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Study of Lipid Metabolism in the Obese Mice

Takeshi Setsuda, M. D., Michiyo Shimizu, Kumiko Shimizu,
Chieko Tsuda and Hiroko Naohara

B, A ETIIRAERDE L, & QIFEE
RRPHEDIEENEML, EMEE > T 5, B
FHIAAR O R R IERG A RENC IS L ic—fED 5
%%%ﬁ%f&b.ﬁﬁ%ﬁﬁ%%%ﬁ@m%utm
WML BE LI & A TS, IEEOREILG4
Tﬁé?ﬁ&@ﬁ DEHME, FREME R O EIRR X
T ZJ75> ERAELW LY » ) —OBREIERD
Wﬁﬁiﬁﬁ®l51b5 EETIIHKTHORS
ﬁﬂ¢ﬁ®ﬁ?%ﬁklofﬁmﬁﬁv~&ﬁﬁlz
NWE~DAF VAR TS T DITEEIIRIT—
%Kﬁﬁ§h6ﬁ.ﬁﬁT%®ﬁ@¢ﬂ&w&btg
Y ATRZFELWSENRI ), TOERIEmRRCT
i%ﬁ&éomﬁuétﬁ%%ﬁ®§mﬁiofﬁﬂ
ZHEWE, VTR X, BEETESKESE TR
roIiFE, YERRAE, BHIKEE(LIE, MKIBREE L 20
LT, FhbORBEYHETLREEYH 5,
#-C, IEHORERBMRELRATILITEER
menﬁﬂQOﬁﬁ®ﬂmk%uﬁﬁﬁahél5
i »ic,

Ao EERBMBRE M2 BT, ~v A
Goldthioglucose Z#¢-5 1 T 18K T ERD ERIPIHIFEIR
(Ventro-medial area) OiEEPHLYEEL CHE LR
Ak - 3, JERFEREDRE% 8 » Tl R O
DIREASBEOLFRBER R, FE, 2%,
PRk e & OB R O LR T,
2, 3DENRDILHFRELE,

ERMHRURERSE

B AR 4 B B O FE1S ¢ B OISR~ v A
W, —EORE (23+2°C) LEBE (40+10%)

* R EYREENI SRR
BRI A SR

FABEENTEHEE L, =7 ARKIZEAZ V7KK
o CE-2 Rk KeE & i Bl BRI R,
Goldthioglucose (G T & B%)(Sigma #HE1) %5 1L 7
v@x<u¢ﬁfm%w/,éﬁvﬁz@%w At
ﬁ#%t?é ERFHRENIDT, LD < 7 A
GTRELEL, 1518326 7y — PR TEE L.
G Ti350% D&% &7 LIcRIBI DM LA W TKD
BETCRBCHRT i, FHGTERHRESHA
F—TERLTIHMCBRE LDk~ Y ADEE
Wﬂlﬁﬁﬁbto%ﬁﬁuvﬁx®¢%éﬁﬁ5%
E19Y4D1MDGTHAV,

GTHEH%4, 7, 10, 13, 16, 17, 1&BEKC =
Ak =~ 7 VR TIC 3 ST O, FHIE ST
L, FFEDRE2FEQRIER O LT, TR,
BlE, 5, IERFHERO BN DO HEB LK
R {1l » 72,

D) Al

% 3D~ 7 A0 LIgH U7 A BT X L E
W, £D 3 ¢ % VT Folch i X v R A L,
Tl Triglyceride (TG), # Cholesterol(#Ch),
et Cholesterol, Cholesterol-ester (Ch. ester) KO8
WERERERT: (FFA) R L1,

FFOTGIZ ETHFMBED 72 r Akl AT ALV
—x—HVTHBE L, % - KB % Isopropyl-
alcohol IgEH L THIE Lic, FFo#E Ch R uyiE#E Ch
X EELO TR & £ T hErA R O Acetone-
ethanol BAWICEM U THIE L7, D Ch, ester
FDHE Ch fEh BIFOUHE Ch 2225\ TRDI,
o FEA (3 EEFMERC DWW CHIE Lic, BLED
AAEEERRIEC I FEED F v F Ve, MmiEY
AEESEOREL, <7 AOFBKEINIL, ~~
b2 Yy MERRCTERIRL o mE 55K LR



._6_

BT, Cellulose acetate % F\~ 5 Bk EN:
L Xote, vk, “OMBETONTELFEy b+ F
vy PRV, 2HMEEC & b Insulin AT LI,
2) MBFHROEB A

Hig, PERE, B, MRRiERA30% it <y v
WK TCHEE L, Hematoxylin-Eosin (HE) e85 f77¢ -
foo WFIKENIRD 77V 2 — 4 VR AL 7 T T
EE LIct’, PASHEETI-Tc, KD 7 REY
iy Bouin ¥ CREIE L7, BMEKRO «fifzn

a1z 13F £ Aldehyde-Fuchsin-Trichrome 4ufs, -

RUF Silver nitrate e % {775 ~72, ¥1o, FFEEIE
D IR AT BFEY) B o\ T Sudan [l et fT
~7

£ B K &

|. #hEE
GThRHE L~y ADHI40% (3675) ' 138[LL

Fig. 1 The Increment of Body Weight in
Goldthioglucose-Induced Pre-obese and

Obese Mice
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Table 1 Wet Weight of The Organs in Goldthioglucose-Induced Pre-obese and Obese Mice

Group Weeks Total Body

Wet weight of the organ (mg)

Wet organ weight

=7 - %100 (%)
of after No.of weight ) Adipose Body weight Aad'
mice GT inj mice  (g) Liver Pancreas Adrenals 3 " Liver Pancreas Adrenals tiSSlll:;gse
21- 900 113~ 2—- 45— 3.93- 0.53- 0.01- 0. 66—
Control 11 30.5 1, 500 293 26 393 6.11 1.05 0.07 1. 40
25.7) (1,228.1) (196.0) (11.3) (168.7) (4.12) (0.76) (0.025) (0.71)
Pre— — 22— 750— 91- 2— 180- 2.87- 0.41- 0.01- 0.82-
obese i3 12 41.5 2,000 427 27 5, 350 7.27 1.03 0.045 12. 89
stage (33.1) (1,370.8) (215.9) (14.9) (1,255.8)(4.60) (0.69) (0.025) (3.60)
Obese 16— 41.5- 1,250- 258— 2— 4,300- 2.96- 0.42- 0.01- 8.42-
stage 18 5 69.0 4,400 356 19 8, 350 6.38 0.77 0.02 17.04
(51.5) (2,200) (301.0) (9.4) (6160.0)(4.05) (0.60) (0.011) (12.30)

( ) : Mean
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Table 2 Distribution of Granules of Lipid and Glycogen in The Liver of Goldthioglucose-Induced

Pre-obese and Obese Mice

Group Weeks No. Body Granules of lipid Granules of glycogen
of after of weight g Hepatic lobules Hepatic lobules
ize _ .
mice GT inj. mice (g) Centr. Intermed. Periph. Centr. Intermed. Periph.
4 No. 13 22.0 - — —
bre- 7 No.39  27.0 + i 4 4 N
obese ’ ' + - - -
10 No. 67 30.5 + =+ + + + + +
stage
13 No. 64 34.5 + + + + + — —
. 41. —_ — —
Obese 16 No. 72 5 H -+ H +H- + +
stage 17 No. 78 69.0 + — H + + + + + +
18 No. 50 50.0 H — + + + + - — -

H : More markedly increased than in normal mice

+ : More increased than in normal

mice 4 : Almost eaqual to that in normal mice — : Less than that in normal mice
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Table 3 Histology of The Pancreatic Islets in Goldthioglucose-Induced Pre-obese and Obese Mice

Group Weeks No. Body Total Average

Distribution of the size of islets(%) (%)
of after of weight No.of size of -
mice GT inj mice (g) islets islets(z2) 2-5 6-10 11-15 16-20 21-29 30- (x) a-—cell g—cell
No. 3 28.0 23 16.9 9 39 26 22 5 0
No. 22.0 10 8.2 30 30 20 10 10 0
No. 12 30.5 28 16.0 36 25 21 4 14 0 10 90
Control No. 16 28.0 17 10.9 35 35 24 0 6 0 35 65
No. 18 24.5 13 9.2 23 61 8 8 0 0
No. 19 22.0 22 14.7 27 32 23 14 4 0 20 80
(26.0) (18.8) (12.7) (27 (B@6) (20) ) (M W (22) (78)
4 No.13 22.0 11 7.7 45 45 0 10 0 0
Pre- 7 No.35 27.0 10 11.1 10 30 40 20 0 0
obese 10 No.67 30.5 30 14.3 20 40 27 13 0 0
stage 13 No.64 34.5 24 16.1 25 34 21 16 0 4 30 70
(28.5) (19.0) (12.3) (25 @D (22 @5 O @
16 No.72 41.5 12 17.3 8 34 25 0 25 8 15 85
Obese 17 No.78 69.0 45 24.2 22 13 16 16 27 6 10 90
stage 18 No. 50 50.0 28 21.4 43 14 18 11 7 7 15 85
(53.2) (28.3) (21.0) (24) (200 (200 (O O D a3y @n

( ) : Mean

Table 4 Histology of The Adipose Tissue and Adrenal Cortex in Goldthioglucose-Induced

Pre-obese and Obese Mice

Adipose tissue

Adrenal cortex

Group Weeks No. Body
of after of weight Wet  Wet weight z:;;ega()gfe Lipid granules X}“‘Eﬁ}é
mice  GT inj. mice (2) weight Body weight fat cell  Density ORSVeNly coitey
mg) (%) @) stained "y
Control 6 26.0 123 0.45 1.8x 2.0 31
4 No. 13 22.0 180 0.8 2.5%x 4.5 + + 39
Pre- 7 No. 39 27.0 207 1.0 4.0x 6.8 — —
obese 10 No. 67 30.5 695 2.3 3.0x 4.5 + —
stage 13 No. 64 34.5 1,720 5.0 4.0%x 5.5 + - 30
(28.5)  (728) 2.3  (3.4x 5.1)
16 No. 72 41.5 5, 350 12.9 5.8x 6.3 + — 36
Obese 17 No.78  69.0 6,900 10.0 5.0% 7.0+ + 50
stage 18 No.50  50.0 8,350 17.0 5.9x10.0  + + 30
(53.2) (6,867 (13.3)  (5.3x 7.8)

( ):Mean + :More than that in normal mice

mice

— : Less than that in normal mice

+ : Almost eaqual to that in normal



FERI504E11 8 (19754)

Do, D <Y ATiE, Ko s KRENHEEL,

230 7 KEDORHBEINT B EREEDI, ks, MEH
o <w A0 FEETIE, o008 M LRciLx
BEDEWCEN L, HoTBMRDOL LT,
Bad B3 AN H B = E 0D Bz, Pphoto. 7,
8 (XN ~ v ADPEIRIC BT IR L7 7 KE D B Al
fa & e fflifad md,

3.8 B

e < v 2 0 BIE B2 G DS BT,
HE#RERY Sudan ] @i i L cBIF O HilkiEA
oW, FERTDMERORS, RHEROS
HEREMDOREROCEREDOEY L bR, ThbD
g% Table 4 I—fEFR Lic, EIFREDRIHE
kL, JERDBRED 4 Gl 2 Bl RIC LT %,

F IO 3 Gl &R B inA R Lic, (Photo. 9,

10) %7, FEOIRHEROGEMTIRED & T &R
Lich oy, JEEEED 4 Firh 1 6l & JEEHo 3 Gl
2 PR biiehs, KEOMBEDOEI NI,
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Table 5 The Lipid Contents of The Liver in Goldthioglucose-Induced Pre-obese and Obese Mice

Lipid contents of the liver

Group Weeks NO. Body - T - 7ﬁ/7chalé§tﬁer01r - T
of G"ifte.r : of weight  1C FFA
. nJ. . Total Ester 2 %100
mice or onset mice () (mg/g) (uEq/g) (mg/e)  (mg/g) Otéizl%)
4 21.5 — 19.6 — — —
7 23.8 — 13.8 5.9 5.3 89.8
Control 10 6 27.6 25.6 7.6 5.9 5.6 94.9
13 22.1 19.7 13.0 6.8 6.4 94.1
16 27.7 27.0 4.9 5.5 5.2 94.5
(25.8) (24.1) (12.9) 6.0) (5.6) 93.3)
22.3 30.5 15.4 6.2 — —
Pre- 7 27.0 40.2 16.6 9.6 8.8 91.7
obese 10 4 30.8 53.0 11.3 7.4 6.7 90.5
stage 13 35.0 46.8 12.3 8.0 7.6 95.0
(28.8)  (42.6)  (13.9) (7.8) (1.7 (92.4)
Obese 10 43.0 40.9 7.6 8.3 8.1 97.6
18 2 50.7 56.5 17.7 9.0 8.2 91.1
stage (46.8) (48.7) (12.7) (8.7  (8.2) (94.3)

( ) :Mean
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Table 6 Lipoprotein Fractions and Insulin Levels in The Serum of Goldthioglucose-Induced
Obese Mice
Group No. Body Lipoprotein fraction (%) Serum
. I - @ 4 . .
of of weight @ 8 Pre-g T B ¥Pres ratio insulin
mice mice € (pu/ml)
Control 6 28.0 45.4 34.9 19.7 0.8 67&:48
No. 72 41.5 47.5 33.4 19.1 0.9 60
Obese No. 40 41.5 39.9 33.3 26.8 0.7 24
stage No. 55 46.0 43.4 26.1 30.5 0.8 80
No. 50 50.0 26.4 26.2 47.3 0.4
No. 68 52.2 33.3 21.4 45.3 0.5
(46. 2) (38.1) (28.1) (35.8) (0.6)
( ) :Mean
40.9~56.5M/ ¢ (F#348.7%/ ¢) T, Wb K= A 2 Bl & B < v A 3 BRSO THIE LT

CHNTH2EOMMER L, LavL, [REARED
b D & EEHAD & D & DI b ieErn AR bhis
Mmaotc,

2. FigEo# Ch, Ch. ester RN Ch. ester [t
FFigo#E Ch EXERGERRD ~ v A TiX 6.2~9.6
ng/g (E57.8m/g), FfEMHAD~ Y A Tix8.3
~9.0m/ ¢ CF¥38.7M/ ¢)T, ThZhXIBOHK 1.3
EROWI 1.5 fEO¥mA R Lic, L L, fEf:EREE
JEME R & DOICITRFIE O Ch [HICEN K Div/eh -
7o

Frh&o Ch. ester e ChHE R UL, FEHHERE,
e & IR N TEEY & L, LaL,
Ch. ester HTIIiOWERE, MOEHIE LTI
TENRDLRNIL) -T2,

3. FFEDOF F AfH

T F F AfEICEHERD < v A Tik11.3~16.6
#Eq/¢ (F1913.94Ea/g), F-REREHIO <= v ATid
7.6—17.7#Ea/¢ (F#512.74Eq/¢) T, WTh i
BN TEN B ORI -T2, ¥, FFEOFFA
fif & BB EE & ORNC & —E DB R % R LiB7ah » 72,
4. I¥E Y AEASHE

BRI < 7 A DI ) AEESEL Table 6 1277
T THBHA, Pre-g SFEOHERN 19.1~47.3 %
(F1535.8%) THRFRAC LA TH BT EERZ R LIS,
EL IR BEE TH~7c 2 % (No.50, 68) TiZ,
Pre-g 4B DN 47. 3% RO 45.3% TR DHKI2. 5

el EERR L, IO, ﬂpﬁ;ftbi{ﬁflﬁ

T, LRI ZD2HTIIFER A EEE R LI,
5. 1% Insulin {8 (Table 6 )

B MO Insulin fHiX, ZhZh 48, 6710/ n K024,
60, 80uu/ml TH o1z, Tichb, B~ v ATIE,
M Insulin fEASHFRIC R TEH WS D &, T
WhDORBH D ERM T, LavL, WEER DI
DT, FEEDOERSTIE#HTH S,

£ %

KAERERO dd R~ 7 ACGTREE LT%
R X HIEH AL - X8, B~ v ADERNTIIAE L
FICIRERBIORENH D = &, RUOHBEITIL
BT, WERE, IR, IERHHR 7. & DIEERC —EDZ1tL
DHDHEEM-T, LT, 2, 30FKRDLIHA%E
FRIONCEE L TARWEEY,

GTEEC X WEEA R Lic= v 2T, BB
B O LTS B\ T L IO T GEN B L,
F fo AR LR R D BRRA LA 233 I L T D
TR LDMEFIN TR i, 8- T~ v A DI
TIRIEH AR TUET 5 b0 LBbh b, GThES
L CTHUR T o iR EE Lic~ v ATILEAED
o, £ UTHREDORFHBRROERIEHT5 L%
z BBy, OB FIE I NI - fe ks OB
BFEFRCIRER O 7 ) 2 — 7 VIE/R IR B, Lo
L, a7 ) 2 — 7 VEFRECIZ—EDREN H
55T, H-oTHEDOBEEIXEELTHBTTG
(rh:JERE) ® Cholesterol 7 & DIERID & B FIF
EhBrbDEEL NS, FFTERINITGDOKR
o HAMET G & LT v AEE O CIRIHHEE
T h, T TREIERE LTirabhs, i
TGEHEIE LTI\, MY AERASEORED
8, Pre-g V) ¥EAOHINARDI-Z Emb, L
=7 ADMPTETGOHMND ~7cbD EEZ bh
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G THRER X BB~ w7 A TILmE o Pre-g v £2
BB O LRI 558, &<k%ﬁ§@ﬁh%@
1&%%#%%f@oto£%mmﬁapmwu+§
DI & NEHE & DRV R BB 5 & & 5T
LT\w5, [fIiED Pre-g Y FEEIXBELKETIL a2-
globulin * —FCBE+ 2 BELEY REATH D,
%@ﬁ%ﬁﬁﬁﬁfﬁﬁmﬁwcwwfbt%%%t
DHHERENTAEETGORKTHL EE L BRT
Wh, #-T, GTHEE XBIEH~ v AT, i
ERWTTGEENTTET 2/EF, WiNL-HRET
G ¥ IR & E T % 70 DI Pre-g U £REMNS
M EEmT 530 L Bbhs,

BT KB D Bl bW E N5 Insulin (i3
ETL, 7 FoHEOMEESSY (RET 5EHANH
505, BT KED affifan bogiEh b Glucagon K.
VERIBRE) AW INDERE 25 21 F (Glyco-
corticoids) X\~ b Pi Insulin fEH2 B b, L
CEELGEAREL LTS, GTHREC X BEH~
v AT T REDIBK & 8 MO HEREA a8 BT
RrBohicsy, 2o LiREk~< v A0 7 KE Tk
Insulin ST L TV B EERET 5, GTH
B X W BRTHMEREE Lo~ v ATIRER, LK
FEE O BFUERORR, Wil iclfid = rre—n
T 5 IO RN 7 IS Tl Insulin 233030
THLDEEL BB, o, Insulin I FEROE
BRI 30T BRERF A RA (R L, BRI ER o g
B b A T 2B 5, /T, B~y
ADREIFHARRIC 31 587 i5lk © BRI Insulin
SWOTHENBERL TV 550 B, Lnrl,
IRHENEET B oD IIFIC fid Insulin R Ao #e
L, FATRCIEN A & Dz Insulin 37
PWAMET LT 20y, E0ERITHLENS S, IT

%BmﬁﬁTﬁﬁmﬁaxrmoL1m¢lmmm%
FEA RV IZE L, I Insulin 2SR TR
EB»SECHNL, 48U T158
HC TR BAE3. 8uu/mt TH B D% LT2. 8uu/ml
EWBEBRCBMA R L, oW T RECIIERER
D BT By B S D G THEEC I b IH
Z L7 CyyBL=vATiL, MM Insulin ® FHED
Hs RBDOIEAE B IO TEM » R L @MEL T
W5, Toks, BAIIER~ v A KT KB Tl e Ml
& BHIRAD R EEHRD I~ 1oy, TEREDIE
RaBwlcZ L LREEINCIL B M0 2/t Y, «
MRS WINT L ENEIN D, 5T, B~
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