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Introduction 

Bile acids in human bile have been studied by many workers using various analytical methods 

since the middle of the nineteenth century3,13,14.17,2s,45,50,62.叫 73>83.86，品川loi.104.109>. Of 

relevance to the etiology of gallstones, a decrease in the pool of bile acids108> and some changes in 

biliary bile acid composition, such as a decreased ratio of trihydroxy to dihydroxy bile acids14• 69•88> 

and a decreased ratio of glycine to taurine conjugates9>, have been noted in cases of cholelithiasis. 

ADMIRAND and SMALL described the physicochemical properties of bile acids in the formation of 

cholesterol gallstone in man1>. The lithogenicity of hepatic and gallbladder bile has been dis-

cussed in relation to the pathogenesis of cholesterol gallstones32•39•98•103>. Moreover, chenode-

oxycholic acid and its 7,8-epimer, ursodeoxycholic acid, have recently been used to dissolve choles-

terol gallstone15•6刷、 and their effectiveness in many cases has been recognized. 

In view of the important roles of bile acids in cholelithiasis, it is essential to know the bile 

acid composition of human bile in relation to both the pathogenesis and the medical treatment of 

gallstones. In past studies bile acids were determined by colorimetry13,91>, or paper14>45•8B>, 

thin-layer3M0•74> or gas-liquid chromatography62•69•101.ios>. These are unsatisfactory for the 

direct di百erentialdetermination of each bile acid occurring in human bile or detecting the state of 

conjugation of the bile acids with either taurine or glycine. Futhermore, there are few reports 

on the bile acid composition in the bile of patients with bilirubin stones4si, because of the high 

incidence of cholesterol stones and the low incidence of bilirubin stones in Europians and 

Americans33•34>. 

Recently the author and co-workers developed the analysis of conjugated bile acids by 

high-pressure liquid chromatography56•57>58•59>. Using this advanced analytical method, we 

mea叩 redconjugated bile acids in the gallbladder bile of patients with and without gallstones 

(cholesterol、bilirubinand black stones), and in that of those treated with chenodeoxycholic or 

ursodeoxycholic acid. Other biliary lipids (cholesterol and phospholipids) were also determined 

K勺vwords: Gallstone, Conjugated bile acid, Chenodeoxycholic acid (COCA), Ursodeoxycholic acid (UDCA), 
High-pressure liquid chromatography. 
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by enzymatic methods4•37>. 

Materials and Methods 

Patients with gallstones were divided into three groups according to the gross appearance 

and chemical composition of their gallstones64>65•99>. The first group consisted of 21 patients 

with cholesterol stones (more than 70% cholesterol), the second group of 14 patients with bilirubin 

stones (more than 30% bilirubin), and the third group of five patients with black stones which 

were grossly black and amorphous and had a large amount of black residue on chemical analysis. 

Eight control patients undergoing laparotomy for gastric cancer had no known hepatic or biliaηr 

tract disease. Eight other patients with cholesterol gallstones wer巴treatedpreoperatively with 

chenodeoxycholic acid (Eisai Co・， Tokyo, Japan), 400 mg per day, for五veto28 days and six pati-

ents were treated preoperatively with ursodeoxycholic acid (Tokyo Tanabe Co., Tokyo, Japan), 

600 mg per day, for five to 17 days. These patients had well functioning gallbladders and normal 

liver function tests. All these patients were fed ordinary diets preoperatively, and preoperative 

administration of antibiotics and drugs affecting lipid metabolism or liver function was strictly 

avoided (except for cheno-or ursodeoxycholic acid in the experimental treatment group). 

Samples of gallbladder bile were collected by direct puncture of the gallbladder cavity im』

mediately after the peritoneal cavity was opened and kept frozen at 20°C until analysis. 

Biliary lipid extraction was performed by SHIODA’s method86>. One or two ml of bile was 
dropped into 10 times its volume of FoLCH solution and swirled in a vortex-mixer. The solution 

was五lteredthrough filter paper with suction, and the 五lterpaper was washed with small quantities 

of FoLcH solution. Distilled water equal to 0.2 times the volum巴ofthe filtrates was added, and 

the mixture was shaken and allowed to separate into two layers. The top layer was removed, 

and the bottom layer was washed again with distilled water. The second top layer was combined 

with the五rsttop layer, which contained the conjugated bile acids. Cholesterol and phospholipids 

were extracted into the bottom layer. Each layer was evaporated to dryness under nitrogen 

streaロl.

Extracts of conjugated bile acids were redissolved in methanol equivalent to the original 

volume of bile, and 10 or 5 μ.l aliquots were analyzed by a high-pressure liquid chromatography 

method developed by the author and co-workers56•57•58•59>. The chromatographic conditions 

were as follows: column, 8.0 mm  (I.D.）×300 mm  packed with Lichrosorb RP 18 (5 μ.m) obtained 

from Merck (Darmstadt, Germany); mobile phase, methanol/water (75: 25, v/v) acidifi巴dto pH 

2 with phosphoric acid; flow rate, 2.0ml/min; detection, UV 210nm; apparatus, Hitachi (Tokyo, 

Japan) model 635 HPLC instrument. 

Total cholesterol in the bile was determined by an enzymatic method4> with a TC-Kit K 

(Nihon Shoji Co., Tokyo, Japan) followed by redissolution in n-propanol. 

The extracts of phospholipids were suspended in distilled water by ultrasonic agitation, and 

the enzymatic method a7> with a PL-Kit K (Nihon Shoji Co., Tokyo, Japan) was used to calculate 

phospholipids in the bile. When the concentration of cholesterol or phospholipids was high, 
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the samples were diluted in n-propanol or distilled water. These procedures are shown in Fig. 1. 

As a lithogenic index, THOMAS’S indexioa> was calculated according to the limits of cholesterol 

saturation defined by ADMIRAND et al.1＞、 andby HOLZBACH et al.39) and HEGARDT et al.32>. 

Results 

I) Bile of patients with and without gallstones 

The absolute concentrations of biliary lipids (total bile acids, cholesterol and phospholipids) 

are shown in Tables 1 4. 

The mean values of total bile acids were 200.0士45.9μ.mol/ml in the control group, 78.5土42.3

μ.mol/ml in the cholesterol stone group, 25.8土11.8μ.mol/ml in the bilirubin stone group and 

115.3土77.6μ.mol/ml in the black stone group. The mean values of cholesterol were 20.3土11.2

μ.mol/ml in the control group, 8.6土5.1μ.mol/ml in the cholesterol stone group, 3.1土1.6μ.mol/ml 

in the bilirubin stone group and 6.3土5.1μ.mol/ml in the black stone group. The absolute 

concentrations of both total bile acids and cholesterol were significantly lower in all groups with 

gallstones than in the controls. The mean values of phospholipids were 49.2土19.0μ.mol/ml 

in the control group, 24.6士15.1μ.mol/ml in the cholesterol stone group, 8.7土4.7μ.mol/ml in the 

bilirubin stone group and 27.1土24.9μ.mol/ml in the black stone group. The absolute concen-

trationぉofphospholipids in the cholesterol and bilirubin stone group were also significantly lower 

than in the control group. These are shown in Fig. 2. Thus, the patients with gallstones had 

lower concentrations of biliary lipids than the patients without gallstones. In the bilirubin 

stone group, the bili礼rylipids were especially low. 

The molar percentages of total bile acids, cholesterol and phospholipids were not, however, 

significantly different among the groups, and THOMAS’S indices were also not significantly dif-

ferent among the groups. These reuslts are plotted on the triangular coordinates of ADMIRAND 

and SMALL as shown in Figs. 3 6. In most of the patients with and without gallstones they were 

in the metastable-labile zone, and in some of the patients with gallstone討theywere in the micellar 

zone. 

The mean values of the absolute concentrations of taurine and glycine conjugates of each 
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Biliary lipid and conjugated bile acid composition in patients with black stones. 

BA. Chol. PL 
μ. mol/ml μ. mol/ml μ. mol/ml 
（%）（引（%）

2.4 22.6 
( 1. 2) (10. 9) 

GDCA GUDCA 
μ. mol/ml μ. mol/ml 
('¥,) (Oo) 

7.5 19.2 
( 4. 2) (10. 7) 

GCA CCDCA 
μ. mol/ml μ. mol/ml 
（%）（%） 

TliDCA 
μ.mol/ml 
（。。）

TCA TぐDCA TDCA 
μ. mol/ml μ. mol/ml μ. mol/ml 
（%）（%）（%） 

1. 4 
( 0. 8) 

T.I. 
(1) 
(2) 

0.14 23.4 
0.28 

Table 4. 
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Fig. 2. Biliary lipid composition in patients with and without gallstones (Mean土討.D.).
*; p<0.05, **; pく0.01
Abbreviations: Cont., patients without gallstones; Chol., patients with choleste-
rol stones; Bili., patients with bilirubin stones; Bia., patients with black stones. 

group are shown in Fig. 7. The taurine conjugates were significantly low in the cholesterol and 

bilirubin stone groups (mean士SD., 16.1土10.3μmol/ml and 8.6土6.2μmol/ml, respectively). 

The taurine conjugates of the black stone group were less than those of the control group, but not 

significantly so (mean士S.D.,20.6士16.0μmol/ml vs. 53.0士61.0μmol/ml). The mean values 

of the glycine conjugates were 147.0土46.5μmol/ml in the control group, 62.2土35.6μmol/ml 

in the cholesterol stone group, 17.3土9.8μmol/ml in the bilirubin stone group and 94.8土63.8

μmol/ml in the black stone group. This decrease was significant in the cholesterol and bilirubin 

stone groups, and the difference between the bilirubin group and the control group was greater 

30 

Control group 
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Fig. 3. Relative concentrations plotted on a triangular coordinate of biliary lipids 
in patients without gallstones. 
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Fig. 4. Relative 《りncentrationsof biliary lipids plotted on a triangular coordinate 
in patients with choleserol stones. 
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Fig. 5. Relative concentrations of biliary lipids plotted on a triangular coordinate 
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Fig. 6. Relative concentrations of biliary lipids plotted on a triangular coordinate 
in patients with black stones. 
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than that between the cholesterol group and the control group. On the contrary、therewas no 

significant difference between the black stone group and the control group. 

The mean values of individual conjugated bile acids are shown in Fig. 8. In both the 

cholesterol and bilirubin stone groups, the absolute concentrations of taurocholic, taurocheno-

deoxycholic, glycocholic, glycochenodeoxycholic and glycodeoxycholic acid were lower than 

in the control group, whereas no significant differences of conjugated bile acids, except for 

"mol ml 
150 

1011 

50 

faucine ＂＂＇＇＂＂＂＂、

1• mollml 
150 

100 

心

《＂、え＂＂ COO)"gale' 
Fig. 7. Taurine and glycine conjugates in patients with and without gallstones 
(:¥lean土S.D.)_ *; p<0.05, *-I<; p<0.01 
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Eコー Control
r:z:;;;J Chc¥eslero¥ stones 
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TDCA 

GCA GしDCA GDCA GUDCA 

Fi~. 8. Conjugated bile acid concentrations in patients with and without gallstones 
(¥Iear】士日D.). *; p<0.05, **; pく0.01

glycocholic acid, were found between the black stone and the control group. Moreover, the 

decreases of glycocholic and glycochenodeoxycholic acids were greater in the bilirubin stone 

group than in the cholesterol stone group. 

Figs. 9-12 show the chromatograms of conjugated bile acids analyzed by high-pressure 

liquid chromatography in cases of cholesterol, bilirubin and black stones and in controls. 

II) Bile of patients tγeated with chenodeoxycholic acid oγ ursodeoxyclzolic acid. 

The levels of biliary lipids and conjugated bile acids in patients treated with chenodeoxy-

cholic acid, 400 mg per day, are listed in Table 5. 

The mean values of total bile acids increased significantly during chenodeoxycholic acid 

administration (mean土おD.,143.3土74.4μmol/ml vs. 78.5土42.3μmol/ml), but the other biliary 

lipids showed no significant change (Fig. 13). 

Although the relative concentrations of total bile acids and phospholipids were not changed 

by chenodeoxycholic acid treatment, the molar percentage of cholesterol was significantly lower 

than in the untreated cholesterol stone group (Fig. 14: mean土S.D.,5.3土1.4%vs. 8.0土2.5%).

THOMAS’S indices according to the limits of cholesterol saturation defined by HOLZBACH 

et al. and H ECARDT et al. decreased significantly from 1.25土0.43to 0.85土0.20. These results 

are plotted on the triangular coordinates of ADMIRAND and SMALL, as shown in Fig. 15. 

The mean values of taurine and glycine conjugates were 30.9土30.7μmol/ml and 112.8土
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Fig. 10. High-pressure Ii uid chromatogram of a patient with cholesterol stones (Case 16) 
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Fig. 11. High-pressure liquid chromatogram of a patient with blirubin stones (Case 10). 
① TCA② TCDCA① TDCA① GCA① GCDCA① GDCA 

'@ 

① 

① 
z
－
a
〉
竺
－

hz

0 10 20 30min 

Fig. 12. High-pressure liquid chromatogram of a patient with black stones (Case 4). 
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TCA TCDCA TDCA Tl'DCA GCA GCDCA GDCA GUDCA 

fLIDOl/ml 1-'mol/ml fLIDO!/ml fLIDOりmlfLIDOl/ml fLIDOl/ml fLIDOl/ml fLIDOl/ml 
（%）（%）（%）（%）（%）（%） （%）（。九）

T.I 
(1) 
(2) 

Table 5. 

BA. C、ho!. PL 
μmol/ml μmol/ml 1-'mol/ml 
(%) ('¥,l （ ~·o l 

206.3 
(86.3) 

GI! 
ratio 
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Fig. 13. Absolute concentrations of biliary lipids of patients treated with CDCA 
or UDCA (mean土S.D.l. **; pくO目01
Abbreviations: Chol., patienb with cholesterol stont≫; CDCA, patients 
treated with chenodeoxycholic acid, 400 mg/day; U DCA, patients treat-
ed with ursodeoxycholic acid, 600 mg/day. 

60.7 μmol/ml, respectively、significantlyhigher than in the untreated cholesterol stone group 

(Fig. 17). 

Of the conjugated bile acids, tauro-and glycochenodeoxycholic acid increased markedly, 

while tauro-and glycocholic acid decreased markedly during treatment with chenodeoxycholic 

acid (Fig. 18). 

The biliary lipid and conjugated bile acid levels in patients treated with ursodeoxycholic 

acid, 600 mg per day, are listed in Table 6. 

The absolute concentrations of biliary lipids remained unchanged but the molar percentage 

of cholesterol fell from 8.0土2.5%to 4.2土1.3%(Fig. 14). The mean values of TttoMAs's 

indices were 0.43士0.13according to ADMIRAND et al. and 0.72土0.19according to HoLZBACH 
et al. and HEGARDT et al., significantly lower than in the untreated cholesterol stone group, and 
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Fig. 14. Relative concentrations of biliary lipids of patients treated with CDCA 
or UDCA (mean土SD.). **; Pく0.01
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much lower than in the chenodeoxycholic acid treated group. Plotted on the triangular co-

ordinates of ADMIRAND and SMALL, the results were all in the micellar zone, as shown in Fig. 16. 

Of the conjugated bile acids, glycoursodeoxycholic acid was greatly increased (mean土S.D.‘

46.3土17.9μ,mol/ml), but the others were not changed by ursodeoxycholic acid treatment (Fig. 

18). 
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Fig. 17. Taurine and glycine conjugates of patients treated "・ith CDCA 
or l1 DCA (mean土日.D.). *; p<0.05 
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The glycine to taurine conjugates ratio was greatly elevated from 4.3土2.4to 11.5土5.1by 

ursodeoxycholic acid, but not by chenodeoxycholic acid treatment. 

Chromatograms of conjugated bile acids analyzed by high-pressure liquid chromatography 

after treatment with chenodeoxycholic or ursodeoxycholic acid are shown in Figs. 19 and 20. 

Discussion 

The earliest investigations of bile acids were reported in the middle of the nineteenth 

century104>. ~ince the application of PETTENKOFER’s reaction76> to bile acid determination, 
various methods have been employed to analyze bile acids. In 1921, SCHMIDT et al. estimated 

the taurine conjugates and 'glycocoll’from the nitrogen and sulfur content after hydrolysis of 

bile acids83> A modification of PETTET¥KOFER’s reaction and other color reactions were in wide 

us(' for bile acid determination in the first half of this century1 Ms,42,91>. These methods were, 

however, nonspecific and inaccurate, and measured only one or two bile acids or total bile acids 

without differentiating among them. Column chromatographic separation of bile acids was 

developed by BERGSTROM et al. in 19518>, and AHRENS et al. described the separation of taurine 

and glycine conjugates and free bile acidぉwithcounter current distribution in 19523>. WooTON 

et al. separated and determined the individual bile acids in human bile by a combination of 

column chromatography and infrared spectrometry in 1953109>. Theメeprocedures, however, 

required complicated sample preparation and identi白cation.
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Since GλNSHIRT developed bile acid analysis by thin-layer chromatography in 196035入this

simple method has been widely used for the separation and quantitative determination of bile 

acids in various biological materials2i.3s,74,106> Although many solvent systems have been 

developed for the separation of free, taurine and glycine conjugates by many workers, the com 

plete separation of isomeric dihydroxy bile acids was not possible, and rechromatography with 

a different solvent system is required for complete separation21>27>3B>. In addition, this method 

includes complicated and time-consuming procedures for quantification, which are based on den-

sitometric84>, fluorimetric74>, spectrophotometric25> or enzymaticl06> determination after elution. 

In 1960, VANDENHEUVEL et al.1°7> and R YHAGE et al. so> used gas-liquid chromatography 

for bile acid analysis. This accurate and specific analytical method has also been widely used 

in the quantitative determination of bile acids. The higher sensitivity of this method makes 

possible the micro quanti五cationof bile acids in feces and serum29,55,s2＞ー Furthermore,the 

recent development of combined gas-liquid chromatography and mass spectrometry has made 

it possible to elucidate the structure heretofore unknown bile acids in biological materials5,4M3,9ZJ. 

However, this sophisticated method has the great disadvantage that the conjugated bile acids 

must be hydrolysed and changed to methylesters of free bile acids. These procedures lead to 

a loss of recovery and the formation of artifacts and take a long time. 

In addition to the determination of individual bile acids by either thin-layer or gas-liquid 

chromatography, total bile acids can be assayed easily by the enzymatic method with 3a-hydroxy-

steroid dehydrogenase developed by TALALA y93J and I w AT A et al. 44>. This method was im 

proved in sensitivity by spectrofluorimetric determination66> and proved to be more speci自cwith 

the use of purified 3a-hydroxysteroid dehydrogenase22>. In addition to 3a hydroxysteroid 

dehydrogenase, 7α31>51> and 12αhydroxysteroid dehydrogenase52) are also effective in the 

determination of bile acids, and combination of these enzymatic methods have made possible the 

indirect measurement of individual bile acids in bile53J. Howeverぅthestate of conjugation in 

biological samples cannot be detected by this method. 

Since 1976 there have been some attempts to apply high-pressure liquid chromatography 

to the analysis of conjugated bile acids or their esters46,72.75,B5J. Early reports on this analytical 

method indicated limited success in regard to the time required for analysis and the separation 

of dihydroxy bile acids and the simultaneous resolution of glycine and taurine conjugates. How-

ever, complicated preparations of the biological samples, such as esterification46•72> or group 

separation of bile acids26J, were required for analysis. Recently, the present author and co-

workers reported th巴 simpleand rapid analysis of conjugated bile acids in bile using reversed 

phase high pressure liquid chromatography without hydrolysis or esterification of the bile 

samples56,57，時間． With this method, ten conujgated bile acids occurring in human bile can be 

analyzed directly and simultaneously in less than 40 minutes. Although the possible con 

tamination of the fraction of tauroursodeoxycholic acid with impurities contained in bile was 

described in the previous report59J, further study indicated that this contamination might be 

attributed to the degradation products of the extracted sample in methanol and the lowered 

capacity of the column used. When the sample is tested just after extractionヲtauroursodeoxy-



34 日外宝第51巻第1号（昭和57年1月）

cholic acid can be analyzed directly as shown in Figs. 19 and 20. More recently the combination 

of high-pressure liquid chromatography and the enzymatic method with 3a-hydroxysteroid 

dehydrogenase has made possible the estimation of serum bile acids5>. This method is, however, 

costly and cannot completely separate all the bile acids in serum. 

In this study, gallstones located in the gallbladder were classified as cholesterol stones 

(including pure cholesterol, combination and mixed stones), bilirubin stones and black stones from 

their gross appearance and chemical composition analyzed by the method of MuKAIHARA64’“人

CHEN et al. have classified gallstones in Chinese patients into the same three groups and have 

reported a good correlation between gross appearance and chemical composition12>. In recent 

years in Japan cholesterol stones have been found increasingly often, presumably because of the 

westernization of dietary habitss1,1i.94>. However, bilirubin stones are still more common and 

black stones fewer in Japan than in the United States34>. Studies of biliary lipids in patients 

with cholesterol gallstones have been numerous9•1も 62.69,88,101 .108>, but those in patients with 

bilirubinas.4s> and black gallstonesso,1os> are rare. The results of this present study con五rmthe 

differences of biliary lipid and conjugated bile acid composition in gallbladder bile of patients 

with different types of gallstones and suggest the etiology of the gallstones. 

The lower concentrations of biliary lipids in pateints with gallstones in this study are in good 

agreement with the results of other investigatorsr4,36,69>. Especially in patients with bilirubin 

stones, all biliary lipids were greatly decreased, presumably because of bacterial infection; ie. 

bacterial degradation of conjugated bile acids and hydrolysis of phospholipids by enzymes of 

bacterial origin. This possible cause is confirmed by bacteriological examinations; cultures were 

positive in 11of13 cases of bilirubin stones (84.6%), three of 16 cases of cholesterol stones (18.8%) 

and none of the cases of black stones. 

There were, however, no significant differences in the relative concentrations of biliary lipids 

among the varieties of gallstones. THOMAS’S indicesioa> were also not different between those 

with and those without gallstones. Plotting on the triangular coordinates of ADMIRAND and 

SMALL1> showed that three cases of cholesterol and two cases of bilirubin stones were in the 

supersaturated zone、andothers with and without gallstones were in the metastable-labile zone. 

I¥ on-lithogenic bile in patients with cholesterol stones may be due to the ethnic difference of 

cholesterol saturation in the Japanese 10>. Ho et al. also reported lower cholesterol saturation 

in the Chinese36>. The chemical composition of bilirubin and black stones suggests that the 

etiology of these stones is different from that of cholesterol stones1Mo>, and the cholesterol de-

saturated bile of cases of bilirubin or black stones observed in this study supports this hypothesis. 

The analysis of conjugated bile acids by high-pressure liquid chromatography showed that 

patients with gallstones other than black stones had lower concentrations of both taurine and 

glycine conjugates than those without gallstones, which was attributed to decreased levels of 

taurocholic, taurochenodeoxycholic, glycocholic, glycochenodeoxycholic and glycodeoxycholic 

acids. The absolute concentration of each conjugated bile acid in our patients with cholesterol 

stones was almost the same as that reported by DAMI4> but higher than that reported by 

SJOVALL88> who used paper chromatography, while the level of each bile acid was similar to that 
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reported by VLAHCEVIC et al.IO町、 butsomewhat different from the findings of MACDOUGAL 

et al.62> and NAKAYAMA et al.69> in their analysis by gas-liquid chromatography with no con 

sideration of conjugation. 

The decrease of glycine conjugated bile acids in the bilirubin stone group was much greater 

than in the cholesterol stone group. The author predicts that one of the factors affecting this 

conjugation with glycine may be the diet. The nutritional research on Japanese patients with 

cholelithiasis showed a marked difference in protein intake between patients with cholesterol 

and with bilirubin stones; i.e. a lower intake of animal protein, which contains more glycine than 

plant protein in general, in the latter4B,97>. Although SJi:iVALL et al. reported that oral glycine 

administration did not alter the conjugation of bile acids in gallbladder bileB7>, such dietary habits 

of patients with bilirubin stones for a long term (patients with bilirubin stones are older than those 

with cholesterol stones33,34>) may affect the conjugation of bile acids with glycine. In addition‘ 

in vitro observation of bile acid conjugation with taurine or glycine in human Jiyer homogenates 

revealed a decrease of glycine conjugation in liver diseases19,20>. The patients with bilirubin 

stones, although they showed no abnormal liver function test results in this study, may have 

already. had some liver damage not detectable by routine laboratory examinations, and the 

disease entity of bilirubin stones may be more serious and complicated than that of cholesterol 

stones. Furthermore, Ho et al. reported the inhibitory effect of glycochenodeoxycholic acid on 

,8-glucuronidase activity in rats35), which has been thought to be the initiating factor in the 

formation of bilirubin stones54>, and the observed decrease of glycochenodeoxycholic acid in c剖白

of bilirubin stones might lead to the precipitation of free bilirubin preferentially in the bile in these 

cases. 

In the present study, there were no cases of lithocholic acid conjugated with taurine or glycine, 

whereas in some of the patients with or without gallstones ursodeoxycholic acid was conjugated 

with taurine or glycine. 

There have been a few reports that free bile acids can be detected in the bile in gallbladders 

with cholecystitis13.45,73>, while some investigators have found no free bile acids in human gall-

bladders with gallstones14,ss>. Although free bile acids cannot be determined by our high-

pressure liquid chromatographic analysis, the amount of free bile acids is probably negligible, 

since there are no significant di仔erencesbetween the amounts of total bile acids determined by 

the enzymatic method with 3a-hydroxysteroid dehydrogenase and by our high-pressure liquid 

chromatography. 

DANZINGER et al. reported the effectiveness of chenodeoxycholic acid in dissolving cholesterol 

gallstones in 197215>, and NAKAGAWA et al. reported the same e仔ectof ursodeoxycholic acid which 

had been administered as a choleretic agent in Japan GB>. The effects of these bile acids on bile 

acid composition in bile have been investigated by many workers7•11•16•23•24•43•61·79•89•90•95'100•102>. 

However, only one of these reports compares the conjugated bile acid composition after the 

administration of these two bile acids9o>. Its results are similar to those of this study. 

In this study patients were given a daily dose of 400 mg of chenodeoxycholic acid or 600 mg 

of ursodeoxycholic acid orally for five to 28 days (average, 11.1 days). These patient討 were
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neither markedly obese nor emaciated (average body wieght, 52.3 kg). 

A previous study showed that the bile acid composition in bile was altered by chenodeoxy-

cholic acid treatment for four days43). Indeed, chenodeoxycholic or ursodeoxycholic acid 

administration for five days had already altered the bile acid composition in bile in this study, 

and there was no relationship between length of treatment and bile acid composition. 

Chenodeoxycholic acid administration increased the total amount of conjugated bile acids, 

due to the increase of both taurine and glycine conjugates, but did not alter the amounts of chol-

esterol and phospholipids, while ursodeoxycholic acid treatment did not alter the amounts of any 

of the biliary lipids. However, the molar percentage of cholesterol and THOMAS’S indices103) 
according to the limits of cholesterol saturation defined by HOLZ BACH et al. 39) and HEGARDT 

et al.32) were found to be reduced by the oral administration of either bile acid, and the decrease 

of THOMAS’S indices by ursodeoxycholic acid administration was greater than that by cheno・
deoxycholic acid administration. These data confirm the previous reports on cholesterol satu-

ration of bile after administration of chenodeoxycholic or ursodeoxycholic acid 7•16•23•61•78•89•90•102). 

The oral administration of chenodeoxycholic acid reduces the activity of HMG CoA reduct-

ase2, u,4的， therate limiting enzyme of hepatic cholesterol synthesis, and the biliary secretion of 

cholesterol18，州. MATON et al. reported the same effect of ursodeoxycholic acid on the activity 

of HM<; CoA reductases1ヘwhereasCARULLI et al. reported that short-term administration of 

ursodeoxycholic acid (one week) increased the activity of this enzyme11). In addition, the 

absorption of cholesterol was found to be inhibited by the oral administration of ch巴nodeoxycholic

acid or ursodeoxycholic acid11•77). This diminished hepatic cholesterogenesis and reduced ab-

sorption of cholesterol may be the cause of lowered saturation of cholesterol in the present study. 

Although it has been shown that ursodeoxycholic acid desaturates biliary cholesterol more than 

does chenodeoxycholic acid 61•89•90>, the cholesterol solubility of ursodeoxycholic acid solution 

in vitro is lower than that of chenodeoxycholic acid40.4t人andCAREY et al. have provided the 

correction factor of the saturation index in ursodeoxycholic acid rich bile10) However, in this 

study THOMAS’s indices were not corrected, since the exact number of the correction factor could 
not be utilized because of the higher ratio of glycine to taurine conjugates (average, 11.5土5.1).

The increase of taurine and glycine conjugated chenodeoxycholic acid and the decrease of 

taurine and glycine conjugated cholic acid during chenodeoxycholic acid administration are in 

general agreement with previous results determined by gas-liquid chromatography1i,15,23J, which 

did not mention conjugation with taurine or glycine. DANZINGER et al. speculated that cheno-

deoxycholic acid might inhibit cholic acid synthesis by negative feed backl6). However, in 

previous reports chenodeoxycholic acid administration did not a仔ectthe activity of 7αーhydroxyl-

ase11，州.which is the enzyme regulating the rate of hepatic synthesis of bile acids from cholesterol, 

and there is no direct proof that either primary bile acid suppresses the synthesis of the other in 

ロian.

There are a few reports that the oral administration of large amounts of chenodeoxycholic 

acid increases the concentration of ursodeoxycholic acid in biJe2a,2ι81>, and in this study one 

patient showed an increase in tauroursodeoxycholic acid after chenodeoxycholic acid admini-
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stration (Case 1). However, the average level of conjugated ursodeoxycholic acid was not 

increased by the oral administration of chenodeoxycholic acid, 400 mg per day, in this study. 

In some of patients, a conversion of chenodeoxycholic acid to ursodeoxycholic acid via 7-keto-

lithocholic acid probably occurrsBl>. 

Both taurine and glycine conjugated chenodeoxycholic acids were increased by cheno 

deoxycholic acid administration, whereas only glycine conjugated ursodeoxycholic acid was 

increased by ursodeoxycholic acid administration accompanied by marked elevation of the 

glycine to taurine conjugates ratio. This finding is somewhat different from that ofおHEHLet al. 

as determined by thin-layer chromatography90>. This suggests that ursodeoxycholic acid is 

more likely to be conjugated with glycine than taurine. Although HABER et al. reported the in 

vitro study of bile acid conjugation with taurine and glycine30＞ヲ thereis no strong evidence of 

different kinetics of conjugation with taurine or glycine between these two bile acids. 

In this study, the clinical effects of these two bile acids on gallstone dissolution could not be 

compared because they were given for only a short time. However, our in vitro study, with the 

rotating disk method 78>, of cholesterol dissolution in bile samples obtained from these subjects 

treated with chenodeoxycholic or ursodeoxycholic acid showed the greater e汀ectivenessof 

chenodeoxycholic acid 33,so>; this is in agreement with the recent report of IGIMI et al. 41>. 

The oral administration of chenodeoxycholic acid or ursodeoxycholic acid had no side effects 

such as diarrhea or liver function disorders. The 400 mg per day dose of chenodeoxycholic acid 

is sufficient for gallstone dissolution without any side effects in Japanese patients. 

Conclusions 

Biliary cholesterol and phospholipids were determined by enzymatic method, and conju-

gated bile acids were measured by high-pressure liquid chromatography in a clinical application 

of our method in patients with and without gallstones and in patients treated with chenodeoxycho-

lic acid or ursodeoxycholic acid. 

1) The amounts of total bile acids and cholesterol were lower than normal in the bile of 

patients with gallstones. In those with cholesterol stones and bilirubin stones, the amount of 

phospholipids in the bile was also decreased. These biliary lipid concentrations were lowest in 

patients with bilirubin stones. 

2) The relative concentrations of biliary lipids and the lithogenic indices did not differ in 

patients with and without gallstones. 

3) The absolute concentrations of taurocholic, taurochenodeoxycholic‘glycocholic, glyco-

chenodeoxycholic and glycodeoxycholic acids were significantly lower in patients with gallstones, 

except for black stones, than in those without gallstones. Especially in the patients with bilirubin 

stones, glycocholic and glycochenodeoxycholic acids were markedly decreased. 

4) The oral administration of chenodeoxycholic acid, 400 mg per d町、resultedin an incr問問

of total bile acids and a decrease of the molar percentage of cholesterol. The lithogenic indices 

were also lowered. Of the conjugated bile acids, tauro and glyco「henodeoxycholicacids ,,・ere 

increased, while tauro-and glycocholic acids were decreased. 
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5) The oral administration of ursodeoxycholic acid, 600 mg  per day, also lowered the molar 

percentage of cholesterol and the lithogenic indices. Of the conjugated bile acids, glycourso 

deoxycholic acid was increased with a marked elevation of the glycine to taurine conjugates ratio, 

but th巴otherswere not altered significantly. 

These data suggest that different etiological factors should be considered for each type of 

gallstone (cholesterol, bilirubin and black stone）・ Thedifferences in the effectiveness and 

mechanisms of gallstone dissolution by chenodeoxycholic acid and ursodeoxycholic acid are 

probably due to increased glycochenodeoxycholic acid or glycoursodeoxycholic acid. 
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和文抄録

高速液体クロマトグラフィによる胆汁中抱合型胆汁酸の分析

第I編：胆石症患者における胆汁分析への臨床応用

京都大学医学部外科学教室第2講座（主任：日笠頼則教授）

丸山啓介

胆石症患者を胆石の種類により，コレステロール系

石，ビリルビン系石および黒色石の3群lζ分類し，胃癌

患者を対照とし，その胆汁脂質を分析し比較した．ま

た，胆石溶解剤としてケノデオキシコーノレ酸（CDCA1

1日400rng，ウJレソデオキシコーJレ酸（UDCA)1日

600 mgを術前投与し，それらの胆汁脂質に及ぼす影響

を検討した 胆汁中の抱合型胆汁酸は，著者らの考案

した高速液体クロ 7 トグラフィにより分析し，胆汁中

コレステローJレおよびリン脂質は，酵素法により測定

した．

その結果は以下の如くである．

1）胆石症患者では，対照lζ比し，胆汁中総胆汁酸

量および，コレステローノレ量は低下し，コレステロ－

Jレ系石群およびヒゃリルビン系石群では， 更にリン脂質

濃度も低下していた．乙れら胆汁脂質濃度の低下は，

ビリノレビン系石群において最も著明であった．

2) 胆汁脂質の相対濃度は，有石群および無石群の

聞に差は認められず， 催石指数としての Thomas指数

も，各群聞において差は認められなかった．

3) 黒色石を除く有石群では，対照に比しタウロコ

－；レ酸，タウロケノデオキシコーノレ酸，グリココール

酸，グリコケノデオキシコーノレ酸およびグリコデオキ

シコーノレ酸が減少し，特にビリノレヒン系石群では， グ

リココーノレ酸およびグリコケノデオキシコール酸の減

少が著明であった．

4) CDCA 400 mg／日投与により，総胆汁酸量は増

加し，コレステローノレの相対濃度は低下し，催石指数

も低下した．抱合型胆汁酸では，タウロおよびグリコ

ケノデオキシコール酸が増加し，タウロおよびグリコ

コール酸は減少した

5) U)CA 600mgi日投与により，コレステローノレ

の相対濃度および催石指数は低下した．抱合型胆汁Eま
では，クリコ ウJレソデオキシコーノレ酸のみ増加し， G/

T比は著明IC上昇した．その他の抱合型胆汁酸lとは，

変化が認められなかった．

以上の結果より，コレステローノレ系石，ビリ Jレビン

系石および黒色石の成因には，各々臭った生成機序が

考えられ， CDCAおよび UDCAによる胆石溶解効果

の差，あるいは，それらの胆石溶解機序の差は，グリ

コケノデオキシコール酸およびグリコウルソデオキシ

コール酸の増加によるものであろうと推測される，




