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I. INTRODUCTION 

Development of serious diabetes mellitus after total pancr伺 tectomy was pointed out 
by von MERING and MINKOWSKI in 18891人 Manystudi田 followedthis on pathophy-

siology after total pancr回 t配 tomy.
Concerning the abnormality of fat metabolism, particularly concerning the occurrence 

of fatty liver, FISHER and others2川 didmuch work in 1924. Namely, it was considered that 

totally depancreatized dogs cannot survive for long, even if they are treated with insulin 
of appropriate dosis. In addition, the most outstanding finding at autopsy is wide spread 
fat infiltration and degeneration of the liver. 

Later MACLEODり discoveredthat totally depancreatized dogs can survive for long, 
回 cuπenceof fatty liver being favorably prevented, by adding raw pancreatic tissue in 
diet. On the other hand, HERSHEY and SosKIN5> reported that fatty liver can be as 
well prevented by the administration of lecithin as the administration of raw p回 cr回 tic
tissue, and this effect of I配 ithinwas explained to be attributable to choline by BEST and 

others叫. CHAIKOFF and others asserted that促 currenceof fatty liver国 n be prevented 
by administration of suitable dosis of extract of fresh pancreatic tissue7】日＞9>, methionine 
io> 11 >, casein 12>, crystalline trypsin 13> and the substance extracted from the raw pancreatic 

tissue by CHAIKOFF, DRAGSTEDT and others as well as by administration of insulin10>W 
川. DRAGSTEDT16>17> asserted that the raw pancreatic tissue is effective for prevention 

Gist of the pr＇白entpaper was pre冒 ntedat 37th Meeting of Jap. Endocrinol. Soc .. 43rd Meeting of Zyuzen-
1gakkai and 8th Meeting of J ap. Soc. of Diabetes. 
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of occurrence of fa,tty liver not because of anti-fatty liver substance contained in or 

pancreatic enzymes, but because of existence of a new pancreatic hormor..叫 andhe named 

this’lipocaic’18) 19). 
On the contrary to these assertions, A0Kr20>, and later 0sHITANr20, YAMAMOT022l, 

KosAKI23i and other司reportedthat occurrence of fatty liver回 nbe prevented by admi-

nistration of suitable dosis of insulin alone after total pancreatectomy, even if above 

mentioned substances are not administered. Furthermore, HoNJ02 4 l 2 5 > reported from his 

clinical observations: that fatty liver could not be obsuved when suitable dosis of insulin 

was administered at least in the cases without postoperative complicaticns and those with 

well preserved appetite after total pancreatectomy, and fatty liver which develops in totally 

depancreatized dcgs sl";ould be accepted to belong to alimentary fatty liver and its occurrence 

largely depends upon the control of diabetes mellitus, in addition. 

Lately, l'¥rsHIKAWA26>, in his experiments on the influence of total pancr田 tectomy

on the genital organ町discoveredthat general condition was better in totally depancreatized 

dogs with administration of estrogen compared with • those treated with insulin alone. 

Based on this finding, following experiments were carried out in the aim of clarifying 

the influence of田 trqgenon fat metabolism, administering estrogen of v号riousdosis alone 

or with simultaneous administration of insulin. 

II. MATERIALS AND METHODS 

1. おfaterials

Adult mongrel dοgs of both sexes weighing from 6 to 13 kg were used. Pre-and 

postoperative feeding was maintained with rice, a small amount of wheat and well boiled 

fish, twice a day appropriately in amount. 

2. 恥1ethods

i. Ptodootion of T枕aHyDepancreatized Dogs 

Animals were kept away from diet for 24 hours. The abdomen was opened with 

upper median incision under intravenous anesthesia with thiopenthal sodium of 10 to 20 

mg/kg body weight. The pancreas was isolated from the duodenal wall with careful 

attention of pr白 erving the pancreaticoduodenal artery and vein and totally removed. 

These totally depancreatized dogs were divided into following 4 groups. 

a) Group without administration of drugs . After total pancreatectomy, neither 

insulin nor白 trogenwas administered. 

b) Group of simple administration of insulin ・ After total pancr回 tectomy,from 1.5 

to 2.0 units/kg body weight of N.P.H、insulin(Shimizu Pharm. Co. Ltd.) was admini-

stered before breakfast ev町 ymorning. 

c) Group of simple administration of回 trogen: After total pancreatectomy, from 

1,000 to 20,000 units/kg body weight of Ovahormone Benzoate (Teikoku-Zoki Co. Ltd.) 

was administered before breakfast every morning without administration 0f insulin. 

d) Group of simultaneous administration of insulin and estrogen : After total 

pancreatectomy, from 1.0 to 2.0 units/kg body weight of insulin and from 200 to 

10,000 units/kg body weight of above mentioned Ovahormone Benzoate was administered 

every-day, the latter as estrogen. 
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11. Survival Time 

Postoperative survival time was studied in the above mentioned 4 groups. 

iii. Fluctuation of Body Weight 

Body weight was measured in the early morning before feeding in each group. 

iv. Determination of Blood Sugar Level 

Blood sugar level was determined following the method of SoMOGYI-NELSON27l in 

the fasting state in the early morning. 

v. Determination of Serum Lipids 

Serum was taken in the fasting state in the early morning. Total cholesterol and 

cholesterol of free type was determined following the modified method of ZAK・KILLIANI28),

and回 terifiedcholesterol was calculated from the difference between these two. Total pho-

spholipids was obtained 25 times' amplification of phosphorus in lip.ids as obtained by the 

method of FrsKE-SUBBARAw29>. Total fatty acid was determined follqwtng the method of 

STERN-SHAPIR030>. Neutral fat and total lipids were calculated from the formula of 

STAMLER31> 32>. Non-esterified fatty acid was determined following the modifiec;l method of 
D aa＞川OLE 

vi. Determination of Liver Fat 

Amount of liver fat at autopsy was determined following the method of VAN de 

KAMER35人

vii. Histological Examinations 

Section of the liver taken at autopsy was stained by hematoxylin-eosin or Sudan 

III36l for bistrogical studies. 

viii. Determination of Activity of Lipoprotein Lipase 

Activity of lipoprotein lipase in blood was determined following the modified method 
of KoRN37> 38>. 

As the substrate in this method, Fatgen (Dainihon Pharm, Co. Ltd.) was used, 

and 10 per cent solution of Fatgen of 20 cc/kg body weight was intravenously injected 

for determination of change of total fatty acid in blood. 

III. RESULTS 

1. Survival Time after Total Pancreatectomy 

Survival time after total pancreat巴ctomyin group without administration of drugs is 

represented in Table 1, ranging from 6 to 14 days, about 10 days on the average. 

Table 1. Suvival Time in Group without 
Administration of Drugs. 

! Survival J Dosis of ! Dosis of 
決入 Time I Insulin I Estro!len 

er川 I I (u.／惚） I cu.；惚）
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Survival time after total pancreatectomy in group of simple administration of insulin 

was 28 to 46 days, 36 days on the average, as shown in Table 2. 

Survival time after total pancreatectomy in group of simple administration of estrogen 

was 4 to 107 days, a little more than 28 days on the average, as in Table 3. 

In group of simultaneous administration of insulin and estrogen, survival time after 

total pancr回 tectomywas 18 to 131 days, a little more than 51 days on the average. as 

represented in Table 4 
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Table 3. 

Table 4. Survival Time of Group of Simultaneous 
Administration of Insulin and Estrogen. 
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2. Fluctuation of Body Weight after Total Pancreatectomy 

Rate of weight loss after total pancreatectomy is represented in Table 5 and Figure 

1. Weight loss rate in group without administration was 18.3 per cent 1 week after 

surgery and 30.1 per cent 2 weeks after surgery. In group of simple administration of 

一一一九一～ー af町 Surgery（恥k)I 1 Week I 2 W聞い
ー一一ー I (%I I （勺〕

Qi:型旦王陛.of Dogs) 一一千一一一一一｜ 一一
Gr p W油 0吐itAdminis 

c 5) i cis.3) i (30.1) I 

Group of In叫 mAdministration I 4.9 12.5 i 11.8-21.1 I 16.C -29.2 ] 23.5-33.7 
昼（4) I (9.5) 1 c17.4l I c23.1) ! c25.5) 

I 4.8-13.8 [ 6.7-31.0 I 13.6-35.7 I 36.8 制
(9.3l I c11.o) I 12:i.61 (37.91 

I 5.6-8.0 ! 5.6-25.0 I 
(6.2) I (12.1 I I 

（斗ネユ
3 W配 ks I 4 Wee！仏
(%) ! (%) 

Rate of Weight Loss. Table 5 

8.0-25.0 
C15.7 I 

0-6.7 
( 4.4) 

Group of Estrogen Administration 
(IO) 

Group of Simultaneous Administration of 
Insulm and Estrogen 

( 6) 
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', after surgery, 17.4 per cent 2 weeks after 

surgery, 23.1 per cent 3 weeks after 

surgery and 25.5 per cent 4 weeks after 

surgery. In group of simple admini-

stration of estrogen, the rate was 9.3 per 

cent 1 week after surgery, 17.0 percent 

2 weeks after surgery, 23.6 per cent 3 

weeks after surgery and 37.9 per cent 

4 weeks after surgery. In group of 

simultaneous administration of insulin and 

estrogen, the rate was 4.4 per cent 1 

week after surgery, 6.2 per cent 2 weeks 

after surgery, 12.1 per cent 3 weeks 

after surgery and 15.7 per cent 4 weeks 
4 ¥I eel 8 after Surgery. 

3. Change in blood Suger Level after Total Pancreatectomy 

Blood sugar level in each group showed the level of about 300 mg/di after total 

pancreatectomy, with little difference from each other. (Table 6, Figure 2.) 

Table 6. Change in Blood Sugar Level. (mg/di l 

一一一一一一－ Time af出向目yI ! I I I 
I 4 o~ ，，ば l Weck ' 10 Days [ 2 Weeks 3 W田ks[4 W配 ks[5 Weeks 

Group ( N什 ofbゃ） 一一一一一一一一ー｜ • I ' I I 

Group w伽 utAdministration cf Drugs [ 323 ！制 I 369 I 402 I - I ←｜ 
( 4) i I I I I I i 

Gro叫ロ ofInsulin Administration I I I I I I ! 
ド c4 ) I 284 I 298 I 306 I 346 I 321 I 311 1 309 

Gro岨oof Estro2en Administration I I ! I I I I 
ν 「：7) I 311 I 306 I 281 I 212 I 298 I 326 I 301 

Group of Simult沼neousAdmin 
Insulin and Estrogen I 268 ! 329 ! 292 [ 264 I 283 I 315 I 303 

Cs) i I i I I I 

4. Change in Serum Lipids after Total Pancreatectomy 

i. Level of Serum Lipids Fraction in Normal Dogs. 

As shown in Table 7, Serum lipids fraction was determined in the fasting state in 

the early morning in 14 normal dogs. Total cholesterol was 139.5mg/dl, esterified chole-

sterol 98.9 mg/dl, total phospholipids 151.3 mg/dl, total fatty acid 239.8 mg/dl, neutral 

fat 67.7 mg/dl, total lipids 421.8 mg/dl, cholesterol ester ratio 71.1 per cent, T.P./T.C. 

1.09 and non-esterified fatty acid 558.2 ,_iEq/L, all on the average. 

ii. Change in Serum Lipids Fraction after Total Pancreatectomy 

Level of serum lipids fraction after total pancreatectomy is shown in Table 8, 9, IO 

and 11. 

Total cholesterol showed the tendency of increase as early as 4 days after surgery 
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Fig. 2. Change in Blood Sugar Level 
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Table 7. Normal Level of Each Fraction of Lipids in Blood. 

一日限~htJ T. c ! E. c IT. P. L IT. F. A I N. F I T. L E. R T TP'TC 1:--J.E.F.A 
No. I "c"k:) t I訓｜（田g/dl) ! （略／dl)! （略／dl)! （田，g/dl) (mg/di I （田g/dl) (%) I I !.(μEq/l) 

1 I 6.o l合 ｜ 印 90 124.5 216.2 58.7 376.1 69.2 0.96 ; 51 I 

2 14.0 I合i 140 119 175.0 湖 6 お 1 ； 制 3 制 1.25 54 

3 9.5 ♀ 120 90 148.5 216.2 53.6 ' 385.2 75.0 1.24 648 

4 7.0 合 154 88 1 78.6 267 .5 87.7 480.4 57 .1 1.16 676 

5 6.0 ♀ 140 98 198.0 216.2 12.6 421.5 70.0 1.41 657 

6 9.5 ♀ 180 130 202.5 260.2 31.4 407.3 72.2 1.13 505 

7 I I J.0 ♀ 90 72 92.3 188.5 77.8 209.0 80.0 1.03 441 

8 I 8.o 合 116 78 I刷湖.3 126.8 458.7 I 67.2 1.42 例

9 10.5 ♀ 138 89 15日 216.2 5~.3 404.2 64.5 I.09 523 

10 8.0 ：合1 152 114 141.0 271.7 98.7 480.2 75.0 0.93 523 

11 8.0 合 136 97 157. 7 238.0 63.6 405.9 7.1.5 l.16 421 

12 10.0 ＇♀ I 125 87. 102.8 255.0 116.1 401.9 70.0 0.82 678 

13 12.0 ♀ 154 88 178.6 267.5 87.7 479.8 57.0 1.16 552 

14 8.0 合 I 175 I 143 I 108.8 216.2 40.8 427.! 81.7 0.62 461 

つの 558.2士Mean ,139.5±2!.698.9士22.7)51.3士35.9239.8士29.767.7土33.81421.8土41.471.1士8.5J.09土0・－－ 87.5 

*T.C. : Total Cholesterol. E. C. : Ester Cholesterol. T. P. L. : Total Phospholipids. T. F. A. : Total 
Fatty Acid. N. F. : Neutal f;tt. T.し： TotalLipids. E. R. : Cholesterol Ester Ratio. ¥:. E. F. 
A .. Non-esterified Fatty Acid. 

Table 8. Lipid Fraction in Dogs without Admini,trntiりH nf Drugs 
(Mean Value of 4 Dogs ; :¥o. !, 3. I, 5J 

＼、＼＼

T. C I E. C I T. P. L ! T. F. A N. F ' T. L 1 E. R 
TP/TC 

｜｛略／dl) I ，略／di;; ｛時ん111 : （時仙 4略／di) 〔略／di) I (%) 

befo問 ii2r.6土24.6179.5土22.6147.1土 39.11251.7± 31.81 81.9土29.91ゅ l士 57.170.9土s.slr.02土0.21

4 Days J315.0士88.01202.5土50.530ト5士103.5J551.6士169.1.209.-1土69.5,1023.1士338.26 l.9士2.10店士0.06

1 Week 1490.0±69.8 361.0士42.113l.3土 96.61804.2士111.lJ26-l .3土73.Si1436.5士291.0TU士2.110.88土0.16

10 Days 1498.0士54.6259.0士31.6328.-l士 91.oj胸 5士錦.8482.3土98.1llh9士 制.11別士1.9:0.66土0.29

12 Days 1574.0士31.8[248.0士28.91337.5土肱111053・4土問.8:537.9土77.711670.8士別.N3.2士l九.55土0.18

、、
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Table 9. Lipid Fraciton in Dogs of Insulin Administration. 

(Mean Value of 4 Dogs ; No. 2, 3, 6, 8.) 

川：し E c l T. P. L j T. F. A ' N. F I T. L E. R i TP/TC 
＼、い皿g山（略／di〕｜（略／di) I （略／di) . （略／di) ~ (mg/di) .. ~ 00) 一一一

!110.0±26.3! 78.0土げ31120.0土21.112則士 57.6j119.9±97.61393.5土 131.8i70.9土4.~ ！ I伽 0.16

193.3士50.1!125.3土25.5i197.9土.＼.！.3404.7土 48.0i191.7土 UI640.8士109.471. 1士6.21.18土0.12

189目O士58.5:131.7士34.61178.8土37.0380.7土110.91172.9士73.ll621.9士167.870.4士3.40.99士0.29

before 

4 Da、只

I Week 

10 Days ,125.0土50.7168.0士21.1'11.i.o士66.6370.6士 57.91256.8士48.91533.2士111.254.4土3.30.91土0.31

2 Weeks 

3 Weeks 

.¥ Weeks 

1169.5土63.5il1!.0±40.0 14.¥.0士68.0421.3土 88.61276.0土28.0l656.9土 190.066.9土0.10.81士0.10

15±.5士47.6:111.0士28.lf138.7土21.9385.4土 33.31198.6士37.8[585壮 181.7171.2士2.80.89土0.18

:116.5土26.41117.5土30.3!168.0士37.3395.0土 116.11156.0±97 .51576.9土 169.4!65.5土4.5:0店士0.19

5W的 i121.5士別 71.0土μ川 1.6±26.2:318.8土 63.2!197.6土おlf476.3士 8は52.7士5.3i0鎚士0.10

＼＼＼  
before 

4. Days 

I Week 

10 Days 

2 Wee！日

3 Weeks 

4 Weeks 

5 Week只

Table 10. Lipid Fraction in Dogs of Estrogen Administration. 

(Mean Value of 7 Dogs: i'¥CJ, 9, 10, 11, 12, 13, 14, 15.J 

T. c I E.と IT. P. L I T. F. A I N. F i T. L I E. R I I I I I I I TP /TC 
（略／dll I c略／di) I c略／di) I c略／di) I c略／di) : I略／dll I C%l I 

li28.0土23.4111.0士24.7137.5士19市29.9士 52.1I 59.6士 27.8f 403.0土 69.9f86.7土4.0[1.07士0.18

i211.8士38.21139.3士35.9:188.5士98.01318.2士 80.41174.3土 69.1I 655.1土 129.8165.8土6.510.78士0.32

ir9.5±36.9 l….4190.2土幻.44必 6土 51.211山 飢.o! 73 0.6 I… 門ω
292.0土 18.120.1.0士28.6249.8土47.8498.2土 67.91191.0土 61.7i 891.1土102.0'69.9士4.710.86士0.18 rs士20.
181.0土16.0il42.5士19.5131.3士15.6371目5土 38.71188.5土 14.6595.8± 59.0 :78.4土3.80.73土0.02

218.5士23.5165.0土19.8197.7士28.1416.0士 74.71171.2土 62.2.711.7士 91.3175.0土6.8!0却士0.11

213.7士11.0143.0士12.3211.9土 9.8408.5土 21.71170.2土 3!.8[ 729.7土 87.3166.9土2.310.99士0.09

Table 11. Lipid Fraction in Dogs of Simultaneous Administration of Insulin and Estrogen. 

(Mean Value of 5 Dogs ; No. 2, 3, 7, 10, 11.) 

ミ＼
＼＼、、

、＼＼＼

before 

4D<円、

1 Week 

10 D川

2 Weeks 

3 Weeks 

4 Weeks 

5 Weeks 

6W凹！日

T. C 1 E. C T. P. L I T. F. A I N. F I T. L I~ 
｜（略／di) I c略／di) ! （略／di) I I昭／di) I c略／di) I c略／di) I (%) I TP/TC 

157.0土24.6111.0土18.5185.2士24.61255.5土 27.652.9士 28.71473.6士 51.817..0-7士 8.611.18土0.17

208.0土 8.4lfrO士32.5185.7士73.1404.7士 ll.l• 177.0土 81.81674.0士 9.1164.9士 9.1!0.89士0.31

]290.3士21.91187.7士15.52ι5士56.6431 0士 60.01131.7土 69.8!741.7±141.8]68.9土 5.410.90士0.18

1178.0土31.I j 130.0土33.7218.0士57.5j264.7士 28.6129,9士 58.81519.4土 99刈73.8士 4.711.21土O.Dl

卜凶693士48.

195.7士65.31140.3土52.4199.8士17.71382.5士122.61153.5土 78.41644目1士192.6177.6士ll.611.09土0.63

削 土11.0!1同士1J115.9士 7.9j3凶士 19.41i5 士 30.71524.2士 98似 0士15.110.64土0.11

182.6土73.0137.7土72.5173.3士58.51321.4士 16.61110.0± 109.71576.8士 80.0175.4 士 6.6• 0泊士0.04

1206.4±91.51165.0±72.6187.8士吋358.8士 97.51118.1士 28仰 5士州制士16.10.91士0.15
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Change in Total Cholesterol 
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in all groups as shown in Figure 3, with little difference from each other in groups 

of simple administration of either insulin or estrogen and of simultaneous administration 

of these both. The level had its peak around 10 days after surgery, restoring to normal 

from 3 to 4 weeks after surgery. However, in group without administration of drugs, 

total cholesterol increased on showing as high a level as 57 4 mg/ dl immediately before 

death. 

Total phospholipids slightly fluctuated without definite tendency after surgery in 

groups of simple administration of either insulin or estrogen and of simultaneous admini-

stration of these two, as shown in Figure 4. In group without administration of drugs, 

total phospholipids showed considerably high level compared with other groups, being 

431.3 mg/dl 1 week after surgery. However, it slightly decreased 10 or 14 days after 

surgery, although maintained in a higher level than in other 3 groups. 
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Total fatty acid in groups of simple administration of either in和!inor estrogen and 

of simultaneous administration of these two showed slight increase with a little fluctuation 

after surgery (Fig. 5). In group without administration of drugs, it increased markedly 

compared with other groups. 

Fig. 5. Change in Total Fatty Acid 
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Neutral fat fluctuated in groups of simple administration of either insulin or田仕ogen

and of simultaneous administration of these both, particularly in the third group after 

total pancreatectomy, and all of these showed the tendency of increase, being particularly 

marked in group without administration of drugs (Fig. 6). 

Fig. 6 Change in Neutral Fat 
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Total lipids increased moderately in groups of simple administration of either ins~lin 
or estrogen and of simultaneous administration of these two, and it increased remarkably 

in group without administration of drugs (Fig. 7) . 

Fig. 7. Change in Total Lipids 
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Cholesterol ester ratio decreased approximately to 40 per cent in group without 

administration of drugs, whereas in groups of simple administration of either insulin or 

estrogen and of simultaneous administration of these both after total pancreatectomy, it 

remained within the physiological range (Fig. 8). 

T.P./T.C. ratio was within the range of 0.73 to 1.21 at any period after surgery 

in groups of simple administraiton of either insulin or estrogen and of simultaneous 

administration of these both, and it was a little lower to be 0.55 in group without 

administration of drugs (Tab. 8, 9, 10 and 11). 

Fig. 8. Change in Cholesterol Ester Ratio 
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' Non-esterified fatty acid (N.E.F.A.) rapidly increased after surgery in all groups, 

degree of which was slightly mild in groups of simple administration of either insulin or 

白 trogenand of simultaneous administration of these two. Non-esterified fatty acid 

fluctuated in group with simple administration of estrogen resembling rather that of 

non-administration of drugs. In group without administration of drugs the value further 

increased on from 1st week to 2nd week, despite gradual decrease after the peak of 1st 

week in other 3 groups (Tab. 12 and Fig. 9). 

Time after Surgery 

before 

1 Week 

2 ¥V町ト

3W配 ks

4 Weeks 

5 Weぞト

Table 12. Change in Non-Estrified Fatty Acid. (μEq/l) 

仇凡＇ P Group without Ad-[ Group of Insulin 1 Group of Es同 eni Group of Simultanト
ministration of Drugs I Admmistrution ! Administration I ous Administration 

,I C5 d叩叫 I (4 d噌） (7 d叩） ! of Drugs (5 dogs) 

I 505土 116 I 657±121 i 制 士m i 675± 98 

1375土261 I 1097土361 I 1258土112 1140土215

1551土222 I 986士281 1053土 123 I 1045士109

: 896土202 ! 905士110 I 856士208

； 制 士211 I 609士1s4 I 611士ω

i 72出 36 i 6山 118 1 488±211 

Fig. 9. Change in NorトEsteritiedFatty Acid 
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5. Liver Fat after Total Pancreatectomy 

i. Liver Fat in Normal Dogs 

Average value of liver fat in 17 normal dogs was determined to be 3.31 g/100 g 
of liver tissue (Tab. 13). 

ii. Liver Fat in Totally Depancreatized Dogs 

All the animals of group without administration of drugs died from 6 to 14 days 

after surgery (Tab. 14). Marked increase in liver fat was observed in each叩 seat 
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autopsy, as in Table 14. Histlogically, liver 

tissue was filled with fatty drop-lets all 

over, revealing a finding of so-called “To-
tale V erf ettung”（Photo 1). 

In group of simple administration of 

insulin, animals survived for 28 to 46 days, 

and liver fat was 2.90 to 4.73 g/100 g of 

liver tissue remaining in normal range. 

Findings of fatty liver could not be obser-

ved histologically (Tab. 15 and Photo 2). 

In group of simple administration of 

estrogen, marked increase in liver fat was 

observed in 4 cas白 outof 16, fatty liver 

developing in all animals (Tab. 16). 

These 4 dogs weピethose which received 

the administration of 白 trogen of a large 

dosis. Liver fat in 12 animals of the 

remainder was within normal range, and 

accumulation of fat could not be observed 

in the liver histologically (Photo 3). 

In group of simultaneous administra-

INFLUENCE OF ESTROGEN ON FAT METABOLISM IN TOTALLY Dト：PANCREATIZEDDOGS 

Amount of Liver Fat in Normal Dogs. 
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Table 13. 

Dog 

No. 

3.31土 0.58

Liver Fat in Dogs Without Administratio口 ofDrugs. 

Body Weight 
before Surgery 

(kg I 

Liver Fat at 
Au top叫

（巨旬。〕

Cause of Death 

1'!.10 

12.59 

13.80 

17.39 

9.31 

16.81 

Fatty Liver 

Fatty Liver 

Fatty Liver 

Fatty Liver 

unknown 

Fatty Liver 

L日erWeight at I 

Au top可 l

（ピ）

355 

160 

689 

865 

535 

1010 

, Body ¥Veight at I Survival 
Au tr中山 i Time 

I kg I I (cl符）

]cj 

6 

12 

11 

9 
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Table 14. 
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戸
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tion of insulin and estrogen, fatty liver could be observed only in 1 case out of 11, with 

increase in liver fat, as shown in Table 17. Liver fat was in normal level in 10 

animals of the remainder, and accumulation of fat could not be observed histologically 

(Photo 4). 

6. Lipoprotein Lipase Activity after Total Pancreatectomy 

As shown in Table 18 and Figure 10, activity of blood lipoprotein lipase 10 days 

after total pancreatectomy markedly decreased in group without administration of drugs, 

compared with normal dogs, which was slightly higher in group of simple administration 

of insulin. In groups of simple administration of estrogen and of simultaneous administra-

tion of insulin and estrogen, the value was almost near the normal level. 
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Photo 1. 

Table 15. L山口 Fatin Dogs けlInsulin Administration. 

見llf¥"I川Dog ; B明 lyWeight 8川＂ w~1ght …1 

吋.., bぞforeSurgery atλ11to1】、、 fime "t A11t"P'' I at Autけp、 Insulin Cause of Death 
入＇o. (kg) (kgl れJay) 1 I日） （百%） (u./kg) 

2 0 9.5 5.0 -16 c::i5 2.90 1.5 ; Death of Debilit、
3 ♀ 8.5 6.0 lO n一二，d司J戸 3.63 Li Death of Debilit、
4 0 日.u 6.5 31 365 1.73 Li Death けiDebilitv 

" ♀ 10.5 /.;) ~8 285 3.0-l '.2.11 Death of Debility 

Photo 2. Liver "f Dogs "ith Insulin A<lmimstru¥Iり11

H. E. I×100) 
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Table 16. Liver Fnt in Dogs of E当trogenAdministrati＜川

Dog I I ~山dy ¥Veght : Bmh・ Weight I Sm¥'i¥'al j Liver Weight Liver Fat Do'i' of I 
Sex rg y at Auto1】川’fime at Aut<>p川 .itAutc】P'' ！？ーtrogen Cause of Death 

No. I kg) I kg 1 ( da¥・ 1 (g) I g. 00 1 (c1.lkg 1 

8.0 6.0 2t 300 2.30 10,000 Death of Debility 

~ i♀ 10.0 8.0 I 680 16.00 20,000 Fatty Liver 

3 ♀ ｜ 11.0 7.5 26 365 3.13 10,000 D削 thof Debility 

4' 0 9.5 8.5 400 12.60 20,000 Fatt、Liver

5 0 J.1.0 l ~.5 12 710 21.30 5,000 Falt、Liver

13.0 9.0 21 480 7.7-1 5,000 I Death of Debility 

7 ♀ '・" LO 23 200 2.39 5,000 Death of Debility 

8 合 11.0 11.0 18 350 3.17 1,000 I Death of Debility 

9 0 9.5 6.5 107 260 ~.15 1,000 I Death of Debility 

10 合 ｜ 13.0 10.5 30 265 3.78 l,000 Death of Debility 

11 合 11.5 6.0 内 7 350 8.51 !,000 Death of Debility 

12 合 i 10.5 6.0 35 385 4.12 I.000 Death of Debility 

13 ♀ I 1.0 7.5 28 375 5.31 1,000 Death of Debilitv 

1-1 ♀ ｜ I＇、ー 9.5 29 285 13.87 1,000 F att~· Liver 】・＂
13 ♀ ｜ 9.0 6.0 』5 315 6.14 J ,000 j Death of Debility 

16 ♀ 10.5 8.5 19 113 7.83 I.000 I Death of Debility 

Ph:ito 3. Liver of ［），収、 ufEstrogen Administration 

Sudan III （×100) 
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Table 17. Liver Fat in Dogs of Sin】L】lta『】即usAdministration of Insulin and Estrog芹n.

仇 gL I Body Weight ¥Bo》d
い ちe~ ： befo陀 Surgerylat Autopsy I Time at Aul＜ゅF ! at Autopsy Ins凶n f:,trogen C出国 ofDeath 

i'IO・ ： ikgi I CkgJ ! (day) r宮） i (g.%) I 11./kg l 〔11./kgJ I 

1 ！会 8.0 i 6.0 , 18 265 1 5.-13 1.0 10,000 ~ De<1th of Debilit、
2 合 15.o I 10.5 i 50 湖 I 6.53 2.0 l ,000 i Death of Debi！向

3 合 9.0

1 ~ 13.0 

7.0 131 550 3.28 1.0 J ,000 i Death of Debi！町

11.0 23 230 3.68 1.0 1.000 Death of Debilit、

51♀ i 19.0 16.0 18 1070 17.25 0.5 5,000 Fatty Liver 

6 i合： 9.0 6.0 49 265 3.78 2.0 J ,000 Dealh of Debility 

71♀ i 11.0 /.;} 63 480 6.56 1.0 1.000 1 Death of Debility 

8 I♀ ： 12.5 9.5 29 395 3.18 1.0 1,000 ; Death of Debility 

9！合： 10.5 8.5 37 615 8.91 2.0 1,000 i Death of Debilit、，

10 I ♀ ＇ 9.5 5.0 53 450 :5.68 1.0 1,000 i Death of Debility 

11 i会 8.0 5.0 98 325 7.32 1.0 J ,000 Death of Debility 

Photo 4. Liver of Dogs of Simultaneous Administration 

。fInsulin and fatroger】．

H. E. （×100、）

Table 18. Change in Lipoprotein Lipase Act1v1t、

~こ＼ Time after Administration of Heparin 
Dog No ー一一一

Group 
『旬、時『『』 ～ 』 『－』

10 min. 20 min. 40 min. 60 mm. 

一 一 一一 一一
21 707 538 216 142 

Con trりlGroup 
22 -1.9-1 213 133 59 

24 622 407 151 78 

25 418 326 189 98 

Mean 560 371 17~ 94 
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Group without Administration 
19 301 205 129 54 

。fDrugs 
20 185 140 73 11 

21 219 186 85 23 

恥1ean 235 177 99 29 

G 叫 of Insu削叫s叩叫ulinAdmin川……l川川m叫ms附l阻凶S坑trationI 
15 387 258 107 28 

16 398 259 139 43 

17 421 225 84 12 

Mean 399 248 110 31 

Gr山 fEstrogen Admini…nl 

26 549 374 66 22 

27 720 645 355 118 

28 381 178 53 19 

恥＇1ean 550 399 158 53 

山 s…一 ｜19 699 492 198 53 

20 583 374 238 79 
stration of Insulin and Estrogen 

21 702 586 264 102 

恥1ean 661 484 233 78 

Fig. 10. Change in Lipoprotein Lipase Activity 

ーーーーー－ Normal Dogs. 

一ーーー－ Cro叩 withoutAdministruion of Drugs. 

-－『－ G刊叩 ofln'"lin Admin>Stration 

一一一Groupof Estrogen Admon'5tration 

600ト
一一ーーー・－ Groupol Simultantous Administration 

! '. ol l岡山

400 

200 

0 t 10 20 

Heparin 0. I mg /kg I町ー

40 GO min. 
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7. Change in Serum Lipids after Intravenous Administration of Fat after Total 

Pancreatectomy 
Total fatty acid in blood was determined with the lapse of time after administration 

of fat emulsion. Total fatty acid remarkably increased immediately after administration 

of fat emulsion in groups of simple administration of either insulin or 田 trogenand of 

simultaneous administration of these two (Tab. 19 and Fig. 11), which then gradually 

decreased and returned to normal. This fluctuation closely resembles that of normal dogs 

after infusion of fat emulsion. In group without administration of drugs, different from 

other groups, total fatty acid in blood remarkably increased after infusion of fat emul-

sion, reaching its peak 2 hours after infusion with following gradual decrease, and still 

maintained considerably high level as late as 20 hours after infusion. 

Table 19. Change in Total Fatty Acid in Serum after Intravenous Injection of Fat Emulsion. 

(10% Fatgen of 20cc/kg Body Weight was infused in drip, spending 1～2 hours.〕（略／dl)

~ter\ B山町 ¥ Time af町 Administrationof Fat Emu！向

~urgery I Administrat判示＼瓦副 4川 6川 8川 2竺竺
「てご－下一ム ; 1284 i 986 ! 806 425 • 484 i 297 

I 311 I 1428 1015 ! 692 825 ! 596 ; 241 

1 拙 I1臼4 1277 ' 1018 981 : 629 ＇~ 

I 313 I 1449 1 l…つs3；－－！~「 570 I制
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Fig. 11. Change in Total Fatty acid in Serum after Intravenous Injection of Fat Emulsion 
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IV. DISCUSSION 

Principal clinical picture after total pancr回 tectomyis characterized by diabetes melli-

tus, fatty liver and disturbance of digestion and absorption, and the operation is invariably 

lethal within 2 weeks when insulin is not administered. However, in the pr田ent

experiment, marked prolongation of survival time could be observed to be more than 4 

weeks in administration of estrogen. The rate of weight loss also showed considerably 

low value in animals with administration of estrogen to be 9.3 and 17.0 per cent, 1 and 

2 weeks after surgery, respectively, whereas it was 18.3 and 30.l per cent, 1 and 2 weeks 

after surgery, respectively, in animals without administration of drugs. Weight loss was 

further slight in animals with simultaneous administration of insulin and estrogen. Thus, 

it was observed that田trogenfavorably influences on the general condition of totally 

depancreatized dogs. From this finding, the relationship between 白 trogen and carbohy-

drate metabolism first provided the problem. 日oussAY39J4oJobserved that白 trogenacts as 

a depressor of diabetes mellitus in partially depancreatized rats. HASEGAWA41', KURIMOT042l 

and others also reported the beneficial effect of estrogen on diabetes. In the present 

experiment, however, influence of estrogen on blood sugar level in totally depancreatized 

dogs could not be observed at all. Mrw A 43l, in our clinic, studied the fluctuation of 

blood sugar level in totally depancreatized dogs under the administration of estrogen of 

various dose, but he could not recognized effect of 白 trogen on decr，田sing blood sugar 

level. In this respect, it is presumed that favorable effect of estrogen in totally depancrea-

tized dogs might not be attributable to immediate effect, at least, on carbohydrate 

metabolism. Why does 白 trogen influence favorably on general condition of totally 

depancreatized dogs ? 

It has been pointed out since early days that there exists abnormality of blood 

lipids, particularly lipemia in the diabeti回 and experimental diabetes mellitus, and it is 

also widely accepted that arteriosclerosis, as a complication of diabetes mellitus, is due to 
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abnormality of fat metabolism including abnormality of blood lipids. From numerous 

studies of early days on blood lipids and estrogen, it has been presumed that estrogen 

might be possessed of certain influence on the abnormality of lipids in blood. OKEY and 

others reported in 1927 that serum cholesterol level fluctuat田 periodicallycorresponding 

to female sexual cycle44>. ELILERT and others observed an increase in serum phospho-

lipids after administration of estrogen in female of crimacterium45H5>. BARR47l reported 

that decrease in cholesterol level and increase in phospholipids could be observed following 

administration of estrogen in patients of myocardial infarction. OLIVER and others48l also 

insisted that田trogenwas effective in hypercholesterinemia accompanied by coronal disease. 

In addition, estrogen has been used for long period of time in the aim of decholesterilizer 

in patients of coronal disease and hypercholesterinemia by RoBINSON49' 50' and many other 

investigators51l 52> 53> 54l. 

On the other hand, MosKOWITZ55> recognized the effect of estrogen to reduce serum 

cholesterol level in rats with experimental hypercholesterinemia produced by ordinary diet 

rich in cholesterol. STAMLER and others66l reported that 田 trogenhas the effect of 

preventing Cock ere le from atheromatous scleromatous sclerosis experimentally fed with 

diet rich in cholesterol and fat, which was based on the clinical observation that female 

diabetics are resistant to coronal sclerosis. 

As obviously understood from the reports of so many investigators, anti-lipemic effect 

of estrogen has been generally admitted. In the present experiment also, lipemia was 

observed in animals without administration of drugs after total pancreatectomy. On the 

contrary, in animals with administration of estrogen, blood lipids showed the tendency of 

restoration to normal from 3 to 4 weeks after surgery, with exception of a few cas白 of

fatty liver. When insulin was administered, the results were even more favorable. 

From these findings it is assumed that 白 trogen is effective directly or indirectly in 

normalization of fat metabolism, in other words, in normalization of lipoprotein picture. 

Concerning non旬 esterifiedfatty acid in blood among lipids in blood, DoLE33l disco-

vered in 1956 the method of its determination credible to some extent. Following this 

discovery, it is being clarified gradually that non-esterified fatty acid plays an important 

role in the aspect of lipids transport and energy metabolism, although there remain many 

problems to be solved, including the relation to白 trogen. In this point, non-esterified 

fatty acid level is higher in females and non-esterified fatty acid r白 ponseto the admini-

stration of glucose and insulin is also more remarkable in females, according to the report 

of MooRHOUSE57> on sexual difference in non-estrified fatty acid in blood in diabeti白・

However, SINKO and others55> demonstrated that non-esterified fatty acid level was lower 

in females of 20 to 30 years of age from th~ observation of 275 cases of healthy men 

and women in the fasting state. He interpreted this finding to indicate that fatty acid is 

more readily isolated in relatively young men and reversed in females. KAT069l also 

obtained the results that non”esterified fatty acid level was lower in cas田 withhigher 

urinary estrogen level, though he could not clarify the significance of this finding. Non-

esterified fatty acid in blood of totally depancreatized dogs in the pr＇白entexperiment was 

the highest in group without administration of drugs and it was a little lower in group of 

simple administration of白 trogen. This tendency was intensely observed 2 weeks after 
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surgery. In group of simple administration of insulin and that of simultaneous administration 

of insulin and estrogen, non-esterified fatty acid level was in a high level, although 

a little higher in the latter 1 week after surgery. This difference was inverted 4 weeks 

after surgery, the level becoming a little higher in the former. From these findings, 

it can be justifiably said that estrogen is possessed of an effect to decrease non-esterified 

fatty acid in blood of totally depancreatized dogs. 

On the other hand, there has been numerous investigations on fatty liver after total 

pancr回 tectomy,with special reference to insulin and anti-fatty liver substance, and it is 

accepted that administration of insulin of suitable dose or its simultaneous administration 

with anti-fatty liver substance can prevent development of fatty liver24J 25J. In the pr白 ent

experiment also, development of fatty liver could be hardly observed in group of simple 

administration of insulin. In animals with administration of回trogenafter total pancrea-

tectomy, occurrence of fatty liver was observed in 3 cases out of 16, and fatty liver 

could be hardly recognized in animals with administration of田 trogen of 1,000 to 2,000 

units per kg body weight. These 3 animals with post-pancreatectomic fatty liver were 

treated with large dose of 田 trogen and fatty liver developed in the early period after 

surgery leading the animals to d田 th. In this respect, it is assumed that dosis of田tro-

gen administration should be further investigated, as one reflects upon the observation of 

MAcBRYDS60> that estrogen administration of large dose resulted in fat infiltration in the 

liver of dogs. Anyway, it is interpreted that the results of the present experiment 

demonstrate anti-fatty liver effect of estrogen in totally depancreatized dogs. Concerning 

the influence of estrogen on liver fat, GYORGY and others60 reported in 1949 that estro回

gen is effective for fat infiltration in the liver of animals fed with low protein and high 

fat diet. BLOHM62> observed marked decrease in lipids of the serum, lung, liver and aorta 

in rats after 3 months' administration of MER 29, a derivative of 白 trogen. However, 

there are reports that administration of白 trogencaused fat infiltration in the liver, and 

the problem cannot be accepted thoroughly clarified. Anyhow, it is presumed that 

白 trogenexerts anti-fatty liver effect, participating in phospholipids metabolism, as is 

suggested by the effect of phospholipids on fatty liver after total pancr回 tectomyand by 

the assertion of T AUROG63J that田 trogenimproves synthesis of phospholipids in the liver. 

In 1943, HAHN64J discovered that heparin has an effect of purifying alimentary 

lipemia in dogs as injected intravenously. Since this discovery, interest of investigators 

was attracted to a certain substance having an effect of clearing lipemia after intravenous 

administration of heparin, and many reports appeared on the entity and mechanism of 

action of this substance. According to these reports, this substance is thought to be a 

new enzyme and called clearing factor or lipoprotein lipase. Owing to the recent 

advance in analysis method of lipids, a new concept became to be introduced in the mode 

of existence of blood lipids, and it is considered that the clearing factor, i.e. lipoprotein 

lipase has close association to normalization of lipemia or lipoprotein picture. STORK and 

others65J, in 1957, observed that activity of lipoprotein lipase was decreased in diabetics 

compared with normal persons, which was particularly serious in cases accompanied by 

arteriosclerosis. From the determination of activity of lipoprotein lipase in blood after 

intravenous injection of heparin in alloxan-rats, MENG and GoLDFARB66J also reported 
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that the activity was remarkably decreased compared with normal rats, but this decrease 

was fairly improved by the administration of insulin and completely recovered by oral 

administration of dried pancreas. ARISAKA67> determined production of clearing factor of 

various organ tissue, and he observed that the production of this factor was outstandingly 
high in the pancreatic tissue. Thus, he presumed that the pancr田 smight be closely 

associated with the production of clearing factor. Lately, in 6 cases of cystic fibrosis of the 

pancreas, SLACK and others68> determined activity of blood lipoprotein lipase after intra-
venous injection of heparin and they recognized marked decrease in all cas白・ All these 

reports are accepted to indicate that there exists some interrelation between the pancreas 

and blood lipoprotein lipase. According to the report of 0vERBEEK69>, activity of lipopro-

tein lipase actually decreased in totally depancreatized dogs within a few days after surgery, 

which increased to normal level by the administration of insulin 2 weeks after surgery. 

Decrease in activity of lipoprotein lipase was marked in animals without administration 

of drugs in the present experiment, while the decrease was only in a slightest degree in 

animals with administration of insulin. 

In animals with田trogenadministration, the activity of this enzyme was maintained 

in a similar level as in normal on田. In animals with administration of insulin and 

白 trogen,the activity rather showed a tendency of an increase compared with normal 

animals. This finding is interpreted to demonstrate the influence of estrogen on activity 

of lipoprotein lipase in totally depancreatized dogs obviously, closely correlating with the 

results of above mentioned blood lipids. 

There have been many attempts to clarify the mechanism of fat transport by obser-
ving swiftness of disappearance of fat from blood after intravenous injection of fat 

emulsion. RoNY70> reported in 1931 that disappearance of injected fat emulsion was 

retarded in to凶 lydepancreatized dogs and reduced fat tolerance could be improved to 

normal by administration of insulin, which was also demonstrated similarly by I万ADDEL 
and others11>. KESSLER72> reported that when fat emulsion is infused to normal dogs, 

there emigrates fat decomposing enzyme in blood having a similar character as lipoprotein 

lipase, and he maintained that the activity of this enzyme is proportionate to the rate of 

neutral fat transport from blood. In the pr白 ent experiment, influence of insulin and 

白 trogenon activity of this enzyme was studied following infusion of fat emulsion, and a 

marked increase in fat of blood immediately after the infusion in all groups, the level of 

blood fat restoring to that before the infusion 20 hours later in groups of simple admini” 

stration of either insulin or白 trogen and of simultaneous administration of these both, 

whereas it showing yet a high value 20 hours after the infusion in group without admi-

nistration of drugs. This finding is interpreted to suggest that transport of infused fat is 

disturbed in group without administration of drugs. The fact that transport of neutral 
fat was not disturbed even in group of simple administration of estrogen demonstrates 

that estrogen plays an important role in transportation of fat, providing interesting pro-

blems together with the finding of well maintained activity of lipoprotein lipase. In 

recent years, ANDO and others13> reported that estrogen is effective in ‘shifting action' of 
fat, decreasing C/P ratio and promoting conversion of cholesterol into bile acid in the 

liver of_ rats. This observation is accepted to support the findings of the pr白 entexperi-
ment, also. 
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V. SUMMARY 

Studies were carried out on fat metabolism in to凶ly depancreatized dogs under 

administration of insulin and estrogen. 

1. Weight loss after total pancreatectomy was mild in group of simple administra-

tion of白 trogencompared with animals without administration of drugs, it being more 

slight when treated with insulin. 

2. Blood sugar level in the fasting state after total pancreatectomy was not influenced 

by the administration of estrogen. 

3. Serum lipids after total pancreatectomy showed moderate increase in groups of 

simple administration of either insulin or estrogen and that of simultaneous administration 

of these two, with no particular difference from each other, while remarkable lipemia 

was observed in group without administration of drugs. 

4. Although fatty liver almost invariably developed after total pancreatectomy in 

group without administration of drugs and the animals died within 2 weeks, it was 

observed only in 3 cases out of 16 in group of simple administration of estrogen, survival 

time also being prolonged over 4 weeks. 

5. Activity of lipoprotein lipase was fairly maintained in a favorable level by the 

administration of白 trogen, and simultaneous administration of insulin with it improved 

the value to be near the normal one. 

6. When fat emulsion was intraveously infused, amount of fat in blood returned to 

normal 20 hours after the infusion in all groups except that without administration of 

drugs, in which the amount of fat in blood showed a higher level 20 hours after the 

infusion, yet. 

From all the results above mentioned, it is assumed that administration of白 trogen

improves general condition after total pancr田 tectomy. This effect of白 trogen is consi-

dered to consist in the improvement of fat metabolism after total pancreatectomy, and 

more favorable effect was obtained by simultaneous administration of insulin .which nor-

malizes carbohydrate metabolism. 

Accomplishing the present paper. the author is heartily indebted to Prof. Dr. kHIO HoNJO for hi' valuable 
advices and warm supervision, and the author is also grateful to Dr. MrY AZA KI and the members of our clinic 
for their kind helps. 
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和文抄録

豚全易リ後の脂質代謝に及ばすエストロゲンの影響

金沢大学医学部第2外科学教室（指導本庄一夫教授）

谷口哲大

豚全刻犬に各種単位のインシュリン及びエストログ 3頭に脂肪肝が認められ，無投与群では 2週以内に

ンをp或はエストロゲン単独を注射しpインシュリン単 死亡するに比し，ェストログンの投与は生存日数を

独投与の犬及び薬剤無投与の犬と比較してその病態生 4週以上に延長せしめ得た．

理を脂質代謝の面から種々検討し，次の結果を得た． 5. /Ji事全刻犬の血中 Lipoproteinlipase活性はエス

1.豚全別後の体重減少は薬剤無投与群に比しエス トログン投与により可成り良く維持きれ，インシュ

トロゲン単独投与群では，程度が軽く，インシュリ リンの併用は更に正常に近い値を示した．

ンとの併用は更に良好な成績を示した． 6.経静脈的に脂肪を点滴注入しでも，薬剤無投与

2.降全別後の空腹時血糖値にはエストロゲン投与 群以外の 3群では注入後20時間には血中脂肪量は注

による特別の影響は認められなかった． 人前の値に復した．薬剤無投与群では注入後20時間

3.豚全別後の血清脂質は，ェストロゲン単独投与 においても尚高値を示した．

群，インシュリン単独投与群，併用投与群の何れも 以上の結果より隊全易日後エストロゲンの投与は全身

中等度の上昇を示すが， 3者には有意の差は認めら 状態を改善せしめ得るもので，このエストロゲンの作

れず，薬剤無投与群では著明な高脂血症を示した． 用は術後の脂質代謝に好影響をもたらすことによるも

4.豚全刻後，薬剤無投与群では殆どが脂肪肝を呈 のであり，糖代謝を正常化せしめるインシュリンとの

するが，エストロゲン単独投与群では， 17頭中僅か 併用により更に良好な結果が得られた．


