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Summary 

Biliary cholesterol and bile acid concentration in vitamin E-deficient hamsters were measured 

and the effects of a-tocopherol administration on biliary lipids were evaluated in vitamin E-

deficients and chow-fed hamster,. :¥o gallstones were found in any hamsters fed a吋tamin

E-defi.cient diet or chow diet during four weeks. In the vitamin E-deficient hamsters, GCA and 

TCA markedly decreased. Intraperitoneal administration of dl－αーtocopherylacetate caused 

a decrease of cholesterol and an increase of GCDCA in the bile. The biliarv cholesterol level 

in vitamin E-deficient hamsters was higher than in chow-fed hamsters. ¥fore than four days 

were required for bile acid metabolism to return to normal levels. when vitamin E・deficient

animals were replenished with αーtocopherol.

Biliary cholesterol levels in older hamsters were higher than in young hamsters, but a-

tocopherol reduced the cholesterol level, even in older hamsters, and caused an increase in GCDCA 

and a corresponding increase in the total bile acid/cholesterol ratio of the bile. It was confirmed 

that vitamin E deficiency produced an increase in biliary cholesterol and a decrease in CC A 

and TCA唱whereasa-tocopherol administration reduced biliary cholesterol and raised GCDCA 

in the bile. 

Introduction 

Because the pathogenesis of cholesterol gallstones has been ascribed to an abnormal hepatic 

cholesterol metabolism1s,33>, the ideal therapy may be not only to dissolve gallstones. but also 

to normalize the impaired cholesterol and bile acid metabolism. However, the e伍Cはcyof gall-

stone dissolution therapy using chenodeoxycholic acid （ぐDぐA)or ursodeoxycholic acid (UDCA) 

is still less than 40%28,47>. Although CDCA is much more E伍caciousthan this at a high dosage 

of 750 mg per day42人itproduceぉsideeffects such as diarrhea, and hepatocellular damage 

仕equentlyoccurs23> 
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ll日 let al7l first produced cholesterol gallston引 inharn~tcr~ in 1952、butlater they found 

that a fat frl'e diet was the real cau川、 Thefindings that the acti¥・ity of anilin emyme in the 

enzyme system of cholesterol 7a-hydroxγlase decre出 引 whenthe amounts of vitaminぐ andE 

are low in the liver11l司andthat vitamin （・ acceleratesthe川 tivityof cholesterol 7α－hydroxy laマlBヘ

suggest that vitamin E might imprnn・ the cholesterol ~olubi lizing <'apa「ityin bile through the 

e恥「tsof a-tocopherol on the bilian・ lipids. In this paper, the effrC"ts of γitamin E deficiency on 

bile acid were inve叫i g~1 tl'd

Materials and methods 

:¥I icrodetermination of bile acids 

Bet、自t1'l'the Yolume of bile obtained from the gallbladder of hamsters is extremely small, 

microdetennination by high pressure liquid chromatographic t・mvmatic assはy14lwas indis-

pensable. 

1. Reagents and standards of bile acids 

The standard bile acid、ofCλ ＜ 'DCA. 1 >C八 LCA L'D＜‘A and their glycine and taurine 
conjugates. were purchased from ~igma Chemical A Co. （仁S.-¥). An immobilized 3α－hydro-

.nsteroid dehydrogenase (3a・日日D)column w山 purchasedfrom Shimazu Co. (Japan), and SEP-

PA[-;.C1sc、artridgewas obtained from ¥¥'aters （、の （l;SA）. 戸－＇＼ AI> was purchased from Oriental 

¥"east Co. (Japan), and used as a reagent after dissolving it into a Tris-RC! buffer (100 mmol/ml, 

pH 8.0）「ont：《山叩g0.1°/o El>TA 2'¥a. Ethar 

purchased from ＼＼＇「ako< o. (Japan). 

2. Preparation of samples 

Each bile sample ¥YaS diluted with s:tline and pa自sedthrough " SEP-PAK C1s cartridge. 

Bile acids were then eluted with ethanol. :¥fter evaporation of the solvent under flow with 

~ 2 gas. the residue was resolved in 90'',, ethanol, and a solution was applied to a piperidino-

hydroxypropyl 20 Gel (PHPイ ~e l) . Ion exchange l"hromatography wa;, undertaken following 

the method of ¥'AMBARA and G0To12>. The PHP←（ ;e1 for ion exchange chromatography was 

purchased from Shimazu ( ・o. The eluents for ion-exchange chromatography ＼＼＇じIt‘0.1 :¥I acetic 

acid in 90% ethanol, 0.2 :¥T formic acid in 90% ethanol. and 0.3 'd potassium acetate solution 

in 90＇；口じthanol.

3. ,¥pparatus and measuring accuracy 

Figure 1 shows a HPU‘り・stem.100 m'.¥I pota河iumphosphate/eth:1 nol川ethanol(51/37 / 

12, pH 7.5) was u同 das a mobile phase. The wむ Plength of tlw ftuorometric detector was 

350 nm atは citation,and 460 nm at emmision. 

The nTc川 -ryn白日ofhi le川 ids¥ITrC 97.R～100.7% in unconjugated bile ilC'I小、 89.3～99.7%
in glv<"inトconjugatedbile aci（ド e'<"eptfor＜；＜ 司IH 'A (85.0%，）町and96.4-.....100.7% in taurine-

conjugated bile a口ids、respectivelv. /¥ calibration rnrve ¥¥":lS川 n刈「uctedby plotting the ratio 

of peak ιtrea to cal'h standard bileιwid. I >cttでtionwithは differentialfluorometer showed a 

linl'ar 丁目ド11，仁（r=0.999)to山 chbile acid in the range of O～40 μg. 
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3<t-HSD immobi I ized 

column 

*: Sample Injector 

Reagent: 0・T%ft-NAD/"100mM Tris-HCI (pH 8.0) 
containing Q.1 % EDTA-2Na 

Solvent : 1 OOmM Potassium Phosphate (pH 7-5)/EtOH/MeOH 

= 51/37/12 

Flow rate Q.7ml/min 

Column temp : 40℃ 

Reaction temp: 20 ・c 

Ex : 350nm Em: 460nm 

Fig. I. HPLC system 

Experiment I 

Fourteen male golden hamster" (four weeks old, weighing 51 to 60 g, purchased from colonies 

of the Shizuoka Laborator~・ Anima l Center) were kept on the chow diet for one week as an adap-

tation period, and were then divided into two groups: Group I (chow diet, n=6), and Group II 

(vitamin E-deficient diet, n=8). All animals nでremaintained in a 26仁 air-conditionedroom, 

Table I. Experimental dtamin E de五cientdiet 

Corn starch 

α－Wheat starch 

Sucrose 

Casein (vitamin free) 

Strip問dcorn oil* 

Salt mixture** 

Vitamin mixture*** 

Purified fiber 

g/100g diet 

36 

10 

5 
25 

8 
6 
2 
8 

* Produced by Eastman Kodak C同mistry 
GrOI』p3, corn oil was not add吋
** K 692, P 597, Ca 411, Na 270, Mg 86, Fe 41, 
Zn 0.4, Mn 1.3, Cu 0.08, I 7.7(mg/100g diet) 
***Vitamin A lOOOIU, D, 200IU, 8, 2.4mg, 82 
8.0mg, 80 1.6mg, 8,. O.OOlmg, C 60.0mg, 
K3 10.4mg, 8iotin 0.04mg, Folic acid 0.4mg, 
Ca-Panth。nate1 Omg, P-amino回目白cacid 10mg, 
Niacin 12.0mg, Inositol 12.0mg, Ct、。lin-C[ 4000mg 
（問rlOOg diet) 
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and in individual wire-mesh cages to prevent coprophagia. The vitamin E-defi.cient diet (Oriental 

Y削ミtCo.) contained corn starch (36 g）， αwheat st日ch(lOg), 'ucrose (5 g), casein (vitamin 

free 25 g), stripped corn oil (8 g), a s;ilt mixture (6 g), a vitamin mixture (2 g), and purified負ber

(8 g per 100 g) (Table 1). The composition of stripped corn oil produced by Eastman Kodak 

Chemistry was palmitic acid 10.5%, stearic acid 2.1 %, ol側、 acid26.0%‘linoleic acid 60.1 %, 

and linolenic acid 1.3°/o. The a tocopherol content confirmed by HPLC analysis was less than 

0.1 mg per 100 g diet in the vitamin E-defi.cient diet, and 1.2 mg in the chow diet. Vitamin C 

content wa' 46 mg and 52 mg per 100 g, respectively, in each diet. The food was replaced daily 

in the cages. The gallbladder bile was aspirated by an insulin injector "'.VI yjector" 

Experiment II 

Twenty-eight hamsters (four weeks old, weighing 48 to 61 g) were divided into four groups: 

Group III (a chow diet), Group IV (a chow diet with a tocopherol administration）フ GroupV 

(a vitamin E-deficient diet), Group I’I (a vitamin E deficient diet with a-tocopherol administ 

ration) (Fig. 2). The αーtocopherolwhich contained 100 mg of dl－α－tocopheryl acetate, 200 mg 

of hydrogenetic caster oil 60 and 140 mg of polyethylene glycol 400. Dl-a-tocopheryl acetate 

was administered intraperito田 allyat a dosage of 20 mg/kg body weight for four consecutive 

days in the fifth week. Blood samples for determination of cholesterol were taken through 

a 0.25 μm '.¥Iilipore filter, and measured by an enzvme assaγ（the FROMM method)10> Serum 

αtocopherol level was measured by the ABE method 1> 

Experiment III 

In 8 of 16 old hamsters fed a chow diet (29～31 weeks old），仕tocopherolwas administered 

intraperitoneally at a dosage of 20 mg/kg body weight for four consecutive days (Group VII). 

Three days later they w巴relaparotomied. a-Tocopherol concentrations in serum and the liver, 

serum and biliary cholesterol levels、andbile acids conぞentrationsin the gallbladder bile were 

evaluated. All the results are shown川＂＇.＼ Jean士SEM’＇.andthe討TUDEXT》st-test was utilized 

to make statistical comparisons. 

Experimental design 

。 2W 4W 5W 

Group Ill I chow diet l’n叩 eritoneal（円＝6)

!Hi in1ection of 
ぱ tocopherol

Group JV I chow diet (20mg/kg) 
(n=BJ 

Gro川｜
(n=6J Vitamin E deficient diet 

iiH G命Grol悶m。臥t叫｜
Vitamin E deficient di et (n=8) 

Fig. 2. Protocol of Experiment II 
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Results 

(1) Body weight and liver weight 

All animals appeared healthy at the time of sacn五ce. The mean body weight and liver 
weight were not different among all groups. 

(2) Serum and liver tocopherol concentrations 

Serum αtocopherol concentration was extremely low in Group V, re但ectingthe vitamin E 
deficiency. On the contrary‘αtocopherol administration to vitamin E-deficient hamsters caused 
a marked increase to 20.75土0.42μ.g/ml, nearly equal to that in Group IV (Table 2). a-To仁ophe-
rol administration also caused a 1.8・foldincrease in the liver and serum a-tocopherol concent-
rations in Group VTI (Table 3). 

(3) Biliary cholesterol concentration 

α－Tocopherol administration caused a moderate decrease in biliary cholesterol concentration, 
but vitamin E deficiency raised it (Fig. 3). An increase in biliary cholesterol level in older 
hamsters of Experiment III, compared to the young hamsters of Experiment II, was observed. 

Table 2. Serum tocopherol level in hamsters of Experiment II 

Serum tocophero I level (,ag/ml) 
Group Diet Animals 

α 戸 y 

DI Chow diet (n= 6) 10. 36士o.39 o. 57±0. 04 0.50ナ0.05

IV 
Chow diet with 

α－tocopherol (n=6) 22. 72士1.24 <0.02 くo.02 

v Vitamin E 1.33±0.05 0.07±0-01 0.14:::::0.01 deficient diet (n=6) 

VI 
Vitamin E 
deficient diet (n= 6) 20.75±0.42 く0.02 くo.02 
with αーtocopherol

Table 3. Serum and liver tocopherol concentrations in hamsters of Experiment III 

3でSerum (μgパnl±SEM) Liver (pg/g ± SEM) 

α 戸 y α 戸 y 

四
(n=7) 10.33±1.66 o. 51±0.04 o. 51±0.04 63.49士11.593. 56±0. 50 4.68土Q.66

咽
19.28土1.180.20土0.030.21土0.02 135. 55土28.35 1.40±0.13 1. 67士Q.19

(n=6) 
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仁コ contr_ol
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O group II IV 

chow diet 

Fi~. 3. Biliary cholesterol level in young hamsters (Experiment II) 

( 4) The composition and concentration of bile acids in the gallbladder bile 

The biliary bile acid composition in hamsters fed the chow diet indicated that CA was 

the major bile acid (60.5°/o), and that CDCA accounted for 27.9% (Table 4). In animals fed 

the vitamin E-deficient diet, there was a marked decrease in total bile acids (TBA), glycine-

conjugated and taurine-conjugated bile acid concentrations, especially GCA and TCA compared 

to the chow-fed group (Fig. 4). However, G/T ratio and C/CDC ratio were not different between 

Groups I and II (Table 4). 

In Experiment II, increase in TBA and glycine-conjugated bile acid concentration were 

observed in Groups IV and VI (Table 5). The animals receiving a.-tocopherol (Groups IV and 

VI) had an increased GCDCA percentage of total bile acids compared with each chow-fed con” 

trol group (Fig. 5). Thus, a.-tocopherol reduced the C/CDC ratio, and raised the TBA to 

cholesterol (TBA/CH) ratio in the bile of hamsters in Groups IV and VI (Fig. 6）ー

Table 4. Composition and concentration of bile acids 

Bile acids (p.mol/ml士SEM)

Group Total* 
bile acid 

Glycine* Taurine’h 
conjugated conjugated 
一 一一一一一一一

Unconjugated 

II 68. 2±3. 5 

53.6土2.4 
(61. 6土o.9%) 

40. 8土3.9 
(59. 9土1.s；；ち）

27.8ゴニ1.9 
(32. 0±0. 5%) 

22. 0±4.。
(32. 2土1.996) 

s. 6土1.2 
(6.4土o.s%)

5,4土2.3
(7.9±1.2%) 

(n=6) 
87.0士3.0

(n=8) 

ホ：PくO.001, *: P-O. 01，書：Pくo.os
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Fig. 4. Conjugated primary bile acid concentration in hamsters fed the vitamin E-de五cientdiet 

GCA GCDCA TCA TCDCA 
% 

50 

40 
EコI: Chow diet 
EヨW Chow diet withα－tocophero I 
- V : Vitamin E deficient diet 

~ 11 : V!tamin E deficient diet 
with α－toe。pherol

初

加

10 

Fig. 5. Conjugated primary bile acid concentration in each group of Experiment II 

心 hamstersfed the vitamin E-deficient diet 

'.¥lo！λr ratio 
一一ー一 一
CA事 CDCA DCA LCA 

-- --
52-7±5-3 24-3土3.8 5. 1土1.2 1. 2±0. 5 
(60-5土2.37ぢ） (27. 9±1-7°6) (5. 9土o.65ち） (1. 4土o.3%) 
40-9土2.2 19-9士3-0 4-3土2-3 1-4±0-6 
(60-1±1. 0%) (29-2± 1-5%) (6. 3土1.1勿） (2. 1 ±0. 3%) 

G/T C/CDぐ

1. 9±0.1 2-3土0-6 

1-9±0. 5 2-1±0.4 
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Composition and concentration of bile acids in each group of Experiment II Table 5. 

Molar ratio Bile acids (μmol/rr叶土SEM)

Taurine Unconjugated 
conjugated 

C/CDC G/T Glycine 
conjugated 

Total 
bile acid Group 

m 
(n= 2) 

2.5±0.2 2.2::::0. 2 1. 9±1.1 
(2.5士1.4%)

23. 8±0. 8 
(30.9士2.0%)

51. 5士1.9 
(66. 7士0.6%)

IV 104.2±15.9 e1.a土10.9
(n=3) (64.8土o.7%) 

77.3±2.3 

2.0±0.1 2.0±0.1 2. 4±0. 4 
(2.5土0.9%)

34.1::::5.4 
(32.6土o.2%) 

v 
(n=2) 

2.6土0.11.9±0.1 2. 8::::0.1 
(4. 2±0. 0%) 

21. 7::±::0. 5 
(33.1 ±0. 7%) 

41. 2±2. 2 
(62. 7±0. 7%) 

65.6±2.7 

2.0士0.22.1 ±0.1 2.2士0.5
(3.3±1.0%) 

21.9±3-0 
(31.2±0.8%) 

70.6士10.9 46.6±7.9 
(65. 5::::1.2%) 

VI 
(n=4) 

300 

． 
． n

H
u
 
nu 
。，‘

。一一戸畑
L

． 
． 工

O
＼
〈
∞
ト

． ． 
． 100 

． ． ． 

¥1 IV 

0 
group HI 

TB.¥/CH ratio in each group of Exp白imentII 

. A characteristi「ofthe bile acid composition in older ham 、ten;wa~ that glycine-conjugated 
and unconjugated bile acids accounted for a greater percent of the total bile acids (Table 6）・

αTocopherol administration increased TBA and glycine-conjugated bile acid concentration 

compared to the control group (( ;roup VIII), whereas taurine conjugated bile acid or unconju-

gated bile acid did not change 、igni品川itly.These animals hadば greaterpercentage of CDCA 

Fig. 6. 
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Gro1』p

咽
(n=5) 

咽
(n=6) 

Table 6. Composition and concentration of bile acids in older hamsters 

Total 
bile acid 

41.6±5.6 

53. 3±4. 5 

Bile acids (μmol/ml ± SEM) 

Glycin・ Taurin・
con』ugated con』ugated

31.5±5.2 7. 9±0. 5 
(74.0±3.6%) (20.3±2.6%) 

’‘ 100 

43.1 ±4.9 7.5±0.9 
(79.9±2.8%) (14. 6士2.4%)

Glycine Taurino 

” 

Uncon』ugated

2.2士0.4
(5. 7土1.4%)

2. 8±0. 5 
(5.6±1.2%) 

CA COCA 

口 groupVI 
E沼市

Bile acid concentration in older hamsters 

Molar ratio 

ら千 包c

4.0±0.6 2.0±0.2 

s.2±0.9 1.e±o.2 

はnd日lowerpercentage of CA compared with the control group、anda-tocopherol caused an 

increase of the TBA/CH ratio in the bile (Fig. 7 and Fig. 8). 

Discussion 

The relationships between vitamin E deficiency and chol引 terolmetabolism have been 

reported for several animal species. In rats, there have been reports of both an increase3•5•13•24l 
and no change37l in serum cholesterol, increases in total lipids30l and chole主terol49lin the liver 

and/or a decreased cholesterol synthesis in the liver39l, associat吋 withvitamin E deficiency. 

In rabbits, an increase in serum cholestero[43l, an increased cholesterol synthesis from mevalonic 

acid, and a decreased conversion of cholesterol into bile acid町， werereported. In guin巴1pigs, 
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Fig. 8. Bili】川、lipidsin older hamsters 

both an increa,c'14> and decrease6> in serum cholesterol were reported. These results suggest 

that vitamin E deficienc、vmはvcause an inn山川clcholesterol synthesis in the liver. Unfortunate-
ly, cholesterol and bile acid metabolisms in rats. rabbits and guinea pigs <tn' 'o different from 

that in humans4Gヘthatthe五ndingsfrom the吋 animalscan not be applied clinically to human 

study目

Ho¥¥"L＇＼＂円、 ina number of wa円 、thesterol metabolism of hanbter、di仏‘rsfrom that of these 
experimental animals、andmoreぞloselyapproximates that scTn clinically in humans叫 45l,

九imilaritieshaw been noted in their pancreas and gallbludder2，川.and the composition of bile 

acids5•31> . Furthermore, in both species hepatic and biliary cholesterol increase in proportion 

to the amount of dietary cholesterol3>, and hamsters produc巴 lithogenicbile、andcholesterol 

gallstones in response to a variety of alimentary rnanipulationss, 3G,.JO). Although KATO cst<1hli討hed

an experimental vitamin E-deficient model in hamsters！旬、cholesterolmetabolism and bile acid 

metabolism were not L'rnluated in his studγ 

Although there are numerous studic封じoncerning the relationship between dietary 

a tocopherol supplementation andメcrumαtocopherolronn・ntr川ion.parenteral administration 

of α－tocopherol has been examined in only a few. 九ASUNAGA50)reported th川 inmice、serum

a-tocopherol level increased to twice that of the control group at dlαtocopherol dosages of 

10 or 20 IU /kg by intra peritoneal川lmir

W（、resuppressed at cl《一 l広l＇討 ofmore than 80 IC/kg, and that all aninwls died within three days 

at a dosages of 400 I U /kg. From his rれ ults,the optimal dosage for a-tocophnol to affect biliary 

lipids was thought to be 20 mg/kg/day. A o.,clwdt止 ofa-tocopherol川＼1山iistrι1tionfor four 

consecutive days was designed‘with reference to the various studilιN showing that αーtocopherol

is mainly deposited in th1・ liver or fatt1・ ti"ue、and that excessiもで a-tocopherol is not ex1、:reted
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rapidly. ZANN0;-.;1s2> found that the oral administration ofαtocopherol in hamsters caused an 

elevation of drug metabolism activity within 12 hours, and thatα－ tocopherol con何 ntr礼tionin 

the liver increased gradually from 6 to 36 hours after oral administration°1'. l汁enif 

a-tocopherol was given intraperitoneally every day for a four-week period, serum a-tocopherol 

levels were not di釘erent51>.

The present study was the first to evaluate biliary cholesterol and bile acids in vitamin E-

de恥ienthamsters, or animals administered a-tocopherol. It was found that the biliary cho-

lesterol concentration in vitamin E-deficient animals wa日higherthan in chow-fed hamsters，ιmd 

that GCA and TCA significantly decreased in vitamin E-deficient hamsters as a. biological effect 

of a-tocopherol. On the other hand, intraperitoneal a tocopherol administration caused a 

decrease of biliary cholesterol, and an increase of GCDCA as a pharmacological effect of 

αーtocopherol. Thus, it was suggested that vitamin E deprivation might suppress the conversion 

of cholesterol into bile acid, as observed in rabbits a>, or might suppress the activity of cholesterol 

12α－hydroxylase in the liver. It was confirmed thatα－tocopherol showed some inhibitory effect 

on biliary cholesterol output, and that it required more than four days for bile acid metabolism 

to return to the chow fed control level, when vitamin E-defic、icntanimal出werereplenished with 

αーtocopherol,even though the serumαーtocopherollevel reached twice the normal value at a 

dosage of 20 mg/kg per day. 

In the older hamsters, cholesterol, glycine-conjugated and u恥 onjugatedbile acids ＜、haracter-

istically accounted for a greater percent of total biliary lipids than with the young animals. 

However，αーtocopheroladministration reduced the cholesterol level in bile and caused an increase 

of GCDCA, as observed in young hamsters. Judging from the value of the TBA/CH ratio in 

older hamsters, it was concluded that aging is a major factor affecting cholesterol gallstone 

formation. This result agreed with the report by '.¥1ATSUSHIR027l that even if gallstones were not 

found in the elderly the total bile はcidsconcentration in bile decreased and their lithogenicity 

increased. 

A vitamin E deficient diet for four weeks in our study did not induce gallstone formation in 

hamsters and the administration of a vitamin E deficient diet for six month has not induced 

gallstones in four surviving hamsters32l Why were cholesterol gallstones not formed in vitamin 

E-deficient hamsters in spite of the increased cholesterol and the decreased total bile acids in 

the bileコ

The cholesterol solubilizing capacity of bile can be estimated from the TBA/CH ratio、because
that is proportional to the TBA+Phospholipid/CH ratio. a-Tocopherol raised this ratio in 

both chow-fed and vitamin E-deficient hamsters. Its value was smallest in vitamin E deficient 

hamsters, but remained comparatively high ranging between 48.7 and 62.7. ¥!any reports show 

that the TBA/CH ratio usually ranges from 48 to 101s.zo,29) in chow-fed hamster~. and there is 

no evidence of gallstone formation when this value is more than 4238> On the contra 町、 in

hamsters with gallstones, resulting from being fed a lithogenic diet15•2 ！＇，山崎＞ or lithogenic 

regimen3BJ the TBA/CH ratio is less than 23. The present study confirmed the reason why 

cholesterol gallstones were not formed in vitamin E-deficient hamsters in spite of the increase in 
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biliary chole:-terol and the decrease in TBA. 

From many studies on bile acid composition in bile, CA constitutes 56～70%, CDCA 
accounts for 18～33%，町、A accounts for 3.2～10.3%‘and LCA accounts for 0.6～1.6% in 
hamsters fed on a chow diet21,22,J5J. On the other hand, in hamster., with cholesterol gallstones, 

bile acid composition was 53% CA. 21～31% CDCA, 10～13% DCA, and 3.5～15% LCA 
when a lithogenic diet was given26,41J. A decrease in CA and increases in DCA or LぐAwere 

observed in hamsters with cholesterol gallstones. The bileぽ idcomposition in h且mstersad-

ministered a tocopherol was diff1ぞrentfrom that of hamster討withcholesterol gallstones, although 

the percent of CA decreased. 

The findings that a tocopherol caused a decrease in biliary cholesterol, and an increase in 

C;CD¥A suggesting that a-tocopherol promoted the conversion from cholesterol into primary 

bile acid in the liver, by acceleration of the enzyme勾stぞmof cholesterol 7a hydroxylase. Ex 

planatory hypotheses for these phenomena were considered. Firstlyヘαーtocopherolmight prevent 

essential fatty acidメ fromproducing peroxide, and as the peroxide itself reduces this enzy叩 e

activity4>, the prevention of fatty itcid formation might inncLse the cholesterol 7a-hydroxylase 

activityi 7, 2sJ. Secondlyヘbecausethe activity of the aniline enz戸田 in the cholesterol 7 a-

hydroxylase enz戸nesystem decreases when both vitamin 仁 andvitamin E are in low concen-

tration in the liver1 •人 and because vitamin C itself accelerates the activity of cholesterol 7a-

hydroxylιise. a-tocopherol may improve cholesterol saturation or lithogenicity. :¥fore definitive 

experiments are required to show whether a-tocopherol can improve lithogenicity in hamsters 

with cholesterol gallぉtonc・s.and whether it can prevent gallstone formation or dissolve gallstones. 
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和文抄録

ビタミンEの胆石形成予防効果に関する研究

(1) ビタミンE欠乏ハムスターにおける胆汁中コレステ

ロール濃度と胆汁酸濃度について

京都大学医学部第2外科学教室（指導 ：小津和恵教授）

斎藤 徹

ビタミンE欠乏食で飼育したハムスターに町－

tocopherolを投与した際の胆汁中コレステロール濃度

および胆汁酸組成とその濃度測定から薬理学的効果を

検討し，以下の成績を得た．

1. ビタミンE欠乏ハムスターでは，①胆汁中コレ

ステロール濃度の上昇と，②胆汁酸として GCAおよ

びTCA濃度の減少を認め，③胆汁中TBATH比が

低下したが，④その低下の程度は軽度であり，胆望室内

lζ胆石を形成しなかった．

2. 高齢ハムスターでは，①胆汁中コレステロール

濃度の上昇と，②胆汁中総胆汁酸の濃度の低下を認め

たが，③とくにビタミンE欠乏動物よりも TBA;CH 

比の低下が顕著であり，加齢因子がビタミンE欠乏状

態よりも胆石形成lζ強く影響することが判明した．

3. 日・tocopherolの投与は，ビタミンE欠乏動物お

よび高齢動物のいずれにおいても①胆汁中コレステロ

ール濃度を低下させ，②胆汁中胆汁酸のうちGCDCA

およびGCA濃度を増加させ，③その結果，TBA,CH 

比が上昇し，胆石形成を阻止する方向に改善した．

以上の実験成績から， a・tocopherolの投与は胆汁中

コレステロール濃度を低下させ， 1次胆汁酸である

GCAと GCDCA濃度を上昇させることが確認され

た．その作用機序としてコレステロールから胆汁酸へ

の異化酵素である肝臓の cholesterol7 a ・I山 lroxylase

の活性を直接的または間接的に充進している可能性が

推測された．




