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INTRODUCTION 

The etiology of じholelithiasisremains obscure though it is a common disease of mank-

ind. The theory of NAUNYN (1892) 54l that gallstones are caused by inflammation and 

cholesterinization is usually taken as the starting point. THUDICHUMγ5l, BOYSENγl, and 

RovsIN<,'s"'> theories challenged his. They held that all or most stones are primarily 

pigment calculi formed in the intrahepatic canaliculi as a result of disease of the liver. 

In 1909, AscHOFF and BACMEISTER3l divided the cause of gallstones into“mfective”， 
"metabolic", and “static’Certain metabolic disorders40l, especially diabetes27l and chronic 
alcoholism19l, were pointed out as having some correlation with the incidence of gallstones, 

but in most theories39l51l on the cause of gallstones inflammation plays the major role. 

In our laboratory, the results of studies on the physiological and surgical significance 

of essential fatty acids (EFA) 32l34l35l have suggested that alimentary factors may play 

the greatest role in gallstone formation. HrKASA 35l first pointed out in 1960 the possibility 

that gallstone formation might be due to deficiency and/or metabolic disturbances of EFA, 

and he and his collaborators demonstrated the various specific effects of EFA on choleste-

rol metabolism. HrRAN036l, YosHINAGA72i, and MARUYAMA44l observed that EFA and 

pyridoxine had a great influence on the synthesis of bile acids from cholesterol in the 

liver and their excretion into the bile in rats. 

Attempts were made to produce gallstones in dogs56l, rabbitsll5l57l70l, guinea pigs55l, 

hamsters14l54l and mice65l by dietary means. Only in hamsters could cholesterol gallstones 

be produced experimentally by feeding them a fat-and cholesterol free diet. However, 

absolute EF A-defiじlビncywas not observed even in patients with cholesterol gallstones35l. 

Therefore, cholesterol gallstones must be produced even in hamsters fed a diet containing 

fat. 

In the present studies, fats and pyridoxine, which might be assumed to be involved 

in EF A metabolism, are di虻ussedas alimentary factors in gallstone formation, and the 

correlation between them and the development of experimental gallstones was examined 

in golden hamsters. 

MATERIALS AND METHODS 

Golden hamsters of both sexes weighing 30 to 55 g were used from our stock 

colony. Until the lil'ginning of the experimental feeding period, the animals received a 

commercial diet, CE-2 (Central Laboratories of Experimental Animals, Tokyo). They 

were housed in individual screen-bottomed cages and were weighed weekly. Kneaded 
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synthetic food and water were suppliedαd libitunz. Diets containg fats were replaced 

every day to prevent oxidation of fatty acids 

These experiments consisted of the following four series . 

Series I : 011 the effect of cαrbohydrate fο111ponents. 

Starch, glucose, sucrose, or fructose was used as the carbohydrate component. In each 

group, ten golden hamsters were fed on the faト andcholesterol-free diet designed in our 

laboratory and described in Table 1. 

Series II 011 the effect of pyridoxine deficiency. 

Golden hamsters were divided into six groups A to F as shown in Table 2. For 

protein, vitamin-free casein (Nutritional Biochemicals Co., OHIO, U. S. A.) was used, 

and pyridoxine was omitted from the vitamin mixture. Groups A, B, and C were fed 

starch as the carbohydrate component. As an antagonist to pyridoxine, desoxypyridoxine 

Group no. 

Stare Ii 

~llじ ff)'-.t'

Glucose 

Fruじl＜＞』t'

Wheat c¥: Corn 

f;it、
Crude ca世in

Salt 1rn~t11 ＂·~ 

V1u11rnic;:;: 

Choline Clil1’I irk・ 
Cellulose 

:: Silt Mi,t111ぞ

NaCl 

Nc!H －~l刊j I 

iむl-1ド（）I

C1I-111ド011,H,O

Ca lactate 

Mg SO, 

KI 

Table 1 . Experimental Dwt、ofHanトt町、 inSene、I.

. .¥ B c D 

73.5% 

73.5 

73 5 

73.5 

20.0 20.0 20.0 20.0 

5.0 5.0 5.0 s.o 
1.0 1.0 1.0 1.0 

0.5 0.5 0.5 0.5 

::::¥' 1t.111111w Mixture I in lOOg diet! 

-1.6 Vitamin .1 Our Lal叫 I＼けr1・ Dam et di 

9.2 
B1 I mg 口四g

::'.5.3 
B2 1.5皿g 5 日E

11.3 
BG !.Omg 5 mg 

36.9 
B12 

7.0 
Folic acid 0.!5mg 0.05mg 

2.6 
:¥ 1aCJn 10 mg 8 mg 

100.0g 
Biotin 0.05mg 

c 37.5mg 5 mg 

Cap：川t11thl'11at1 2.5mg 3 町E

lm1,1t1 ii 15 mg 

PABA 35.0mg 

E I mg 5 mg 

K l.Omg 

A 25001.u. (20001.u.) 

D 2001.lT (2001.u.) 

Choline (500皿1gl 200mg 

CE-'.' 

ca 60. 

3.5 

24. 

6. 

l.5 

CE-2 

0.7皿g

!.Omg 

0.4mg 

2 ) 

0.02mg 

8田g

3.0mg 

l.5mg 

10001.u. 

2001.u. 

140mg 
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(100γ／g of diet) w部品dminsteredto Group B. ACTH Z was injected in a dose of 1.5 

units per day for four weeks in Group C. Group D received sucrose instead of starch. 

The other two sucrose fat-free diet groups (Group E and F) received agar-agar or C. 

M. C. (carboxyl methyl cellulose) as indigestible residues, which are considered to favor 

the growth of intestinal flora. 

Table 2 : Experimental Diets of Hamsterち in片山lい II.

Group n0. ，九 B, <' ! D E , F 

トぢtirch 

片山L'nr.. t‘ 

メこ川1111仁川｜エ

L:1rd 

Vitamin-free C" ・111 

S.ilt Mixture 

Iヘrnlrヘim色in・< Vitamins 
Others 

65.0% I I 

5.0 

10.0 

16.0 

3.0 

0.5 

..¥ : cholesterol O.J % 

B : desoxypyridoxme 
1 Omg / J OOg diet 

ぐ： ACTH-ZmJection 
1.5u. id川

65.0 : 44 .5 ! 55.5 

5.0 

10.0 

16.0 

3.0 

20.0 

5.0 

0.5 : 1.0 

A山1r‘l日ar
30.0°0 

20.0 

5.0 

1.0 

C.M.C. 
18.0% 

Table 3 Fλtt¥ Acid Composition of the D1t"taハト..,,t司

: Coconut 
Un出 lted

Fatty λι1d Butter Butt肝 Lard t告白1meOil Cod Liver Oil 

C6: 0,8: 0 : 7.4 

c JO・0 6.6 1.5 1.8 0.3 

ぐ12・0 41.1 3.3 3.1 0.2 

CI~ ： 0 21.0 12.1 12目3 I. I 3.5 

仁15 0 1.3 1.3 0.2 0.2 

（、 15:I 1.4 I .J O.J 0.2 

c 16: 0 9.6 33.7 35.8 23.5 9.5 15.4 

C 16: I 3.0 2.4 1.4 0.7 10.5 

c 17 0 0.9 0.9 0.6 0.8 

L、17: 1 0.3 0.5 0.5 0.5 

じ18:0 3.3 11.9 11.0 I 1.5 5.1 3.0 

L‘18: I 6.7 25.7 2忌6 43.9 34.6 26.7 

c 18: 2 1.5 2.5 1.8 10.8 48.9 4.2 

c 18: 3 0.5 0.5 1.0 0.7 0.6 

（、18 1 2.1 

（、20:0 0.3 0.1 1.2 0.5 7.8 

C20: 1コ o .. 1 0.6 

C20: 3 0.2 

C20: 4 

(' 20 : 5 trace 15.l 

（‘22: Oorl 2.3 

C22 6 9.8 
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Series III ・ Oil the effect of EF:iαs fαt r rn11,1Jmient. 
Five fats were used ; butter (canned by Snow Brand Milk Products Co.), coconut 

oil (Nakarai Chemicals Co.), lard (Prima lard made in U. S. A.），忙拙meoil (Takemoto 

Purified Oil Co.), and cod liver oil (Megane Kanyu心1.).As, in general, butter contains 

2 % salt, unsalted butter (Snow Brand Milk Products Cけ ）and lard containing 2 % salt 
were also used in the experiments in this series. The fatty acid composition of these 

dietary fats was determined by gas-liquid chromatography (SHIMADZU Model GC lB). 

The results are shown in Table 3. 

The carbohydrate component in the diet containing sesame oil was starch, lactose or 

sucrose. In the other fat diets, glucose was used (Table 4). 

Series IV : On thi effect of fatsαnd pyridoxαf phosphate. 

Pyridoxal phosphate (PA.LP), an active analogue of vitamin B6, was injected sub-

cutaneously in a dose of 40 mg. kg ・day in the fat-free and four fat diet groups butter, 

lard, sesame oil, and cod liver oil groups In addition, PALP was also injected in animals 

fed the diet containing pure linoleic acid、（965 %) The carbohydrate component in the diet 

containing sesame oil was sucrose or glucose. In the other diets, glue、O蛇 wasused (Table 4). 

EXPERIME:¥TAL STUDIEふち UI¥ THE I二ll<JL<Jr,y UF CHOLELITHIASI討

H 

E F G I 

68.5 I 68.5 

s~小 III Group m 主 l B j c I I 

S<・n"' VI＜叩HIJl山 、： B"t I c I D 

St,,1cl1 6:;.oq,; I I 

L;iotose 63.5 i 

S11LT＜削

( ;1110沖

？示、1111cOil 

Lard 

Butter 

c・,,c •11111 Oil 

Cod Ii、erOil 
Linoleic Acid 

Table 4 : Experimental Diets of H<111ト1目、 in:-,<Tl<、Illand IV. 

I~ 

G E D 

63.5 i 63.5 63.5 I 63.5 ' 63.5 

61.5 

5.0 ! 10.0 ! 10.0 
JO.O , 

10.0 

111.11:::: 

10.0 ' 

ハリ
八

Ul
 

10.0 

5.0 

20.0 ' 20.0 

5.0 • 5.0 

1.0 : 1.0 

0.5 ! 0.5 

5.0 

20.0 

5.0 

1.0 I 

0.5 i 

20.0 

5.0 

1.0 

0.5 

20.0 

5.0 

1.0 

0.5 

20.0 

.).0 

1.0 

0.5 

20.0 

5.0 

1.0 

0.5 

20.0 

5.0 

1.0 i 
0.5 

16.0 20.0 ' 20.0 

3.0 5.0 5.0 

0.5 1.0 i 1.0 

0.5 ' 0.5 0.5 

2.0「「

Casern:: 

S;ilt M1・dure 

Vitaminsニ＝＝

ぐh"lineChl"r1<le 

C. M. C 

ニVitamin-freecasein was used in Sem・s IV. 
i::: L1rd <MTI in Srnes IV contained 2 % I¥ aCI 

コ~；： Iヘridoxme-freevitamin mixture WJ> U田din Sern・・ IV. 
1' The animals in Group λ－Gin吋ピ日小 IVwere injected、＂ithPALP 1.5-2 mg/day. 
"it C. M.仁川。出 U悼d出 aprophylactic against diarrhea. 
i・f・l Uns:dted butter w川 usedin Group E instt九irlけfbutter. 

After the animals in these four series had been fed for 4-8 weeks, they were 

operated on under nembutal anesthesia. The common bile duct was ligated, the gallbladder 

removed, and a fine polyethylene tube was inserted into the hepatic duct through th . 
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cvstic duct. The hepatic bile was collected for 24 hours and analyzed as follows : 

(1) Biliary cholesterol was measured according to LIEBERMANN-BURCHARD’s method 

modified by MARTENSSON (1963) .'3) 

(2) Bile acid concentration was calculated by an adaptation of the procedure reported 

by MosBACH et al. (1954) ;oJ. 

(3) According to the method of FAWCETT et al. (1961) 24¥ calcium was determin-

ed by flame spectrophotometry. 

(4) Phopsholipids in the bile were extracted by Bloor’s solution and measured by 
the method of MORRISON (1964) 49人

(5) Total fatty acids were analyzed by gas liquid chromatography by the method 

of HrKASA et al. (1963) 34J. 

(6) Bile pigments (free, mono-and di-glucuronated bilirubin) were measured by 

the solvent-partition method of EBERLEIN (1960) 22人

After cholecystectomy, the gallstones in the bladder were collected and washed with 

distilled water and dried immediately. The stones were classified according to microscopic 

appearance, chemical analysis and infrared spectrometry (Japan Spectroscopic Manufactur-

ing Co. DS 301). 

RESULTS 

Series I : 

Cholesterol gallstones (Fig. 4) were very regularly produced in hamsters fed a 

fat-free diet with glucose as the carbohydrate component, but among those fed sucrose or 

fructose, the incidence of gallstones was about half that in the glucose group, while the 

animals fed starch produced no gallstones (Table 5). 

The total bile acid concentration in the bile of those fed glucose or fructose was less 

than in that of the starch diet group. Conversely, the cholesterol level in the bile was 

higher in the glucose and fructose fed groups than in the starch fed group, and dried 

specimens of bladder bile from animals with cholesterol stones contained many cholesterol 

crystals (Fig. 6). And the ratio of total bile acids to cholesterol was much lower in 

the former groups than in the latter. The phospholipid level in the bile was higher in 

the glucose than in the starch group, but no difference was noted in the ratio of phospho-

lipid to cholesterol (Table 6). 

Series II : 

The administration of 0.1 % crystal-cholesterol or the injection of ACTH Z in the 
pyridoxine-deficient starch diet group did not cause cholesterol gallstones to be formed, 

nor did the addition of desoxypyridoxine to the pyridoxine-deficient starch diet (Table 5). 

The animals in the desoxypyridoxine group had already been fed the pyridoxine-deficient 

diet for about two months, and the wall of the gallbladder was very thick. However, no 

bacteria were found in the gallbladder bile. Because its negative result of cultures with 

blood-agar, 101・mediumfor staphylococci, and Drigarsky’s medium was obtained. 
In the group fed a pyridoxine-deficient sucrose diet containing fat, only pigmented 

stones were produced (Fig. 5). These green or dark brown stones were very hard and 

contained an abundance of phosphorus and calcium and very small amount of biliverdin 

by chemical analysis. A moderate amount of bile salts was found by infrared spectrometry, 
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Ch》lester口IIT叩どle Ph剖 pholipi
｜ （略／di) ! （昭／cJJI （略／di) じhol引吋仕口ii ! to 山空竺（）~

Starch fat-free I 6’0土0.7 ! 79.3土10.1 10.6土3.1 12.0士2.8 : 1.6士O」

Glucose fat-free 10.8土u 56.3土I.I 11.9土7.8 :5.3士1.2 ' 1.6士0.4

Frn山吋 fatイr配 10.9土0.7 ! 52.0士11.8 20.3土3.1 I 4.8±1.5 1.4士0.8

St川じhfat 6.5士1.5 Ti .2土14.6 18.6土-1.3 l~.3士2A 3.2士1.2

Glucose butter 12.9士2.5 ! 56.8土14.5! 13.7土7.5 5.8土1.6 1.0±0.6 

出小川町sameoil P主Lド 3.5土1.8 73.6士10.sI rn.1土G」 24目3±7.7 i 5.5土1.7

: Glucose悶 meoil PALP ! 7.7士2.1 85.7士7.1 : 31.8± 18.! 12.1土2.1 I 1.4土1.4

Glu口）sebutter PALP i 19.8士7.1 101.5士U.l 2:5目6士10.4 6.0士2.-1 1.4士0.6

Glucose lard !'.'I.LP I 12.8士l.6 85.］土12.2' 20. l土11.3i 8.1土3.1 ! 1.7±0.9 

Glucose cod liver oil PλLP 1.5士1.9 60.3土8.7 j 19.6土11.3 15.1士3.2 』I±士2

Table 6 : Biochemicalλn:d＼＇，ト ofthe BileけfHamsterぉfedV川 JI川、 Diets.

I 

Diet ch:1r"cter】、lil>
Experimental 
Series & 
Cn】ll!Y、
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-10.3±6.8 33.6士6.0

50 .. J士3.0 l・l.5土ヨー1
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-11.7士五」 18.8土3.9

-11.2±1.2 1-1.0士3.0

50目7土7.9 ' 18.7士2.3

-17.8±4.7 15.0土4.3

ハ Total
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I (mEq/L) i I '1 I (mg/di 1 
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5.3士0.1 l 1土1.1 31.7土5.3 I 

l.5±0.5 36.5土6.1

5.2土0.5 .j l.7土 l.2

6.4士1.1 i 29.1土lJ.2

l.9土0.6 37.1±4.2 
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Table 8 : Composition of Pigmented Stones in Hamsters. 

Color 

dark bn川 n
black 
brown 

gr田n

Weigl 

1.42mg I t附 e

1.32mg ' 

0.7田g

6.55mg 

tr,1ce 
tr.ice 

Biliverdin P 

3.1% I s.4。
5.5 ~~ 7.5% 

1.4% I 1s.s% 
2.8% j I J.5% 

1167 

Cn 

11.1% 

10.6劣

22.5% 

14.5% 

and cholesterol was observed to be a trace element by these two methods (Table 8). 

The addition of C. M. C. or agar-agar as cellulose to the sucrose fat free diet decreased 

and delayed the development of cholesterol εallstones (Table 5). 

Hepatic bile was not collected in these groups in Series II. 

Hamsters fed a starch diet excreted large yellow feces, which contained much in-

digested starch. They were also inspected through the intestinal wall at operation. The 

animals fed a sucrose diet with fat had rough fur which changed to a dark brown. 

Sometimes their feces were mud-colored and diarrheal. Rectal prolapse and anal bleeding 

were also frequent in the sucrose diet group. 

Series III : 

St乳rchdiet containing 5 % sesame oil and 10 % lard as fat component completely 
prevented the formation of cholesterol gallstones, and the incidence of cholesterol gallstones 

in the group fed a lactose diet containing 10 % sesame oil was also none. In those fed 
a sucrose diet containing 10 % sesame oil, many pigmented gallstones developed, but no 
cholesterol stones. When cod liver oil was added to the glucose diet, no cholesterol gall-

stones formed. 

However, a glucose diet containing 10 % butter fat did not prevent cholesterol gall-
stone formation in spite of the presence of considerable amounts of linoleic acid (about 

200 mg/day). The animals grew normally and lived through the experimental period. 

These gallstones were slightly yellow and contained more than 80 % cholesterol by analy-
sis (Fig. 7) . 

The use of "unsalted butter" instead of the usual butter containing 2 % s:1:t did not 
affect the incidence of gallstone只 Amonganimals fed the g_lucose diet with 10 % lard 
containg 2 % salt, cholesterol gallstones were observed in 40 % of the surviving animals. 
In the glucose coconut oil diet group, cholesterol gallstones were produced regularly, 

but the weight gain of animals in this group was less in the butter diet group (Table 5). 

The levels of total bil官 acidsand cholesterol in the bile of hamsters fed the glucose 

butter diet were very similar to those in the εluc‘占tプ fat-freediet group with cholesterol 

gallstones, and the addition of fat to the starch diet caused an increase of phospholipids 

only (Table 6). 

Series IV : 

All the hamsters on the glucose fot diet which received simultaneous injections of 

PALP (pyridoxal phosphate), grew healthfully, but P 1日P did not prevent cholesterol 

gallstone formation in the glucose-butter and fat-free diet groups. PALP injection prevented 

the development of cholesterol gallstones in the hamsters fed glucose-lard and sucrnse－~e­

same oil diets, but a few of these developed pigmented stones. ：＇山 gallstoneswere fou 
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in the泊 glucosesesame oil diet group treated with PALP injections, and the bile in their 

gallbladders was clear in all cases. Pigmented stones were found in three hamsters fed 

the cod liver oil glucose diet treated with PALP injections (Table 5). 

The cholesterol level in the bile was highest in the glucose-butter group and lowest 

in the glucose-cod liver oil group. It was much lower in the sucrose-sesame oil group. 

Total bile acid concentration in the bile increased markedly in the butter, lard, and sesame 

oil groups treated with PALP injections. In the glucose-butter εroup, the ratio of total 

bile acids to cholesterol in the bile decreased abnormally. But, in the glucose『sesameoil 

and cod liver oil groups, the ratio was normal. The ratio was slightly decreased in the 

glucose-lard εroup. The phospholipid level in the bile was increased by PALP injections 

in all groups. The ratio of phospholipid to cholesterol, however, was the same only in the 

glucose-butter and -lard groups as in the fat-free groups (Table 6). 

The composition of total fatty acids in the hepatic bile was of great interest (Table 

7) . In the fat-free glucose and starch diet groups in Series I, a marked increase of oleic 

(18:1) and trienoic (20:3) levels and a decrease of linoleic (18:2) and arachidonic acid 

(20:4) levels in the bile were observed in the gas-liquid chromatogram. This pattern 

was the same in the coconut oil, and butter groups. The levels in the lard group were 

intermediate between those in the butter and the sesame oil groups. In the cod liver oil 

group the bile contained several highly unsaturated fatty acids, a great amount of which 

are present in this oil. The addition of pure linoleic acid to the glucose diet caused only 

an abnormal increase of linoleic acid instead of a decrease of oleic acid. 

The calcium concentration of the bile showed no significant difference among all the 

groups in Series l，血， andN. Total bilirubin and each fraction showed no specific di-
fference among them, either (Table 6). 

DISCUSSION 

In 1952, DAM and CHRISTENSEN15> noticed the unexpected formation of gallstones in 

golden hamsters fed a fat司freediet. Using the method of alimentary production of gall-

stones in hamsters described by DAM et al., FORTNER (1954) 26>, CAIRA et al. (1958) si, 

and DREW (1963) 20 also observed gallstone formation in hamsters. 

¥Vith the exception of DREWS, they all concentrated their attention on the vitamin 

imbalance ; 

First, DAM et al. 9> ioi investigated the effect of vitamins A, C, D, and E, inositol, 

folic acid, PABA, and choline on the formation of gallstones. None of these prevented 

the development of gallstones. But FORTNER noted that hamsters on vitamin A deficient 

diets developed gallstones more frequently than those receiving adequate amounts of vita-

min A, and CAIRA et al. observed that the simultaneous deficiency of vitamins A, B, E, 

and K caused gallstones to develop in hamsters more frequently and rapidly. The animals 

used in these studies were fed sucrose as the carbohydrate component accord inεto the 

回 rlyexperiments by DAM et al. The occurrence of cholesterol gallstones is not uniform 

in hamsters fed a sucrose diet, as DAM himself stated after repeated experiments. 

In our laboratory, up to this time, starch has been used as the main source of car-

bohydrate in the synthetic laboratory diet. Sucrose or glucose must be used for examining 
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the effects of pyridoxine and other vitamins upon EFA metabolism and/or gallstone for-

mation, since vigorous multiplication of intestinal flora which might produce pyridoxine 

and various other vitamins is promoted by a starch diet. Moreover, Ecucm23> reported 

that the concentration of cholesterol in the liver of rats and hamsters fed glucose or su-

crose I只 significantlyhigher than in those fed starch. 

The occurrence of cholesterol gallstones was much less frequent in hamsters fed a 

fat-free starch diet than in those fed a faトfree sucrose diet, as indicated in Series I. 

Sucrose is hydrolysed in the intestinal canal to glucose and fructose. Therefore, it is neces-

sary to use fructose or glucose as the sole source of carbohydrate. Cholesterol gallstones 

developed in some hamsters on sucrose or fructose diets but, only about half a-. many as 

in those on the glucose diet. In animals on glucose, sucrose and fructose fat-free diets 

the total bile acid concentration in the hepatic bile was lower than in those on the starch 

fat-free diet. These changes in total bile acids may be attributed to the following causes ・ 

(1) When bile acids escape physiological destruction by the action of intestinal 

flora, the daily production of bile acids becomes lower as a result of th七 increasein the 

size of the hepatic pool. 

(2) Blocking of the conversion of cholesterol to bile acids by certain enzyme sys-

tems, for example TPN-TPNH, and DPN-DPNH. 

(3) Blocking of the conversion of cholesterol to bile acids by disturbance of EF A 

metabolism. 

The half-life of C1• cholic acid is shorter in starch-fed than in sucrose-fed rats, and 
the administration of cellulose as the indigestible residue makes the half-life of cholic acid 

the same as in those fed a chow diet58J. It is lengthened by the administration of anti-

biotics41l. The half-life and pool size of cholic acid are greater, and the daily production 

of bile acids lower28J and the serum cholesterol level much higher18J in germ-free than in 

normal rats. ：＼，主THet al53l. and JOHANSSON et al37l. reported that the most remarkable 

difference between the sucrose and the starch group in their intestinal flora was in the 

number of coli-form bacilli. However, mono-infection of germ-free rats with E. coli had 

no important influence on the half-life or daily production of cholic acid. 29> 

The conversion of cholesterol to cholic acid in the liver requires DP>! in the presence 

of AMP2>. The metabolic pathway is, therefore, inhibited by a quantitative or functional 

deficiency of DPN, which might be brought about by high levels of TPN produced in 

the hexose-mono-phosphate shunt13J in glycolysis in the liver. 5n Fructose is metabolized 

as fructose 6 phosphate not through this pathway, but a fructose diet produced cholesterol 

gallstones in hamsters in the present studies. 

Thus, blocking of this conversion pathway may be provoked hy disturbances of 

cholesterol acti九ration. HrKASA et alお＞ have thought that esters of cholesterol with ara-

chidonic acid might be metabolized more rapidly than esters with saturated fatty acids. 

HIRAN033l observed that pyridoxine deficiency supressed the esterification of cholesterol 

with arachidonic acid. WITTEN and HoLMAN69> assumed that the conver幻onof linoleic 

acid to arachidonic acid was increased by the administration of pyridoxine. Large amounts 

of pyridoxine and biotin are usually produced by the intestinal flora'6>, mainly coliイorm.

Since the ingested glucose, sucrose, or fructose can be absorbed completely in the uppe日
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part of the intestine, an abnormal shift in intestinal flora (dysbacteria) may occur and 

result in pyridoxine deficiency63>. 

The biliary cholesterol le¥'el and e¥'en, probably, the hepatic cholesterol level are 

greatly increased by glucose feeding. EcucHI23> observed that the hepatic cholesterol level 

was definitely increased in hamsters on a sucrose diet, but not in those on a starch diet. 

HIRAN036> and VILLA et al~ ＞ reported that the hepatic cholesterol level was also increased 

in patients with cholesterol gallstones. These changes may be due to interference with the 

conversion of cholesterol to bile acids or to an increased synthesis of cholesterol in the 

liver. HANEL et al3°> 31>. reported that no difference in the hepatic synthesis of cholesterol 

in hamsters was found between the lithogenic and non-lithogenic diet groups. 

YosHINAGA72J and MARUYAMA44> have stated that pyridoxine has an important in-

fluence on the hepatic synthesis of bile acids in rats. ALEKSANDROV A et al1>. observed 

that the content of bile acids in the bile of rabbits was increased by the administration 

of pyridoxine. Therefore, it comes into question whether pyridoxine deficiency induce the 

gallstone formation. 

No weight gain was observed in the starch pyridoxine-free diet group in 6 weeks after 

the start of the experimental feedinεperiod, but acrodynia was not very evident and no 

gallstones were found (Group A in Series II) . It is presumed that in the starch diet 

group, abundant pyridoxine was synthesized by the intestinal flora. MORGAN et al48>. noted 

that signs referable to pyridoxine deficiency occurred only irregularly in lactose, dextrin 

and starch diet groups, but were constant and more severe in the sucrose diet group. 

MELLER et al. have succeeded in the development of vitamin B6 deficiency in human sub-

jects by using desoxypyridoxine. In the present studies, this antagonist was also given to 

hamsters in consideration of the presence of pyridoxine stored in the tissues (Group B in 

Series II). Even in thesぞ animalsno gallstone只 developed.HIRAN036> observed that cho-

lesteryl arachidonate decrea可 clrapidly in the liver of rats fed a pyridoxine-deficient diet 

supplemented with lard and treated with parenteral ACTH Z. MAIWYAMA44l reported 

that daily intramuscular injections of ACTH Z decreased the total bile acids in the liver 

of rats fed a pyridoxine-deficient diet. Under the same condition, however, the animals 

on a pyridoxine-deficient diet treated with ACTH Z did not develop gallstones (Group C 

in Series II). 

In Groups A, B, and C in Series II, an investigation was made of how severe 

pyridoxine deficiency develops animals on a starch diet. The formation of gallstones was 

observed in pyridoxine-deficient animals on a diet containing sucrose and animal fat (Group 

D in Series II). These gallstones, however, were brown and were found to contain traces 

of cholesterol when measured by LIEBERMANN-BURCHARD’R reaction. Then indigestible in-

gredients, such as C. M. C. and agar－丘gar,which would favor the proliferation of intestinal 

flora, were added to the sucrose fat-free diet. In these groups the development of galls-

tones was markedly prevented and delayed, probably because of the alteration of the con-

centration of bile acids in the portal blood or the increased synthesis of pyridoxine by 

the intestinal flora. Y AN071> observed that the addition of cellulose to the diet increased 

the fecal and urinary excretion of pvridoxine. 

Since the collection of hepatic bile in the groups in Series II was not achieved, the 
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relationship between pyridoxine deficiency and the behavior of bile acids in the bile 

remains uncertain. However, it appears definite that the intestinal flora is involved in the 

formation of gallstones, in some sense, although the development of gallstones is not due 

to pyridoxine deficiency alone, 

For many years it has been thought that diet只 richin animal fat are a major factor 

in the pathogenesis of gallstones12>20>m. It was found by HrRAN030> that fatty acids esteri-

fied with cholesterol in the liver of patient'> with gallstones showed an EF A deficient 

pattern. However, he indicated also that the linoleic acid level in the liver of these pati-

ents did not decrease in normal subjects. This may be attributed to the fact that in 

human beings taking fats from various food stuffs an absolute fat-free condition cannot 

be produced. 

In S巴riesIII the sort of fatty acid most suitable for affecting directly or indirectly 

the mechanism of gallstone formation was investigated. Five sorts of fats were chosen 

for the following reasons (cf. Table 3) : 

(1) Sesame oil as an EF A rich fat, half of it consisting of linoleic acid. 

(2) Lard as animal fat, containin店店reateramounts of longer-chain saturated fatty 

acids. 

(3) Cod liver oil as a highly polyunsaturated fatty acid rich fat. 

(4) Butter as a fat containing many short-chain fatty acids and the one used most 

commonly by Europeans. 

(5) Coconut oil as a fat containing many more lower saturated fatty acids than 

butter. 

Starch-and lactose-fat diet groups in Series III produced no gallstones, and the 

sucrose sesame oil diet group produced only pigmented stones. SHIODA 54> observed that 

cholesterol gallstones appeared, but uncommonly, in the 10 % lard sucrose group and 
rarely in the 10 % sesame oil sucrose group. In the group fed a glucose diet with 10 % 
lard containg 2話 salt(Group G in Series III) cholesterol gallstones developed in 40 % 
of the animals, but in the cod liver oil glucose diet group no gallstones formed. The 

supplementation of the basal glucose diet with 10 % butter (Group D in Series Ill) 
produced many pure cholesterol gallstones. In the coconut oil diet group (Group F in 

Series III) they were also observed in almost all animals, and weight loss and skin lesions 

were also found as in the animals fed fat-free diets in Series I., because coconut oil 

contains only 1.5 % linoleic acid, which may not be enough (Table 5). 
The levels of biliary cholesterol, total bile acids and lipid-p in bile in the butter 

group were very similar to those in the glucose fat-free group i. e., high levels of 

cholesterol, low levels of total bile acids, phospholipid and ratio of total bile acids to 

cholesterol. This combination appear只 tofacilicate the precipitation of cholesterol in bile. 

Sesame oil contains 48.9 % linoleic acid . lard, 10.8 % : butter, 2.5 % : coconut oil, 
1.5 % : cod liver oil, 4.2 %. Cod liver oil, however, contains many highly unsaurated 
fatty acids. K..¥:--:Er〕A33> found that those in cod liver oil also have the physiological effects 

of EF A. Short-chain fatty acids are numerous in coconut and butter a very different 

pattern from that of ！日rd. Even when linoleic acid was added to the diet in doses oi 

about 200 mg/day in the form of butter fat (a sufficient :imount of EFA for norm日！
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Fig. 3. Effect of PALP on Cholesterol 吋t•me Formation in Hamsters. 

growth of animals), it could not prevent cholesterol gallstone formation. It is evident in 

Series III that the formation of cholesterol gallstones may be induced by a decrease of 

cholesterol catabolism due to disturbances of EF A metabolism in vivo, which might be 

brought about indirectly by the high content of short-chain fatty acids in butter. There聞

fore, a relationship was found between the EF A content and the incidence of cholesterol 

gallstones ; that is, the higher the ratio of EFA to saturated fatty acids plus oleic acid, 

the lower was the incidence of cholesterol gallstones (Fig. 1). 

FITZGERALD25> found no difference among fat-free, corn oil, and coconut oil diets 

with respect to the multiplication of intestinal flora in rats fed corn starch. NATH et al., 53> 

however, demonstrated that butter decreased the intestinal flora more than corn oil in rats 

on a sucrose diet. 

Though HOLMAN’s hypothesis that pyridoxine incr伺 S白 the conversion of linoleic 
acid to arachidonic acid was opposed by KIRSCHMAN et al42> ., NAKAMURA et aJ52>. observed 

an increase of arachidonic acid in the serum after the administration of PALP, but not 

of pyridoxine. W AKIL73> also observed that PA.LP increased the rate of incorporation of 

acetyl CoA in long-chain fatty acids, whereas pyridoxine did not. For these reasons, PALP 

(20 times the amount in the ordinary diet) was injected daily in the four fat diet groups 

in Series IV. 

PALP injections did not influence the formation of cholesterol gallstones in the butter 

group, but in the lard and sesame oil groups they completely prevented the development 

of gallstones. The cod liver oil group treated with PALP had several pigmented stones. 

In the glucose fat-free diet group as many cholesterol gallstones developed in those treated 

with PALP as in those not receiving PALP (Table 5 and Fig. 3). These findings sugg回t

that the fatty acids compete for esterification with cholesterol. In the butter group, PALP 

could not prevent the occurrence of cholesterol gallstones even with adequatピ supplemen-

tation with linoleic acid, although it did protect both the sesame oil and lard groups. 
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PALP injections increased the concentrations of total bile acids and phospholipids in the 
bile in each group in Series IV Among them, the alteration of bile acids was most rt~ 
markable (Table 6）・ Theratio of total bile acids to cholesterol rose as the amount of 
EFA increased (Fig. 2）・ Therefore,above two findings in Fig. 1 and 2 indicate that 
metabolic disturbances of hepatic cholesterol with quantitative and qualitative deficiency of 
EF A induce the low ratio of total bile acids to cholesterol in the bile and facilicate the 
formation of cholesterol gallstones. 
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MrY AKE et a[47l. emphasized that the most important factor in gallstone formation 

was the alteration of the fatty acid components of lecithin in the bile, since animals on 

a fat-free diet had less linoleic and arachidonic acids and more oleic acid in their bile 

than those fed sunflower seed oil. However, the fatty acid pattern in the bile of hamsters 

in the glucose fat-free and starch fat-free diet group in Series I was the same, although 

cholesterol gallstones appe乱redin the former group. Moreover, the administration ot 

ourified linoleic acid as the source of EF A and the simultaneous parenteral injection ot 

P ALP in the glucose diet group caused a marked incr自民 inlinoleic acid (68.7%) and 
a decrease in oleic acid (5.8 %) in the bile. Arachidonic acid in the bile did not increase 
markedly. The fatty acid composition in the bile of hamsters fed cod liver oil, which 

contains a small amount of linoleic acid and many highly unsaturated fatty acids, showed 

a pattern similar to that of cod liver oil itself. However, the pattern of fatty acids in the 

bile of the butter group was indeed very similar to that of those in the faトfreegroups, 

and the pattern of fatty acids in the lard group was intermediate between the butter and 

sesame oil groups (Table 7). In a word, although the composition of fatty acids in bile is 

greatly affected by variations of dietary fats, it is evident that another more important 

factor may exist. 

SUMMARY AND CONCLUSION 

Young golden hamsters were fed various diets for 4-8 weeks. The relationship of 

several nutrients, such as carbohydrates, fats, and vitamin B6, to the incidence of experi-

mental gallstones in hamsters was invetigated. 

(1) Cholesterol gallstones were produced with great regularity in the glucose fat-free 

diet group. In the sucrose or fructose diet groups, the incidence of cholesterol gallstones 

was about half as grec1t. The starch fat-free diet did not produce gallstones. 

(2) The simultaneous administration of :¥l、丁目 Zor desoxypyridoxine to the starch 

diet group had no effect on the formation of gallstones. The addition of C. l'vl. C. or 

agar-agar to the sucrose fat-free diet decreased and delayed the development of cholesterol 

stones. 

(3) The coconut oil-and the butter-glucose diet induced many cholesterol gallstones, 

but in the lard-and the sesame oiトglucosediet groups their formation was completely 

prevented by the simultaneous injection of PA.LP. A relationship was found between the 

EF A content in the dietary fats and the incidencヒ ofcholesterol gallstones ; that is, the 

higher the ratio of EFA to saturdted fatty acids plus oleic acid, the lower was the inci-

dence of cholesterol gallstones. 

(4) Pigmented hard stones, which sometimes appeared in the fat-free sucrosヒ and

in the sesame oiトorcod liver oil-glucose diet groups, were found to consist of bile salts 

and calcium phosphate by chemical and infrared spectral analyses. 

(5) The analysis of hepatic bile showed that the biliary cholesterol level increased 

and the total bile acid concentration decreased, and that the ratio of total bile acids to 

cholesterol decreased in the glucose fat-free, sucrose fat-free, fructose fat-freピ， andglucose-

butter diet groups. This combination appears toおじilicate the formation of cholesterol 

gallstones. The ratio of total bile acids to cholesterol rose as the amount of EF A increased 
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in the dietary fats. 

(6) The fatty acid composition of the bile in animals with cholesterol gallstones 

showed an EF A deficient pattern ; viz., a decrease of linoleic and arachidonic acids, and 

an increase of oleic and trienoic acids. However, these results were also obtained in the 

starch fat-free diet group, in which gallstones were not produced. 

(7) Absolute EF A deficiency was not observed even in patients with cholesterol 

gallstones. Therefore, when a great amount of short-chain fatty acids is taken, disturbance 

of EF A and cholesterol metabolism in vivo might be produced and cholesterol gallstones 

might be formed. Thus, it is to be expected that cholesterol gallstones form more frequently 

in Europeans and Americans, who take more butter and other animal fats containing a 

greater amount of short-chain fatty acids. 
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Fig. 5. Cholesterol gallstones in the glucose fat-

free diet group. （×16) 

Fig. 7. Cholesterol crystals in the dried bladder bile 

。fhamsters with cholesterol gallstones. （×16) 

， 
" 

.. 

， 
Fig. 6. Amorphous pigmented ston田 inthe 

sucrose sesame oil diet group. ( x 16) 

Fig. 8. Cholesterol 宮川l均 >n<"- in the gl i口

butter diet group. （子、16)
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和文抄録

胆石の成因に関する実験的研究

京都大学医学部外科学教室第2講座（指導．木村忠司教授）

谷 村 ヲl、

胆石症が日常の臨床に必て屡々認められる疾患であ せた．

るにも拘らず，その成因は依然として不明であるとい (3) ブドウ糖群に於けるヤシ油及びバターの投与は

える．近年，胆石の発生が地域的人種的特殊性を有す 高率に「コJ系石を生じた．ラード投与は低率に，ゴ

る事から食餌による栄養素の代謝機序との関連性に於 マ泊投与は極く稀に「コ」系石発生を認めた．従って

て動物性脂質摂取が胆ri叫にコレステロール系結石 コJ系石の発生は食餌中の脂肪に於ける EFAの飽

（「コ！系石）の成因の一つではないかと渓然と想像さ 和11日援に対する比率の小なるほど発生し易くなること

れては来たが，未だ実験的に証明されたものではな が見出された．且つラード及びゴマ油投与にPALPの

い． 併用は’；r:,全に「コ」系石を抑制した．

我々の教室では，日笠等のラッテに於て不可欠脂酸 (4) 硬い色素石が煎糖 EFA欠乏群p ブドウ糖ゴ7

(EFA）及び Vit.Bsが肝に lj~－けるコレステロールから 油又は肝油群に於て出現したが，それ等は胆汁酸塩及

胆州酸合成過程及び胆汁中への肥i'I酸排滑に重要なる び燐酸カルシウムを多量に含み胆汁色素は極く少量で

意義を有することを証明した．更に塩田及び Dam等 あり，「コ」系石とは明かに区別されると共に人体に

はハムスターに於て無脂肪飼育時のみ「コ」系石を生ず 於ける所謂色素石とも一致しないと考えられた．

る事を認めた．併しながら平野による胆石患者の肝の (5) 胆汁中コレステロール量（C）の増加，総胆汁酸

脂酸憎成の分析からも人休に於てリノール酸等 EFA :\ll~ （B）の減少，それ等の比（B/C）の低下がプドウ糖p

の絶対的欠乏はあり得ないと考えられる．従ってEFA 煎糖，果糖のみ EFA欠乏群及びブドウ糖バター群で

は投与されていながらも胆f訪日＇ti且つ発生する状態は 認められた，更にこの B/CはEFAの量に比例して高

如何なるものであるかが究明されねばならない．斯る 値を呈する事を見出した，従ってこれ等の変化が「コ」

関点より，ハムスターを絶対的 EFA欠乏群p Vit. Bs 系行の発生しやすい状態を作るものと考えられる．

欠乏 EF人投与群，各種脂肪投与群及び Vit.Bsの活 16) 「コ」系石を生じた動物の胆汗の脂酸構成は

性型としてピリドキサール燐酸（PALP）併用群に分け EFA欠乏型を呈したがp この欠乏型は「コ」系石の

て一定期間各々の合成飼料で飼育し，実験的胆石形成 発生を認めなかった澱粉 EFA欠乏群に於ても同様に

と EFA及び Vit.Bsとの関連性を追求すると共に， 認めた目従って胆汁脂酸侍成の変化のみが胆石形成の

それ等より得た肝胆汁の分析を行なってその中の最も 主要因子とは考え難い．

重要なる因子の解明を試み，次の如き結果を得た． 17) 「コ」系石を有する胆石患者に於ても絶対的

Ill 「コ」系石lまブドウ糖EFλ 欠乏群に於て高率 EFA欠乏状態は観察されなかった事と以上の実験成

に発生を認めた，煎糖及び果糖EFA欠乏群はその約 績を併せ考えると，多量の低級脂酸が炭取された時，

半数に於て同様「コ j系｛jを生じた 併し澱粉 EFA 生体に於ける EFA代謝陣容ひいてはコレステロール

欠乏群は胆百の発生を認めなかった！ の代謝降客が惹起され，「コJ系干iが発生して来ると
(2）澱粉 Vit.B6欠乏群に於ける ACTJ-1-Z或いは 行えられる．更にこの事は低級脂酸を多量に含有する

デゾキシピリドキシン投与は何ら結石をもたらさなか ベタ一等の動物脂質を多く摂取している欧米人に於て

った．併し煎糖 EFA欠乏群にぬける多量のセ It,ロー ！コ」系石が多数認められる事とよく一致するものと

スや旬天の添加は「コ」系石の発生をjJp制且つ遅延さ ｝，！｝.、われる．


