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I. INTRODUCTION 

571 

Since the demonstration by BLOCH and RrTTENBERG in 1942 that all the carbon atoms 
necessary for cholesterol biosynthesis were provided from acetate, CALDWELL, LYNEN, WIE-

LAND, et al. have advocated recently HMG-CoA cycle （βHydroxy－βmethylglutaryl-CoA 
cycle) and many other investigators have elucidated the details in the biosynthetic path-

ways of cholesterol. In addition, degradation of cholesterol has been also investigated. 
It is now generally accepted that cholesterol is metabolized to bile acids, sex hormones 

and adrenocortical hormones. 

In our laboratory, HrKASA et al. investigated the various specific effects of essential 

fatty acids (EF A) upon cholesterol metabolism over longer period. They demonstrated that 
liver, adrenals and heart contained much EF A more than did the other organs in the ex-

perimental animals and human subjects. T AMAKI, IsHIMARU, KuMANO, FUKUDA and MURA-

OKA demonstrated in adrenals of rats, that EF A esterified with cholesterol，自pecially

tetraenoic acids had an important influence upon adrenocortical capacity, by affecting directly 

cholesterol degradation to glucocorticoids. HIRANO, MARUYAMA and YosHINAGA have re-

cently demonstrated that the degradation of cholesterol to bile acids might also be affected 

by EF A in liver, presumably in the same way as in adrenals, before reviewing the various 
factors which increased and decreased cholesterol metabolism. 

The experimental hypothesis was established that EF A-deficiency and/ or metabolic 

disturbances in EF A due to pyridoxine deficiency and/or a decrease of the pyridoxine 

activity, affected directly cholesterol degradation to bile acids and biosynthesis of lecithin, 

leading to the decreased biliary excretion of bile acids and lecithin which in turn weakened 

the capacity of bile to keep cholesterol in solution so that cholesterol began to crystallize, 

precipitate and then cholesterol stones occurred. 

In the former experiments, however, albino rats were always used, but they have no 
gallbladder. Hence，・thepresent study was designed in part for the purpose of the田ta-
blishment of our experimental hypothesis and in part for the exper.imental production of 

gallstones and for demonstration of some important inducements affecting gallstone forma-

tion, especially cholとsterolstone formation. 

II. EXPERIMENTAL ANIMALS AND EXPERIMENTAL METHODS 

A. Experimental animals 

The young golden hamster~ (Mesocicetus auratus) were used from our own stock 

colony. During weaning and until the beginning of the experimental feeding period, they 
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had received a rat chow diet (produced by NIPPON HAIGOSHIRYO K. K.) and water ad 
libitum. They were distributed into groups and housed when their body weight had 

reached 30 to 40 g. 

The various synthetic diets used in the present study were presented in Table 1. 

The maximal feeding period was 13 wピヒks

The first 10 groups, each of which was consisted of 10 to 20 hamsters (males and 

females were nearly equally di\•ided), were used in order to demonstrate the incidence and 
characteristics of gallstones in relation to variations of the dietary compositions. The 

second 10 groups (each group contained 10 to 20 animals) were used for determination 

of bile acids, cholesterol and phospholipids in the drainaged bile with respect to difference 

between carbohydrates and/or fats added into the various synthetic diets. The third 5 

groups, each of which also was consisted of 10 to 20 animals, were put to use for 

examing the specific effects of pyridoxine and fats upon the biliary excretion of bile acids, 

cholesterol and phospholipids. The animals (Group 26) received a rat chow diet were 

used for control. 

B. Experimental methods 

1. Establishment of bile fistula and collection of bile 

After the intraperitoneal injection of 0.5% nembutal (mainly 0.1 ml per 100 g of 

body weight), the best exposure of gallbladder and bile ducts was obtained by making 

the upper middle incision as high as possible toward the thorax. Before intubation the 
common bile duct was ligated just below the bifurcation of the cystic bile duct in order 

to avoid the regurgitation of pancreatic juice. The fundus of the gallbladder was grasped 

with a pincette and elevated well upward to be advantageous in inserting a polyethylene 

tube and in bringing the content of the gallbladder and bile ducts into view. The fundus 

of the gallbladder was then opened with a scissor. When the content of the organs was 

removed eompletely by means of gentle pressing with gauze, a small polyethylene tube was 

inserted in the gallbladder so that it projected through the neck of the gallbladder into 

the ductus cysticus. The fundus was then closed tightly by means of a single ligature. 

After the wound was closed, the distal part of the polyethylene tube was conducted sub-

cutaneously and placed in the small glass bottle fixed on the back of the animals. The 

白sentialrequirement of intubation for collection of hepatic bile is that it must eliminate 

the contamination of pancreatic juice, excluding the many harmful actions of the gallblad-

der per se. This was accomplished by means of intubation via gallbladder and ligation 

of the common bile duct理 Thedrainaged bile collected for 24 hours was analysed irn-

mediately for cholesterol, bile acids and phospholipids. 
2. Extraction and determination of bile acids 

An aliquot of the drainaged bile was added with 5 volumes of absolute ethanol, and 

was then heated on the steam bath for 30 minutes. After cooling the solution was filtered 

by glass filter. The ethanol solution was extracted twice or thrice with 20 ml of 

petroleum ether in order to n叩 oveneutral lipids. The rest of the petroleum ether extract 

was evaporated on the steam bath, dissolved into 5 ml of NaOH water solution, and finally 
autoclaved at 120°C for 2 hours. 

A.fter autoclaving the hyclrolysates were acidified with 3 N I-ICl and extracted four 
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times with 10 ml of ethyl ether. The ether extract was washed with distilled water to 

remove chlorides and dessicated with anhydrous sodium sulfate. fhe ether extract was 

evaporated in water bath and the residues were dissolved with 10 ml of aceton. An ali-

quot was pipetted into a small test tube. Aceton was evaporated in water bath of 60°C 

under current air. 5 ml of 65 ;;,;:, sulfuric acid solution was added and heated in water bath 

of 60°C士1°C for 15 minutes. 

After cooling at room temperature for 15 minutes, absorption determinations were 

made at 3200 A and 3850 A by means of BECKMANN DU quartz spectrophotometer. Con-
centration of bile acids was presented according to GrnB’s calculation. 
3. Extraction and determination of other lipids in bile 

a) Extraction and determination of cholesterol 

1 or 2 ml of the drainaged bile was added with 10 volumes of ether ethanol solu-

tion (ethyl ether: ethylalcohol 1 : 3 v /v), allowed to stand overnight and warmed in 

water bath of 50にじ to 60'C for 10 minutes, and then filtered. The residues were washed 

with warmed ether ethanol solution and petrolεum ether twice or thrice. Combined ethanol 

ether extract was then saponificated with 5 ml of 10九 KOHethanol solution at 60°C for 

1 hour and extracted with 10 ml of petroleum ether 3 times. The petroleum ether extract 

was used for determination of total cholesterol in bile. 

b) Extraction and determination of phospholipids 

An aliquot of the drainaged bile was extracted with ether ethanol solution. The 

solution was heated on the sand bath with 2.2 ml of conc. surf uric acid an9 hydrogen 

peroxide, until colour of the wetashed solution disappeared. Then it was diluted with 

distilled water until the volume was made up 25 ml. After the solution was added with 

1 ml of 33ηNa2SQ4 solution, 10 ml of 2.0% of ammonium morybdate solution and 0.1 g 

of pure powder of ascorbic acid, it was heated on the steam bath for 5 minutes. After 

cooling in current water, absorption was determined at 820 mμ with BECKMANN DU spec-

trophotometer. 

Phospholipids were calculated as organic phoshor according to the method which was 
originated by MORRISON and modified by T ANIMURA and HASHIMOTO. 

4. Frequency of gallstones 

Frequency of the gallstones was presented in percentage as follows: Numbers of the 

animals with gallstones/numbers of the animals survived more than 8 days after the be-

ginning of the experimental feeding period. 

5. Analysis of gallstones 

The gallstones were collected, washed with distilled water, desiccated, weighed, crushed, 

dissolved with chloroform and determined for cholesterol by modified Liebermann-Burchard 

reaction. The maximal absorption at 640 m1j, was measured with BECKMANN spectrophoto-

meter. 

6. Histological examination of liver 

Liver was examined histologically in some of the experimental animals by means of 
hematoxylin-eosin double staining. 

III. RESULTS 

1. Incidence and types of gallstones 
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Incidence and typ白 of gallstones are presented in a condensed form in Table 2. 

Distinct difference between carbohydrates was found with r田pect to the incidence and 

ty開sof gallstones. When potato starch or soluble starch was chosen as the main source 

of carbohydrate in Groups 1, 2, 3, 11, 12, 13, 23 and 24, they protected almost completely 
all the experimental animals against gallstone formation. On the other hand, when the 

animals received a fat-free diet containing sucrose or glucose as the main source of回 rbo・

hydrate at 72.0 %, 73.0 % and 73.5 % , levels, respectively, in Groups 4, 5, 6, 7, 14, 15 
and 25, cholesterol ston田 occurredat '60 to 90;;,. Moreover, they were also observed 
in the animals in Groups 6 and 7 which died of diarrhea and/or prolapsus ani in 

the回 rlierperiod of feeding. These symptoms were mainly observed in case of feeding 

sucrose. They were prevented by supplementation of the diet with carboxylmethyl cellulose 

at 1.0 or 2.0 % level. No difference between sexes was found in the incidence of gall-

Table 2 Incidence of gallstones 
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stones. In Group 5, nicotinic acid was昌ddedto each 100 g of the diet at 0.25九 level.

Development of cholesterol stones was slightly inhibited, whereas pigmented stones occurred 

more frequently than Group 4. 

It seemed most likely that sesame oil and lard had a protective property, to some 

extent, against gallstone formation, especially cholesterol stone formation, respectively. In 

the animals of Groups 8, 9, 21 and 22, feeding of s白ameoil and/or lard at the 5 to 

10 Yo levels was associated with a lowered occurrence of cholesterol stones and further with 
an increased development of amorphous pigmented stones, as compared with the animals 

fed a fat-free diet. In Group 10, cholesterol stones were completely inhibited, but the 

amorphous pigmented stones were observed in all the animals. This suggests that cod 

liver oil also had a protective property against cholesterol stone formation, 

At the 72.0 % level, lactose kept all the animals free from gallstone formation、 They

died earlier of unknow cause. None of them could survive more than 15 days after the 

beginning of the experimental feeding period. Indigestion of α一lactoseor deficiency of 

suitable sugar splitting enzymes in young hamsters may be responssible for this. 

Dextrin of which molecule is smaller than that of starch could not also protect the 

animals against cholesterol stones in a fat deficient state. In some of the animals in Groups 

17 and 18, gallstones were developed as the days of the experimental feeding period advanced. 

In the latter case, sesame oil also protected against cholesterol stones. Amorphous pigmented 

stones, however, could not be protected by supplementation of the diet with sesame oil only. 

None of any types of gallstones occurred in the animals fed a carbohydrate-deficient, 

high-casein diet, in Groups 19 and 20. When the carbohydrate-deficient diet was supple-

mented with sesame oil at 5% level, most experimental animls could survive more than 

4 weeks after the start of experimental feeding. This suggests that most steps in carbo-

hydrate metabolism, especially glycolysis may be concerned with the mechanisms of gall-

stone formation. 

In the animals of Groups 3, 12, 13, 22 and 24 received a pyridoxine deficient diet, 

no gallstones occuロedin case of feeding starch. In case of feeding glucose, however, 

cholesterol stones occurred at 50 to 60% levels, though pyridoxine was entirely removed 

from the diet. 

Gallstones presented as cholesterol stones in Table 2 imply pure cholesterol stones 

(Fig. 1), pure cholesterol stones plus amorphous pigmented stones (Fig. 2), pure chole-

sterol stones plus amorphous pigmented stones plus mixed stones, amorphous pigmented 

stones (Figs. 3, 4, 5, 6) and mixed stones (Fig. 7). Amorphous pigmented stones con-

tained little cholesterol. 

Discrimination of gallstones were determined microscopically and biochemically. Chole-

sterol concentration of several types of gallstones was presented in Table 3. 

2. Cholesterol, bile acids and phospholipids 

a) Cholesterol 

Cholesterol concentration of the drainaged bile was considerablly lower in case of feed-

ing starch as compared with the animals received a diet containing sucrose or glucose as 

the sole source of carbohydrate. In general, sesame oil seemed to decrease to some extent 

the biliary excretion of cholesterol, regardless of carbohydrates, as seen in Groups 18 and 
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Table 3 Cholesterol concentration of gallstones 

Types of gall,tone' ( :holesterol ! 
（%） 

Diet 

2 

Pure cholesterol stone' 

Pure cholesterol stones 

Pureじhole、、terolst川1esplus amorphous 
pigrr.ented sto目白

Pure cholesterol申川目 plusamorphous 
pigmented >to日目

Pure choiesterol只Innれ plusamorphous 
pigmented 、tonrs
Mixed stones 

100.0 I 

94.0 

72.0% glucose. fat-free 

1~.o ~； おucrose,fat-free 

3 83.5 n.0%叩 crnse.fat-free 

4 80.5 63.5匁 glue＜.吋 5.0"olard, 5.09五担割mecil 

5 

6 

54.3 7~.0% sucro史， fat-free

つ勺つ
い『レ 72.0% dextrin, fat-free 

72.0% sucrose, fat-free 

63.0% sucrose, 10.0%世田meoil 

63.0% sucrose. 10.0% lard 

s

s

s

s

s

 

p
i
w
ρ

、
ρ

、
ρ
L
ρ

、

n

n

n

n

n

 

O

0

0

0

0

 

t

t

t

t

t

 

s

s

、
N

S

，u
，d
A
u

，d

，d
 

n

L

ρ

L

ρ

、

ρ
L
ρ
L

t

t

t

t

t

 

n

n

n

n

n

 

e

e

e

e

e

 

m

m
江

m

m

n
h
u
u
h
u
σ
h
u
h
u
σ
b
 

p

p

p

p

p

 

弘、

S

S

仁丹、

日

u

u

u

u

川

口

O

O

H

1
H
1
h
s
n
L
H

’h
 

p

い

p

p

p

r

r

r

r

r

 

H

け

O

O

H

1

1

1

1

1

 

1

1

1

1

1
 

A
A
－－
A

A

A

 

7

8

9

m

l
 

66.0% sucrose, 5.0% lard, 2.0% cod liver oil 
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22. 

b) Bile acids 

Bile acid concentration was to a great extent decreased in case of feeding sucrose or 

glucose as compared with feeding of starch, as indicated in Table 4. Supplementation of 

diets with sesame oil and/or lard revealed an increased biliary excretion of bile acids in 

case of feeding starch as well as in case of feeding glucose. When pyridoxine was elimi-

nated from the diets, however, the biliary excretion of bile acids also decreased to some 

extent in both cases of feeding starch and glucose. 

c) Phospholipids 

In case of feeding starch, phospholipids also showed the same tendency as seen in 

bile acids. However, in case of feeding sucrose or glucose, phospholipids did not show 

any significant change, though sesame oil and lard were added to the diets sufficiently. 

Under a deficient state in pyridoxine, phospholipids also did not show any detectable change 

in case of feeding glucose. This seemed to indicate that pyridoxine added to the diet 

was not converted to active form, pyridoxal phosphate, in case of feeding sucrose or glucose. 

This also suggests that deficiency in pyridoxal phosphate may disturb the biosynthesis of 

phospholipids in !ivげ， affectingesterification between fatty acids and glycerophosphates, 

each of which is synthesized to some extent in a fat-deficient state. 

d) Ratio of bile acids to cholesterol (B/C) and lipid phosphorous to cholesterol 

(L'仁）

Feeding of lactose showed the highest value in both B.:C and L C Feeding of 

sucrose or glucose showed a remarkable decrease of the ratio of total bile acids to chole-

sterol as compared with feeding of starch. Sesame oil and/ or lard showed an inclination 

to elevate both B/C‘and LC. As far as pyridoxine may be concerned, difference was 
found slightly between Groups 23 and 24, but not found between Groups 21 and 22. 

This indicates that pyridoxine was not utilized as pyridoxal phosphate in case of feeding 

glucose, so that the animals showed symptoms referable to pyridoxine deficiency. 

In hamsters, R l、andL, C showed the s<ime attitude as observed in rats. Increased 
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biliary excretion of cholesterol, decreased excretion of bile acids and phospholipids, and 

decreased ratio of B1C and L.1C are all responsible for gallstone formation, especially 

cholesterol stone formation. 

Table 4 Chole会terol,bile acids and lipid phosphorous in the drainagcd 
bile of hamsters fed various diets 

Gr叫｜
No. Diet I 0 ro 'tot I ipi 

I I mg/di) C~g/<lI) (mg/di〕 B/C 

11 7 l.0°0 soluble starch fat-free 5.5士2.8* 104.2士15.7 36.J士H.4 25.J士9.9

14 172.0%…ぉ 9.0士1.0 63.4士 4.5i 28.3士11.9 7.J土1.4

15 72.0% glucose fat-free 9.7士3.2 63.6士 3.1 25.J ± 12.6 7.7土2.4

16 72.0% lactose fat-free 3.8士0.8 124.J士13.6 52.5土 8.8 33.7士3.2

17 72.0% dextrin fat-free 9.9士4.2 102.1±19.9 42.9土18.0 10.9土2.8

18 67.0% dextrin, 5.0°6 sesame oil 5.4士J.0 109.5±30.3 57.6士20.9 22.2士7.8

20 187.0% c~sein 5…me oil 9.山 139.1 ±38.J 31.8士 7.4 15.5土5.3

21 ~~O~ la~~ucose, 5.0°; s田ameoil, 1 13_6士9.6 85.2士13.0 30.2士 8.9 12.4土8.9

22 I 63.5% a~~~cose, 5.0%配sameoil, 5.0% I V. 86-free 6.6士o.8 I 78.6土 6.41 30.4士 9.8I 12.0土o.s I 

23 I 63.5% soluble starch, 5.0%町，.；;imeoil, 5.0% lard 6.5士2.3 I 140.8士67.3i 41.5土13.6I 20目9士3.9 I 

24 63.5% soluble starch, 5.0% sesame 6.0±2.6 114.D土42.8 27.0土15.5 19.3士4.5oil, 5.0% lard, V. 85-free 

25 73.5% glucose fat-free 14.3士7.8 63.3士17.2 27.9±11.1 5.9士2.2

26 rat chow diet 8.9士1.7 122.8±38.7 49.8士10.8 13.4士2.0

* : Standard deviation 

3. The action of intestinal flora and vitamins 

L/C 

7.5土3.1

3.6士0.5

2.4士0.7

16.8士3.6

5.5土3.2

9.3土2.8

6.0士2.3

l.7士3.5

l.2士1.6

7.0士2.4

4.6士2.1

2.4士0.7

5.9士1.9

When potato starch was chosen as the main source of carbohydrate in a fat-free diet 

(Group 1), most animals could survive longer after the beginning of the experimental 

feeding period, though pyridoxine, biotin, inositol, folic acid and vitamin K were all re-

moved from the diet. This indicates that these vitamins are synthesized by the action of 

the intestinal flora so sufficiently as to meet demand of the host. 

4. Histological examination of liver 

Degeneration of liver cells, proliferation of interstitial tissues, infiltration of lymphocytes 

and leucocytes and stagnation of bile were observed to a lesser grade in some of the experi-

mental animals. Thus variations of the dietary cbmposition gave no significant influence 

upon the obligatory factors initiating gallstones, affecting directly or indirectly liver func-

tions in hamsters. 

IV. DISCUSSION 

The chief end-products of cholesterol degradation are bile acids, although cholesterol 

is also converted into sex hormones and adrenocortical hormones. It has been fairly well 

demonstrated that feeding of a fat-deficient diet was associated with a marked decrease of 

the concentration of bile constituents, as compared with the animals fed a fat diet. This 

is the reason why the animals cannot synthesize EF A in a fat-deficient state and little 
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cholesteryl arachidonate may be produced. Cholesterol esterified with tetraenoic acids, 

especially arachidonic acid is more rapidly metabolized to bile acids than cholesterol白teri-

fied with the other fatty acids. Therefore, the marked decrease of biliary仁xcretionof 

bile acids may be attributed to the inhibited synthesis of cholesteryl arachidonate in liver, 

when the experimental animals received a fat-deficient diet. 

In hamsters fed a fat-deficient diet containing starch as the main source of carbohydrate, 

bile acids and lecithin which was presented as lipid phosphorous decreased to some extent, 

but any type of gallstones did not occur. In those fed a fat-deficient diet containing sucrose 

or glucose as the main source of carbohydrate, howev仁r,a marked decrease of both bile 

acids and lecithin was found, being associated with an elevated biliary excretion of chole-

sterol and highly occurrence of cholesterol stones. 

Difference between carl】ohydrateswas found with respect to changes in bile constituents 

as well as incidence of gallstone formation. This may be attributed to the following 

factors. 

1) The hepatic synthesis of bile acids may be regulated by the action of the inte-

stinal flora of which multiplication may also be affected hy difference between carbohydrates 

chosen as the source of carbohydrate in the basal fat-free diets. Furthermore, the synthesis 

of bile acids appears to be regulated by the concentration of bile acids in the portal blood. 

According to the experiments of PORTMAN, GusTAFSSON and DANIELSSON, a number of 

metabolites formed from the excreted bile acids by the action of the intestinal flora are 

not reabsorbed under the physiological conditions and excreted in feces. Thus, the decreased 

concentration of bile acids in the portal blood promotes the hepatic synthesis of bile acids. 

This suggests that feeding of sucrose or glucose, each of which is almost completely ab-

sorbed at the upper part of the intestines, leads to inhibit multiplication of the intestinal 

flora for lack of nutrients at the lower part of the intestines, leading simultaneously to 

increase the hepatic pool size of bile acids which in turn inhibits the hepatic synthesis of 

bile acids. Therefore, daily production and then biliary excretion of bile acids may be 

decreassed in case of feeding sucrose or glucose, as compared with the animals fed poly-

saccharides. 

2) The actions of several kinds of vitamins formed by the intestinal flora must be 

noted. Deficiency and/or a decrease of activity in p~Tidoxine may give a great influence 

upon EF A metabolism, leading to the inhibited hepatic synthesis of cholersteryl arachido-

nate which decrease the hepatic synthesis of bile acids. HOLMAN et al. reported that con-

version of linoleic acid to arachidonic acid was promoted to a great extent by 1)¥'ridoxine. 

Complete deficient state in pyridoxine was not produced in the experimental animals in 

case of feeding starch, though pyridoxine was entirely removed from the diet, since pyri-

doxine was formed by the action of the intestinal flora, preventing the development of 

symptoms referable to pyridoxine deficiency. It is well known that difference in activities 

was found in relation to availability of vitamins in vivo. As far as pyridoxine is concerned, 

therefore, it is questionable whether or not pyridoxine added in the diet was converted 

to the active form, being utilized as pvridoxal phosphate in case of feeding sucrose or glucose. 

From this point of view, the activities of vitamins should be taken into consideration, 

when experiments are designed to research the effects of ¥・itamins which are supplied to 



580 日本外科宝函第34芸会第3号

some extent by the intestinal flora to meet demand of the host, such as pyridoxine, biotin, 

inositol, folic acid and vitamin K. 

3) ¥Nhen sucrose or glucose is chosen as the main source of carbohydrate in a fat-

free diet, cholesterol stones are formed in the earlier period of feeding. According to the 

experiments reported by DAM et al., glycosuria was not demonstrated, though the animals 

in tool王andabsorbed a large amount of glucose目 Thissuggests, therefore, that the large 

amount of absorbed glucose may be quickly metabolized through hexosemonophosphate 
ゐ
E
Ln
 
u
 

En 
cd 

In rats, absorption of sucrose or glucose from the stomach usually has not been ob-

served. In hamsters the opinion may also be the same as rats. It is apparent from the 

experiments that sucrose or glucose may be quickly absorbed from the upper part of the 

small intestine. The increased concentration of carbon dioxide in the expired air soon 

after ingestion of sucrose or glucose appears to demonstrate that the large quantities of ab-

sorbed sucrose or glucose may be quickly splitted via hexosemonophosphate shunt, bring-

ing about urgent metabolic changes in liver. On the other hand, polysaccharides are usually 

absorbed and metabolized more slowly than sucrose or glucose and other easily absorbable 

carbohydrates. Thus, in case of absorption of polysaccharides, liver escape such urgent 

metabolic changes as seen in case of sucrose or glucose. In the case of absorption of glucose, 

the large amount of absorbed glucose requires departure of glycolysis via hexosemonophos・

phate shunt which in turn produce the unbalanced conditions for some proper enzymes in 

liver. For instance, TPN TPNH and DPN-DPNH enzyme systems are involved in the 

process. They are counteracting each other, therefore, the increased activity of TPN 

TPNH system inhibits DPN DP.NH system, leading to an increase in the endogeneous 

synthesis of cholesterol and further a decrease in the hepatic synthesis of bile acids. 

The development of amorphous pigmented stones in which cholesterol content was 

very lower, has been more frequently encounted in case of supplementation of diets with 
unsaturated fatty acids, sesame oil and cod liver oil than in case of supplementation with 

saturated fatty acids, lard. Feeding of polysaccharides plus fats also protected all the ex-

perimental animals against gallstones completely. Feeding of monosaccharide or disaccharide, 

excluding lactose was associated with the regular occurrence of cholesterol stones. When 

supplemented with unsaturated fatty acids, however, white or light yellow cholesterol stones 
disappeared almost completely and amorphous pigmented stones occurred at the rate of ca. 

50%. This indicates that unsaturated fatty acids, for example, sesame oil in which EF A 

is contained no less than 50 %, has a protective property against gallstones, especially 

cholesterol stones. fhis also suggests that a great quantity of cholesterol which was syn-

thesized through the obligatory hexosemonophosphate pathway may be easily converted into 

bile acids by esterification with EF A, leading to an increase in the biliarv excretion of bile 

acids and in the ratio of bile acids to cholesterol. Then the capacity of bile keeping chole-

sterol in solution is increased, protecting against precipitation of cholesterol and formation 
of cholesterol stones. 

V. SUMMARY AND CONCLUSION 

Several alimentary effects upon gallstone formation in hamsters have been discussed. 
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The following conclusions were obtained. 

1) In the animals fed a fat-deficient diet, gallstones which were consisted chiefly of 

cholesterl occurred more frequently than those fed a fat diet. 

2) Difference between carbohydrates chosen as the main source of carbohvdrate in 

the various synthetic diets was found with respect to the incidence and characteristics of 

gallstones. 

3) Supplementation of the diets with fats had to some extent a protective property 

against gallstone formation. Unsaurated fatty acids, cod liver oil and sesame oil, especially 

the latter containing much EF A protected again只tcholesterol stones whereas the develop-

ment of amorphous pigmented stones were not protected. 

4) In the animals fed a fat-deficient diet from which such vitamins produced by the 

action of the intestinal flora as pyridoxine, biotin, inositol, folic acid and vitamin K were 

all entirely removed, symptoms referable to their deficiency were not so completely developed 

that most animals could survive over longer period without gallstones, when starch was 

chosen as the main source of carbohydrate. 

5) In the drainaged bile of hamsters, cholesterol, bile acids and phospholipids were 

determined, respectively. In Groups accompanied with the highly incidence of gallstones, 

an increase in cholesterol concentration, decreases in bile acid and phospholipid concentra-

tion, and decreases in B1 C and L/C were observed. In those withont gallstones, how-
ever, these changes werぞ notobserved. 

6) These changes also seemed to be inducements for gallstone formation in hamsters 

as well as in rats. 

7) Thus, in hamsters, the experimental hypothesis was established that EFA defi-

ciency and/or metabolic disturbances in EFA might affect directly cholesterol degradation to 

bile呂cidsand disturb the biosynthesis of lecithin, leading to the decreased biliary excretion 

of bile acids and lecithin which in turn weakened the stability of bile to keep cholesterol in 

solution so that cholesterol began to crystallize, precipitate and then cholesterol stones occur. 

8) Analysis of the gallstones revealed that white or light yellow stones contained 

cholesterol over 80%, but green or dark brown amorphous pigmented stones contained 

little cholesterol. 

9) Histological examination of liver showed pathological changes only slightly in 

some of the experimental animals. Disturbances in liwr functions seemed to have no 

significant influence upon gallstone formation. 

I should like to expre≫, my、incerestgratitude to入、、1st. Prof. Dr. Y. HrKASA for his helpful suggestions 
and kind guidance throughout the present study. 
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Fig. 1 ＼＼’h1te Stones from a hamster feel a fat-

fr田 dietCけntainingsucro田 ascarboll¥ dratc source 

(Group 4 ! • They were found in the gallblad-

der .it 01x・ration after 46 days of feeding. '¥1ι叩

nit1c.1t1on 20 timト

Fig. 2 Light yellow ston田 anddark brown stom・s 

from d hamster fed .i fat-free diet containing 

sucrose as the叫 urceof carlxihydrate (Group 4). 

Thtち叫山rredtけgetherin the gallbladder .it 

operation after 16 cl川 sof feedin再・ Magnif1c.1-

tion 20 tim白
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Fig. 3 Green 、t• 刷、 from d h;irn,ter r(;rnup 4.) 

died of diarrh四 ;ifter19 cl川矢口ffeedinι． One 
of them projected partk through the neck of 

the gallbladder into ductus 町、tieth. MagnifiαI-

tion 20 tim~. 
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Fig. 5 Dark brown stones from a hamster fed a 

fat diet 出 pplemented with lard. r Group 9目）

They were found in the gallbladder at ante中、、

after 28 rby:, of feeding目 Magnification20 times. 
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Fig. 4 Jet black pigmented、初日目 frnm a ham-

、lt'rrecei,・ing a fιrt diet supplemented with se--;rrm・ 
oil. 1 ( ;roup 8.) They occurred after 25 dayちof

feeding. Magnification 20 timeべ

Fig. 6 t;reen bn川口、t• 川t'' frけm a hamster died 

けn12th day after the 山 rtof feeding. r c;，， 川P

10.) Magnification 20 tim田．

Fig. 7 ( )1 w grey large stone from a ham、terfed a 
fat-free diet containing dextrin as carbohydrate 

source. It 山 i出 foundin the gallbladder at opera-

tion .ifter 35 days of feeding. :¥Lig111fication 10 

ti口1es.
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胆石形成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）

塩 田

我々の教室でiむ日笠等はコレステロール代謝に関

する F可ノyIJ:l駿JA，｝咋生理学的作用に批いて採究し，

副腎に於て，コレステロールとエステル結合した不可

欠脂酸，特に Tetraenoicacidはコ LステロールのGlu-

C配 orticoidへの代謝を直接促進し，副腎皮質機能に重

大な伴切を有するといろ事を確認するに至った．

方P 胆汁酸はコレステロールの主終末代謝産物であ

:J，肝に於ける胆汁酸合成過程においても，亦コレス

テロ＿，~が不可欠脂酸とエステル結合する事が必要で

あり，不可欠脂酸の欠乏，乃至はその代謝障害の存在

する場合には，胆汁酸の生合成降客，胆汁中への分i必

能の低下を抗来するという事が充分憶測され得；~.ス

レシチンの生合成も不可欠脂酸代謝と密接な関係を有

する事が判明した．かくして，不可欠脂酸のに乙乃

五その代謝障害はコレステロールの胆汁酸への代謝，

並びにレシチンの生合成を障害し，胆汁中の胆rl俄 lえ

ぴレシチンの濃度の低下， 組t卜酸対コレステロール

, B；ぐV レシチン対コしステロー＇ l (L/C）の比の減

少を釦来し，これらがコレステロールに対する胆汁の

不安定化の，；元因となり， コレステロールの析出p 沈

澱，結石形成を招くという’l、験［内U-x.i'U;lifJ,'1：されるに

至った．然しながら，上記実験はすべてウイスター系

雄性ラットを使用したものであり p ラットには胆嚢が

なく p ’I般的仮説の実証のためにはp 胆嚢を有する試

献がf耳はれなければならない．胆汁組成がラットに近

似したハムスターを選び， 種々の合成食飼にて飼育

しp ’l：抗的lこ胆石を作成することに成功しP 更にp ド

レナージ胆汁中のコレステロールp 胆汁酸，レシチン

の分析，胆石の分析，肝の組織学的検索をrrなL、，次

のようなも＇；県を 1！｝た．

l) 無脂肪食飼育に院しては，脂肪食飼育の場合よ

りも高率にp コレステロール石の発生を認めた．

2) 胆石の発生頻度及びその特性に関して，合成食

隆

飼中の主糖質補給源聞に持｜吋な差異の存布する事を認

めた．

3) 食飼に添加された脂肪は，ある程度，胆石形成

を防止する．不飽和脂酸，特に不可欠！！旨酸を豊富に含

有するゴマ油には，コレステリン石発生予防の性質が

認められたが，色素石の発生は防止されなかった．

4) 腸内細菌により合成され得るピリドキシンp ピ

オチンP イノント←＞［，，葉酸，ピタミンKの如きビタ

ミンを，すべて欠除した無脂肪食で飼育された試獣で

出糖質補給源として，澱粉が使用される場合には，

これらピタミンの／て乏：／;J:状は惹起されHtくp 試獣は長

期間の生存に耐え似た．

5) 高率に胆石発生を認めた群でlむ ドレナージ胆

汁中のコレステ口－•［，の増加，胆汁酸及び， L シチン

の減少，更に， B/C及び Lil‘の比の低下が認められ

た．しかし無石群では，これらの変化U:,;2.められなか

った．

6) 此種の変化はp ラットと同様にハムスターに於

ても，亦胆石形成の誘因であると.＇（！Ji~Lる．

7) かくしてp 不可欠脂酸の欠乏，乃至その代謝障

害ltコレステロールの胆汗酸への移行に直接影響を与

え乙と同時にy レシチンの生合成も障害し，胆汁酸及

びレンチンの胆汁中への分r＇ピ、を抑制し P これらが胆汁

のコレステロールに対する不安定化を招来LP ために

コレステロ＿ ，，が析出p 沈澱し，コレステロールμの

形成を来すという実験的仮説的ハム ζターに於て立

証されたことにな乙．

8) 胆石分析の結果p 白色乃至薄黄色石川，コレス

テロ＿，，を80%以上含有しp 緑色乃至l塙－補色：（iiIコレ

ステロールをほとんど合有しない事が判明した．

9) 肝の車11識学的検索に際してlt，肝の 1,y.Pt!•'h’'t'J 変

化は極く •lifF変であり，胆石形成にlt，肝機能P¥>:'81土特

別なi主義を千jしないものと思われら．


