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Effect of high-fat diet on the hearts of diabetic mother’s pups.
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Newborn infants of diabetic mothers have abnormal circulatory organs. In this study, we
explain this hypothesis on the basis of insulin signalling in the hearts of newborn rats.
Pregnant rats were divided into streptozotocin-induced diabetic and control group. Rats
were fed lard (DM-L; 21% fat), fish oil (DM-F; 21% fat) or control diet (DM-C; 7% fat). To
examine the alterations in insulin signalling in the hearts of newborn pups of diabetic
mothers in relation to diet, we isolated the hearts of the newborns from diabetic and control
mothers and determined the phosphorylation levels of the Akt308, Akt473, p38, JNK and
ERK, and expression levels of PDK1 and mTOR. The mean blood glucose level in the
diabetic group (DM-C, DM-L and DM-F) was significantly higher than that in the control
group (CM-C, CM-L and CM-F). The mean triglyceride levels in rats from the D-L group
was higher than that in rats from the D-C group and lower than that in rats for D-F group.
Phosphorylation levels of Akt308, Akt473 and expression levels of PDK1 and mTOR
decreased in diabetic pups compared with control pups. Phosphorylation level of Akt473
and expression level of mTOR increased in diabetic pups fed the fish oil diet compared with
fed the lard diet. These results show that the insulin signalling pathway of newborn pups is
influenced by diabetes and the diets of their diabetic mothers. We conclude that features of
diabetes can be intergenerational if mother rats are diabetic.

A IR E R
(BHHHAL - 1)
[ERESES LIEESES ¢ & &t
2008 A 2,000, 000 600, 000 2,600, 000
2009 A 800, 000 240, 000 1, 040, 000
2010 £ 500, 000 150, 000 650, 000
FRE
FE
ik 3, 300, 000 990, 000 4,290, 000




BRIEAVEF - A
B 0458 SR : ARV - ki
%m0 — I L HEIRA - GER - AR

1. BFZEBHAA 4D 5
625 B 0 S IR RE 1T H AR 1% o0 KR R AT
W, DIMEREICEET A Z ERmbn TV

%o BRIV TRFIIRME DR INEE,

S DT R O RBRESRH RO HFER O
RDEE IR BT 5, RO %% (G H)
I AEBO— LD, & D WIFR A~
LWHEB R 2D EBRHALNIR->TE
77

2. WMEOHM

LB DS LB RIFTIRE T VT >
MZEE R 52 -EBETHAEENT-F
~ONFEARBM BT DR LTz, £ 2T, AiFgE
TIEHA ML Y QLT STZ &)
GIZ X DHERIFET VT v bEHW, £OE
TIT y MIERRIE(T — F, i) %8R
SHTGE, TNOLBMEPLRBRA~NED LS 72
WL RIET OO S 7V F NEERICE
BLTHEEZITo T2, V7T RERIZOWD
THRETT DB, TERE U CTERA & O
D 2 DDFZHZ DN TR EIT - T2, T DG
HBODBIC DA Akt ° INK IZBWT U B2
(L L~V DZALIRFRD Bz, — ). R
IR OB L v A Eh - FHHTIZE X
R R A, B RARIIBEE . O AE K 7
EOREBDRROOND, £ TV Ms
BESR DT 21T O s 2 DRI LIED . Blo
BIMPENR - T FNVRERICE 25
RPN TAZEAHNE LTER
LT o717,

3. WRIED ik

(1) EBRE

OENR 1 B B Wistar 7 v +(200~250g,
HARZ LT e T v 2 BT 2 BRI BERIS
TFARED) E 2> b e —LBE(C) TEBR AT
o7, FERFET VT v MIFEIR 4 BEIZ
STZ(A F v 7 Y k¥, Sigma) %
50mg/kg (2725 & 912 200 ul D = o
v 77— L, Bk G T 52 LTk
DYERR LT, =2 be—bT v MR TS
BRI CTAERRE KA G Uiz, FERFET IV
Z v ME STZ #eht% 48 WRH CIipEfE A3
300mg/dl VL E iR A BERp & Lz,

OfF X g mEa(C, BAZ LT BB 7%).
BRI 7 — RE&M, IEH 21%). EiEifaim
®/F, B 21%)FhEhb %2, C-C, CL,
C-F. D-C. D-L. DDFD6#EE LT-, 865 v

ME, A ADFT v 14 8 & IEF 72>
> M4 8 &2 AR S, Bl (7. R 3R
FCTHRAEAE LTz, 7 v MIEIR 25°C.
60+=5%., 12 FEfEEH O 1 7 LT,
RKF o FEENTZT T AF v 7 r—T
8 %< \ZfE LT, BosE L [EREm o
A2 M OMEE B 2 FMEGR T 5 RS 6
5] BN L TIT o7,

MRAAL IR

MR Ol & 0 48R L, 8000g, 10 4yi=L»
Ui 2 372, i, HIE £ C¢-80°C Tk
Rfr UTc, BB, B4R 1, 4R4R 7. 14,
22 B BIZReHE &0 BRI L 7= ik CHlE L
7o, MEFERIX. NV 7V ET A4 RE 7
A KU a—FueiigE T3) 2 AV -CHlE LT,

()1 v AV v T FIVET

O b 2EAE o

T v N OF/EAFOIIZHAE 4 B RICH-H L.
RIREHZCTHRERO L, DRI 1 8ESH T
D 12~15 IEX Y figH L, AIPAMEE FE 24
HT 570, O lmg 720 2001 @
T-PER X v 7 7 —(PIERCE ) Z I 2., #8%
B THREYFA A LT, 40000rpm, 4°C. 30
ORI XY BiFE SRl O ET
9 £ T—80°C CHifEiR1E L1,

@UuxTRHE Ty h

FiEO2E B E R E L Bradford = THRIE L.,
E AR 30pg/10ul 12725 X 9 I SDS #
IRy 7 7 —(1%SDS, 40mM Tris-HCI
pH6.8, 7.5% glycerol, 50mM DTT) T H'E
BARE L, FrEFLBIVMmELZEA
BIIv 7P NVRERICEAD A OERBAE
DOPERZFHWVCTUTICRT LIy = A X
v7ay MEIZK VR #1772, 12.5%D
SDS KU T 27 UNT I RFVICERIKENE
WXV SBE%,. = retro—2 AT LY
\Z vy bR D GENIE Electrophoretic
Transfer & FHVNT 24V 45 43y THRE L7z, A
V7 L d TBST C 5 43 3 [mIyeist, 7
R TRRICCIRIEE Y52 Ltk
D7vyXr T EiToT, —RPUEGHT Akt
PUA, ft INK fuik, $t p38 Hiifk, Hi ERK
Uk, PUp-Aktd73 HUR, Hi p-JNK Bk, $t
p-ERK Pk, T p-p38 ik, 9T Cell



Signaling) i 5%BSA % & e TBST <€ 1/1000
WHERL, AT L rd ACT—Is S+
7o TBST CTHRIED—IRGUARZ Ve LTt
70y XU AIRTT 1/5000 IR L2 ik
PR % =0 C 1 RIS S/ 7, RS K
Pk &% L7-#% ., ECL 332 F W TR 38
HZATVD, A A=V T F T4 F—THRHLE
AT LT,

4. WF7ERE:

(DE - FomBEEOHERE (K1)
BHomEETIar bae—LJ v & ikd
HEWERET v bOIFETE BICHRICHEE
Zos L7hs, fila (D-F) Tl e 23
334%39 mg/dl T, [AEOEHZEIL TV
57— R D-L) D 414+27 mg/dl, EiEA
(D-C) ™ 370+26 mg/dl LV IKEE R L7 (X
1), 1+ v O HAERMEEEIL. BERE T
v h(D-C, D-L, D-F) ClZa> he—1LT v
ML LTI R COBETHEICEMEE 7
L7=M, BRECHENTIICONTEREE T
K F L7,

500 .
e/ L . . . —e— CM-C
A S ST SUN
400 1 $ ‘i—"‘i-—';‘n:i,-:i:& —o— M-I

) =Sl B -
,j" - "‘-.i__,- “\.‘\ * +
300 F rx;; *-—-@ —o—CM-F
!
+
00 b -4~ DM-C
100 1 #’ﬂw& -e- DM-L
0 - a- DM-F
1 8 15 22 29 36 43 50 days

X 1

Q) #H - AFOPRYERRHE (X 2)
BoRHEN Xy be—LT Y bDT—
R£(C-L) Tik, HiEE (C-0) & thilg L T
RN T2, — ., BERFET v bDT
— R OD-L) THEICEMEEZ &~ L7z CRioHE
T—H) , AFOFRMHARHIIFERE T v DT
— FEO-L)IZHBW\WT, FiEE(D-C) &t L
TEfEZ /R L7=DZxf L, Al (D-F) TIHK
AR L7z, arybha—LTy MIBWTIL,
WA (C-C), 77— N& (L), Al CF
THMERHEICZEITRO b o7,

200 ¢
mg/dl

150

100

50 F

0

D-C D-L D-F

C-F
X 2

BTy bMBIZB T A 7 VIEER
(2 3)
BERFTZ » b, v ba—LT »y FOEND

HEENTAF T v DA AV TF )
7D 1>ThbH Akt R°MAP FF—E D p38,
ERK, JNK @ U gl L)L 2 gkt Lz,
Akt DU UBIELVE, BRI T > MBS
WTE@EREDC) ., 77— RFEO-L), Alme
(D-F) Tarhrr—iF v ~(C-C) &L
THEIKF L, 20oHh T, fAile O-F)
X7 — K& 0L LY b EWHENZ R L
38, —FH, 2vbte—1LT7y hTIET—
KA (C-L) TH@EAE (C-0) &kl L THEIZ
KT L7,

p38 DU AL L~VITHERIE T b O
B OC)TiEary hae—iF v k(€0 L
L TCARICHEML, 72— FREODO-L THHE
VMER 2SR S 7e s, Ml & (D-F) Tidic
AEIIEKTFLAZ(®3B), 2> ba—7 v b
M CTOREDOENTIET — R (C-L) 2B\ T
HEICHI U7, ERK O U Uil L~ b
WIRZ7 v b, aryha—1Iy hELBHIZE
WTHEIDEWZ LD EITFRO LR
72 (X 3C), INK DV UL L~V Tid, BEIR
7 v P CIHAEOEWIC L A ETERD LN
ot on, EiEsD-C) Tay ha—
T b (C-C) X EWEA N R ST (K
3D), a2 bue—1LT7y NEOkEE T, 7
— & C-L)IFEFEE (-0 LA RITHED
L. fajh& (C-F) Ty,

BRBS V-

A p-Akt(Ser473)

- .
12 | 12
1 1

-

30'8 3 08
508 208
“04 “ 04
02 02
0 0

G- D¢ DL D-F c-C C-L C-F




B)FeT v FOBRICEIT DY T IRESR
(2 4)

Ry FOBERFT v MOIBICEBIT DA v
AV T o TRMP T —E DY R
bV BAFT > b ERIEED HE TR,
Akt DU BRI L~UFEEDEMT X A I
B BN 72 (K 44),

p38 OV UL L~V TR EA (D-C) Tz
vhr—LFy F(CC) EVAEBICIKTL
72 (X 4B), ERK DU kL~ V3 i@EAe
(D-C) L fmaE DF) THAEICIKETFLEZ (X
40), F7= INK @V UL L)L T m e
0-C), 7— KF&EOD-L) T2 hr—/LT v K
(C-C) & ke L CAHREIZHIM L 7= (X 4D)

MRSV
- p-ERK
A p-Akt{Ser473) c
14 12 s
12 1E
1 b
%08 o 08
o 206
-0 “oatf
04
0.2 02 +
1] o
¢c-¢ D¢ DL D-F c-¢ D¢ DL D-F
B p—p38 D pJNK
2 20 *
15 15 b 1
@ ?
1+ o
s 1 P4 10}
- -
05 5t
0 o =
¢ b€ Db-L DF c-¢ D-C D-L D-F
X 4

5. E7pFEIGm L
(WFFEFRAE . WHIEo 3 M O 24 12
(=S

GEsEsms) GBH 1)

PR HE G . PR#EE, INE—5L, b
R EERERE LI2HEIRBE T v b
FRICBT D OB Y 7 F MEERICE 2
DR, BERIE LR, AHEA, 2010, 10(1),
97-104

(Fa%ER) Groth)

1. Ritsuko Nasu-Kawaharada, Tomoko Kohama,
Akio Nakamura, Effect of a high—fat diet
on the skeletal muscle and the heart of
diabetic mouse, American Society for Cell
Biology, 2010.12 Philadelphia

2. U OIRZE) fie 7, WA, AN,
ENENI & % B A ToHEIR R IR~ O 2 D
oLz B v 7 AREOEE, R
ABERIN « R, 2010, 11 &

3. IR IR 1, R, INE—IL,
NERE A, BERFEET > b X0 AEFENTAR
DLEICB T DA A v 7 FAEA,
A ABERIF 743, 2010.5 [l

4. Ritsuko—Kawaharada Nasu, Tomoko Kohama,
Akio Nakamura, Eric R Blough and Kazuhiro
Kohama, Insulin signaling of diabetic
mother rats and their offspring, H AIK
F22Journal of Pharmacological Sciences
112 (supplel)p, 151, 2010. 3 KB

5. s H GIRZED) 1, /DNEE T, HERFH
Ty D BAEENTAFTBIT LA R
T FOVEACIZHE S IRBUE O RES, B ARRE
PRI« BEAR2S, 2009. 11 =

6. {JEH G 7, DNEE -, FERFELE
W7y FORBRIEOENIB T LA A
TN, B3 [l H ABEIRIE T,
BEPRIF 52 :supplel—320, 2009.5 KK

7. Ritsuko—Kawaharada Nasu, Akio Nakamura,
Sunil Kakarla, Eric Blough and Kazuhiro
Kohama, Tomoko Kohama, Effect of a
high-fat diet on diabetic mother rats and
their offsprings and insulin signaling.
American Society for Cell Biology, 2008. 12
Sanfrancisco

8. I H GIRZA) -, /NER 7, ®AENfE
B X 2BERIFIER T » F DfF~DA
2 v 7 FNEN, AARBERE RS, B
JRJH 51 :supple 140, 2008.5 H T

9. I G 1, RS, INE—IL,
NERE A, BERFIERT v b &2 DIk
JomIENMREORE, B AREHRY S,
Journal of Pharmacological Sciences 106:
supplel, p 249, 2008 fifik

6. WFIEHRAK

(1) WFgefRE

/NEE 75 F- (KOHAMA TOMOKO)

IR AL« R AL - Bd
W& %5 : 00364703

QW

WIEH £ (KAWAHARADA RITSUKO)
IR R AL - MR R AL - Bh2K
W& %5 - 60383147



