ME — B AN B PRI 28 208 R o5 R AE ML 2 2 7 T IR, ] Re S HL AR
S (R B FORE . S B A B S S AR A O

3. AR R PR S 178-ME — BEICR N 17B-ME — I 4E S 4% PR 1 R A2 2
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The study of preventative effects of estradiol combined with
progesterone on streptozotocin-induced diabetes in

ovariectomized mice

Abstract

Objective: Estrogen and progesterone are closely related to the occurrence of
diabetes. Their role in the development of diabetes is related to the physical state of
the body and the levels of estrogen and progesterone in the blood. It is not entirely
clear how the estrogenic and progestogenic effects are combined. Therefore, the
present study was to establish a model of type 1 diabetes mellitus in mice by
intraperitoneal injection of streptozotocin (STZ) to investigate the interaction and
relationship between estrogen and progesterone in the development of diabetes
mellitus, and to provide a theoretical basis for the diagnosis and treatment of diabetes
and the role of sex hormones in glucose and lipid metabolism.

Methods: Female Kunming mice were purchased and their ovaries were
removed and recovered for one week. They were randomly divided into 11 groups: @O
ovariectomy group (OVX), @ ovariectomy + intraperitoneal injection of STZ
(OVX+STZ), 3 ovariectomy + intraperitoneal injection of STZ + subcutaneous
injection of 17-p estradiol at the dose of 0.01 mg/kg body weight (E0.01), @
ovariectomy + intraperitoneal injection of STZ + subcutaneous injection of 17-f
estradiol at the dose of 0.1 mg/kg body weight (E0.1), ® variectomy + intraperitoneal
injection of STZ plus subcutaneous injection of 17-f estradiol at the dose of 1 mg/kg
body weight (E1), € ovariectomy + intraperitoneal injection of STZ + subcutaneous
injection of progesterone at the dose of 0.1 mg/kg body weight (P0.1), @ ovariectomy
+ intraperitoneal injection of STZ + subcutaneous injection of progesterone at the
dose of 2 mg/kg body weight (P2), (8) Ovariectomy + intraperitoneal injection of STZ
+ subcutaneous injection of progesterone at the dose of 8 mg/kg body weight (P8), ©
ovariectomy + intraperitoneal injection of STZ + subcutaneous injection of 17-f
estradiol at the dose of 0.1 mg/kg body weight and progesterone at the dose of 0.1
mg/kg body weight (EPO.1), Ovariectomy + intraperitoneal injection of STZ +
subcutaneous injection of 17-f estradiol at the dose of 0.1 mg/kg body weight and
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progesterone at the dose of 2 mg/kg body weight (EP2), D Ovariectomy +
intraperitoneal injection of STZ + subcutaneous injection of 17-f estradiol at the dose
of 0.1 mg/kg body weight and progesterone at the dose of 8§ mg/kg body weight (EPS).
STZ was continuously administered intraperitoneally at the dose of 50 mg/kg body
weight per day for 5 days, while progesterone, 17-f estradiol, or a combination of
17-B estradiol and progesterone was injected subcutaneously on alternate days. Blood
glucose and body weight were measured once a week. Five weeks after administration
of sex hormone, glucose tolerance and insulin resistance tests were performed. At the
same time, the blood was taken from the eyeball of some mice and then the other mice
were dissociated and killed, and their tissues were frozen and fixed respectively. HE
staining was used to observe the islet cells; Chemiluminescence and Elisa
techonology were used to detect the serum levels of 17p-estradiol, progesterone, C
peptide and insulin; RT-PCR and immunofluorescence techniques were used to detect
the expression levels of skeletal muscle glucose transporter 4 (GLUT4), liver glucose
transporter 2 (GLUT2), glucokinase (Gck), Glucose-6-phosphatase (G-6-P),
phosphoenolpyruvate carboxylase (PCK) and insulin receptor (IR).

Results: The blood glucose was significantly increased, the body weight
increased slowly and there appeared obvious glucosuria in STZ-induced type 1
diabetic mice; Glucose tolerance was significantly impaired, the number of islet cells
was decreased, the blood concentrations of C-peptide and insulin were also
significantly reduced; skeletal muscle GLUT4 and liver Gck expressions were
decreased and the expressions of GLUT2, G-6-P and PCK in liver were significantly
up-regulated, but there were no obvious change in insulin resistance and insulin
receptor expression between the groups of OVX+STZ and OVX .

Medium-dose (0.1mg/kg body weight) and high-dose (Img/kg body weight)
17B-estradiol could significantly delay the development of type 1 diabetes mellitus in
mice caused by STZ. Meanwhile, the value of blood glucose was markedly declined;
low dose (0.01mg/kg body weight) 17B-estradiol showed no significant effect on
blood glucose. Medium-dose (0.1mg/kg body weight) 17B-estradiol also improved
glucose tolerance, protected islet cells, promoted C-peptide and insulin secretion,
increased skeletal muscle GLUT4 and liver Gck expressions, significantly
down-regulated the liver GLUT2, PCK, and G-6-P mRNA expressions.

Administration of moderate dose (2mg/kg body weight ) of progesterone alone
could effectively decrease the glucose level in STZ-induced diabetes mice, protected
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islet cells, increased the level of C-Peptide and insulin; progesterone could also
up-regulate the mRNA expressions of GLUT4 in skeletal muscle and Gcek in liver,
down-regulate the expressions of GLUT2, PCK, and G-6-P mRNA in the liver. The
different administration doses showed the different effects on STZ-induced diabetes
mice. There was no dose dependent effect and also had no apparent improvement in
glucose tolerance.

The combination of low dose (0.1mg/kg body weight) or moderate dose (2mg/kg
body weight) of progesterone with 0.1 mg/kg 17B-estradiol delayed the development
of type 1 diabetes in mice induced by STZ, protected islet cells, promoted C-peptide
and insulin secretion, decreased the level of blood glucose, and showed a certain
synnergistic effects; but for the expressions of skeletal muscle GLUT4 as well as the
liver GLUT2, Gck, PCK and G-6-P mRNA, when the low dose (0.lmg/kg body
weight) or high dose (8mg/kg body weight) progesterone respectively combined with
0.1 mg/kg body weight 17B-estradiol there were apparent the antagonistic effects.
However, the combination of medium dose (2 mg/kg body weight) progesterone and
0.1 mg/kg body weightl 7B-estradiol showed a synergistic effect.

Conclusion:

1. Estradiol and progesterone alone can delay the occurrence of type 1 diabetes
in mice caused by STZ, but there is no the dose-response relationship; the middle dose
of estradiol (0.1mg/kg body weight) and progesterone (2mg/kg body weight) injected
subcutaneously can make the plasma concentration of estradiol and progesterone
reach the physiological dose range, which shows significant inhibitory effect in the
increase of mice blood glucose induced by STZ.

2. The mechanisms of estradiol and progesterone in delaying diabetes mellitus
are various, which probably relate to the protection of islet cells, the promotion of
insulin release and the changes of skeletal muscle glucose transport and liver glucose
metabolism.

3. The physiological dose of progesterone combined with estradiol has a certain
synergistic effect on the delaying effect of diabetes and the changes of glucose
transport and glucose metabolism caused by estradiol in STZ-induced diabetes, and
can enhance the preventive effect of estradiol on diabetes.

Key words: 17p-estradiol, progesterone, type 1 diabetes, insulin resistance,
glucose tolerance, glucose transporter 2 and 4, phosphoenolpyruvate carboxylase,
glucokinase, glucose 6-phosphatase
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£—F B B

1.1 R EREERNE
1.1.1 B FERISRIR

17B-ME —FF (17B-estradiol, E2 8L E) , ZfFHAMMERFEEMER, 2atrE
BWR, TERALTTE LI ON R G B b A2 FE UM SR RS I 0 05 R A R
(Estrone, E1) ¥Abr=4 . £ A AMHIEE & tEd, B2 /EA—MWN 0z, 1EH
TIEAL IR LA . R AR RIRAEAETE B F= RIS, MERR (Estrone, E1) FlIE —R%
(Estriol, E3) , T =FEMEVUEE (Estetrol, E4) N AEMRZ A =400, /D& E2
W] HHAMH LA, BFERRNT . WA & 22 DL S IE N R R 3 3 kT T L4 e
SR, LSS AR A B2, 551 B AMRIEFAKF0 B2, ARefE NG
RREEH . 42t RN e B2 FEMERRAAMZHEY, ngLie. . UL, B g
HE W7 AR AR Dy 55 03 WA B N 73 WA L 1 ey VR FH & B) e DRI, AEAA 2R J 1 2o MR AT I
FYEARN, E2 AR T EAEH IEAMERER . B2 DIREMO Tk B HMEBCGR I UR 1
WRAEME . B, fEXEAMR, B2 /ER B3 EIKE R 2R 2 i TR MR 1
kAt BRI, B2 A ZH 2R Bl 2R 2 F i A0 M B R A R AR S . H 2
WL FE G (Estrogen sulfotransferase, EST) & MEd = /EH )28/ fi. EST &
—FhM T, R R 5 M ER A5G0, T REL I MET R S AR 255 IR B R
HEER A, SR R T IT O, AT A E SR T A

1.1.2 M R 2R ER LS

X HESRCER AR AT 9 B R BRRH S NL T A MFEER 32 4R (Estrogen receptor, ER)
VB AA 0 1 5 s IR B30T, ER A T 2L R e sk 2 — AN = fE s S 2. ER
DA B 3 2R AAPAE, B ERofl ERB, BAI1%HEA ZMIA, FERHARPAR
FRIXB AT RET . BR R F 0 i 28 I DR 20 MLl 5 AE BN N kAR, 5 R SR A
PR B . 7R AL RE Sl g, OIS ) ER A T B RVR R B
Wi R, JHE A S R E RS G B IE D A 31 R SR N o (Estrogen
response element, ERE) I, BUAMHEZ G FIBOEED 1 sl5RrEED 1 MN& TR
DNA 5451, 5 ER ZRRMAAIFE 1 GRS a3 #0075 A8 BAEH LA BRI R
5. MERATARRRICER ERs 2/ ANFRABEN. flan, SEdEnEEs 1
A RS, ERaRILH B2 MR S 10, 1 E2 456 ERBX LS A s masl,
BN, WRISEAE R EE, 2R ERo-ERo[E Y5 — 5844, ERB-ERBEVE — Rkl

1



22 PR ZEAFF 5 AL 00 2247 18 S
M — A BRI X STZ BT SN S /I BB PR A 1) T s 1 FH A

ERo-ERBF: — 51k, H ERofE R ZRMIE ML 3 FAERB, X Besz ik s 7 7E
T4, E2 4551 ERoM ERBA ES LS00 HPFH ER #AE/ERT, ERafll ERB
AL AR D . B4 ER 2 PR 53— ER Z5G 60 s 5 A 20T, BUARBOE 1)
ER UG 7 et % . R2E B2 f77E, ER BxE AT AME S B Esh 145
E B, HEMWFRRES 2R E 4, ER B R 2SN e anl gk 17—
BLA, AT DARFEE PG A B A M A 4506

EIRATE D e 20T 22 1A% ER AR N BCAABOE kAT 3, (HERe AR
WA ) ER AE A K 01885 M 7% b ERs, 8] 8218 15 2E R R IA B L T2 R IEAE A -
E2 7] DLIE i 1% A B AH 5T U ER LE 0P 5k 7 B N PROd B80S A5 5 R HEAE P
ERafll ERBIENL T/NES X, 5HAMG T T IEAE i, R sEAE AR AT TRE K
MPHNES. REESEACHE GEH. EKHE 2K, BEARRBEE (Src)  E#H
# A (Selective estrogen receptor modulator, MNAR) F1 G & FRELSZ K. XFZEH
HEYAE ER SR B BEAEH LS A K 724 G EH. RidKR, XL
E2 #3 HPOE 5 Sl B Bt s B B Th e . eI AT DAY BRI R IA, AT
WEREARKTAE. FOMERGET, B ARG BERERA M %I ER B B R
s R T BR UG, (23t ERs A% RS AL AN Bl J5 14 1 22 IR ) d 1101

1.2 RSB A
1.2.1 M ERAET LB &P rER

BWEE Lot N AR, PEIAMEIE KPR, fERERERE-PAT IR, FEUE N g
BNt Fp 0 YRR (Ovariectomy, OVX) £ SEUIEBAEN24, MEBM R B QAT
AT LAFRT AR DS, A OVX 5 K (MG 1A S A7) & 3 N & 8 I 3 e, E2 AR I3
DEVTRANE, (R EIFARE TR OVX AL A4, FHsE |,
FEW N B T AN e O R B RE BT AR D, T B O A OIS 51 AR B2 A U2
HBE T AR REGE P R AU, [RIRE, AT E YR /N BRI ER ik Z R 18 1L 98/ BE B YE FEAT 2
WG EYRAE, FEUREIG NS E R0, Y E2 18k B0 ae & E AR 2
AR AT, MR RERCER AT I R e PR AN RE B VH ARSI (R I R BT 21,
T 2 R A R G Rl E R, ReEEFEAR E RS — AN X, T iX L
REAIE %) 32 35 A2 A0 T DU I A 5 e B0 R i g foA%, Wil R i (Ventromedial
hypothalamus, VMH) 22315~ [ i #2425 [X 380k 75 5 . ER e MG U4 304 K v ) i
W4% (Ventromedial nucleus, VMN) . 3J#% (Arcuate nucleus, ARC) . PNl Hy
X AN 3RO R RIS . ERBIAE T Motz 214, (H ERBERIAAXS T ERafR
b o B2 X RE RSP R 32 2L HH ERadY 3 o BERoJE: R 98 51k 1 /) BRUAEJREC 0281, /)
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22 PRI FT AR 2 AR L
e RO BRI FF 6 STZ A S9N HL 0] B /N BUW PR s & A= 1 T 7 A R AT 92

Bl ER o i 25 AT L BTtz AR B PN REAE FH o ERBAEA T I UCER 1 AR BEUIE A H
TR EZE, NS ERaAE, ERBHIGR KA 2 (2 2 LR8I EE 5 I8 A o< AE AT AR
WHEIR . X — X S4B A4 R — 3, RS ERoIM ) 77 4 Bt e = g

(Propylpyrazole triol, PPT) A il 22 G 5/ R &N &, (Hik$E1% ERBESN 7
T EE N IS AEAT AR R S RS B | AT O30, SR, B2 ibiEid ERBAN & Y
AN PR ERE R SR AL [EVE 5 ERB S SCTEAZ IR T LT I =2 v 5 E2 (IR AR BY.
bh, HEYCE (High fat diet, HFD) MRIFIMENE /N BAE T ERBE A Bl 77 ol 4 ks
G = AR -1 BIRIE, ZEAEREBA, Rk, 7fERFETHOLT, ERB
(R AT LA S B N IF 0 RE S AR  MERER G BR B ARIB 3244 (G protein-coupled
ER, GPER) 7EAREE 77 Hh A AT SR 75 Z2 90 E . fE— Ik = GPER [ MEE /N R A
FH, A4 A GPER RA/N, HA 1 R 7 IRk AR,

122 R RSERNEEER

R ORI 2 — M R ) RS 5, RE s &\ IS I Re 2 AR .
IX L2 N I K Y 8 2 2 A& (leptin receptor, leprb) 71534361, Leprb €47 T 845 VMN
FARC 7E NI Z AN X 38, FF H. leprb 5 LM 2 5077 B3 ORI AR TE R #p 22 ik L e
AIB7381, $EHRIE, ARC H leprb Kk 5 ERafb@ B, Ak, Fadiid M nl e
I AR B ERE R ARCHIH leprb mRNA (A M . X BHRISZ AT 2 1)
Nt E S, RPXLAHNEE S 2 R REME, HEEH, HiTREA0. xR
AJ B2 KM 8 2R o AR AR E R 7R Fee b, SRR B2 S E UG 3 X
Y8 B U E G A oCt2 ) JROEHE R AH B PR =K R AR ML, {H ARC
leprb KIETER GRS, SR Y mRNA Fik 2 AAHIeH0, G S R d rhiX e &
BRURMERRAR, X AP Bk fE AT DLl B2 BAGRIT IR . FIRE, 25 BEE K RS AR E2
S IET0 RN 8 B R BBURES) . FE Leprb B AIRHPED T, TIXERBURMEERS
MEBCER A S A, BRlitk, wIREA — DN BE, @ZBME, MR S IgEE =
R oRR R, I JR D BRI INRE BV FE, B BRR AR E A U

1.2.3 EMESHEZK Y HEE(ER

FZERKY (Neuropeptide Y, NPY) NPY & —FhsZm & BSACH L. NPY HX 25
Zyn{E YRR N RIER N, FEuk/ e S FEFIE I S AL 444T . ARC M TR
NPY mRNA 1 leprb #5H . k= 8O RALPL N NPY (A1 AgRP) mRNA.
Ik, HEEZ ARC NPY IR RICHvoE R =10, R s 1 NPY #4148 Jo A2 a4
£, M H A, ik, E2 A PL@EE AT NPY JEFRIA KRS N - RS
Ihfig. E2 Ml NPY FINPY Y1 24Kk [FFRIAFI NPY [RUREIH4S4T,
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1.3 M E SR
1.3.1 BEFRRHA

WE PRI (Diabetes mellitus, DM) & —FR 20 4 BRECH 75 A1 LA S MUAE SRR AE 1)
FRMMEHERUE . CaEr ZMERNRRE, a8 18, 28, 38, #E
JUANBEURME PRI o A PR S5 38 I R 2 PRI o T K 22 008 PROs 5858 7 R
FHA AR B S RA12 o B PR B ) IR 7K T30 2> B AE W G K 3, 2800
M X 1B B R . e A AR I A2 451, A BN PR3 FBU S 7E 2000 4
N 2.8%, FiitF] 2030 Gk A 4.4% . S BRBER B NS THE A 2000 £E11 1.71
1IN E] 2030 411 3.66 1051, W PRIpS T U SV I AORE LG WS R o BRDRE B HH 7, I
e —PhE R AR P, R | BB PR A, dRH H TR B 2 A0 WA R T TE A IR
NV ET TR R & . S I P B AT AN et NZH A o B DR iy i —Le %, JF
I R R 2 o AE UGBS BE R F R TSSO RE R, B A5 a8t 43 A i 7 SR SR EX R
B IXIEE SR AN IR TR NI, SRR, & S A f R PR B E
P 2 o W PRI 51 RS 1) 7 — P S PR R RORE A2 AR M B R B R Y UK ST =
S A 8 T S HE N RO B R 2 R EOKE, Bl S 8RN, 8T, fEfS
W B, HERURAD>, DRI IN. HLARER = 288 R AR 43 1E 8 1 A is 3, MK AT R
B0 REUEN, Bk, BRI

B PRI VR IT A2 W T I 1 22 TR e, 2P S, A8 I ORE R S5 45 I R A 2 35 T
AR TR KM AH . (e E, BRI 2 SEERERIE A RER, 2FBUETMEL
KRIERH . 76 20 5 K& UL RS E AN, BRI 7R By (RS H TR AL R T, 2013
SRR PRI 2 BRI TT AE R YT SO B isiE 1014 4236 5550,

L HH P88 A6 W /K e s T A DR 1 P SRR S, (LW PR R IR A T e T
FLRAY, 1 BURE PRI A R, R R A 30 & LU o 1 BURE PRI R o B TR
RN 5% . FORAL 1 BGE P A AL BRI R AR . 1 AR PRI AR PR Ay i i R A
ST PR, B T I v S R R A = 0 U K. 1 BYBEIR P (DM 2
FH [ B 528 396 P VA I R TR BN PR 5| A ) — b 22 DRI R0, o R AE T JBR I 1198
YA B R R SRR R RA G Z, 2R, 2R ARE R S MRS, 1
RUHE PRI S5 I T 58 A ML A U R 5 R AR ) R o 6h TR 1 BB PR, A
S W BB KT, RIS R AT AR A AR T R AR AR

2 UM PRI R — PR R B, 2 RAETEER T 30 B I AT . 2 ZUBE IR 5
PEPRIF N T 90 % LA B1520, B ANRE 1 ML HH BB /K SF o 3845 R A 35 1 AH LA
LSRRI RS (ERRITRE) ABkZsah S N R iF R IESThRE S H, S
A RE S~ AR TR B KBRS R, AT EER KA 2 BBE R,
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22 PRI FT AR 2 AR L
e R AR B FH X STZ IS5 S5 011k /I~ BRUWH Pis 2 2 1) T3 11 FR A 7

3 HUBE PRI O B NP R 2R (Alzheimer disease, AD) H—Fha] e 2.
3 BUBE PR S o I SN D BERRAS AN AL NI, X LU MR o ) AR T [RTI
2 AD B IR R AP Z KR D RE RS P RHE R I . O 2 078 KL AD &
A3 R PR B AR CBKAGE . AR BT E 50D FIN D RE RS [R]85 7E
i)iF AR

AR JUBE RS R — Bl R A AE 75 A H A R BRI DRI » P 350 6F 10 /5-50 J33fn A )L
A — B BB o R PRI T AR L FH TR 2R WA A T B T, X R 4
25 1 B IRIRTRIEES,

U AR PR 2 E AR S BESR R AR RS IR s T8 R AEAE 2 JE JH IR B & oK L&)
AT 2. LU RIS OLS IR BER IR ARG IR A O%: 1) 25 B bl b, 2) HEEEE,
EIEEET 30, 3) BEREAEZRINELLEGAE, 4 HAMNZ AR, 5 IRAHEE
R R S5 25 TT N B E B e B RS, 6) IR R I s B2 Ak L A1) () 2 3 B TR
s 245 156-381,

H AT, IS AR, 245 2w R B A2 IR B0 T 505 B PR 28 35 TR
RPN SRR Z AR . CAJUME M EE#)S (Food and drug
administration, FDA ) L vH F#E [ 8% JRIG VR 97 25470, BLFE — FF XUIEY, $E1%5 2 (Januvia)
-7 22 R EF Bl AR 24 7000, BRI AT A (Orlistat) 1. B T-HE PR 2 —Fh 2 5
PRI, W FEN DL IEAE SR T 0 RO AR g i A B R 22 S (R PR B R VR 97 T
5, AR R H A R A2 g I — 1697 77 2. R AT 1 hn H 5 i
Wi, JoBE ARTE AT K SR B AR, WA B T80 PR s BB 4R 1 T A0 I b K
PR AETE T A T, B A S R A AR R TR 22 BN PR s i AR B R
ARG R L2 W AG YT, InsmbEOmZeE , Sm AT SR AR, & B &
M BN ATAE — 8RR JE b3k BT 59500 & AR R R B H R

1.3.2 BERR IR 5 R

JiR B FARPTR 2 BN PR B S B AR AL o R AR ZR G IE B — MR . 5[]
WWHEMEME, AL IEFE AL AL E IR, RS RBUSTEESR, &L tE4La%
2 TUWE R I FRAR IR S DR 2 —(62:631 - 7 vy R MR R PRV E /) B, WL 852 81 B 5 X 3 1)
220 R R D 40-50 96 164051, TR P B2 3 B TR 4D o e AFE 1A il 145 3 470 i 260 1 ) )
REA KERAD, I HAEIEE S ER E2 /R4 T A H LG AR IR & A S I Ii iR 75 =
(R S R AR pILO0T . BHARIE OVX J5, il UL SR T B 5 5 107 &2 39 I I £ b
TEIRRIEPR EY. IRZEE R H (Low-density lipoprotein, LDL)  H il =g F1 fIg i
R T i (68090 G EEPIRR 1/ SRR Bl HH IR B 3R IR0, 1 Bl T 6 2 BB AE LY
WA 2 R0, JF H %5 5 52 21 HFD 8is iod AL N A F g, fEVkE E2 2
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22 PRI FT AR 2 AR L
WME IR B ARG 6 STZ B 25 90 S DT B3 /) BB PR i A= 1A T3 o7 4 9t 9

A PR PR AT A T TR R S 2R T A A R UV AR BB SR R, 2 E2
P B R AR A B AE BV BV B N B, B2 A ER A5 AT U5 sh A AN g 5 2R Uk
Yo HHI, E2 fEHIAEFE /K-8 ER o FERITNT, W5 S 4 K T = IR i 2= IfUE J5 9
JUFE Ji B 2R AP B L A LR A AL I8 2R H 4 (Glucose transporter 4, GLUT4) R ik /b
8491, bk, 2 BIWFFLRTRE R IE NN, AR 5L B2 /K T IES 2 248 K R
G KU, AR, O T SRR SR EIRE R CRAE B2, SEERAIZAER) X
EPEARU A I S R TR, 7 20 WG U5 S AN N AT 09 0 7 B S . SR A 7

CLE BAFE =y LS AN 2 ZRO8 PROS PR R & 2R A2 A PR A 2k, R B R HR T A 3 224
5B R UR S =PRI, SR, BT B2 $ = 85 B2 HRPT 51 & 5 R & 2=
YL BEREHIEANE R £ W7, 2ERELZ ERaFMEME /N AR B 8 E
IR R AR, (R M R R B RS R AT, A AT 2R 30 g 5 2 4% 161
FHENEE &R =48 (HGP) BI/ER RREUO, X E5R B ERadl = n] S BUH R IR 5 R HKht.
SRTT, Ribas SFPOHRIE, ERofi B B /) BRAE T TN A S JR & 2R 262 T = R
FFE Ji 5% 2 BURO M O R s 28 o B2 AT HFD /s BRU77RT 7098 251 /) B8V g  A= ple 2i
RIZeik, Bk Hah =R AR BRI A2 M. AR ERodssh 57 PPT A i & il iX
REMETOY, SR, IX AP AT B Y ER BN E B2 R Ak, E2 A PPT Jay7 1)
SRIE LK R 4> ERafI& RS, B3 HFD M /N BRLU7-800F1 HL A 15 8 2 i1 e
JEEAE /N BRI i i 2 AT . SRTT, ERofEMFIER A ERAE A, S, X
5 ERa. (R RERY ERBD Woid @ I W7 A ) e g B & AR (IR st kB
1R By 2Pt . ERoulk = 23 2R MG 14 S 470 B4 i B LA 10 g A s, A B ke
Ky AW HGP [ Re /) I (e it ar g Ve & 8 A FH o Rk, HFD J[A] ERaff) & A AL
R INPTE 1 AR AL TR PR R 3 B R =7 70800, T ER ouif i X
ML A 3 5k I 2 SRtk VR AT e i €

133 R SRS pAEMRIIGER X R

FEWG G SRR Fe b, B2 Y897 AT DAOR$ IR B4 il 5652 T1DM Al T2DM AH
RIS AR EANIH, TERmFEZ KB, JREe BRI B, S AEms
N ZEpAn I % 5E T =5 ERs-ERa, ERBAI GPER. S7EFL 5L T2 4 b 72
MRS I S R 2 8% ER AN, BARME ER EEAEZIL . BT S5 g
Src, ERK Fl AMPK (AMP-activated protein kinase, AMPK) [ o 55 #H B_4F FH 8i38 it
STAT KR % K1 R AEAE B8], ERoIFE I & Src, ERK AL 2 AL
FH45E NeuroD1 (— MR RIS W =B 30 a2, 3805 w6 2 B
Ja I S 2R I A A 8284 X AR FH AT DAEE e 38 0 SR 5 2R AR B R T IR I 3 B e
PRACH 7 SR I . ERoFI0E Jk/> 1 3 8 g 5 3 k& BOTR T B AR 7 A2 B A A 3

6




22 PRI FT AR 2 AR L
M — A BRI X STZ BT SN S /I BB PR A 1) T s 1 FH A

PERR BT b (a4 AR R385, XA BTG ITVE 2/ & 2 ski@4t. B 5, 145 ERaBUE
FER A5 5 7 T AN ¥ 3 EE Rl 7 3 (Signal transducer and activator of transcription 3,
STAT3) 4% G i, 1X T U W A2 sl ) £ A 5 K1, BF X 524K (Liver X receptor, LXR)
B I H AL EEFR (Sterol regulatory element-binding protein Ic, SREBP -1¢) Flf /KL &
YN o 4548 E . ] LXRBAI SREBP-1c mRNA, A GBI 5 F IEAHSS /) — &
5 ERo/ 5, F¥0E B STAT3 /51 Srcl®l, 7EB4ifu A, 84 LXR #uh St &
FIE TR R, S IRFR PR AN A0 M TR kB0, (R, pAEfiHh &5 LXR mRNA %Kik
A R ER A AT LAYR R 7 A= BSORn T77 g 5 B 11830, R 58 — 2584, ERafIdL
575 S AMPK #71i] SREBP-1c B EAF1Hx 5T (1) 22341831 ER B IE0E A 3 2l i S 8
O 5 BN R IR 52 AR W0 , AT 0P B 3 3 DG P 110 30 S 8708 ] 26 i ) T8 P Jk iy
TP SR, GPER USRI 1 B4H I % 52 A5 5T AR SR U4 52 i g gk LA A7
P09, R GPER X il it 2 A& BO A R0, A R 3d i B0 36 B2 AR KR 32 AR
ERKP2, GPER [0 18 58 1746 2] B 300 505 1R Ji 5 25 70 Wk 00021, AR, &4 th
GPER %% ERa36 %1%, ERa36 & ERaZ M A ER066 1)— AL A3, ERa66
A1 ER036 #ERANI A B5), [KItk,  H Al M ANE & GPER 13 (1) B- 20 i A% b 2 H T
WAEH) GPER {F ], &7 H1T GPER SR 1) ERa36 LA . HEMEZ, L
ER FCAAXT B4HMAE IS, DhREMBYE NS R0 A m/E HES A 76 N SR pAt i b WL 52 21
(BL8S91.041 1 UKk PRI N R 2 AR T-{E R 2o MR T E2 SR FE0S), [RIth, #e32 il #%
TR 1 AU PRI 2 MERT e e 2k 170 W B2 AHSCIIR B OR4P,  JF H T REAZ
TRIHANAN B2 MIRIT A E KRG, W L Jae i Fy XU 1 e J 2= 3 i 7 ik A
JRE PRI PR M A vl B R T TR E R B AR . D T B2 S EE M paE MR S A
GREA RN, MRAE BB ER BT A R, DiMarchi MG /EHPIRE T
—FhE AN T g5 A R BE ZFEAK-1 (Glucagon-like peptide-1, GLP-1) F1 E2 [
RS IK . I g5 A GLP-1 A1 E2 23 22/EH, I R 2RI& ER A1 GLP-1 524k

CBRE MBS R AEIR-1 5244 BB ARBANT, DL AR FR B 2 AN 40 M i T3 1t 0k B2 . 2
REFAEIE IR FIER . SRS GLP-1 FE 461 B2 64, Z&EHm] Lk 4
E2 fEAE IR R R TEOVE F T JERE 4 i iy Sk I B E T, A8 E2 JR AT RE 2 4 5 S840 i i
JRRRBAR RS & o 5 B2 Fa € R I PR EL & K, 2 B2 73 7l Aish 7% GLP-1(aGLP1-E2)
ARG GLP-1 GGLP1-E2) £5 & 1 PR 2 &40, 15 s GLP-1 (GGLP1-E2)
BAWIEE 5 GLP-1R (GLP-1 receptor) 454, HAEZGH:  BABERIE GLP-1R {8
TS, HERH RO B2 @ik 2 B-4iMl. Tiano 25 NP7IE H Z KA EES STZ 5
T RYH A ARt T GLP1-E2 8- WAE T M i 25 R B B0 R 1 R0 o A
ITMEL 3] iIGLP1-E2 #AI = 04E STZ 75 3 M ROk AUME /KO, HIGIEY], R
[ GLP-1 BEWS 45 & GLP-1R JFR B2 3 [ B4 L A i 2 2 R4 1E . IS i 2
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=V PN 2R T =2 DAY
SHE R B AR S FH G STZ e S0P 52U 3k /)N BRUBE JR 3 A= 1 3l 977 4 FH A 92
aGLP1-E2 BB L GLP-1 #3071 iGLP1-E2 B il STZ 55 AW IR 5 58 A %
55— B2y AL, I RE WA 7R B2 AR AR 7T ) F AR I E P, X e
ok BPRLML T AE AN T 25 GLP-1 A1 E2 FOME & FIEdE , 9 A0 548 F ] DA%
PB-4HME, TBAE BRI IEA SRR ER

14 BEHRTTESNARTR

MEWER (Estrogen, E) RAIIZE 2577125 M A8 Folm AR AR o 78 22 R e sk

B ef, A {g R A 1 (Women’s health initiative, WHID H {8 F 3% 9 1 it ¥ &%
(Conjugated equine estrogen, CEE) FlZ2¥Z . JA1M0, MEEME M AEHIEAZ B2, JFH
AR )7 — 28 11 Al 551 DA B P T 32s Bz 5 Bz WS U 70 . LB RS . 5 1 Ik HRT
(Hormone replacement therapy, HRT) AHLV, 2857 45 238 G 250 (P AR ST, AT AR
FFERRE 1Y My 7K T8 HIE B B2 V897 2 LUAH BRI & 1Y CEE 253 UM X 55 5y i) I i
E2. El A1 E1 SR Eh/K-FO, SEAEHAIE 4 B2 13 B 25 25/ — P e 48 30 7 A AR
AR R T A UARE AU, WA DR CEE Y877 51 AR I A RED O, H ik
TE I IR B2 AT REINJEISE & 2 ARPUAI G o e D 4u i, o =00 i 8 XU 102 SR, 3%
B¢ E2 Xf IR B =AU IR, SEURIKE A& . X R S ERE1E 1 I
192 Dk CEE ALY, 3% K¢ B2 WIRg2 BIFBGIT ik nak, DRMERER 538 nr e
RIER 7 (EEFiEEIREE 9) MK, XFE|VEH 202 B 24 ARUEE R i Host, x4
2 Ja AT 100 Z NS, 247 7 HRT XU ZREAE 5204, /R 15 H
S50 FEARNEIRE Lo, TIIRFE 2 i R (B EA S22 BRIl iaE s jb
NG, oM s RARPL, PR /e P i A 1 L e LR A PR e 11041,
FERE PRI o, TUIRANGE  ME R (BB 223 RS I RS, a8k
Ry a P, FFRRAURE R /e R R B R LA . MECE AU A 2 2 71
EWHVER), FHE N Z2EER kD10 X B SR AU SR A AR I AR REAE )
A5, AT RER R AT HRT I A0 T 38R0 A8 i el (1) JiR PRI 11041051 [ il
MEERITIE, et CEE FECHSRMA s ARUHME o« W seai 76 Mk o5 sh A5 44 v i is
W), FUIRYE TS U BE 5 IR FH AT e 8 Se 28 P4 R 1 3 350 58 4 St 470 ) ke B 2= 41K
U ]S, SR, DR ER G S =0T E . ROEVRE I C- N R E
A AR EE 5 SUIAHSG . X AT RE MG AN I A5 AN AR TR XS, AT R S B4
KA 246 HRT O L7 JRUSS: 38 iy Jit DRI 11061081 A Iz, 35 g Ji 2 o) H v = B Bl ¢
SE AR AL PR -V AN R IR0 041090 gk — 38 (R B 50 A BT 18 03 B2 MET ZR TR 9T =2 75 AT
L2z 4 B AR A 22 J 10 2 1R o T S8 R0 28 o e 30 A MHE TR 2R 2 A O 4 75106 50 6 Blg 1 o)
PR I 5 A B T € 22 B MEBER VR T 2 15 AT DA 22 4 BN AA 48 i U 2 10 L




=V PN 2R T =2 DAY
SHE R B AR S FH G STZ e S0P 52U 3k /)N BRUBE JR 3 A= 1 3l 977 4 FH A 92

WEBZ N 25 P 1 U PR RN R R o] B o Bl SR CER R F L AAE T
E2 Fl SERM A= 912 Al P FH 25 RO A B B AR 32 08, G S8 i 0 28 I PR i A2 7R
AN E RN TR REK. B2 (RikfeE P, SGERNAEN A6, o8
JRE R AEPT (B R  B RO SRR DI RE IR RORE . SRTT, MEVRE P
T PR 2, VBN KIS 250, BATREIT IR B AT . TRk, A PR s A0
JHERE Y6 97 FE A Fg B ARAE MG UG B S Ty, ARAED i 21 PR S B I AT A7 7 1] 7L
SRIM, WHITE 10 455 MG QS 450, a7 HEL, F5KRT
FUIRIE « o R RURIIT A 28 5 T 2R -2 v T I XU . LS AR o Fi
HRT 7E 5 AF HPE IR 156 9697 e R 5 W S 1A s R R U0, (R, 23 /7RI B[]
W, AT CLZRfE B2 SBA 51 R AR D RE RS .

BT I AR AR AR X S AE R 2R 0, IR T 1R 2 S BRI R [ i, e
T B R AT 5 B2 AEARMH O T AR M b e . B4R, AP S ShEE
ST FH A R R PSP B ER, RO RMEBCERAE 250, A A A i b i A H
A EEF o X AT DLidE i 4 2R n) il B DT VE S, JE I A RS RO B s
GLP-1 /51 B2 3% 45 FA w3 ¥ GLP-1Rs (2, DU/ MEIH R IFEIVER
SERMs ¥4 £r¥F B2 fEFr RA LR A s AR ER, RN #EHAEMTFEHR ER. T
fift E2 o ER FEMR 40/ Er L. R0 G 7 20 23 Hh (%) Dl e R0 231 B mT A e
A an A PR B 0 2 B AT

il



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

BE

2.1 SCEREhH)

g SRy b

EE BB/ BR, (2545g) T T 22 0N K SEG S ot

2.2 SKRR{Y S

NE N

HFRF CP114
pH 1t Delta320

PCR #H41%
Western blot #% 4%
Western blot HJK 1Y
Odyssey ML AMNRICHAG RSt
IR AR AX

[EBL YN

7KF DNA HJKAL
4 °CIEIRIKFE
—80°CH IR VKA
—20°CARIR VKAE
UK AL

YT

REIR

B AR X

fE RS 7R A6
KR

B AEAY

D T &)

i

R WA
Wi (L) BIRAA
MR E-FER 2 A8 (R HIR A
Thermo 2\ &)
Bio-rad 2\ )
Bio-rad A )

5% [ LI-COR A ]
F[E UvP

18 [% Eppendorf
Bio-rad A )

% [E Thermo

2% [# Thermo

Rl eEE

HRl RS

g ER

2 [E IKA

Thermo 2\ &)
R R A T
R
FIRZET R

HZ Olympus
NNV
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VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

2.3 SEEER 5

AR HEAT
FEREm R (STZ) Sigma A A
17B-ME % Sigma /A F]

DAB & iR F &
i Marker

Thermo 2\ &)

PVDF fi Millipore 2 ]

R SOBU I B Amresco /A ]
Hai Solarbio 2 A

PR H Bk Amresco )
beta-actin —¥1 Cst 2~ ]

TEMED Sigma 2 7]

PCR MIX Promega “E4) /3w
K| Takara ]
Gelred Biotium A #]
PMSF Solarbio 2 A

B e b Invitrogen A H]

I PR Sigma A A

cDNA Jx % il & Promega ]
Tris Solarbio A4 A
RIPA 2 Solarbio “E¥) 2 7]
Tween-20 Sigma 23 H]

4x HH LRI Solarbio 2\ ]

Ly = 1My BT Ay At

i A 2 BD A

RKH T LI-COR A ]

Ji 2 VAL ]

Tusulin receptor —#{

DAPI

Abcam 2\ )

Sigma A ]

EN & 53 kDAl Solarbio 2 7]
P H Solarbio 2\ &)
Trizol i Invitrogen A H]

11



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

2.4 LR E
2.4.1 THisCIe

(D) B/ NRE R SR (B 23+£2°C) — )5, 254 12h JGRRE, 8
/NERERK (B I8 2 R, FEd AR — I IS AT M, 0.3%5E b Z4H R
MEEATIREYIBRFAR (OVXD , SFLAMINE G VIR, 45NN ZIN, 5
BEHN 2 o TR G R R ERTE 85 F R EAL, BT 28 s R K B B 75% Bk 1R
HEEH .

(OO ARJG/NRKE —, 22 AZEK 12h, FRENIMHE, FEHL ALLT 11 4 (6-12
R

Groups Abbreviation
UL Rl 53N OVX
OVX Jaidi STZ 4 OVX+STZ
OVX JaiESt STZ F1 0.01 mg/kg /& 17p-M % E0.01
OVX it STZ A1 0.1 mg/kg A= 17p-ME — % EO.1

OVX JaiE 4t STZ Al 1 mg/kg 1A 17p-#f — % El

OVX JaiEdt STZ A1 0.1 mg/kg 14 & #5 /AR P0.1

OVX JaVE4 STZ A1 2 mg/kg 14 5 5 {4 P2

OVX JavEi} STZ M1 8 mg/kg 14 5 5 A P8

OVX JaiE STZ 1 0.1 mg/kg A 17p-# —E#+0.1 mg/kg AE /AR  EPO.1
OVX JGVEH) STZ A1 0.1 mg/kg A E 17p-ME —FE+2 mg/kg KEEAE]  EP2
OVX JGvEHT STZ A1 0.1 mg/kg A 17p-ME —F%+8 mg/kg A H AR  EPS

(3) /MR OVX FAR—MJG, JHIREH, ZEEaAEIK 12h, &S 5 RIEEE S5
Ve Z (STZ, 50mg/kg ) , [RIN% 73 2HRE R R NS E — BB AREN, 4524
5, AR R 2 I R

(4) 2524 T Ja HEAT 61 0 BT B2 A0 06 B B AR PL s e, PRV A & hE (1.5g/kg
REE) MRS R (1U/Kkg /R 43 5)7E Omin, 30min, 60min, 90min, 120min | IMLAE.
A B B SR IR AT /N B ANAR K 12h, RS R ARPTSE R BT /N RAE & ARZEK 4h,

(5) I EE R a, KN R IRECR L (ke =E 5 B 1-2h, 4°C, 3000r/min
ELOH BE MG & D U ARSE, PUEEUTIE . EEs L IR L, EE
5 J5 —80°CUKAR TRAT

(6) B ELEeRFEC ] 75 ik

L ZEN (0.3%) : FREL 0.3g R LL2Z4H, A 100mL JoBE 281K, Hidkis

12



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

=y
d

STZ Sl : FRATARIR 2.1g I\ 100mL T B 28 /K AL % A T80, FRATASE IR EH 2.94¢
TN 100mL JE B 280 /K Be B B W, il FHEDE AL B lI% 1:1.32 LR &, A
pH=4.2-4.5 Hia];

STZ VESIW: #afkHE (P8, S0mg/kg M) FREL STZ, T STZ LRibi, &
VKIS, 30min LA VESS 52

W T EEVESSR: R E (B FREUME R I BIERSRET D BR)E,
TN ZRHTR ST, 4°CIRAT

TOARERTE SR : iR R PR AR I BB I Z BRI, SRS s g, 4°C
TRAEs

JoR B RS TRk E CBME, 1U/Kg ARE) 115 R 8 R 28 2 A 7 B R &)
2, A ERRAETEEKF, RAIRIE, 4°CHRA7;

HIGREE ST Tk E (B8, 1.5gke RE) REVE &R T KB KT, ik
T o

2.4.2 RSB MAETTHE

BN BUBRARAL A 4%0K 2 R, A e IY) Fr 5 34T HE Zeta, AIADE
B AN BB o M 2R Gt AN [ AL B /DN BB By AR ML HEAT RS, A 10 15068 T BEAL
ML 3-5 NS, R H B S0 RGon g S A Mgt AT v 4, IO A

2.4.3 ELISA 51§

HCHR I S IR R F I C DR R B 2R R U B R R T I N S s BT
BEARAL 450nm PAS N IE OD {8, I bRk h 255 C JIRANEE & 2K .

2.4.4 RT-PCR SCI&

(1) RNA #2HL

LI AB YRS KA OHek, SR oK H o SRR S s O . i
F 75% ARG AR BREEHA SR TR S AE MAE SEAH SC 2 Bl F2 0 RNA (1) S5 2 2401 4 i v 1)
RNA 5 R BE AN 1 AT F 2% 5 KA 7 ) RNA S R BTSSRI, R AE 4 76 S2 5t
IR — T FEM O SRR ik S fe w0 p)al) 2k BIR 3, B
TR TE N 8645 o TR AT B MR R I RNA 7 g )35 4 . )REATH
—IRVECHGEARIASINL, & B As I, MNAEMHAT, F#HUKE (280°C, 120 min) |
0.1% DEPCUEEBRIR — Z T8 /K I RAE IR AL EE 12 /NI SR 5 76 K B T 120°C
R K 20 23045t PARR 5% B 1 DEPC (DEPC 7 ik e 5 J5 20 i — B AR A1 KD &
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PG FE RS FH B TE K 55 0.1%0 DEPC Ab B f5 34T v i K B« RNA $RELSE
R ERA . REAK SREAESER L, 8 S H AR SIS VR S 28 X5 4.

1) BUCHETIFIZHZE, PUERREL (50 -100mg) J& B THHE T, mAEERA,
e L R R RIS, HEVR MG, BT B R B A, IR BB 4 F 232 AT INN ImL T34 trizol
B LERRY, RS IRMAL R, BB RPISKE, BETIKESK. A4
TR PRI D], #8820 JFOR I 0 = IR B A A Smin J5, BBRA
URUKEE, FERTAREARTIEBE S K e e fa, R g7 AL

2) AOA 200uL (200ul/mLTrizol) =& W%t (CHCL) , SLHIH /I#RY 15s, =i
FrE X 3min A£47, 12000g, 4°CE5.» 15min;

3) WRHL BEKAET 1.5mL # &8 d, % (0.5mL/mLTrizol) A 0.5mL 774
2, Z=iRFE 10min, 12000g, 4°CE > 10min;

4) FEpLE AR, RIS R PR 4 BT R E ) RNA /], #% (1 mL 75%
LBE /mLTrizoD IIATE/K LB, W liEdRG R AL E I RNA, 8000 g, 4°CESL» Smin;

5)FFRAA, FI T RNA, % RNA JTEEF RK/MNNE & LK (Rnase-free
water) WLV, BN, AT E RNA RE. 2l .

(2) cDNA &k

%4 OD 1H 260/280 7£ 1.8-2.0 Z[A]FIFEAS, FCRE/K K RNA W FEIEE 2] 1pg/ul,
Fo W S e s R B W ARV, & cDNA.

1) KBRFEEHL DNA KM

P T Fe b B E UK E I 1) s B B 75 TR, A T ORAF SRSV e 25 P oA fff R 5
8, IR FTE N AEAR 2 IR IR 1 A1 2 LRk Master Mix, #8557 3%
PG RNE T, JEIN RNA FEf, SO ZARF 10uL.

vl &
1. 5xgDNA Eraser Buffer 2.0uL
2. gDNA Eraser 1.0uL
3. Total RNA (1.0pg/uL) 1.0uL
4. Rnase-free Water 6.0uL

I ER VAR B ORI G, T PCRAY L 42°C /80 2 min, SRGHCHE T Uk L.

2) Wi

Fo N R A HH IR K BRSNS TRR . [RIRE T A A e N2 (&
NFEABE 2. 3. 4. 53855, FH Master Mix, SRJG 0% 10ul BN RNE .
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%l &
1. B3R 1 R 10.0pL
2. PrimeScript RT Enzyme Mix 1 1.0uL
3. RT Primer Mix 1.0uL
4. 5xPrimeScript Buffer 2 (for Real Time) 4.0uL
5. Rnase-free Water 4.0uL
6. Total 20.0puL

FREE NS IR G, SLRVE T PCR (UAT RN . W EIBITRTN
37°C 15 min, 85°C 5 sec, Wi Ak ] LARAE AN N SL56 1) SEPR 75 ZAMAH M R 4 (AT
P KRBT ISR N) « AR cDNA 7 B K HIRAAR, T-20°CE B AR IR (R
7, BN I3 ORAF, DA S S S VR Rl SRR I A7 T 52 0

3) Rty iy

B S s J A3 201 cDNA K it FH TG B /K ARE 3 5, 42 I8 51 W15 B -5 FH o Bl /K M e
5190, ¥ N RARFNK BB H R SR AW . N T ARAIE SRS H O HERf, SN, AT
R N EA2 MEIMN TR 1. 2. 3. 5 EH] Master Mix, 2RJ5 03 24ul 3

BEAS SN
¥l &
1. PCR GoTaq ® Green Master Mix (2X) 12.5uL
2. PCR Forward Primer (10 umol/L) 1.0uL
3. PCR Reverse Primer (10 pmol/L) 1.0pL
4. cDNA template (<200ng) 1.0pL
5. Rnase-free Water 9.5uL

Indg P B30, 76 514058 B IR AR O FE R IA B N AT e 1, 3 S2
ST FRAE 51 W15 B 5 AR KGR B & i F e RS AL, IR AT AE Tm AR 3°C
RIBHE, PEIAE—MAE 25times JT46 .

4) fEH Image J AR5 EAT I PE 73 AT, K40 H 9 K E e SPSS21.0 K
AT e S, AR EEBCR A t A3 b . SRR RIS KT MH . ArifE 2 DA
FBEE PR, BRI HbRE % (x+SD) £oR.
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I/l

Gene name sequence(5- 3*) Tm(°C) Cycles
Actin —R GCCACGATGGAGACATAGC

60 29
Actin— F CATCCGTAAAGACCTCTATGCCAAC
GLUT4 -R ATGGAGCCACCGATCCACA

65 26
GLUT4 -F GACGGACACTCCATCTGTTG
GLUT2-F TTCCACACACACACAATGTCAGAAG

65 33
GLUT2 -R  TTGATCACACCGATGTCATAGCC
Gck —F AGTACGACCGGATGGTGGATG

65 28
Gck —R TTGAGCAGCACAAGTCGTACCAG
G-6-P —F CAGCAACAGCTCCGTGCCTA

65 32
G-6-P R ATCCCAACCACAAGATGACGTTC
PCK -F TCTTTGGTGGCCGTAGACCTG

65 30
PCK -R GCCAGGTATTTGCCGAAGTTGTAG

2.4.5 BIRTN

1) 8 B BT A7 1D A 2 e LA TR 4 R 35 5 R RS, e R 5 1E 1 D)
VIR, B4R FEAS T, P2 D8] SOk BlE o Pl S 3 o e R M V) v IR, A
ERIU) AN 24 R ) S5 485

2) Yl AT JE 2RI 4°CHityA 767K B %€ 10min;

3) A 5%ILEITE (5 hekRIE—3, PBS MR , KU A E T A KIS
&, TEIRE A b 24 EARE PR IR N IE I AERE R PR 46D

4) 612 3 AR AT TR BRI, AN T, ORIEEEAS SEEe i AR
PRI, IAN—PURRR CRARRRE LBz PR UN s AR IE FERRD
ANEMKZ, Behf IWLH LA ) UG 0 22 R NI 78 55 8N 2R BB v], e Ap Ji i
—ERERNERZ, SNTUAKZ GimE, Ha RATHLE & RIsIRE, &5+
MV PRUE— B0 & A 2. i —Pi/a BB S E T 4°COKAE i, RHEUH, 78
ZFimEL 37°CHEIRF IR 1h /4

5) BFAI 0, PBS ERVEE 3 K (Smin/ik) , T HIK AN 2= £ IR
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22 P K 2B 5 A 2 S
W A 25 PR IR BB G STZ i S50 SR U)ok /N BRUWE B 2 1A TS A P 9
i, HLUKSRRFREIE, WINFRIF 5Ot —PiE i EH e aE S, =l (25°0)
SN 1h 8 37°CHi¥ & 45min /e 47

6) TERIW K AR & PR PRE, BN DAPLER (lpg/mL) , HE=iR
ZAFREEIEE 10min, PBS WIRPESE 3 K (Smin/iX) ;

) MA—HPURATEE A, B R, B UCREIR S M3 M
SEARWF A ABIESRIE A IES), FEE A RS B SR B 3 ~ 4 )
BT, TG nl R 20 e 5 5 BER

8) VA N EZINHA Fr, Seb) Fr ] 4oCBEYCRAF— R A L

2.4.6 Western Blot SEI&

(D REUNRIEH R EA:

1D PUEFREL 0.1g /o4 7E-80°CUKFRVRAF N2, KA LU B TR M B RE, H
T 1) 0.9% [ S AL BN WO Ve =k, AR ZH 234 Mo & & sy, BYRRIR U nT 5 B4
SRR A, 3k S 40 M 2 1 s SR B0 4 2R o WESe AL 2R Bk 2 2 REHUE, e
EFSIH A, AT ImL T4 RIPA & A2 MR 10 o 2 A B 30 ) 751
(PMSF, lmmol/L, RANEERCH], BOGIRTE, BT , EIK EAIR UHHLRRK S
WELFRWEMED , &F/NEAMIT PMSF —K;

2) KEIRAERGRIHLRE AR 1.5mL B.0%, T 4°C, 12000rpm/min, 250
15min;

3) WL I, orde— /o T SRR IE, 51— IR AFAE IR VKA

(2) HEEHTEME (BCAE)

W ELHT, 4720 RS SR U B R D BRI R B I, BRI R B
WA, T EEARA 570nm BB . RIEIrAE 2t HE B S E, N g R
5, WH 35 MEAL.

(3) HEEAE: o HWR AT my , A2 A PT F RIPA R Lk S A 18 22 30pg/ul
Feta, FERMANES BRI, IRAEO/ET 100°C/KIBEL PCR 4 Smin,
HUCH UK Smin, 2B =IKJ5, -80°CUKFH PRAT -

(4) SDS-PAGE T ZEi{HfiC & -

1) 30% NG EEIGERR: FR 1g WH XU IRBERLAN 29g MG I T-Bedf b, A2y
60mL FZEMEK, WHEWGE, ©AE 100mL, dJEfE 4°CROGIRAE;

2) 10%id BREREE W : BRI SEERRTFREL 0.005g APS I 5000l 7515 7K V4 i ;

3) Tris HLUKZEM: FRH R 14.4g. Tris Bl 3g. SDS 1g T 56, JIA 800mL
EARRBKEMRG, 8% 1L, iEEMH 3 REL;

4) Tris-HCl (pH8.8) : #& 18.172g Tris, 80mL Z&1/KAME, F pH it4# pH i
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% 8.8, EA A 100mL;

5) Tris-HCl (pH6.8) : FriE 12.118g Tris, H 80mL ZZIH/KiAEM, VH pH £ 6.8,
ERZE 100mL;

6) FENELE T FRE Gly 5.75g, Tris 1.2g, 300mL ZEM/KIEMES, N 100mL
HEE, EAZ 500mL, 4°CHiA—/ N ZE4, A

(5) SDS-PAGE

D & T

K A B3R, AT, BRAETE T, M, R AT R i R

2) HEIRAELE

TR B2 T R B BOE BB R SR, I B e CUER Bk 4 1 =
() FTCAAS B AR, A HBEE, Al AR AR BeAr b 4 23 B9 T ke 4 Wiy G o 5
B CEANREA)

3) FCE R

Oy BT, BOHIRAEIRS, S5 RE N APS Al TEMED, 43 B el i i 2 k- i
FPRSYRIRT, FHZSARK e 4 2 5 5, F BRI 2 2 RIK Sy, ASERMAER
I, P BREE S SR I B IR B S 58 560, B S IIN APS 1 TEMED fR#
PATRGE RGeS Bk, TRV 7, @RI, SRR

4) ¥

LRI HRUKRE, HIKE I R, RITHRANERIH, SRAEE, &
FERT 90°C, 3 3min, VK 2min, B0 H B AN ZHET, 7 20-40pg 2 [A]iE—
EARE R SR AR, Bl H 05 SRR, $08N 2 %00 — 20 1)k
FEARTINAE

5) K

WE UK E AN A, WA 70V, R 110V, frdin H E A S T ER
Marker 2577 77 B I458 15 O o

(6) FEJE

1) AIFERKPREE AT, #lf PVDF i (& EATIL—#A, DoRIER) , HTK
TG AL 15s, ZRMR/KIRIY 2min, 8 2 5 F RS MR 3G 72 IR ~P4 Smin, %%
FIT P ()0 2%t 7 1 25 B S 2 R ) 25 2 P48 Smin;

2) PTERER, B =2 B4R Al 37l & PVDF RIS H B E E 7 B
JEPETN, RAE b RN, BRI, i EHRYE PVDF KUl BMEA 5 T =
Kt e -

(7) BPEIRAE N :

D) SR, B PVDF B, T 5% 495 7EHRE K b (60 rpm/min) 2 &3 1] 1h;
18
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2) MG, ¥ PVDF BERAE & — MBI S OB, BEORIERLGE 2RI E R
i, BT IR IRER S CRUKIESE, BIKERRtl, Rmsmea, 51 m i
#, S —HHEEALE) , BEL (60 pm/min) WETR, ¥ HMKEAREFE
BRI A B, S Y3 m PR R LU BRI/ ME = IRIE & 1h Aifqs

3) ¥ PVDF BEHCH AE & TBST BI3EFR LA, THIK (RERIKEIEHA 80
rpm/min) _E3EE: 3 K (10min/ik) ;

4) P PR UL BHEE AR LI H], MR RS RS
BRI B0 R = IR A 1hs

5) ¥ PVDF REHCH AL & TBST (BRI, TH#IK (WEREIKFEIHE K 80
rpm/min) _FREEEESE 3 K (10min/iR)

6) [ Odyssey MELLLAMNR AR R Si44 PVDF JiE, W5¢;

) BRI

{8 Image J A% 5% HEAT K FE AR 5E

2.4.7 BURGIT R

W43 WT AT AR AR P A 22 2L 18] L4 SR ) SPSS21.0 HE4T G 242 U4 HT, Wil ie) b
KH t KM G AR R S L EE PR, B sl
DIFIEL + ARdEZE (x2SD) Fom, P<0.05, INAH BEMEER,
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=R & R

3.1 1 BUPEGR /)RR AL

PSR TES STZ MY /NS OVX KR, AEMK S, HAEARGH
J . TS RRE AT OVX 4 (Fig. 1A) ; MMEAERESE —HEHEN
AR (WEiEis —FEE AR EETE (P<0.001) (Fig. 1B) ; FREERIK

Pl s R L REFMEZER (Fig. 2) .
40

—— OVX
30 - - OVX+STZ
L

20 |
|
E 10
0 | 1 | | 1 1 |
Q{% e,ar .ear ‘e,a'r .e'?'r ‘eaé- ‘e&‘r
' = & & & & &
S B A 4 s &
20 B
ok e
—— OVX
ok ok
= = OVX+STZ
g o
= -
E 10
E < 4
e
&
==
0
Q‘e .e;c' ea& eev .ea‘cr @ev eaer
& & & & & &
S A LA s &

Fig. 1 The fasting weight (A) and fasting plasma glucose (B) of type 1 diabetes mice
11 BUREBRIA /N B 25 1 A 2 80 1T o

Fasting weight (FW) and Fasting plasma glucose (FPG) in ovariectomized mice (OVX) and in
ovariectomized and streptozotocin-induced diabetes mice (OVX+STZ). The results represent
means=SD (n=12). "P<0.05, *"P<0.01, **P<0.001 versus OVX.
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25 A

—— OVX
20 - OVX+STZ

[y
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I
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0 | | | | |
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120 - B
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Fig. 2 The insulin resistance experiment of type 1 diabetes mice
B2 1 RUBE PRIV /DN Bl JBR i R AT S 5

Insulin resistance test in ovariectomized mice (OVX) and in ovariectomized streptozotocin-induced
diabetes mice (OVX+STZ). The plasma glucose (PG) changes after insulin injection (A), Percentage
change in plasma glucose at different time points after insulin injection relative to the plasma glucose

level before administrtion insulin (B). The results represent means£=SD (n=6).
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3.2 17p-Ui — EExT B PR iR/ R =S BE R E A I BE BY $2 0

Ul Fig. 3 fion, S5#EA4H OVX+STZ MLk, =F5f)&E (0.01. 0.1 F1 Img/kg 5D
178~ —BEAd STZ Ptk R /D AR E A T+ =% (P>0.05) (Fig. 3A) 5 HHr 0.1
1 Img/kg A ) ME —RELE 250, DNERAERGEH K (W25 48— AR TH
MAEAE R (P<0.01) , ERGHE =, BV SAAR Baa 2 .
B JEANGEVY AR pE RS REZE (P <0.001) (Fig. 3B)

FPG (mmol/L)

-~

b && @‘:\‘Q"

Fig. 3 Effects of 17pB-estradiol on fasting body weight (A) and plasma glucose (B) in diabetic mice
B3 17B-ME SR b s /) B 2 A AT LU £ 52 i

Fasting weight (FW) and Fasting plasma glucose (FPG) in ovariectomized mice (OVX), in
ovariectomized and streptozotocin-induced diabetes mice (OVX+STZ), in ovariectomized and
streptozotocin-induced diabetes mice treated with 17p-estradiol at the dose of 0.01mg/kg body weight
(E0.01), 0.1mg/kg body weight (E0.1) and 1mg/kg body weight (E1) . The results represent means£SD.
(n=12). *P<0.01, " P<0.001 versus OVX; #P<0.01, #*P<0.001 versus OVX+STZ.
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3.3 BR{AHEBE RS/ L2 AR AR E A I B RO R

SRR AL, BEAREIZA 254 (0.1, 2 A1 8mg/kg 7R E ) A S kb TR A4,
TARE (2mg/kg A ED) XF 1 AU PRI /N B EE RS20 72 R J5 28 TR FEE S R (e
MAGAENEME LR BFREEER (P<0.05) (Fig. 4A) 5 WAL 254
MAFEARGEHENE G (Wi =5 ST EAA, (H 2mg/kg & H B AR
HAAER GV ERHEMENSER WHRSAE =, BUARME AR
MpE T~ A EEEZESR (P<0.001) (Fig. 4B) .

40 A
30
-
=0
20 |
=
(=9
10
ﬂ 1 1 1 1 1 1 ]
ot a g o o g > s
<L &% 5.4-@ in-e & &% =
3 - aF = = &
20
B ok ok

10

FPG (mmol/L.)

Fig. 4 Effects of progesterone on fasting weight (A) and fasting plasma glucose (B) in diabetic mice
P 4 S AR XS R P /0 B 2 A B M I ) 52

Fasting weight (FW) and Fasting plasma glucose (FPG) in ovariectomized mice (OVX), in
ovariectomized and streptozotocin-induced diabetes mice (OVX+STZ), in ovariectomized and
streptozotocin-induced diabetes mice respectively treated with progesterone at the dose of 0.1mg/kg
body weight (P0.1), 2mg/kg body weight (P2) or 8mg/kg body weight (P8). The results represent
means+SD. (n=12). "P<0.05, **P<0.01, **P<0.001 versus OVX; #*P<0.05, #P<0.01, ##P<0.001 versus
OVX+STZ.
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3.4 17p-Uf — EE A0SR (AN EX F X 46 E AN I BE RO RN

SRR (OVX+STZ) AL, 17p-ME —F% (0.1mg/kg AT ) FIhLS 245 (/4 E AR
WEFE S 17p-M A AREREL &40 (EPO.1. EP2. EPS) IREIK AR,
H5 17-M —RE R an 25 AR L, R A B IR R R 2R (Fig. 5A) 5 17B-
M (0.1mg/kg MR E) FUBRZS 2500 PR /N BRI BB EEAR G S8 =8 S04, B H
JARIEE 7S AR (2 25 2458 —JA 55 =8 8 DU R AN 28 R KD B35 R & (P<0.001);
17p- M — FEFIBEAREREE &4 (EPO.1. EP2. EP8) MLKEAHXTHIAIZH (OVX+STZ) 154
A FHAR/KSE, H EPO.1 A1 EP2 405 E0.1 ZHAHELEER G5 HAME A HEK (Ht 4
AL LA BARBEMEER (P<0.01) (Fig. 5B) .

40  —m— OVX+STZ A
—— EO0.1

—— EPO.1
10 | —®— EP2
—— EPS

i
B |
10
1]
< N e e > > b
< & T e e Fa P
< = a2 - h‘z_a \4_@ \4:: \4‘_@.
i s il w2 B &
20 B
=
=
E 10
o
B
=
0 1 1 1 1 1 1 ]
<& e g e N -~ o
< & b&“y - <& 5 <5
S s I > = &

Fig. 5 Effects of 17f-estradiol and progesterone combination on fasting weight (A) and fasting
plasma glucose (B) in diabetic mice

5 17B-ME - BEAN SRR IR HIXT STZ BITESOE FRIvs /) Bl 22 4% EE A I 4 52 1

Fasting weight (FW) and Fasting plasma glucose (FPG) in ovariectomized mice (OVX), in
ovariectomized and streptozotocin-induced diabetes mice (OVX+STZ), in ovariectomized and
streptozotocin-induced diabetes mice treated with 0.1mg/kg body weight 17p-estradiol (E0.1), or treated
with the combination of 0.1mg/kg body weight 17B-estradiol and 0.1mg/kg body weight progesterone
(EP0.1), 2mg/kg body weight progesterone (EP2), or 8mg/kg body weight progesterone (EP8). The
results represent means=SD. (n=6). *P<0.05, #*P<0.001 versus OVX+STZ; €¢P<0.01 versus EO0.1.
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3.5 17p- M — B2 A0 3R {4 B B b o /)N R BE TR B RO B2 M)

&l Fig. 6 s, @4 TWNEE, ZEEASK 120, #HATH &R 2k, 15
JEE VRS A (1.5g/kg ARED , 43 A AEVESS M %18 /5 1) Omin, 30min, 60min. 90min,
120min M A%, AAAH S REAMEE, P E2a HEA REEER (P<0.00D) ,
=R B PR B AR 1 AR R /)N B KA T 4345 T W S 2GR 5 T 0. 1mg/kg 45 17-
M E K 17B-ME AT AREA R A, b BP2 BXA UM B — o e o,
TE 55 781 % B J5 1 90min ik 2 2 K (P<0.05)

40 -
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Fig. 6 Effects of 17B-Estradiol and progesterone on glucose tolerance in diabetic mice
Bl 6 17B-ME — I A g AR T 6T P /0 BSURE TS 2 14 52 i

Glucose tolerance test (GTT) in ovariectomized mice (OVX), in ovariectomized and
streptozotocin-induced diabetes mice (OVX+STZ), in ovariectomized and streptozotocin-induced
diabetes mice treated with 0.1lmg/kg body weight progesterone (P0.1), 2mg/kg body weight
progesterone (P2), 8mg/kg body weight progesterone (P8), 0.1mg/kg body weight 17p-estradiol (E0.1)
or treated with the combination of 0.1mg/kg body weight 17B-estradiol and 0.1mg/kg body weght
progesterone (EP0.1), 2mg/kg body weight progesterone (EP2) or 8mg/kg body weight progesterone
(EP8). The results represent means+SD. (n=6 ). ““P<0.001 versus OVX; #P<0.05, #P<0.01, ##P<0.001
versus OVX+STZ.
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3.6 17(- e — B 0 5 2 e B8 Pk s ) R FBR S8 RO S Pl

JiE 5 TR ARG — A Yt (Hematoxylin-eosin staining, HE) %5 8141 Fig. 7 Fiaw,
TR ZH i S A A AN G R ZH AR EE, TR AN, Z46" 8, BSAREERD, e
MR AT E R TR, REBAREEE M (Fig. 8) .

{ -

TR

Fig. 7 The picture of Islets morphology
K7 BREESE

Effects of 17B-estradiol and progesterone on pancreas were visualized by hematoxylin-eosin (HE)

staining in ovariectomized mice (OVX), in ovariectomized and streptozotocin-induced diabetes mice
(OVX+STZ), in ovariectomized and streptozotocin-induced diabetes mice treated with 0.1mg/kg body
weight 17B-estradiol (EO0.1), 0.1mg/kg body weight progesterone (P0.1), 2mg/kg body weight
progesterone (P2), 8mg/kg body weight progesterone (P8), or treated with the combination 0.1mg/kg
body weight 17p-estradiol and 0.1mg/kg body weight progesterone (EP0.1), 2mg/kg body weight
progesterone (EP2), or 8mg/kg body weight progesterone (EPS) (n=3).
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Fig. 8 The number of islet cells
B8 JBE S A s

Effects of 17p-estradiol and progesterone on pancrea islet cell numbers, the number of islet cells were
counted by hematoxylin-eosin (HE) staining in ovariectomized mice (OVX), in ovariectomized and
streptozotocin-induced diabetes mice (OVX+STZ), in ovariectomized and streptozotocin-induced
diabetes mice treated with 0.1mg/kg body weight progesterone (P0.1), 2mg/kg body weight
progesterone (P2), 8mg/kg body weight progesterone (P8), 0.1mg/kg body weight 17p-estradiol (E0.1)
or treated with the combination of 0.1mg/kg body weight 17B-estradiol and 0.1mg/kg body weight
progesterone (EP0.1), 2mg/kg body weight progesterone (EP2), or 8mg/kg body weight progesterone
(EP8)(n=3). The results represent means+SD. (n=6). “P<0.01 versus OVX; *P<0.05 versus OVX+STZ.
&p<0.05 versus E0.1.
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3.7 MEMHER C RRFIER S FKFEEN

e524 5 JAJa, IRBRR MUSCEE/IN BRI « 4b 2% R OGIZA I i 178~ — B R 3% 1
Fil i) & &, Elisa VAR IS S C IRFIEE R 2K -F. M Table 1 A1 Table 2 H17] LA
PEAIZH /B, C KRR & 2 A Bt LU X IR 2 B 08D s 1T 0. 1mg/kg AR EE 17p-ME — i AN
2mg/kg AT EARE FARLG 2], (M3 C ORI & 2K T B B4R & 17B-ME Al s 44
B ECH , I9h C KA & 2 & &3A Al n, (A(RFIE (0.1mg/ke RHED HARA
EER, KiflE (8mg/kg HE) FHiPilEM (Table2) .

Table 1 Plasma concentrations of sex hormone C-Pepitide and insulin

R 1 AR B PR e C IR B 3K
Groups  Estrodiol(pgmI-!) Progesterone(ngml-1) C-peptide (ng.mL-1) Insulin(mIU mL1)

OVX 86771133 03703 575211 2056123
OVX+STZ 84491122 037103 363108+% 1948 £ 22 ##%
P01 8409+113 057x0.1 422102 20.13+03

P2 88.5%222 17713 531x03# 259563 ¢
P8 8l.1%£81 778148 465202 2224+52

Plasma concentrations of 17p-estradiol, progesterone, C-Pepitide and insulin in ovariectomized mice
(OVX), in ovariectomized and streptozotocin-induced diabetes mice (OVX+STZ), in ovariectomized
and streptozotocin-induced diabetes mice treated with 0.lmg/kg body weight progesterone (P0.1),
2mg/kg body weight progesterone (P2), 8mg/kg body weight progesterone (P8). The results represent
means+SD. (n=6). "P<0.05, **P<0.001 versus OVX; #P<0.05 versus OVX+STZ.

Table 2 Plasma concentrations of sex hormone C-Pepitide and insulin

R2 o 1TR-ME A SRR B A AL/ RS R S C IRREE B 2 KT

Groups Estrodiol(pg.mL-!) Progesterone(ng.mL-1) C-peptide (ng.mL-1) Insulin(mIU.mL1)

OVX+STZ 84491122 03703 363108 1948+22

E01 186.53t66.1 034%023 599f1# 317122 T
EP0.1 12885%6.1 06510 1928t 15&&& 7822 T 828 &&
EP2 210281996 17713 512204 2781198
EPS8 22162775 77848 478x01& 23612 18&&

Plasma concentrations of 17-estradiol, progesterone, C-Pepitide and insulin in ovariectomized mice

(OVX), in ovariectomized and streptozotocin-induced diabetes mice (OVX+STZ), in ovariectomized
and streptozotocin-induced diabetes mice treated with 0.1mg/kg body weight 17p-estradiol (EO.1), or
treated with the combination of 0.Img/kg body weight 17B-estradiol and 0.lmg/kg body weight
progesterone (EP0.1), 2mg/kg body weight progesterone (EP2), or 8mg/kg body weight progesterone
(EP8). The results represent means+SD. (n=6). *P<0.05, *#P<0.001versus OVX+STZ; %P<0.05,
&&&p<(.001 versus EO.1.
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3.8 17(-ME " Ep A0SR (AR BE PR s /)N BLABR 5 R SR AR RIA IR

U1 Fig. 9 Ao, FFR S %5244 mRNA (Fig. 9A A1 B) FM&EH (Fig. 9C A1 D)
TR (OVX+STZ) « AHBAL (OVX) LA ZhH 2 a1 R #EH 1% 5F . W Fig.
10 Frow, S Sar il 7 JFE R A - BE LR B 2R S AR RIAERLTZH (OVXHSTZ) 5
XTHRZH (OVX) Z [ TCB 22 7
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Fig. 9 The expressions of liver insulin receptor
K9 P BR & 3R 2 ik

Effects17B-estradiol and progesterone on liver insulin receptor mRNA (A, B) and protein (C, D)
expressions in ovariectomized mice (OVX), in ovariectomized and streptozotocin-induced diabetes
mice (OVX+STZ), in ovariectomized and streptozotocin-induced diabetes mice treated with 0.1mg/kg
body weight progesterone (P0.1), 2mg/kg body weight progesterone (P2), 8mg/kg body weight
progesterone (P8), 0.1mg/kg body weight 17B-estradiol (E0.1) or treated with the combination of
0.1mg/kg body weight 17-estradiol and 0.1mg/kg body weight progesterone (EP0.1), 2mg/kg body
weight progesterone (EP2) or 8mg/kg body weight progesterone (EP8). The results represent means£SD.
(n=3).
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Fig. 10 Immunofluorescence detection of insulin receptor expression in liver and seletal muscle
10 G G I R AN B LR & 3R 32 ARk

Liver (A) and skeletal muscle (B) insulin receptor expressions in ovariectomized (OVX) and in
ovariectomized and streptozotocin-induced diabetes mice (OVX+STZ) were visualized by
immunofluorescent staining using anti-insulin receptor (fluorescein, red) antibody and DAPI staining

for visualizing nuclei (blue) (n=3).

30



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

3.9 17p-if —EEFN R {FEIX GLUT mRNA RiANF N
3.9.1 17p-3f — BN R E MY B BSAL GLUT4 mRNA FRiARIFN

Ul Fig. 11 fios, fAZH (OVX+STZ) B4l GLUT4 mRNA 1A #H LX) RE4H
(OVX) EEPFFK (P<0.001) , 170 BEAN S A4 ER B 25 240 Db a8 A 20 - 5
L. GLUT4 mRNA H5 1A, P0O.1 F1 P2 4H BB, E0.1 A LiR/EH A & &M
(P<0.001) ; 0.lmg/kg A 17p-# — I 5 2mg/kg 4 B T MR B o] & 25 19 9 17p8-HE —
BE EIAMER (P<0.001) . BABRIFER, 12 0.1 1 8mg/kg 74 H BT AR XS 17p-1E —
BE A FH B A HE BN
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Fig. 11  Effects of 17p-estradiol and progesterone on GLUT4 mRNA expression in skeletal muscle
11 17B-Mff — B AN B AR B X1 % UL GLUT4 mRNA 2K3A (152

The GLUT4 mRNA expressions of skeletal muscle in ovariectomized mice (OVX), in ovariectomized
and streptozotocin-induced diabetes mice (OVX+STZ), in ovariectomized and streptozotocin-induced
diabetes mice treated with 0.1mg/kg body weight progesterone (P0.1), 2mg/kg body weight
progesterone (P2), 8mg/kg body weight progesterone (P8), 0.1mg/kg body weight 17p-estradiol (E0.1)
or treated with the combination of 0.1mg/kg body weight 17B-estradiol and 0.1mg/kg body weight
progesterone (EP0.1), 2mg/kg body weight progesterone (EP2) or 8mg/kg body weight progesterone
(EP8). The results represent means+SD. (n=3). **P<0.001 versus OVX; #P<0.01, #P<0.001 versus
OVXA4STZ; &P<0.05, ¥%&p<().001 versus EO0.1.
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3.9.2 17p-ift — EZFNER(AEEX FFAE GLUT2 mRNA FRiARIFZ0E

Ul Fig. 12 s, B3 2H COVX+STZ) FFAE GLUT2 mRNA RIAA HLX EZH (OVXD)

B S0 (P<0.001) ;
mRNA [13i%, P2. P8 A1 E0.1 A FIEMERHHE (P<0.001) ;

17B-#E —

Pt 0 AR Bl B 26 245 R DL AR 2 4H H IE GLUT2
17 B- Wk — Pt A0 5 A Bl

ERHIS, [RIFE AR, (B850 178-M B as 25 HAH Lo W 122 =

0.6

0.4

0.2

LUT2(Relative to f-actin)

G

p. % OVXASTZ PS8
GLUTZI— - - —- _
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The liver GLUT2 mRNA expression in ovariectomized mice (OVX),
streptozotocin-induced diabetes mice (OVX+STZ),

Fig. 12 The expressions of liver GLUT2 mRNA

K 12 FFiF GLUT2 mRNA ik

in ovariectomized and

in ovariectomized and streptozotocin-induced

diabetes mice treated with 0.1mg/kg body weight progesterone (P0.1), 2mg/kg body weight
progesterone (P2), 8mg/kg body weight progesterone (P8), 0.1mg/kg body weight 17B-estradiol (E0.1)
or treated with the combination of 0.Img/kg body weight 17B-estradiol and 0.1mg/kg body weight
progesterone (EP0.1), 2mg/kg body weight progesterone (EP2) or 8mg/kg body weight progesterone
(EP8). The results represent means+SD. (n=3). **P<0.001 versus OVX; #P<0.001 versus OVX+STZ.
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3.10 17p-I# — Bz Fn 35 (A EE xS AT BEE X S BE FRIA RO RZ M
3.10.1 17p-if — FZFNE (A RIS BT AE Gek mRNA FRiIZHIFM0

Ul Fig. 13 Fian, HAVEAFIE Gek mRNA FRIiEMH E OVX 418 /b (P<0.001) ;
173 — P RS A S g 25 24 20 W] DL BV IE Gek mRNA £k, 0.1 F1 2mg/kg 74 H
AR & 0. 1mg/kg MR 178-E 1% E/EH E3E (P<0.001) 5 17p-MfE — BEA S AR
PR 2[RI AE F I Gek mRNA £k, HAGHE (0.1mg/kg A=) NIKGHIE (8mg/kg 4
H) AR 178-ME B (0.1mg/kg PREH) BRA AT B BAEPT 178-0E B0 E R AEH

(Fig. 13B) .
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Fig. 13 The expressions of liver Gck mRNA
Kl 13 JHFIE Gek mRNA #i&

The effects of progesterone and 17f-estradiol on liver Gck mRNA expression in ovariectomized mice
(OVX), in ovariectomized and streptozotocin-induced diabetes mice (OVX+STZ), in ovariectomized
and streptozotocin-induced diabetes mice treated with 0.1mg/kg body weight progesterone (P0.1),
2mg/kg body weight progesterone (P2), 8mg/kg body weight progesterone (P8), 0.1mg/kg body weight
17B-estradiol (E0.1) or treated with the combination of 0.1mg/kg body weight 17B-estradiol and
0.1mg/kg body weight progesterone (EP0.1), 2mg/kg body weight progesterone (EP2) or 8mg/kg body
weight progesterone (EP8). The results represent means=SD. (n=3). "“P<0.001 versus OVX;
##P<0.001 versus OVX+STZ; €4P<0.01, &&&p<0.001 versus E0.1.
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3.10.2 17p-ift — EZFN SR (A EIX BFFAE G-6-P #1 PCK mRNA AR

Ul Fig. 14 Pz, f84 (OVX+STZ) HHiE G-6-P il PCK mRNA Rk AH LT i

H (OVX) BHEHE (P<0.05) ; 17B-UE —EEA AR s s e & 45 25 1yl B2 R

WHFAE G-6-P mRNA £k (P<0.001) , A R PCK mRNA ik, {HA[FE &

TR 17B-#E —FEECH , XT 178-ME —BE T 1% G-6-PmRNA (Fig. 14B) 1 PCK mRNA
(Fig. 14D) {EMHJCHH B2 .
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Fig. 14 The expressions of liver G-6-P and PCK mRNA
Kl 14 BFAE G-6-P 1 PCK mRNA {15

The effects of progesterone and 17B-estradiol on liver G-6-P and PCK mRNA expressions were
measured by RT- PCR in ovariectomized mice (OVX), in ovariectomized and streptozotocin-induced
diabetes mice (OVX+STZ), in ovariectomized and streptozotocin-induced diabetes mice treated with
0.1mg/kg body weight progesterone (P0.1), 2mg/kg body weight progesterone (P2), 8mg/kg body
weight progesterone (P8), 0.1mg/kg body weight 17p-estradiol (E0.1) or treated with the combination of
0.1mg/kg body weight 17-estradiol and 0.1mg/kg body weight progesterone (EP0.1), 2mg/kg body
weight progesterone (EP2) or 8mg/kg body weight progesterone (EP8). The results represent means£SD.
(n=3). "P<0.05, ""P<0.01 versus OVX; #P<0.05, #P<0.01, ##P<0.001 versus OVX+STZ.
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ENE Wi

PEIRJE (Diabetes mellitus, DM) & H A& AR S 2 5l R 2= B3 FE A 51,
It H o 3302 48 B0 AR 1 7 B G T R R I B M o 1 AR s R 1 e 5 4 i
R H & g% MR, RS m4antih =, MR shECR .. AT R A B, 20F
44 % AL IR LHEAFAE IR B R IPL, A5 IR RA LA LML, e &
A, I IR AT 5 2K BT S IR, AR AT MR B AAIT e, ATy
LIRS 250, PRARIRE, OB E. CAShYSLiRuEse?l, i K R IR
DB J5 1R 5 2 U S5 4 AN G o S5 X e 0SB BRAI, AR 7 B RV R e 8
i g 1 2R I U, T O I B A TR R B AR BRI, MERGER T
REAEHERF IR & 2R 1R W U 7 T AR 2 — € IIPE H S BRI E AR Ok RANLHE A 764278
. RERZ R TR R HME B (17B-estradiol, E) M /AN (Progesterone, P)
PO B R AT, PRARRE R A 38, R TR 3 U U0R 33 90 2 A Y AR R
EACE RME . 2R T AU A S R AR AT MBI M AR SR PR K A
()55 22 S A4 B A 1) A BHDIR S S iAot . 223 /KT ok

4.1 17 RR 1 BUBERR AR E

1 R PRI AR AE DI, I RIS B gt A A0 7] DA K fRe 25098 i FE AR I [ 22 R 24
BRI R 1 AR O RFAEE T T 20 3 HIBLHAR B 5 S B VERIR, R B K 2 WA
A, IR RYR YT BRI R S 2, BAR 1 RURE PRI B R O B N
FLBIASE] 10%, (EiZ0 AR LR = % HLAERE 2 R OFAORE, ™ SERZM 5 1K) B AR GUAT
AR, DI, W20 BEAT A S AT T T B AR ST e BT B L. A
STZ iEAs & — Mg Al ] AL SR 7715, STZ REMS R FEIE IR IR By BT, KGFI&
VESTI ATig a1 RO PR AR AL 16l ARSIl B S STZ, #E7 1 RURE JRIGER,
FFARYE 1 74N 2 AR O (KX ), 38 I R B EART SR, R DX 5 R T ST R A
RIS, G5 RBW], ASCRA BT 0] 2 SOEH /N IRE T &, AR A, R
BR8N, H'5 OVX IEWAAM LA M BURR & RIS, WP RISRIRE: RAT& 1 ApE
PRI =2 — /DR HEARR I, R LT C AN 5 2 /KF 2 R B o 1 ]2 2
FEE 1 R PRI & 3R 0 WA R AR BRFAIE . BTV AT IE R A, R,
A ERAEVE SR E B R, JETRAT (5.6%) FLA

4.2 M EEX STZ FRBUIMR 1 BUBERF A £ WIEE/ER

MERCR B I MERR 32 A8 (ERD R CAOR IR IBRBAR I IR 15 L Dhfg, (Rt &=
W, PR RN, SCEME. TR NG R VLAE AN M R A DR, nomd
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Y PN et [ = A AT
SHE R B AR S FH G STZ e S0P 52U 3k /)N BRUBE JR 3 A= 1 3l 977 4 FH A 92
2 0 L R ) A 1 £8 BBORTR] FHU7-18T, De Lauzon-Guillain! M55 N B 7T IE 4548
Je METHCER 1R YT BENS AR 2o MR PR B RO 38, A SCIE S B s v 4 0,01, 0.1 A1 Img/kg
PREE ME T, JRRTIINTE T 178-E R AMPE B R, SRS B AGHE
(0.01mg/kg AR ) 17B-ME — BEXHE FR I /N BRI A B S5 1 S /E A, 0.1 A Img/kg
PRER [ 17~ — B mT B 2 PR AR PR s /N BRI, R RS 17B-ME % 0. 1mg/kg 1A H
AT DA /N 5L e R TR B AR BEIK E (186.53+66.11.3pg/mL) Y5 .

4.3 |IFER*T STZ FrBUMg 1 BB & £ EEER

TR R AT B 1 R R R B 2R 1 i, TSI R Mk I 2R R B4 T 1 AR
1 BUWE R 8 0 bR 5l . A LI, WA IS T RO, RERG N & 2 4
AR S5 B o 223 S tH IURE TN & 5 Ol PR CON I PR IR S, BL5 22 0044 Y EVRCER
AR SREBEAKEER. B B FBER TR S R B WA RN ARSI
U5 0.1, 2 M 8mg/kg PR B AARRR, RN R I 5 5 &, S5 R ORI AT AE LIS S Bk 2
A PO R I B AR R AR R 25 24 77 B 2mg/kg A EE IS A /0N BRI B AR R 2 N
1.77+1.3ng/mL, 1E& AR YIFR 9P /)N RIS B AR & 2408 4.3ng/mL,  Z2R% 33 /)N BRI
TE AR S 822978 20.08ng/mL) 1] DA BA 2 FEARHE PR 97 /) BRI %

4.4 17p-M —EEFNRAEIEL X STZ FRBU/ R 1 BUBERB & £ N IEE/ERH

A DS 3R R B AR 7 B BB 5 Vi 7 R g i R U A B RIVE D, L] 5 (i ik
GLUT4 K547, BRSBREBEBESEZA (R LS, SH0E 2K H BRI 214k
MR BRI EEE 1, RS R 2R (IRS) IR E IR ILA 55, JFREW BRI &
HEPL, AR R 1) g 211201230, G B o Al mT DA BB B 3R VR T I e M B 7
BN TR IR RS 1241200, AR 0. 1mg/kg PR EE 17B-ME —EE 4R )5 0.1, 2 Al 8mg/kg 14
B AT B 25 24 5 5 R AR R T i 71 R R S 17 B- e B FH N = R
FEPUVERT, AR BER & 00 178~ — 5 5 TR IR IR AT DA bib 5] OR 4 Jk B B, (2 fik
B, SCERBEILG, W RO PR N BT

4.5 17p-8E " Ep R IA BT E BEIRR A S R S p AR RIP B X

178~ B B ORI R 5 B M, i) FL U8 O (R 1 5 3 W, SO T B T
52 RN R AHEBTIT) . Khool 28155 A RIF 745 Ml 22 5 A7 V2 mT Ay 1 v I W 5 PR 4
2 5 otk 2 BUREIRIB IR R o AR SCE I W L2 IR B BAIL Y HE Jett, 25K 17B-
M TR B PRI BB G B i S STZ BT sl S i R S pam i (453475, Rk s &, 48
IR S B B R . R, BEARER . 17p-0E R R al o I AT i C Ak
FR 2 W, Horb 2mg/kg R B BARER, 0.1mg/kg A H 17p-ME 2 LA K& 0.1mg/kg
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EVL PN 2Tl S U =X VA4S
M R SRR 0T STZ BT O S YRR/ SRR s A 1 T35 11 P 9
PR 17B-ME I 0 ) 5 0.1 A 2mg/kg A4 5 B AR I FH I 2 3k C JROMI & 2 b RO AR
P o I JBR B A ARSI R B, B PR R ZH /N B OVX X HRZE IR B 33K
PURIBE & R M RIE T R MEZE S o TR B S I 2 R, 17B-ME W2 LS 17B-HE—
P AN T AR BB FH AT SO A PR /) SRR T e (R0, O e R g A i 2o (R 47 J5R &5 B4
i, AREENIRVERR By 3 e, AT e e e I R, FRAECRE PR /) B LB

4.6 17p-ME— EEFNR AN R &2 £ SREFEEEH X

HENEEIZA 4 (GLUT4) FEEAEF#AL (Skeletal muscle, SM) I [ €2 g fifj 28
Z(White adipose tissue, WAT) ik, HRIA . G A0 Bont 5 i 4 e HH B 5 o AT - 305
SR MELEATRERS . MBS RS SM M WAT 4 b2 kgs &, wIeL
RN R FE S, (5 AR EMIZE A GLUTS FZEIE 5 A0 I F4 € 2 40
JIEE, AT A5 I 10 3 260 8 2 s 22 4t o o (AT LA AU R« B 0t 98 R B B UL GLUTT4
KB EMER R Z R ERoF] ERBAHOC,  H P FHMERER 52 /6% GLUT4 M5 EFAM . £
SM ', ERoje GLUT4 E£E W IE RS H 1, 1 ERBEAMGIER, MERE K5 80N
R P o 52 A S 3 2 ] () <P 1 01290

GLUT2 A5 FHFAAE . JRE 40 g b 5 40 25 JiS A M SR B /N R 4
GLUT2 & —FESEM BB AR m g ae JimiiE E . g, GLUT2 BA XM
) IS A AT R VR SO, AR R, MIATRE T4 GLUT2 $ig it NIy, & H
R 2 Wl G R TR R A B R SZ 3%, GLUTR 5 i A B 355 ) FB] 1) 7 72 AR 58 A
T A 330 4 95 A ¢ () R S 487 4 ORI B2 R AR AR AU, GLUT? g B ) Ik
IS, DT T 86 28] 0 (1) % ie B B 2 38 0, 6 40 e A B4t il GLUT2 sy km B TV Y
HENEBERARIC &, R AR SR EH o T GLUT2 Bz FEA A i T8 & b
TR ) ST R, A P 200 Y AR B L o 2 R TR T e SN T B o 1311321

AR R /N AR A ZH B B UL GLUT4 mRNA 3% N, BFF GLUT2 mRNA
Fis B, EAKE. 178-ME —EEEl —FHECA A (e E Bl GLUT4 &k, TR
GLUT2 mRNA ik, B4 Z5it, 2mg/kg R E T AEIAT 0.1mg/kg AT 17p-ME 1
AR E FIRE#UL GLUT4 mRNA FIRE, FRIE GLUT2 mRNA ik, —HEKG
I 2mg/kg A4 2 AR R P 5] 17B- i — B2 2 3F GLUT4 mRNA ()58, 1% GLUT2
mRNA FiEFI HFEPRCR, H5 0.1mg/kg KE 17p-M “ ML L EEMWZER, 0.1
F1 8mg/kg M FI T AREATE BT 17p-MF BT GLUT4 mRNA Rk _LEfER . Kk,
17B-ME P B J 35 BRA S BRGNS . AE 220 PR3 % A LR v] B 5 FLAR ik
% UL 140 R F R 4 10 i A7 K
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4.7 17p-ME — Ep SR EE Z PEPR % & S FT AR BRI FRIZESRIA /X

1 %] BE NS (Glucokinase , Gek) A2 FH4T A P9 3= 22 (1) 8 ) B B U, A2 —FF S0KD
BRI B AR (. Gok = ZE/E AR RN B R BA i vh 3Rk, R IR DGR , (i fb
AT BRI A R I NE-6-B5 1R . S ST AR AN IR & B B — 20 o E AT i B2
M HB o, Gek A2 E B 0 AE K A8 0261281 B iR A B 5K Y B R R W B§ ( Phos
phoenolpyruvatecarboxykinase , PCK) A HE 7 A= PRI A IR, 4 5 lE £ 1R 4% A0 v sk
PR ) it A T PR P L i, 0 i S 2 D B Pl 7] 6 M -6- T IR B ( Glucose-6-phosphatase,
G-6-P) fEALFERAN RG24, (EHENE 6 BRI H &P,

PN S'Eﬁlja‘;%yﬂﬂﬁﬁ PCK 1 G-6-P LU R 4H 218 B 5 T iy, T 79 2 1) 7 3R
R ATREL AR RRAS, B SR 2. 8 I R AN b R R B m . T
STZ FESLIV 1 BUHE FRp AT DL B4 sl A 432 1 52 i) JHEJUE i S A2 QB G-6-P Al PCKL J¢
PEEEARCHERE Gok mRNA [FJFRIAI3138) | Sk — D ERUTBARER . 17B-MF i  — %
BB X bl PR B R ) 52 me, FRATTRS I 7 AE Geks G-6-P I PCK mRNA K& /K-
AR ST PRI AR ZH /N RFFIE Gek RIBE 2 N, G-6-P f1 PCK Rk % i, #f
e ZiHA] FI Gek 3RIE, T G-6-P 3Rk, 2 0.1 1 2mg/kg AR E BEAARRH, 0. 1mg/kg
IAE 17p-ME —FE R 2 EH Gek, BEART 2mg/kg 1A S B AAER B [E) 17p-ME 8% i Gek
HIZIA, 0.1 A1 2meg/kg 1K B8 0 (AR 2 2 15 50 17B-ME B Gek Ky EWPER . 0.1.
2 1 8mg/kg 1A F T AKER &2 0.1mg/kg A 178-ME 0] N if] G-6-P Ki&, BEEHS
2mg/kg 4 B B ARER P[] 178-ME —F% T G-6-P [I3£3%, 0.1 Al Smg/kg 14K 5 ¥ AR5
P 17p-ME —FEXT G-6-P FisH FR/EH . 0.1mg/kg 7R 17p-ME —FE Al i % K il PCK
KL, B ARE LG 2580 17B-ME B 5 ARG & I X PCK RIA T 2 1 2 57
PRI, 173 TR 8 A I ] e ae ot 52 e AR BR AX U Gek . G-6-P. PCK Rk, {2
BERERE A R AINE A S IR A, PRACILRE, S22 WE R I K AR

Zx LATIR, 17B-ME AN B (AR B 2h 2535 a] AE 2% STZ FTEUINRR 1 BURE R 1) K

A, FIEAFENEHRIAE, EARIAE BN R HHIER 178-M — 8 (0.1mg/kg
REED) FIBEARE (2mg/kg PREE) {2459 FEIA B A R B YE ,  HAE SR Sl
173 — AN B (A A 1 22 W PR3 AR AL & 22 D7 T, o] Re S RS I S 4E A, {2
TEFR B BRI AR T B VL 260 0 A 1 B B ARG OC; AR E A E 0 SR S 17B-
ME IR R T 17B- M — B A S bk PR 1 A R s i ] 26) W B da i 18 R A T PR
AL B — @Y RIROS,  ATnGE 17B-E B BE R R TR VR F

38



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

BRE & B

1. 17P-MfE — A B (A B 25 245 ) TS 2 STZ PNl 1 RERE PR A A, (H
ARIGHN RN KA BN ES HRIEN 178-4E —8F (0.1mg/kg /RH ) A5 44 i
(2mg/kg PREL) R 259K LA B AE BRI EVE ], ) BRI STZ Fir £50/]s B LB )
SINCE

2. 17B-ME RN SR R  SE S o A AR AL 2 22 T TR, AT RE S L DR 97 JBR B 4
M (eREe i BRI AR B B IULAR A B A SR AR R

3. BRI S 17B-ME BRI 173-ME — B2 SE S0 PRI ) 2B R
B AREACUT AT — e A B R8N, RTINS 17 3-ME I o i B () 3EBI5 /Y

39



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

10.

11.

12.

13.

14.

15.

SE30Hk

Duarte-Guterman P, Navarro-Martin L, Trudeau V L. Mechanisms of crosstalk between endocrine
systems: regulation of sex steroid hormone synthesis and action by thyroid hormones. Gen Comp
Endocrinol. 2014; 203: 69.

Nouhjah S, Shahbazian H, Shahbazian N, Jahanshahi A, Jahanfar S, Cheraghian B. Incidence

and Contributing Factors of Persistent Hyperglycemia at 6-12 Weeks Postpartum in Iranian
Women with Gestational Diabetes: Results from LAGA Cohort Study. Diabetes Res. 2017;
9786436. doi:10. 1155/ 2017/ 9786436.

Nilsson S, Mikeld S, Treuter E, Tujague M, Thomsen J, Andersson G. Mechanisms of estrogen
action. Physiol Rev. 2001; 81: 1535-1565.

Safe S, Kim K. Non-classical genomic estrogen receptor (ER) /specificity protein and ER /
activating protein-1 signaling pathways. Mol Endocrinol. 2008; 41: 263-275.

Kleinberger JW, and TI Pollin, Personalized medicine in diabetes mellitus: current opportunities
and future prospects. Ann N Y Acad Sci. 2015; 1346(1): 45-56.

Paech K, Webb P, Kuiper GG, Nilsson S, Gustafsson J, Kushner PJ, Scanlan TS. Differential
ligand activation of estrogen receptors ERa and ERP at AP1 sites. Science. 1997; 277: 1508-1510.
Santen RJ, Allred DC, Ardoin SP, Archer DF, Boyd N, Braunstein GD, Burger HG, Colditz GA,
Davis SR, Gambacciani M, Gower BA, Henderson VW, Jarjour WN, Karas RH, Kleerekoper M,
Lobo RA, Manson JE, Marsden J, Martin KA, Martin L, Pinkerton JV, Rubinow DR, Teede H,
Thiboutot DM, Utian WH; Endocrine Society. Postmenopausal hormone therapy: an Endocrine
Society scientific statement. Clin Endocrinol Metab. 2010; 95(7 suppl 1): s1-s66.

Powell E, Xu W. Intermolecular interactions identify ligand-selective activity of estrogen

receptor a/f dimers. Proc Natl Acad Sci USA. 2008; 105: 19012—-19017.

Charn TH, Liu ET, Chang EC, Lee YK, Katzenellenbogen JA, Katzenellenbogen BS.
Genome-wide dynamics of chromatin binding of estrogen receptors o and B: mutual restriction
and competitive site selection. Mol Endocrinol. 2010; 24: 47-59.

Shang Y, Hu X, DiRenzo J, Lazar MA, Brown M. Cofactor dynamics and sufficiency in estrogen
receptor-regulated transcription. Cell. 2000; 103: 843—852.

Carr MC. The emergence of the metabolic syndrome with menopause. Clin Endocrinol Metab.
2003; 88: 2404-2411.

Blaustein JD, Wade GN. Ovarian influences on the meal patterns of female rats. Physiol Behav.
1976; 17: 201-208.

Drewett RF. Sexual behaviour and sexual motivation in the female rat. Nature. 1973; 242:
476-4717.

Wallen WJ, Belanger MP, Wittnich C. Sex hormones and the selective estrogen receptor
modulator tamoxifen modulate weekly body weights and food intakes in adolescent and adult
rats. Nutr. 2001; 131: 2351-2357.

Geary N, Asarian L, Korach KS, Pfaff DW, Ogawa S. Deficits in E2-dependent control of
feeding, weight gain, and cholecystokinin satiation in ER-a null mice. Endocrinology. 2001; 142:
4751-4757.

40



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Gao Q, Mezei G, Nie Y, Rao Y, Choi CS, Bechmann I, Leranth C, Toran-Allerand D, Priest CA,
Roberts JL, Gao XB, Mobbs C, Shulman GI, Diano S, Horvath TL. Anorectic estrogen mimics
leptin's effect on the rewiring of melanocortin cells and Stat3 signaling in obese animals. Nat
Med. 2007; 13: 89-94.

Clegg DJ, Riedy CA, Smith KA, Benoit SC, Woods SC. Differential sensitivity to central leptin
and insulin in male and female rats. Diabetes. 2003; 52: 682-687.

Jones ME, Thorburn AW, Britt KL, Hewitt KN, Wreford NG, Proietto J, Oz OK, Leury BJ,
Robertson KM, Yao S, Simpson ER. Aromatase-deficient (ArKO) mice have a phenotype of
increased adiposity. Proc Natl Acad Sci USA. 2000; 97: 12735-12740.

Heine PA, Taylor JA, Iwamoto GA, Lubahn DB, Cooke PS. Increased adipose tissue in male and
female estrogen receptor-o knockout mice. Proc Natl Acad Sci USA. 2000; 97: 12729-12734.
Ribas V, Nguyen MT, Henstridge DC, Nguyen AK, Beaven SW, Watt MJ, Hevener AL. Impaired
oxidative metabolism and inflammation are associated with insulin resistance in ERa deficient
mice. Am J Physiol Endocrinol Metab. 2010; 298: E304-E319.

Rogers NH, Perfield JW, II, Strissel KJ, Obin MS, Greenberg AS. Reduced energy expenditure
and increased inflammation are early events in the development of ovariectomy-induced obesity.
Endocrinology. 2009; 150: 2161-2168.

Smith GP. The controls of eating: a shift from nutritional homeostasis to behavioral neuroscience.
Nutrition. 2000; 16: 814-820.

Lisa M Davis, Michael Michaelides, Lawrence J Cheskin, Timothy H Moran, Susan Aja, Paul A.
Watkins, Zhengtong Pei, Carlo Contoreggi, Karen McCullough, Bruce Hope, Gene Jack Wang,
Nora D Volkow, Panayotis K Thanos. Bromocriptine administration reduces hyperphagia and
adiposity and differentially affects dopamine D2 receptor and transporter binding in
leptin-receptor-deficient Zucker rats and rats with diet-induced obesity. Neuroendocrinology,
2009, 89(2): 152-162.

Ritchie E Brown, Radhika Basheer, James T McKenna, Robert E Strecker, Robert W McCarley.
Control of sleep and wakefulness. Physiol Rev. 2012; 92(3): 1087.

Kim Y J, Bi S. Knockdown of neuropeptide Y in the dorsomedial hypothalamus reverses high fat
diet-induced obesity and impaired glucose tolerance in rats. Am J Physiol Regul Integr Comp
Physiol. 2015; 310(2): ajpregu. 00174.

Frank A, Brown L M, Clegg D J. The Role of Hypothalamic Estrogen Receptors in Metabolic
Regulation. Front Neuroendocrinol. 2014; 35(4): 550-557.

Merchenthaler I, Lane MV, Numan S, Dellovade TL. Distribution of estrogen receptor o and B in
the mouse central nervous system: in vivo autoradiographic and immunocytochemical analyses. J
Comp Neurol. 2004; 473: 270-291.

Lin Zhu, Melissa N. Martinez, Christopher H. Emfinger, Brian T. Palmisano, John M. Stafford.
Estrogen signaling prevents diet-induced hepatic insulin resistance in male mice with obesity. Am
J Physiol Endocrinol Metab. 2014, 306(10): E1188.

Roesch DM. Effects of selective estrogen receptor agonists on food intake and body weight gain
in rats. Physiol Behav. 2006; 87: 39—44.

Santollo J, Wiley MD, Eckel LA. Acute activation of ER a decreases food intake, meal size, and
body weight in ovariectomized rats. Am J Physiol Regul Integr Comp Physiol. 2007; 293:

41



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

R2194-R2201.

Liang YQ, Akishita M, Kim S, Ako J, Hashimoto M, Iijima K, Ohike Y, Watanabe T, Sudoh N,
Toba K, Yoshizumi M, Ouchi Y. Estrogen receptor  is involved in the anorectic action of
estrogen. Int J Obes Relat Metab Disord. 2002; 26: 1103—1109.

Yepuru M, Eswaraka J, Kearbey JD, Barrett CM, Raghow S, Veverka KA, Miller DD, Dalton JT,
Narayanan R. Estrogen receptor-p  selective ligands alleviate high-fat-diet and
ovariectomy-induced obesity in mice. J Biol Chem. 2010; 285: 31292-31303.

Langer G, Bader B, Meoli L, Isensee J, Delbeck M, Noppinger PR, Otto C. A critical review of
fundamental controversies in the field of GPR30 research. Steroids. 2010; 75: 603—-610.

Elmquist JK, Elias CF, Saper CB. From lesions to leptin: hypothalamic control of food intake and
body weight. Neuron. 1999; 22: 221-232.

Schwartz MW, Woods SC, Porte DJ, Seeley RJ, Baskin DG. Central nervous system control of
food intake. Nature. 2000; 404: 661-671.

Myers MG, Jr, Leibel RL, Seeley RJ, Schwartz MW. Obesity and leptin resistance: distinguishing
cause from effect. Trends Endocrinol Metab. 2010; 21: 643-651.

Van Dijk G, Thiele TE, Donahey JC, Campfield LA, Smith FJ, Burn P, Bernstein IL, Woods SC,
Seeley RJ. Central infusion of leptin and GLP-1 (7-36) amide differentially stimulate c-Fos-like
immunoreactivity in the rat brain. Am J Physiol. 1996; 271: R1096-R1100.

Desai B N, Harris R B. Integrated Effects of Leptin in the Forebrain and Hindbrain of Male Rats.
Endocrinology. 2013; 154(8): 2663.

Haifei Shi, Joyce E. Sorrell, Deborah J. Clegg, Stephen C. Woods, Randy J. Seeley. The roles of
leptin receptors on POMC neurons in the regulation of sex-specific energy homeostasis. Physiol
Behav. 2010, 100(2): 165.

Bennett PA, Lindell K, Wilson C, Carlsson LM, Carlsson B, Robinson IC. Cyclical variations in
the abundance of leptin receptors, but not in circulating leptin, correlate with NPY expression
during the oestrous cycle. Neuroendocrinology. 1999; 69: 417—423.

Lindell K, Bennett PA, Itoh Y, Robinson IC, Carlsson LM, Carlsson B. Leptin receptor
S'untranslated regions in the rat: relative abundance, genomic organization and relation to putative
response elements. Mol Cell Endocrinol. 2001; 172: 37-45.

Ainslie DA, Morris MJ, Wittert G, Turnbull H, Proietto J, Thorburn AW. Estrogen deficiency
causes central leptin insensitivity and increased hypothalamic neuropeptide Y. Int J Obes Relat
Metab Disord. 2001; 25: 1680—1688.

Clegg DJ, Brown LM, Woods SC, Benoit SC. Gonadal hormones determine sensitivity to central
leptin and insulin. Diabetes. 2006; 55: 978-987.

Chavez M, van Dijk G, Arkies BJ, Woods SC. 1995 ventricular insulin infusion attenuates
NPY-induced feeding at the level of the paraventricular nucleus. Obes Res. 1995; 3: 335.

Shin J Lee, Saurabh Verma, Stephanie E Simonds, Melissa A Kirigiti, Paul Kievit, Sarah R
Lindsley, Alberto Loche, M Susan Smith, Michael A Cowley, Kevin L Grove. Leptin Stimulates
Neuropeptide Y and Cocaine Amphetamine-Regulated Transcript Coexpressing Neuronal Activity
in the Dorsomedial Hypothalamus in Diet-Induced Obese Mice. J Neurosci. 2013; 33(38):
15306-17.

Cone RD, Cowley MA, Butler AA, Fan W, Marks DL, Low MJ. The arcuate nucleus as a conduit

42



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

for diverse signals relevant to energy homeostasis. Int J Obes Relat Metab Disord. 2001; 25(suppl
5): S63-S67.

Herzog H. Neuropeptide Y and energy homeostasis: insights from Y receptor knockout models.
Eur J Pharmacol. 2003; 480: 21-29.

Nadal A, Alonso-Magdalena P, Soriano S, Quesada I, Ropero AB. The pancreatic B-cell as a target
of estrogens and xenoestrogens: implications for blood glucose homeostasis and diabetes. Mol
Cell Endocrinol. 2009; 304: 63-68.

Barros RP, Morani A, Moriscot A, Machado UF. Insulin resistance of pregnancy involves
estrogen-induced repression of muscle GLUT4. Mol Cell Endocrinol. 2008; 295: 24-31.

Wild SH, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimates for the
year 2000 and projections for 2030. Diabetes Care. 2004; 27(5): 1047-1053.

Health Quality Ontario. Pancreas Islet Transplantation for Patients With Type 1 Diabetes Mellitus:
A Clinical Evidence Review. Ontario Health Technology Assessment Series. 2015; 15(16): 1-84.
International Diabetes Federation. IDF Diabetes Atlas: Global estimates of diabetes prevalence
for 2017 and projections for 2045.

Neth BJ, Craft S. Insulin Resistance and Alzheimer’s Disease: Bioenergetic Linkages. Frontiers in
Aging Neuroscience. 2017; 9: 345.

Naylor RN, Greeley SAW, Bell GI, Genetics and pathophysiology of neonatal diabetes
mellitus.Philipson LH. Journal of Diabetes Investigation. 2011; 2(3): 158-169. doi:10.1111/.
2040-1124. 2011. 00106. x.

Greeley SAW, Naylor RN, Philipson LH, Bell GI. Neonatal Diabetes: An Expanding List of
Genes Allows for Improved Diagnosis and Treatment. Current diabetes reports. 2011; 11(6):
519-532. doi: 10. 1007/s11892-011-0234-7.

Aune D, Sen A, Henriksen T, Saugstad OD, Tonstad S. Physical activity and the risk of
gestational diabetes mellitus: a systematic review and dose—response meta-analysis of
epidemiological studies. European Journal of Epidemiology. 2016; 31(10): 967-997. doi: 10.
1007/s10654-016-0176-0.

Abell SK, De Courten B, Boyle JA, Teede HJ. Inflammatory and Other Biomarkers: Role in
Pathophysiology and Prediction of Gestational Diabetes Mellitus. Baker PN, ed. International
Journal of Molecular Sciences. 2015; 16(6): 13442-13473.

Nouhjah S, Shahbazian H, Shahbazian N, Jahanshahi A, Jahanfar S, Cheraghian B. Incidence and
Contributing Factors of Persistent Hyperglycemia at 6—12 Weeks Postpartum in Iranian Women
with Gestational Diabetes: Results from LAGA Cohort Study. Diabetes Research. 2017; 2017:
9786436. doi: 10.1155/2017/9786436.

Sun J, Zhao M, Jia P, Wang L, Wu Y, Iverson C, Zhou Y, Bowton E, Roden DM, Denny JC,
Aldrich MC, Xu H, Zhao Z. Deciphering Signaling Pathway Networks to Understand the
Molecular Mechanisms of Metformin Action. Zhou XJ, ed. PLoS Computational Biology. 2015;
11(6): e1004202.

Nakamura K, Oe H, Kihara H, Shimada K, Fukuda S, Watanabe K, Takagi T, Yunoki K, Miyoshi
T, Hirata K, Yoshikawa J, I[to H. DPP-4 inhibitor and alpha-glucosidase inhibitor equally improve
endothelial function in patients with type 2 diabetes: EDGE study. Cardiovascular Diabetology.
2014; 13: 110.

43



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Bhargava - Shah A, Foygel K, Devulapally R, Paulmurugan R. Orlistat and antisense -
miRNA-loaded PLGA-PEG nanoparticles for enhanced triple negative breast cancer therapy.
Nanomedicine. 2016; 11: 235-247.

Park YW, Zhu S, Palaniappan L, Heshka S, Carnethon MR, Heymsfield SB. The metabolic
syndrome: prevalence and associated risk factor findings in the US population from the Third
National Health and Nutrition Examination Survey, 1988—1994. Arch Intern Med. 2003; 163:
427-436.

Yki-Jarvinen H. Sex and insulin sensitivity. Metabolism. 1984; 33: 1011-1015.

Hevener AL, Olefsky JM, Reichart D, Nguyen MT, Bandyopadyhay G, Leung HY, Watt MJ,
Benner C, Febbraio MA, Nguyen AK, Folian B, Subramaniam S, Gonzalez FJ, Glass CK, Ricote
M. Macrophage PPAR 7 is required for normal skeletal muscle and hepatic insulin sensitivity and
full antidiabetic effects of thiazolidinediones. J Clin Invest. 2007; 117: 1658—-1669.

Choi CS, Fillmore JJ, Kim JK, Liu ZX, Kim S, Collier EF, Kulkarni A, Distefano A, Hwang Y],
Kahn M, Chen Y, Yu C, Moore IK, Reznick RM, Higashimori T, Shulman GI. Overexpression of
uncoupling protein 3 in skeletal muscle protects against fat-induced insulin resistance. J Clin
Invest. 2007; 117: 1995-2003.

Hong J, Stubbins RE, Smith RR, Harvey AE, Nunez NP. Differential susceptibility to obesity
between male, female and ovariectomized female mice. Nutr J. 2009; 8: 11.

Frias JP, Macaraeg GB, Ofrecio J, Yu JG, Olefsky JM, Kruszynska YT. Decreased susceptibility
to fatty acid-induced peripheral tissue insulin resistance in women. Diabetes. 2001; 50:
1344-1350.

Andrei Mihai Malutan, Mihu Dan, Costin Nicolae, Mihu Carmen. Proinflammatory and
anti-inflammatory cytokine changes related to menopause. Prz Menopauzalny. 2014; 13(3):
162-168.

Sites CK, Toth MJ, Cushman M, L'Hommedieu GD, Tchernof A, Tracy RP, Poehlman ET.
Menopause-related differences in inflammation markers and their relationship to body fat
distribution and insulin-stimulated glucose disposal. Fertil Steril. 2002; 77: 128—-135.

Campbell SE, Febbraio MA. Effect of the ovarian hormones on GLUT4 expression and
contraction-stimulated glucose uptake. Am J Physiol Endocrinol Metab. 2002; 282:
E1139-E1146.

Stubbins RE, Holcomb VB, Hong J, Nunez NP. Estrogen modulates abdominal adiposity and
protects female mice from obesity and impaired glucose tolerance. Eur J Nutr. 2012; 51: 861-870.
Ding EL, Song Y, Manson JE, Rifai N, Buring JE, Liu S. Plasma sex steroid hormones and risk of
developing type 2 diabetes in women: a prospective study. Diabetologia. 2007; 50: 2076-2084.
Kalyani RR, Franco M, Dobs AS, Ouyang P, Vaidya D, Bertoni A, Gapstur SM, Golden SH. The
association of endogenous sex hormones, adiposity, and insulin resistance with incident diabetes
in postmenopausal women. J Clin Endocrinol Metab. 2009; 94: 4127-4135.

Bryzgalova G, Gao H, Ahren B, Zierath JR, Galuska D, Steiler TL, Dahlman-Wright K, Nilsson
S, Gustafsson JA, Efendic S, Khan A. Evidence that oestrogen receptor-a plays an important role
in the regulation of glucose homeostasis in mice: insulin sensitivity in the liver. Diabetologia.
2006; 49: 588-597.

Brown R J, Cochran E, Gorden P. Metreleptin improves blood glucose in patients with insulin

44



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

76.

77.

78.

79.

80.

81.

82.

&3.

&4.

85.

6.

87.

88.

receptor mutations. J Clin Endocrinol Metab. 2013; 98(11): 1749-56.

Hong J, Stubbins RE, Smith RR, Harvey AE, Nunez NP. Differential susceptibility to obesity
between male, female and ovariectomized female mice. Nutr J. 2009; 8: 11.

Bryzgalova G, Lundholm L, Portwood N, Gustafsson JA, Khan A, Efendic S, Dahlman-Wright K.
Mechanisms of antidiabetogenic and body weight-lowering effects of estrogen in high-fat diet-fed
mice. Am J Physiol Endocrinol Metab. 2008; 295: E904-E912.

Gao H, Bryzgalova G, Hedman E, Khan A, Efendic S, Gustafsson JA, Dahlman-Wright K.
Long-term administration of estradiol decreases expression of hepatic lipogenic genes and
improves insulin sensitivity in ob/ob mice: a possible mechanism is through direct regulation of
signal transducer and activator of transcription 3. Mol Endocrinol. 2006; 20: 1287-1299.
Lundholm L, Bryzgalova G, Gao H, Portwood N, Filt S, Berndt KD, Dicker A, Galuska D,
Zierath JR, Gustafsson JA, Efendic S, Dahlman-Wright K, Khan A. The estrogen receptor
a-selective agonist propyl pyrazole triol improves glucose tolerance in ob/ob mice; potential
molecular mechanisms. J Endocrinol. 2008; 199: 275-286.

Riant E, Waget A, Cogo H, Amal JF, Burcelin R, Gourdy P. Estrogens protect against high-fat
diet-induced insulin resistance and glucose intolerance in mice. Endocrinology. 2009; 150:
2109-2117.

Tiano JP, Mauvais-Jarvis F. Importance of oestrogen receptors to preserve functional -cell mass
in diabetes. Nat Rev Endocrinol. 2012; 8: 342-351.

Wong WP, Tiano JP, Liu S, Hewitt SC, Le May C, Dalle S, Katzenellenbogen JA,
Katzenellenbogen BS, Korach KS, Mauvais-Jarvis F. Extranuclear estrogen receptor-o stimulates
NeuroD binding to the insulin promoter and favors insulin synthesis. Proc Natl Acad Sci USA.
2010; 107: 13057-13062.

Tiano JP, Mauvais-Jarvis F. Molecular mechanisms of estrogen receptors' suppression of
lipogenesis in pancreatic B-cells. Endocrinology. 2012; 153: 2997-3005.

Alonso-Magdalena P, Ropero AB, Carrera MP, Cederroth CR, Baquié M, Gauthier BR, Nef S,
Stefani E, Nadal A. Pancreatic insulin content regulation by the estrogen receptor ER a. Plos One.
2008; 3: e2069.

Tiano JP, Delghingaro-Augusto V, Le May C, Liu S, Kaw MK, Khuder SS, Latour MG, Bhatt SA,
Korach KS, Najjar SM, Prentki M, Mauvais-Jarvis F. Estrogen receptor activation reduces lipid
synthesis in pancreatic islets and prevents 3 cell failure in rodent models of type 2 diabetes. J Clin
Invest. 2011; 121: 3331-3342.

Choe SS, Choi AH, Lee JW, Kim KH, Chung JJ, Park J, Lee KM, Park KG, Lee IK, Kim JB.
Chronic activation of liver X receptor induces B-cell apoptosis through hyperactivation of
lipogenesis: liver X receptor-mediated lipotoxicity in pancreatic B-cells. Diabetes. 2007; 56:
1534-1543.

Soriano S, Ropero AB, Alonso-Magdalena P, Ripoll C, Quesada I, Gassner B, Kuhn M,
Gustafsson JA, Nadal A. Rapid regulation of K(ATP) channel activity by 17B-estradiol in
pancreatic B-cells involves the estrogen receptor § and the atrial natriuretic peptide receptor. Mol
Endocrinol. 2009; 23: 1973-1982.

Soriano S, Alonso-Magdalena P, Garcia-Arévalo M, Novials A, Muhammed SJ, Salehi A,

Gustafsson JA, Quesada I, Nadal A. Rapid insulinotropic action of low doses of bisphenol-A on

45



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

&9.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

mouse and human islets of Langerhans: role of estrogen receptor . Plos One. 2012; 7: €31109.
Tiano J, Mauvais-Jarvis F. Selective estrogen receptor modulation in pancreatic B-cells and the
prevention of type 2 diabetes. Islets. 2012; 4: 173-176.

Balhuizen A, Kumar R, Amisten S, Lundquist I, Salehi A. Activation of G protein-coupled
receptor 30 modulates hormone secretion and counteracts cytokine-induced apoptosis in
pancreatic islets of female mice. Mol Cell Endocrinol. 2010; 320: 16-24.

Kumar R, Balhuizen A, Amisten S, Lundquist I, Salehi A. Insulinotropic and antidiabetic effects
of 17B-estradiol and the GPR30 agonist G-1 on human pancreatic islets. Endocrinology. 2011;
152:2568-2579.

Sharma G, Prossnitz ER. Mechanisms of estradiol-induced insulin secretion by the G
protein-coupled estrogen receptor GPR30/GPER in pancreatic B-cells. Endocrinology. 2011; 152:
3030-3039.

Kang L, Zhang X, Xie Y, Tu Y, Wang D, Liu Z, Wang ZY. Involvement of estrogen receptor
variant ER-036, not GPR30, in nongenomic estrogen signaling. Mol Endocrinol. 2010; 24:
709-721.

Contreras JL, Smyth CA, Bilbao G, Young CJ, Thompson JA, Eckhoff DE. 17B-Estradiol protects
isolated human pancreatic islets against proinflammatory cytokine-induced cell death: molecular
mechanisms and islet functionality. Transplantation. 2002; 74: 1252—1259.

Salonia A, Lanzi R, Scavini M, Pontillo M, Gatti E, Petrella G, Licata G, Nappi RE, Bosi E,
Briganti A, Rigatti P, Montorsi F. Sexual function and endocrine profile in fertile women with
type 1 diabetes. Diabetes Care. 2006; 29: 312-316.

DiMarchi RD, Finan B, Yang B, Ottaway N, Stemmer K, Miiller TD, Yi CX, Habegger K,
Schriever SC, Garcia-Céceres C, Kabra DG, Hembree J, Holland J, Raver C, Seeley RJ, Hans W,
Irmler M, Beckers J, de Angelis MH, Tiano JP, Mauvais-Jarvis F, Perez-Tilve D, Pfluger P, Zhang
L, Gelfanov V, Tschop MH. Targeted estrogen delivery reverses the metabolic syndrome. Nat
Med. 2012; 18: 1847-1856.

Tiano J, Finan B, DiMarchi R, Mauvais-Jarvis F. A glucagon-like peptide-1-estrogen fusion
peptide shows enhanced efficacy in preventing insulin-deficient diabetes in mice. Endocr Rev.
2012; 33: OR21-OR26.

Yuefeng Rao, Feiyue Zheng, Xingguo Zhang, Jianqing Gao, Wenquan Liang. In vitro
percutaneous permeation and skin accumulation of finasteride using vesicular ethosomal carriers.
AAPS PharmSciTech. 2008; 9(3): 860-865.

Good WR, John VA, Ramirez M, Higgins JE. Comparison of Alora estradiol matrix transdermal
delivery system with oral conjugated equine estrogen therapy in relieving menopausal symptoms.
Alora Study Group. Climacteric. 1999; 2: 29-36.

James H. Pickar, Charles Bon, Julia M. Amadio, Sebastian Mirkin. Pharmacokinetics of the first
combination 17p-estradiol/progesterone capsule in clinical development for menopausal hormone
therapy. Brian Bernick Menopause. 2015; 22(12): 1308-1316.

Casanova G, Spritzer P M. Effects of micronized progesterone added to non-oral estradiol on
lipids and cardiovascular risk factors in early postmenopause: a clinical trial. Lipids Health Dis.
2012; 11(1):133.

Chu MC, Cosper P, Nakhuda GS, Lobo RA. A comparison of oral and transdermal short-term

46



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

estrogen therapy in postmenopausal women with metabolic syndrome. Fertil Steril. 2006; 86:
1669-1675.

Chu MC, Cushman M, Solomon R, Lobo RA. Metabolic syndrome in postmenopausal women:
the influence of oral or transdermal estradiol on inflammation and coagulation markers. Am J
Obstet Gynecol. 2008; 199: 526. ¢1-526. e7.

Salpeter SR, Walsh JM, Ormiston TM, Greyber E, Buckley NS, Salpeter EE. Meta-analysis:
effect of hormone-replacement therapy on components of the metabolic syndrome in
postmenopausal women. Diabetes Obes Metab. 2006; 8: 538—554.

Salpeter SR, Cheng J, Thabane L, Buckley NS, Salpeter EE. Bayesian meta-analysis of hormone
therapy and mortality in younger postmenopausal women. Am J Med. 2009; 122: 1016-1022.
Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C, Stefanick ML, Jackson RD,
Beresford SA, Howard BV, Johnson KC, Kotchen JM, Ockene J, Writing Group for the Women's
Health Initiative Investigators. Risks and benefits of estrogen plus progestin in healthy
postmenopausal women: principal results from the Women's Health Initiative randomized
controlled trial. JAMA. 2002; 288: 321-333.

Khalil R A. Estrogen, vascular estrogen receptor and hormone therapy in postmenopausal
vascular disease[J]. Biochem Pharmacol. 2013; 86(12): 1627-42.

Herrington DM, Vittinghoff E, Lin F, Fong J, Harris F, Hunninghake D, Bittner V, Schrott HG,
Blumenthal RS, Levy R; HERS Study Group. Statin Therapy, Cardiovascular Events, and Total
Mortality in the Heart and Estrogen/Progestin Replacement Study (HERS). Circulation. 2002;
105(25): 2962-2967.

Andrea Z LaCroix, Rowan T Chlebowski, JoAnn E Manson, Aaron K Aragaki, Karen C Johnson,
Lisa Martin, Karen L Margolis, Marcia L Stefanick, Robert Brzyski, J David Curb, Barbara V
Howard, Cora E Lewis, Jean Wactawski-Wende. Health Risks and Benefits after Stopping the
Women’s Health Initiative Trial of Conjugated Equine Estrogens in Postmenopausal Women with
Prior Hysterectomy. JAMA. 2011; 305: 1305-1314.

Michael Y L, Gold R, Manson J A E. Hormone therapy and physical function change among older
women in the Women’s Health Initiative: a randomized controlled trial. Menopause. 2010; 17(2):
295.

Susan B Racette, Ellen M Evans, Edward P Weiss, James M Hagberg, John O Holloszy.
Abdominal Adiposity Is a Stronger Predictor of Insulin Resistance Than Fitness Among 50-95
Year Old. Diabetes Care. 2006; 29(3): 673-678.

Barros R P, Gabbi C, Morani A, et al. Participation of ERalpha and ERbeta in glucose
homeostasis in skeletal muscle and white adipose tissue[J]. American Journal of Physiology
Endocrinology & Metabolism, 2009, 297(1):E124.

Bone HG, Lindsay R, McClung MR, Perez AT, Raanan MG, Spanheimer RG. Effects of
pioglitazone on bone in postmenopausal women with impaired fasting glucose or impaired
glucose tolerance: a randomized, double-blind, placebo-controlled study. J Clin Endocrinol
Metab. 2013; 98(12): 4691-701.

Archer J, S Coffler M, Yu J, Wachs D, Yoo R & Chang R. Effect of estrogen and progesterone on
free fatty acid-induced insulin resistance in postmenopausal women. Fertility & Sterility, 2005;
84(141), S117-S118.

47



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Bo Yi, Gan Huang, and Zhiguang Zhou. Different Role of Zinc Transporter 8 between Type 1
Diabetes Mellitus and Type 2 Diabetes Mellitus. J Diabetes Investigation. 2016; 7(4): 459—465.
Jiayin Zheng, Yue Wang, Song Han,Yanlin Luo, Xiuli Sun, Ning Zhu,Li Zhao, and Junfa Li.
Identification of Protein Kinase C Isoforms Involved in Type 1 Diabetic Encephalopathy in Mice.
J Diabetes Res. doi: 10.1155/2018/8431249.

Labazi H, Teng B, Mustafa S J. Functional changes in vascular reactivity to adenosine receptor
activation in type I diabetic mice. European Journal of Pharmacology. 2018; 820:191-197.

Faulds MH, Zhao C, Dahlman-Wright K, Gustafsson JA. The diversity of sex steroid action:
regulation of metabolism by estrogen signaling. Endocrinol. 2012; 212: 3—-12.

De Lauzon-Guillain B, Fournier A, Fabre A, Simon N, Mesrine S, Boutron-Ruault MC.
Menopausal hormone therapy and new-onset diabetes in the French Etude Epidemiologique de
Femmes de la Mutuelle Générale de 1’Education Nationale (E3N) cohort. J Diabetologia. 2009;
52(10): 2092-2100.

Pang Y, Thomas P. Additive effects of low concentrations of estradiol-17p and progesterone on
nitric oxide production by human vascular endothelial cells through shared signaling pathways. J
Steroid Biochemistry & Molecular Biology. 2016; 165(Pt B).

J de Castro, J Sevillano, ] Marciniak, R Rodriguez, C Gonzalez-Martin, M Viana, O H Eun-suk, S
Hauguel de Mouzon, E Herrera, M P Ramos. Implication of low level inflammation in the insulin
resistance of adipose tissue at late pregnancy. Endocrinology. 2011; 152(11): 4094-4105.

S Wild, G Roglic, A Green, R Sicree, H King, Global prevalence of diabetes: estimates for the
year 2000 and projections for 2030. Diabetes Care. 2004; 27 (5): 1047-1053.

Alexandra Kautzky-Willer, Jiirgen Harreiter, Giovanni Pacini. Sex and Gender Differences in
Risk, Pathophysiology and Complications of Type 2 Diabetes Mellitus. Endocr Rev. 2016; 37(3):
278-316.

K L Margolis, D E Bonds, R J Rodabough, L Tinker, L S Phillips, C Allen, T Bassford, G Burke, J
Torrens, B V Howard, Women’s Health Initiative Investigators. Effect of oestrogen plus progestin
on the incidence of diabetes in postmenopausal women: results from the Women’s Health
Initiative Hormone Trial. Diabetologia. 2004; 47 (7) : 1175-1187.

D C Felmeden, G Y Lip. Hormone replacement therapy and hypertension. Blood Press. 2009;
246-249.

B Ettinger, Rationale for use of lower estrogen doses for postmenopausal hormone therapy.
Maturitas. 2007; 57: 81-84.

Jazbutyte, V Arias-Loza, P A, Hu K, Widder J Govindaraj V, & Von, P C. Ligand-dependent
activation of ERP lowers blood pressure and attenuates cardiac hypertrophy in ovariectomized
spontaneously hypertensive rats. Cardiovascular Research. 2008; 77(4): 774-81.

Khoi Chu, Cedric Le May,Min Hu, Christina S Ortega, Evan R. Simpson, Kenneth S Korach,
Ming-Jer Tsai, Franck Mauvais-Jarvis. Estrogens protect pancreatic B-cells from apoptosis and
prevent insulin-deficient diabetes mellitus in mice. Proc Natl Acad Sci U S A. 2006; 103(24):
9232-9237.

Catherine Kim, Sharon L. Edelstein, Jill P Crandall, Dana Dabelea, Abbas E Kitabchi, Richard
FHamman, Maria G Montez, Leigh Perreault, Mary A. Foulkes, Elizabeth Barrett-Connor.

Menopause and risk of diabetes in the Diabetes Prevention Program. Menopause. 2011; 18(8):

48



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

130.

131.
132.

133.

857-68.

Sung T C, Huang J W, Guo H R. Association between Arsenic Exposure and Diabetes: A
Meta-Analysis. Biomed Res Int. 2015; 2015(17): 368087.

Thorens B. GLUT2, glucose sensing and glucose homeostasis. Diabetologia. 2015; 58: 221-32.
Christopher P. Corpe, Peter Eck, Jin Wang, Hadi Al-Hasani, and Mark Levine. Intestinal
Dehydroascorbic Acid (DHA) Transport Mediated by the Facilitative Sugar Transporters, GLUT2
and GLUTS. J Biol Chem. 2013; 288(13): 9092-9101.

Jin-Sik Bae, Tae-Hyun Kim, Mi-Young Kim, Joo-Man Park, and Yong-Ho Ahn. Transcriptional
Regulation of Glucose Sensors in Pancreatic -Cells and Liver: An Update.Sensors (Basel). 2010;
10(5): 5031-5053.

49



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

M xR

g RLIN RGO LEE S

RNHE JEXL AR HC

AMPK AMP-activated protein kinase AMP & H G
ARC Arcuate nucleus A

C-P C-Peptide C Ik

CEE Conjugated equine estrogen e EHE R

El Estrone ERR

E2orE 17-B estradiol 17-B HfE

E3 Estriol W =

E4 Estetrol IHE DY P

ER Estrogen receptor MEBIR 32 AR

ERE Estrogen response element WERCR B TC AT
EST Estrogen sulfotransferase ME R IR A
GLUT2 Glucose transporter type2 G PRI 2
GLUT4 Glucose transporter type4 WG PR Is R 4
Gcek Glucokinase ] ] WE

G-6-P Glucose 6-phosphatease ) %] -6 TR I
GLP-1 Glucagon-like peptide-1 I e IR 2R -1
GLP-1R GLP-1 receptor GLP-1 3214k

GPER G protein-coupled ER G HHE#EL ER
HFD High fat diet RN &

HGP Hepatic glucose production JH- 60 2 b A
HRT Hormone replacement therapy R BEITIE

INS Insulin i 5y 3R

IR Insulin Receptor JBR B 2R 2k

LDL Low-density lipoprotein K& EA
Leprb Leptin receptor JHER 2K

LXR Liver X receptor X 524k

NPY Neuropeptide Y MEARK Y

ovVX Ovariectomy IRV 5S

P Progesterone T AR

50



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

PCK Phos phoenolpyruvatecarboxykinase Tt IR e T AT A PR R Tl g
PPT Propylpyrazole triol PR L e —
SERM Selective estrogen receptor modulator e R MEV R 2 AR 15 7

SREBP-1¢ Sterol regulatory element-binding protein I¢ BT eSS A E A 1e

STZ Streptozotocin BEIR A R
VMH Ventromedial hypothalamus PO Fr i
VMN Ventromedial nucleus JI5 A A%
WAT White adipose tissue i 7 2024

51



VP2 7 e S U e A9
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

Tl e GICIEERTIVRES

- RRRX

1. Qiankun Liang, Lanfang Mao, Xiaojuan Du, Yunxia Li, Yuan Yan, Jingjing Liang, Junhong
Liu, Longde Wang, Hongfang Li*. Pingwei Capsules improve gastrointestinal motility in rats with
functional dyspepsia. Journal of Traditional Chinese Medicine. 2018; 38(1-8).

2. Qiankun Liang, Yuan Yan, Lanfang Mao, Xiaojuan Du, Jingjing Liang, Junhong Liu, Longde
Wang, Hongfang Li". Evaluation of a modified rat model for functional dyspepsia. Saudi Journal of
Gastroenterology. 2018 in press; doi: 10. 4103/sjg. SIG_505_17.

3. Yunxia Li, Jinbing Huang, Yuan Yan, Jingjing Liang, QianKun Liang, Yanyu Lu, Zhifeng Tian,
Hongfang Li. Preventative effects of resveratrol and estradiol on streptozotocin-induced diabetes in
ovariectomized mice and the related mechanisms. Plos one. under review.

4. Xiao-Yan Pang, Yun-Xia Li, Yuan Gong, Yuan Yan , Hong-Fang Li, Ying Zhu. Sesquiterpenes
from the whole plants of Parasenecio roborowskii. FITOTERAPIA. 2017; 116: (24-33).

5. Dong-Dong Xu, Yuan Yan, Chun-Xiao Jiang, Jing-Jing Liang, Li Hongfang, Quan-Xiang Wu,
Ying Zhu. Sesquiterpenes and diterpenes with cytotoxic activities from the aerial parts of Carpesium
humile . FITOTERAPIA. 2018; 128: (50-56).

6. I BB BB, B W, FHRE, G, B FETR STZ FTEORA L 0 K
PRI FT. P BB A, A

7. ZoEE (Bipsh 15 S hoEImIK) - T BLAT7 ZEM R H R
=. 58| AE

1 EZRERR A

(1) BAEE 6 58S T b R 08 J R 0 e PV A A 1R 22 JIR AL 2 % it P
BT BH 45 : 81360540

(2)LLEE 6 SN Z 5 H (LR i s I 24 A4 mh e B 15 s 1 A DL S AL 7T ) 0
Hw'5: 21272103

(3) LA 6 eSS 5IUH (kT il oo IHAS LR B iz 2 5 5 0E. (IBS) i i E 25 KoK
WACHAL A ML) WH  Si5: 8166150142

2. U 2 BMAZ SHR AT AERRIHE: (&R 25805000 2 B0 PR R
P THEE) HH %W 5: GZK-2015-23
=\ BIEREW

1. EMHF (Carbon Monoxide as a Terapeutic Agent) 2017-6-6 KB} FIEHE T

2. T4aW CREUEMR AR SLE ) 2017-6-22  AER2EAE G PO EARME T

3. (TSR H A B R M TE R AE) 2017-7-14  RRBHEIERE )T

4. #k @ 4 ( Brain Structures and Mechanisms Responsible for Cortical Activation and

Wakefulness » 2017-10-27 &K EAIEHR ST
5 (HREAERB 2B HUERERSEPRZRORE) AL ES B
2016-12-3  SERRFHEAEHRE T

52



PR EEAIT T A 127 18 5
ME — AT B ORBRIBC I XS STZ P U0 58 D) B/ BB B 5 A= (¥ T BT ' I AT 7t

B

CER, RN T A ECEARE  X/LFHHCRERIEY EFRH TR
HEH, ERRRARK, JLER, REFER—R2E T TR &M T a2 i fr
FEWEFE, EaRNwe, A e REE, E2RN05ET, BT R,
JA 58 ok =

AN B AL SR A B 3 T 2 A 5 R B BT R VR AR Q48 5 T R R, R
R BT TR RO R AR, NIRARY R, TEWE M, EE® B RE
T, FXIHE L S T RHA T, RRBNE— LR GHERE BRI
ARG, BT EEAE . TIENEFASE . FaRme THEER, REHMRR
A A B, AR MR T T T B DL RG B R A S AR

RM=ZMNTHEREF - ARERCEHEEEZMEREZE AL NF 8
HARERN T S 10 o 4 F oY SR A AT B

R T R B A TR A 2 T R A FE B FC S U B B R Bl e ok !

RMREH T, F2E AREME=ZF FEURRERMRWITRS T HH
%/Q\ﬁﬂﬁﬂj]!

R BN An 7 B T B SCRE A B, RO R R AR A ALK T T e ok
AN R

53



	封面 
	声明 
	中文摘要 
	英文摘要 
	目录 
	第一章 前 言 
	1.1雌激素及其作用机制 
	1.2雌激素与能量代谢 
	1.3雌激素与糖尿病 
	1.4雌激素疗法与应用前景 

	第二章 材料和方法 
	2.1实验动物 
	2.2实验仪器 
	2.3实验试剂 
	2.4实验方法 

	第三章 结 果 
	3.1 1型糖尿病小鼠的建立 
	3.2 17β-雌二醇对糖尿病小鼠空腹体重和血糖的影响 
	3.3 黄体酮对糖尿病小鼠空腹体重和血糖的影响 
	3.4 17β-雌二醇和黄体酮联用对体重和血糖的影响 
	3.5 17β-雌二醇和黄体酮对糖尿病小鼠糖耐量的影响 
	3.6 17β-雌二醇和黄体酮对糖尿病小鼠胰岛的影响 
	3.7血清性激素及C肽和胰岛素水平检测 
	3.8 17β-雌二醇和黄体酮对糖尿病小鼠胰岛素受体表达的影响 
	3.9 17β-雌二醇和黄体酮对GLUT mRNA表达的影响 
	3.10 17β-雌二醇和黄体酮对肝脏糖代谢酶表达的影响 

	第四章 讨 论 
	4.1小鼠1型糖尿病模型 
	4.2雌二醇对STZ所致小鼠1型糖尿病发生的延缓作用 
	4.3黄体酮对STZ所致小鼠1型糖尿病发生的延缓作用 
	4.4 17β-雌二醇和黄体酮联用对STZ所致小鼠1型糖尿病发生的延缓作用 
	4.5 17β-雌二醇和黄体酮延缓糖尿病发生与胰岛β细胞的保护有关 
	4.6 17β-雌二醇和黄体酮延缓糖尿病发生与促进糖转运有关 
	4.7 17β-雌二醇和黄体酮延缓糖尿病发生与肝脏糖代谢限速酶表达有关 

	第六章 结 论 
	参考文献 
	附录 
	硕士期间科研成果 
	致谢 

