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Fig.1. Effect of lente insulin (LI) on fasting blood
sugar level of totally depancreatized dogs of
Group 1. Dogs of Group I were given 70Cal/kg of
standard food, 5g of pancreatin and 0.7~1.0 u/kg
of LI a day untill two weeks after total
pancreatectomy and thereafter LI withdrawn.
Statistical significance of the data was calculated
versus before operation. Each value represents a
mean=S. D. of 5 dogs. ***P<0.01
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Fig. 2. Effect of LI withdrawal on serum free fatty

acid level of Group I. Arrow shows LI with-
drawal.
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IZABI LR LY 310mg/dl ki o7z, Lal,
LI10.7~1.0 u/kg/day OS5 & D Z= G553 90
mg/dl &% 0, LI #9UkY 2 & 24 RRI&ITIE 410 mg/
dl &% -7z (F1). —#, L10.7~1.0u/kg/day %
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Time in weeks after total pancreatectomy

Fig.3. Changes of serum free fatty acid level of
Groups II- V. These dogs were given 70 Cal/kg
of food, 5g of pancreatin and 0.7~1.0u/kg of LI a
day throughout after total pancreatectomy.

; Group II (rich lipid - low carbohydrate food),

I ; Group III (rich lipid - low protein food),

: Group IV (rich carbohydrate - low protein

food),

[3; Group V (standard food).

Statistical significance of the data was calculated
between the corresponding value of each group.
Each value represents a mean=S. D. of 5 dogs.
Statistical significance was not observed between
these values.
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Fig. 4. Effect of LI withdrawal on serum tr'iglyce‘
ride level of Group I. Arrow shows LI withdra-
wal.
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paONED DTz,
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GEHZ TRIEL A CERE T, 70 BETHROME %R
L, SHETOELALNLM DT,

3. MBEBEABLUTALTIVE

BI~VEOESHEAMEREARE5.6g/dAl
BTHD, BEHBIEEIHT5.2~5.5g/dl, HIH
75.5~6.0g/dl, BIVETS5.0~6.1g/dlTHDH, &
VBT 5.2~5.5g/dl THo7:, BB L LKL
FLAEEDLOT, BSRETOEASNE ST,
—F%, MBE7 VTS v BIZRSRHETEE Y 3.1¢/d
i TH o fo 08, BEMEBE, IFFT 2.3~2.5¢g/dl,
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Fig.5. Changes of serum triglyceride level of
Groups I~V . Symbols are the same as in Fig. 3.
Each value represents a mean+S. D. of 5 dogs.
Statistical significance was not ohserved.
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Fig.6. Effect of LI withdrawal on serum total

cholesterol level of Group 1. Arrow shows LI
withdrawal.

HBIVEET 2.3~2.9g/dl, VT 2.4~2.7g/dl TW
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i) FFA | 8 I BFOBELMEaiEZ 0.2~0.5 mEq/!
THY, Beftks LIE5$13 0.2~0.6 mEq/]l &iE
LAYERAONE o, LI RSTIHE 1ABK
WEIIC LB L,1.4~2.0mEq/l £ Y THEHE TR
BOEEHERELE. UL, LIREREG U BEHCR
BYL, BEHEEE -2 (22), —7H, B~V
HCRESEAOFIER 0.4~0.5 mEq/1 T, BE2H
%Y 0.4~0.6 mEq/] L EEMABR TEROERIZ A
>, EHETOELAOEL o (H3).

i) TG : 8 I H# TR ELMITER 30~43mg/dl T
HY, FeREd LI EESHE 35~50mg/dl i E A
PER&SNEMo T, LIKRESREE 1 HECE
60~100 mg/dl £# 25z LB L, LaL, LIS
b4 7 ABICE 40~75mg/dl 20, 4HBWIR
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Total Cholesterol ( mg/dl of serum )

Time in weeks after total pancreatectomy
Fig. 7. Changes of serum total cholesterol level of
Groups II~V.
Symbols are the same as in Fig.3. Each value
represents a mean®S. D. of 5 dogs. ****: P<0.05
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Fig. 8. Effect of LI withdrawal on serum choleste-
rol ester level of Group I. Arrow shows LI
withdrawal.
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15~20 mg/dl & % - THEHEL DA L7z (B 4).
—7, B ~VEORELFEFHE L 40 mg/dl #l#
<, 2% b 40~50 mg/dl & BELEIE TEROR
Bliashd, SHMTOEL »ohah o7z (85).
iii) Chol : % I B TIIEEMERIMEIE 90~172 mg/dl
THD, BELRE LI RE5HE 120~184 mg/dl L BE
wERELE, LI%Sdit# 1 BEcEE 5 ERL,
140~220 mg/dl 7> 7z, L»L, LI#ESHIERTH
B IZIZHRiE L % 0, 14 BB £ CRBROE LR
L7 (®M6)., —7F, EIN~VEDREESEIFHERR
100~120 mg/dl TH H, BIVEELKRL TEEMERI
110~140 mg/dl L BEIC LR U7z, BIVEETIIRLHE
%3 EE THAHIMELEDSRWERRLI,
4BE LR, 8 BE X 70 mg/dl &4 D],
0, VEBErBEaD, BaikaskoRie L bict
Lamd T2 Eae R, £, SEMOLETE,

Y
o
o
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Cholesterol Ester ( mg/dl of serum )

Time 1n weeks after total pancreatectomy

Fig.9. Changes of serum cholesterol ester level of
Groups 1I~V.
Symbols are the same as in Fig. 3. Each value
represents a meantS. D. of 5 dogs. *~**: P<0.05
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|
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Fig.10. Effect of LI withdrawal on serum phos-
pholipid level of Group I. Arrow shows LI
withdrawal.
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iv)Chol - E : £ 1 BECIIBE2MATEIX 70~104 mg/
dlThb, BELREED LT 553 70~114 mg/dl ¢ i3
LAERERASNIRD ok, LIRS FREE 1 BE:
X EFL, 90~140mg/dl & o7z, L, LIKS
ik 7 AR IIZIZAEIE L 2D, U EEB S TRk
OEERERL:(8)., —A, BI~VEORKeHE:
FHE IR T0~90 mg/dl TH D, BIVEEROTHSE
#% b 70~110 mg/dl & SRR TIZ L A RS R
& ot BIVEETIRELSTEE 1:EEO 84 mg/dl %
¥— 27 ZHR L, 8 BB II1X 34 mg/dl &% D LR
WO Ry, BYT2HEEERLL, £288
RAD e T, BIVEED 6 BB THOBICLLES
nRAYERD . (FFN P<0.05) (K9)

v) PL: 8 I B CIIBEERMATE I 190~300 mg/dl
THD, EEE LI &5 220~320 mg/dl L BE
wERLE, LIEShEE IR SsERL,
260~420 mg/dl Lotz L L, LIRESHRERTH
B IZIEMEE L 2 0, 14 BE £ CRBOE 2SS
L7 (10)., —7, BI~VEORLHETIE
220~240mg/dl TH Y, BIVEF 2KV THR2MHEY
220~250 mg/dl L EEMAIBRTIZL A CKBHEREL
ot BIVETRE 2BEO 240 mg/dl % ¥ — 7 2#
WL, 83EE W 84 mg/dl L% D, FELE®IE Chol -
E A, hoft s R hE o+ 2 HA%ERLL ¥
e RO LB T, SBIVEED 6 BB CloizL
LEERBY 2Bz, (FnFAP<0.05) (K11

Phospholipid ( mg/dl of serum )

Time in weeks after total pancreatectomy

Fig.11. Changes of serum phospholipid level of
Groups II~V.
Symbols are the same as in Fig.3. Each value
represents a mean=S. D. of 5 dogs. *7"": P<i
05
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1
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T P 1
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Fig.12. Effect of LI withdrawal on serum lipo-
protein pattern of Group I. Lipoprotein pattern
was done by disc electrophoresis (REDI - DISC of
Canalco). (1): before operation, (2): during LI
administration (3) : after LI withdrawal.

O GOT B FHEE 20~30u T, BVERERL
THEFE% 2 BHE T2 ~4 K EBL,40~110u &
wofe, Lal, 3BEBLMREREA L, IZIZAHEHED
20~50u k% of:, BVHTRESEE L MEIE L
FLAEEDS R0k, 7z GPT & BORE ST
FEEHER 40~50uTH D, BEVEHERS, Befkix
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BfER S5 uflBETho7ed, BEHGREHLL LR
L, 15~50u k%o 7z, HBIHO LANBE TE
% AL TEVELELEER EE SR L.
(272N P<0.05) (F13)

7. PHLA

BIHCTRE2FERY LIRSPZZREEiI LR
BOEWEE T L1, LI REHERIEECETL
foo (NS EER 104, 20 A TERFR P<0.01)
(B 14) —7h, BEU~VHEHTIIRLMEER L R
FHOEEERR L (H15).

8. FOSMRBMME (FY by s TAL)
MABER 98 (BVI~IEE, 2h2h& 38 O
O TG WFIZ T 73 mg/dl/3hr THo 7245, 8 1 B
TR LI %55 7 HE E CRIBLERCIELIY 2 4%
WAL, 130~180 mg/dl/3hr &7z -7z, L L L1
Bl 14 H B Ti& 8 ~16 mg/dl/3hr THELE R &

[

=
=3

N
3

Al-P activity in serum ( U. )

Time in weeks after total pancreatectomy

Fig.13. Changes of alkaline phosphatase level of
Groups 1I~V.
Symbols are the same as in Fig.3. Each value
represents a mean+S. D. of 5 dogs. ***: P<0.
05
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DYLEMER-7(®16), —FA, BIU~VHETREER
b 8 BB To7a8, 70~90 mg/dl/3hr TH D,
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@, HE #s L X 5> ke o asis =
Eiaasny, Blitb &< adhihol. LL,
L5tk 3 A~ HEBRE L SEEMhE
B EoER 2D, LIRSFIEERIHBEOLD
TRPZEETHY, THRUEO LD TIEIRENEE
wREls bR 2 LT, £ Zh o OO I3/NEF
DEZCLUTEANTH D, BHEEOKE S /NG
BEETHo (F1), BEIIET#H0 LI Huibik
3 HE® No. 1 RKOFFD X5 > MREERT, /NEFL
WNEEORFORERF L2530 5. B 213 LI fub# 14
HE® No. 5 ROFEMOER T, U'g AMI/NEHEDIE
i@ 2, BURKTIE SET 8 ~32 AMBEE L
B, 5 b 4 BT ORI LA & S h, Kz 2458 L 3238

0.6

0.4

Lipase Activity (s mole FFA/ml/min )

0 10 20 30
Minutes after heparin injection

Fig.14. Effect of LI withdrawal on post heparin
lipolytic activity of Group I. @—® ; during LI
administration, ©-© ; after LI withdrawal,
stippled area; the range of before operation.
Statistical significance of the data was calculat-
ed between during LI administration and after LI
withdrawal. Each value represents a mean=S. D.
of 3 dogs of Group. 1. ****: P<(.01

FFA/ml/min )

Lipase Activity (mmole

0 10 20 30

Minutes after heparin injection

Fig.15. Post heparin lipolytic activity of Groups

II~V.

e—e ; Group II. @-® ; Group lll, @@ ; Group

1V, &-© ; Group V, stippled area ; the range of

before operation. Statistical significance of the

data was calculated between the corresponding

value of each group. Each value represents a

meanxS. D. of 3 dogs.

Statistical significance was not observed.
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Y

3 7 1
Days after lente insulin withdrawal

Fig.16. Effect of LI withdrawal on hepatic tri-
glyceride secretion rate of Group I. Hepatic
triglyceride secretion rate was calculated as
follows: (serum TG level of 3 hours after 300
mg/kg body weight of Triton WR - 1339 injec-
tion)-(serum TG level befor Triton injection)
(mg/dl/3 hrs)




R iRRAAT I BT 2 EERAIRTIC

DIETREEORBLERD . IO /NZE
it 29, UZAM2ETHYD, ZOKRE SR
MAEE, AEMIBETH-o 7. BHI B 8HE
g0 No. 3 ROFFO RS ¥ NIREFAT, NERTICK
ORI £ FED 5. BT 6 BT 8 ~12 B
gaLls, 7% SECATORBEAA SN, FiZ12
B LOTREBETSH >z, B/ NERLNE
058, VEAMIETHY, TOKESB/NFEE,
Wik, ARMZNENIET O Thol. BRARE
Eo 12 BE® No. 6 RO DR 5 > IMGEAEAT,
g A AEEOF ORI ERD 3. BIVEFTR
SET 8 ~12BMEBEL22%, 1D O L
panhl, BESEZOXY VIBREREAT, IE

150

Very Low Dansity Lipoprotein - Triglyceride (mg/d1/ 3 hrs }

581
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BbLEEMEASnaro/2(F2), 2RIN6FD

B EDTRICBEFEZ {, IFHEROELALIFERO
BBIE, UV CEOBMLCHIEESE RS 5 ks
o7z BIL I, IVBELA—DREET 8 ~12:BHEE
L7 fRALER 9 H(ZRENEVI, VI, IBETE 3E)
TIRFORBH L b2 A, EBRAEKRSH%THE §
&, X5 UNRE FFOEBHENELIRRED S h

o7,

£ =
e D RBREAT I D V> T, 1923 £ Fisher 619

Fig.17. Hepatic triglyceride secretion rate of
Groups IT~VIIL.
Groups 1~V are described in legent of Fig. 3.
Group VI : untreated 3 dogs given the same food
as Group 1II,
Group VIl : untreated 3 dogs given the same food
as Group III,
Group VIl : untreated 3 dogs given the same food
as Group IV.
Statistical significance of the data was calculat-
ed between each group. Value of untreated
groups represents a mean=*S. D. of 9 dogs. Each
value of other groups represents a mean=+S. D. of
5 dogs. Statistical significance was not observed.

Table 1. Results of fatty change of liver in Group L

fatty change

Dog No days after - _size of

2 No. interruption of LI central regions peripheral regions lipid droplets
of lobules of lobules

1 3 +# - small

2 7 + + small

3 7 # H# small
4 14 H# " small & large

5 14 # + small

{=); no fatty change, (+): slight fatty change, (); moderate fatty change, (4); severe fatty change.



Photo, 1. Histological findings of the liver of Group I. Moderate fatty change was
observed at centro - lobular regions. Sudan I staining. X100

Photo. 2. Histological findings of the liver of Group 1. Severe fatty change was observed.
Sudan Il staining. X100
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Photo. 3. Histological findings of the liver of Group II. Moderate fatty change was observed

at peri - lobular regions. Sudan Il staining. X100

) b

Photo. 4. Histological findings of the
observed. Sudan III staining. %100

liver of Group lll. Severe diffuse fatty change was
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Lot THEsh TR, 2OFRERTFEROLL
LTHEA BREINTERD, SHILEL2TY B
OBEMRIEL Ty, Bls, 1930 £V F >
wEEhLaY v0 b OBEATENE (lipotropic action)
%@ L7 Best'™ 50 Toronto Fifk L ICEEN DR
4N lipocaic 7 V& > % 85 L 1z Chicago F Ik O
Dragstedt'? 12 & > TERKCHHINTVDE, TR
AL DREIC L B2 Y YA F A =V R EDH
ERiEE 2 ER L2 RENrsh, RITHEIR
ERAHIC L o TSR E RIFICI Y o - LT
HaEA Ty, BHFOREEHD &\ 5 Mirko-
vitch®P D& REEND & 510, BETHEERE
BERSIF R AR TBL T, BASWEOREIC L B
AT E O MERNEE » BT 2 BRI ERELZL
TWwa,

—F, B TRAE SN L 2 —HOWRORER, B
SHBIERITIEA v R Y Y REZWC & B HERFE IR
DB BT LOTHY, REMERTF BHHEF
EOREOEECEEOER) OMETIHOTR
o £ BRERE AL, BEO AR S WO E b FRO R E
roTwd, 0L EHFORERTZHCD,
M TA & 22 RERO IR & 51, T OFERFIZD
WTHTSEEFE L SR Twan,

ST S EE R W TR Th L T 28,
RERERFOFA %0 & A MBI RIAEFR#EEL 7,
 FTEESSHEEL-TWA, BHEI 0L g
HED, BeRBRBETORECRET A 22 Ly
Z L AEEETFOBEE S(CFN S & ORERSEY
WRRET L 7L

70 Cal/kg/day DEBEATHE LI BEEERE, L
0.7~1.0 u/kg/day &/3> 7 1/7’4*‘/ 5 g/day 135F
R B &, EHEREIINE, M AEE (FFA, TG, Chol,
Chol -E, PL), MV n&a%ﬁ@a, PHLA 34
R FEAEEDbY B ayru—rah, Holk
Bt ootz L L COJRRET LI #E %
95 e, PO EE . Lad IHRM
v 3 R R o gk TR B E DRI L 25,
REEIRE S TS, WRRROBHFRERT
D—2ELTA YA Y REJMRTELVEETSH
2 rafERENnT, £ ZOMED 53 EHLE
N IZNER LS O LT EARTSHD, B
TEIZ/NEED b ONERTH -7, FAR SIS
FORSRHLI/NERA L D FAET 5 EWEL TV EH,
BRI VRO A A Y REET o ELYRE
i;%‘ﬂa)iﬁ%’m;t%%tﬁa‘lﬁ@ﬁrﬁl%ﬁwﬁs 0, 1*
FimEISRIT O % < & RO FEREEE T 57

Photo.5. Histological findings of the liver of Group IV. Slight fatty change was observed at
peri - lobular regions. Sudan IIf staining. %100
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Sr kD4 YA YREW S D LIRS/
L REL, BEICLEONTUEAMICER
TazepEHlE N,

BRI B B BRI O FEBFIC D VLT,
EERHOEL D EL L TRRICE T 2 BELE) X
E@ b Y 7Y LT 4K (very low density lipoprotein
triglyceride JAF VLDL - TG &) OFIAEE & KA
po@kED FFA BB ICEISHFADREDORATLE
PHTO TGARZEFCEMI 2 ELo6h
Twh, BB, RETRAYAY YRZICE2TUX
EGMERE# (lipoprotein lipase, MAT LPL L#8)
DIERHINE S 41, VLDL - TG ORAEHIAD & DA
spEESND L L BT, 1A v OEHREHRNE
FEBORMICE > THRLE Y EZEEY - ¥
(hormone sensitive lipase, AF HSL &#g) &
L, BEIFIEME O lipolysis 23HI# & 41, K&ED FFA
SIFCHAT A, 20 FFA IREHIBEE e RET 572
pEE LT AL F—EEIZFA a9, 8% FFA
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D—ERiE TG B OEEIZ L D EBHVHRET 5L &
NTwa, EBEORSBATHA VA »BE5EHE
+ 5 LRI EC LR L, RIERE S —F
wlhRL, B s ) 2 EERBICELTS YR
VU REOBESEDTRKEVILERLTVS, &
2 FFA O F B3 355 2, KIBORIEBIC 81T 2
lipolysis DAZERICFHEL TWA I L ERL TS, &
2 5 TFFA 2 MEREORIMALT RELD L/
N 3 lipid carrier protein #E& L U REHL LTHF
FELTHY, MEREOEIRY) REERE & ECEE
#bhe, FTO) REEHOKH ERBICBIT2FHEO
NI VADRERIZESLbDEEZONTVS, EFH
HoOEEEEBL, BHITRECEELERE LD TG
ZOwT, MEY REASER, PHLA OWE, &5
WY b WR - 1339 #1740 VLDL - TG Z#IE T
22k -T, O TG 2 KB TORBOME
LOME L7, BEY XEASEOYE I, EEl
HERV 2L AR BLRKERESTHONTH 200, FEE

Table 2. Results of fatty change of liver in Groups II~V.
Symbols are the same as in Table 1.
fatty change
) life time size of
group Dog No. (weeks) central regions peripheral regions lipid droplets
of lobules of lobules
1 8 -
2 3 H small
3 8 1 large
1
| 6 o) -
7 24 it i small
8 32 it Hf small
I 2 3
3 3 H small
1l 4 8 H inter-mediate
5 8
6 12 Ht t large
1 3 | large
v 2 — 4 8
5 12 .
1 -4 8 - =
\%
5 12 - -
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IF
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WARIZEMHEEEND, WTRICLTH LEMEH
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An Experimental Study on the Influences of Insulin Deficiency and Alimentary Factors on
the Occurrence of Fatty Liver after Total Pancreatectomy  Kunihiro Sawasaki, Department of
Surgery (II), School of Medicine, Kanazawa, 920 — J. Juzen Med. Soc., 91,574 —589 (1982)

Key words: Total Pancreatectomy, Fatty Liver, Hepatic Triglyceride Secretion Rate,
PHLA, Serum Lipoprotein Pattern
Abstract

The influences of insulin deficiency and alimentary factors on the occurrence of post-pan-
createctomized fatty liver were biochemically and pathohistologically investigated mainly in
relation to lipid metabolism. Totally-depancreatized dogs with intact duodenum were prepared
and given once a day 70 Cal/Kg of food, 5g of pancreatin and 0.7~1.0u/Kg of lente
nsulin (LI). Lipid metabolism was scrutinized on the basis of serum lipid levels (free fatty acid,
triglyceride, total cholesterol, cholesterol ester and phospholipid), post heparin lipolytic activity
(PHLA), serum lipoprotein pattern (by disc electrophoresis) and hepatic triglyceride (TG)
secretion rate (by Triton test). Fatty change of liver was observed by Sudan Il staining. The
influence of insulin deficiency was investigated in Group I of 5 dogs; These were fed on stand-
ard food and LI was injected up to the 2nd week after total pancreatectomy and then with-
drawn. Comnsequently, LI withdrawal caused elevation of serum lipid levels, the appearance
of broad B band of serum lipoprotein pattern, the augentation of hepatic TG secretion rate and
hepatic fatty changes. In addition, these fatty changes developed from centrolobular region to
diffuse region. The influences of alimentary factors were investigated in Group I (rich lipid-low
carbohydrate food) of 8 dogs, Group II (rich lipid-low protein food) of 6, Group IV (rich car-
bohydrate-low protein food) of 5 and Group V (standard food) of 5. The each group LI was
continuously administered. As a result, hepatic fatty changes were noticed in 4 of Group I, 3
of Group Il and 1 of Group IV, but in none of Group V. These fatty changes developed from
perilobular region to diffuse region. Furthermore, their serum lipid levels, PHLA and serum
lipoprotein patterns scarcely showed changes before and after total pancreatectomy, and their
hepatic TG secretion rates were not different from those of the untreated dogs. From the above-
mentioned results, it was supposed that fatty liver due to insulin deficiency might start from
centrolobular region, while one due to alimentary factors from perilobular region, but that it
would develop to diffuse region with the deterioration. In addition, it was concluded that for
the purpose of prevention of post-pancreatectomized fatty liver administration of insulin alone

would be insufficient and that supply of well-balanced food should be also necessary.



