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ROAE TGS § WisEE T 25 2L, TD
R U CRIRA 2 18 U & 5 R R &
HRT 2 LS ABES [IEHEMYE lipetoxicityl &
SEWTEBLTCNS [11-13]. BZHSARHT
FRBOBRIEI s TWAEFELLh, FRET
W, ARSI BIRE, BRRFEEO A A ZXAHID
W, ZhETObbIONEKRD X UREOMH
BT IC BT A S A RIC R T 5.

X EROTERERBRBFLEOEL

MR E OB R, W bR A
BN, TOREERHE, oA YA LERORE
BIRLETREL By, TORMEIK, BThe
NOEE RN - IBERBEA V=X aDBNCKLD
LorFLohs (14, 151 MO TR, BERHE
MBROVEDTH B NTF T — 4 glucokinase
(hexokinase IV) JEME R E [16], Vo IED THE

 REREERRICHRICRWERERT (15]
T RSB U CA LI iR s O RGHEE P R E
VsE, TR - REHC B SRRk E N R
k% [6, 7, 10]. X524 VY RA) ¥V IFMREER
B 54 5 E T 0 mRNA BEEICIIR MW THHE &
myrEEr@ b hs (17, 18],

1. TRxNF—RBEERE

fEE Rk kOO AR, ST riRER &
VAT E RS HIEM & Table 1ISAR L% [7, 1610
Mg, PV 2V ey F TG IV A7Fu—LiRE
CHE o BEA0M, BTERA VAY VRERXS
&, TFARISF VIR o BRI
AR LT, WOFTEsrasd— ¥ GK HthERL
#H, TLY FEF-EFK, ELE VBT —¥PK,
AWMF e FusyF—¥LDIH, #FA2-X6-U VR
Fe Fusyrr—¥GEPD, 72 b— A 16-E Xk
A7 7 & —¥ FBPagse, FNI—RA b-FAT 74—

Table 1 Plasma metabolite and insulin concentrations and activities of metabolic enzymes in

liver of clinically healthy dogs and cats

Dogs (=0} Cats {(n=06)
Plasma Glucose (mg/dl) 90410 10518
Triglyceride (mg/d) 401 10 5011
Total cholesterol (mg/dl) 14324 12824
Insulin (ng/mi) 1102 20+03%
Adiponectin {pg/ml) 38to Q2%
Liver enzyme activities (nmol/min pr mg protein)
HK 441 10k2%
GK 1314 ND
PK 5676 88 22¥
FK 14x2 19:4:3%
LDH 1571515 2539+ 596%
G6PD 112 31-4%
FBPase 4110 102+ 18%
G6Pase 197433 3454:55%

Six male beagle dogs (3-5 years old) and six male mixed-breed cats (4-8 years old) maintained for

research in our laboratory were used in this study. Values are presented as mean = SD. ND, ot detected.
*Significantly different (p<0.05) from the dogs values. HK, hexokinase; GK, glucokinase; PK, pyruvate
LDH, GerD, FRPase,
fructose-1,6-bisphosphatase; G6Pase, glucose-6-phosphatase. GK and PK are rate-limiting enzymes for

kinase; lactate  dehydrogenase; glicose-6-phosphate  dehydrogenase;

ghycolysis and G6Pase and FBPase arc rate-limiting enzymes for gluconeogenesis.
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Fig. 2 Comparison of insulin signaling genes mRNA levels by g-RT-PCR in insulin sensitive tissues

in healthy dogs and cats. Values are meantDEVY of three independent experiments, Tissues examined

include liver, skeletal muscle, adipose tissue (Fat) and peripheral leukocytes (WBC). Asterisk denotes

significance when compared to respective feline tissue (p < 0.05, Student’s t-test)
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BB IS DA O MR TR OF PRI A~ HRE
K o7, PISK OFBILIRS-1, IRS-2ORHL
i OER AR L, IRSH VBRI PIBK & LS
A VA YT AERICEBELREERL, £
N5 O mRNA BRIIHERREBELA--TVRHI LR
BobhThd, 420 VEHMERP2TRIKE
(diabetes mellitus, DM) # 7R3 HEM R PR < &
Z T LI LI IRS-1 ® IRS-2 # V32 BREM IS
LTWwWaZEnH&ExhTteh [20, 21], IRS# ¥
ROBORBVBIE TR/ - ARBIBE LR T
Exb6N5, TRS-1 KB Y 2 E—RICERANBIEL
Bisfic BT 54 v A Y VERMEERRTA, R A
JanfRER A BREIC L 4 v 2 VEEREZD L A
A, BIRBRE Rz Eidaw [22, 23], ZRIEHL
T IRS-2 R~ AMA v AU ViIRMIMAR S g
FaooRghEa e <, NS 5 2 M DM & RiET 5 [24],
SISl A g5 AN IRS-2 KRBT AT, 4~6
HTE L oI 2, PRIFLHEZET S
[25]. RICHRIRS-2OBREFEAEE LI LV
Wik, IRS-2IEFHAME#EL L L, 4 v A Y XK
MRS TV LA L.

AEHFEEDA D ZZ Ly

1. BEENAH
e U A= A RRIE A BT B, THUITE

(a)

ul=HDL2"3

a2=HDL!

p=VLDL:LDL
origin=cliylomicron

B

fe)
u=HDL
pref=VLDL

p=LDL

B QS cREEE O LR BKT 5 [26],
KL THIEWIZ LD E TG MEESLE L AT o -0
mEA L LiIZED s [27], YR& 32 HEIR
oL I -PRER#HOX -T2 2 - LH
AShThY, ZTOMPREET LY —{H#OE
L& KB L Tw3, XP#idHDL (high density
lipoprotein) fE% @4 - H3E X h [28], LDL (fow
density lipoprotein) fEZE@YH T H 5 A LILHLEP T
DEDHEIE L B 5, PR TOEPDOI VR
F—LYRE VA BAESEET S Z ARG &
hTs [29], RLOWMRTHE, WBRLEREMNT,
BRIV AT - LY R E 0 BOER
WEAEAELTE I LSO 5T (Fig 3)
[7]. HEEH I HDL- 2L A F W —4 5 LDL-
AUAFE-AAIVATFO—LEHET STV AT
oL AT VR S (cholesteryl ester
transfer protein, CETP} D¥RMEAMEH BHnIC g
U< BT 5, BN CIMENEFARERS XU
LDL- 2V A7 v — LArE o A MR - W T
BRicERBICEA LT, BINLANEFAR T ¥ 2
Y viEHM AT 2R T LS g fillao ooy L
AMEERTZ EAME Sh w5 (12, 300
RIFMICEML BN 4 v ) viERES 2 B
DM ORIEICR BT H. A7 u—A% L A0R
R EREHEEREORVE Y 1Y) - EOBRE

Fig. 3 Cholesterol lipoprotein profiles of plasma in healthy and obese dogs and cats
() healthy dog (b) obese dog {c) healthy cat {d) obese cat
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VAL TEOREAEA LTS, BEEELAKRE
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Fig. 4 Proposed pathway depicting the pathway to the
metabolic syndrome (quoted from the review of Unger

and Scherer [31])

2. ARV LERME

I RICIEAS I L B8 5 5, B4
DR [18] T, BEO2EORBER L 48
BEET5 L, WELIEMAER S h, BRI
TA VAN V7 AR EBIET IRS-2, PI3K O
mRNA EBEMFEFRICETLE Fig 5. Thboo
i TR & R BERHI A O MR REED & 2R
B () cthirELILRER ZORETREEIZA
VAY v 8T MARRIIES T 5 IE T ORBURIC
SE LR OIS Z LA o -, IRS-2 RiE<
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Wore A s, ATHIFAOREOISHERS 5\
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WENBTF 4 B30+ BENEREE L O
bl hTHD (38], firh7 7485
F B, EWL 8Tl —BRIcE RIS T Y
5 [39, 40]. bhbhoOFRTS, BHLARTR
MATF 4 KXo F VBEOET L & I
534 VAV VI NEBERICHEESTABETRREED
HEIZETUA [41). IEWMU 2Rl 6 RO
HBHTA v 2 Vv T MEEBEF (RS-,
IRS-2 5 XU PI3K) OETIREET, ARPTY AT
B S hHoERE R,

3. BREFREADZAL

ZZTIRER, 4 A VIERESAERE T3
T AHRRO A H = XA DNWTERT B, R0l
2B AIBER g MIRIC R R R BT IC & B Rl
Mo 1 BBIRBRIEEFEIC D W TR bo®s [42)
RS hin,

—fs, RTR1IEDM AL, iz 2% DM
DREBZ [42, 43], IEHCHIRBEOFBIEICR
EMTCIREEE AR bR S [42], RTHEE
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Fig. 5 Comparison of insulin receptor substrate (IRS) 1 and 2 and phophatidylinositol
3-kinase (PI3-K) P85 a mRNA level in liver (A), skeletal muscle (B), abdominal fat (C)

and peripheral leukocyte (D) between control (n = 4) and obese cats (n = 4). Values are

the means of three independent experiments. Asterisk denotes significance {p<C{.0b)

when compared against control cats.

CT2HDMOREILES Z & HEL, Thidndo
ook - BBEMRBMIC B 2BENERECKSEER
bhd, ARET, SHeILbHERFOHEME
L CRyE R 1 BB PR 9% (fulminant type 1 diabetes
mellitug) BEFEIh [44], Thick<PLEEL
4 ¥ AV VRZEBRA DL IRS-2 K< 2
TEEICRDSND [46]. HHER 15 DM I, [
HlWER, yE7VF-vRERIHEL, REBRE
itk (BB Hi1k islet cell antibodies, ICA; glutamic
acid decarboxylase antibodies, GADAb; 1 ¥ Z Y Y §i
## insulin antibodies, JAA % &) 3EH¥ T, BE%
insulitis I3fEH A VS, w07 -V OREHEED
%[44, 45]. BUERL1BIDM I, 4 ¥ AV VMK
R I H B SIEMEY 1 b 4 % NEFA O,
FHISHERTAREBEE ({2 ) VEE - 2l
fesd:) MEEE Xhd [47-49] 2 v b, Tk E
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R EE 22 L, IRS2KBVIYATRLAZE
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WHRAREM S B0, MIEAOBREROERLET
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EiFENM  Lipotoxicity

REiEH: lipotoxicity b, FEMCERL /- IR OB
R XIETHELYDRERLHETH S (11,
50], I4fEho NEFA YREEORM, MUERISLE O 8,
Tl BEAERE LTREY SRS, Ehb
S 8 MRS 5 b N7 A I ITIRRORR & 2 5,

R4, MBS XD BENOEILEE 2 h, 4
VA Y A (glucese stimulated insulin secretion,
GSIS) #ITHEL, ZHhIfES SREBP-1c #7i L 7:lH
Wiset SR ADTESIRE 5, NEFA O LA LED
B, WHEBHETIRGSIS 2#MME 3 (Fig 6).
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Fig. 6 Role of metabolically generative reactive oxygen species (ROS) for

lipotoxicity in pancreatic #-cell (quoted from the review of Gehmann et al [12])

L, 7F4 B3 2FVOBIRETT 5,

TF 4 RE 2 F ik AMP activated protein kinase
(AMPK) TRHEAG 2 MU MR AN D BERIEE, <2
27 7 - P AOMEEREN < Z L0k D BRI
KW THMRBERERET 2 [B1l, 7548 %
SFUVREOIRML T Z -2 LTHRAICET S
23— ZE N AL R IERARRR L 4 U X 42, 2L
T8 -t UTIRIFEHER 205 [52].
Iz, 7F 4RI F i3, BERET NF-xB O
WEETTHB A I—FF Y FVRLX ¥R NO
ARMEOCHEME LR CEBAIC BT AL b L
AEMET 5% &> (53], Lo, 774
RE o FVOREL - MK TR, AMPK BMEOKT
EHE, TORBE, BEGeEIEMcET s
T-2AFMH - BHRBILEEOETE2ERT 3
(54]c Vo E 5T, NEMEH OBEAL U 7= BRI 4
BIKIEMY 1 b h 4 v NEFA Db~ OF4T #
Wh, 4 ¥R VISR B X5, EilE, B
MAE, FERGEEOTTERFRT 5 &, Mkink 4 > 2
VYER WA D, Z0-»BEE R EEE
DBEETORIRB L £ 5, ATP 250 7 1 DI O
BERLAIE T bR B 7=, MO 4L

B PERRETE (reactive oxygen species, ROS) #ipg
HEINLZEHRPHEXN, WHPBROS A P L AM
FEHEIND, ROSA PV AEI Fav FY 7HEER
Z, EHITEAHEO TR AR L5, It
WAVRRGE L T 2B 0k U 7 IR G R s B 40
I MCP-1 ik D e hi=v o uy 7 — 23
s BLidLiE@AB» o [49], ROS A b L
A, PMREZ PV R E DR A EET A [55].
B AREOEAMT, v 2707 7 — V%O TNF.a
IL-18 i ERFEMY 4 b A VIZXDTHEF—T X
BHEENEREEZ NS [46].

BEA U 2= NREARIR A & M0 X L% SREMEY- 1 b 4
VIZBER B MO~ 1 DM ~ORFIEE X
Wzeds, AOHEBHIY L 7S v icBRRETL
BHIRO7 R~ AHFEEE NS [47]. TNF-«
BARDY A b A A v LB L TRE 8 MEOREIET
RWHRA T B (48], Mivho> NEFA OIS
BHBORBMHRT & LTMbh, NEFAK, £33
F OB, —BLEHE NO OEEE, I ravF
DT OTE b~ ARBOREE R+ L O S R
T % [66]. H¥iT2EMmEE, WE Mo 7R
PV RAEBEYT S, 37, BN LESIEHT ROS
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Fig. 7 Onset mechanism of obesity followed by insulin

resistance and diahetes mellitus in dogs and cats
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Abstract

Prevalence of obesity has increased in dogs and cats. Obesity is induced by excessive calories intake and
physical ihactivity. Obesity accelerates ectopic lipid deposition as visceral fat and induces insulin resistance
with dysfunction of adipocyte such as aberration of adipocytokine secretion and increased inflammatory
cytokines and non-esterified fatty acids (NEFA). Cats with lower glycolytic activity and insulin signaling
genes expression in insulin sensitive tissues tend to obesity with insulin resistance compared to dogs.
Inflammatory cytokines from corpulent adipocytes and increased ROS production caused by accelerated
B-oxidation of fatty acids, which may cause ROS and ER stress in B eells appear to participate in destruction

of islets B cells to leading to diabetes mellitus.
(Jpn. J. Prophy. Vet. Med. 4 (1), 1-13, 2012)
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bM diabetes mellitus
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