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Abstract We measured bile acid kinetics and bile lipids in 12 
human subjects on a metabolic ward in four randomly allocated, 
6-7 week periods: 1) lovastatin (40 mg b.i.d) + low cholesterol 
diet (mean 246 mg/day); 2) lovastatin + high cholesterol diet 
(mean 1071 mg/day); 3) low cholesterol diet alone; and 4)  high 
cholesterol diet alone. Lovastatin did not significantly alter frac- 
tional turnover, synthesis, absorption, enterohepatic cycling, or 
pool sizes of bile acid measured by the Lindstedt method. The 
high cholesterol diet increased fractional turnover and synthesis 
rate of cholic acid, but not chenodeoxycholic acid, without alter- 
ing pool size of either bile acid. The high cholesterol diet 
decreased bile acid absorption, but only during lovastatin treat- 
ment, suggesting the possibility of a “cholestyramine-like” effect 
of dietary cholesterol, appreciable at least when biliary choles- 
terol secretion is reduced by lovastatin. llllD As in previous 
studies, lovastatin markedly lowered saturation index of gall- 
bladder bile. Increased cholesterol consumption did not sig- 
nificantly alter cholesterol saturation index, suggesting that 
dietary cholesterol may not be a major factor in cholesterol gall- 
stone pathogenesis.-Duane, W. C. Effects of lovastatin and 
dietary cholesterol on bile acid kinetics and bile lipid composi- 
tion in healthy male subjects. J Lipid Res. 1994. 35: 501-509. 
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Regulation of bile acid metabolism is accomplished in 
part via feedback inhibition of synthesis by bile acid 
returning to the liver (1). In  addition, cholesterol input 
may regulate bile acid metabolism, but this potential 
regulatory mechanism remains incompletely character- 
ized, especially in humans. 

There are only two routes for cholesterol input: inges- 
tion and biosynthesis. The  role of cholesterol biosynthesis 
in regulation of bile acid metabolism has been most effec- 
tively studied using HMG-CoA reductase inhibitors such 
as lovastatin. In  short-term animal studies these inhibitors 
have been shown to cause acute reduction in bile acid syn- 
thesis, presumably as a result of reduced cholesterol bio- 
synthesis (2). In  studies of normal human volunteers and 
monitoring conversion of [26-14C]cholesterol to I4CO2, we 

have also been able to show an  acute reduction in bile acid 
synthesis after a single dose of lovastatin (3). 

Steady-state effects are less clear. We have documented 
a reduction in bile acid pool size measured by the one- 
sample method after 4-6 weeks on lovastatin (4). This 
suggests a decrease in bile acid synthesis, and indeed we 
found such a decrease by measuring synthesis by the 
‘*C02 method after 4 weeks on lovastatin (3). Others have 
also found a reduction in synthesis by fecal acidic sterol 
output measurements in human subjects on pravastatin 
(5). However, we have not been able to confirm reduction 
in fecal acidic sterol output in subjects taking lovastatin 
(6). Moreover, using a third measure of synthesis, isotope 
dilution, we have found equivocal changes after 4 weeks 
on lovastatin: a reduction in mean synthesis that did not 
quite reach statistical significance (4). Part of the reason 
for variability in that study could have been uncontrolled 
dietary cholesterol because dietary restrictions were not 
imposed. 

The  second source of cholesterol input, dietary con- 
sumption, may affect bile acid metabolism in two ways. 
First, in certain animal models, an  increase in dietary 
cholesterol increases bile acid synthesis (7-9). This has 
also been observed in some human studies (10, ll), al- 
though not in others (12-14). Second, some animal studies 
have suggested that excess dietary cholesterol has the 
effect of holding bile acid in the intestinal lumen, thus 
decreasing bile acid absorption in a manner similar to 
cholestyramine (1). This effect, which could also account 
for an  increase in bile acid synthesis, has received little 
direct study in human subjects. 

Finally, in addition to possible effects on bile acid 
metabolism, cholesterol input can regulate biliary cho- 
lesterol secretion and hence cholesterol saturation of bile. 

Abbreviations: HMG, 3-hydroxy-3-methylglutaryl 
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We and others have demonstrated that decreasing choles- 
terol synthesis with lovastatin and related drugs lowers 
cholesterol secretion and saturation index (4, 15-18). The 
effect of dietary cholesterol on cholesterol saturation of 
bile is less clear. Two studies have reported increased 
cholesterol saturation following an increase in dietary 
cholesterol (19, 20), but three others have found no change 
(14, 21, 22). 

To better define the role of cholesterol input in regula- 
tion of bile acid metabolism and bile lipid composition, 
we studied 12 patients on a metabolic ward with careful 
dietary control. We perturbed both cholesterol consump- 
tion yith dietary manipulation and cholesterol biosynthe- 
sis with lovastatin in a dose previously shown to lower 
whole body cholesterol synthesis in this group of subjects 
(6). All 12 subjects were studied in four randomly as- 
signed 6-week periods to include all combinations of high 
and low dietary cholesterol with and without lovastatin. 
We used isotope dilution methods because they permit 
measurement of pool size and fractional turnover as well 
as bile acid synthesis, and because we hoped to resolve 
any ambiguity of our previous isotope dilution study (4). 

METHODS 

Subjects, diets, and lovastatin treatment protocols are 
described in detail as part of a recent study of serum lipids 
and fecal sterols (6). Briefly, 12 healthy male volunteers 
were studied. Two subjects (#2 and #7) had mild elevation 
of serum triglycerides and another two (#9 and #11) had 
mild elevation of serum cholesterol (6). All subjects gave 
written informed consent to participate. The study proce- 
dures were approved by committees overseeing use of 
human subjects in research at both the Minneapolis 
Veterans Administration Medical Center and the Univer- 
sity of Minnesota. 

All subjects ate only meals served by the metabolic 
kitchen of the Special Diagnostic and Treatment Unit of 
the Minneapolis VA Medical Center. All subjects except 
one (#8) resided in this metabolic unit throughout the 
study. They consumed either a low cholesterol diet (mean 
246 mg/day) or a high cholesterol diet (mean 1071 mg/ 
day) that was identical to the low cholesterol diet except 
for isocaloric daily substitution of five eggs. Meals con- 
sisted of regular food with a weekly menu rotation to pro- 
vide consistency. 

All subjects were studied in faur separate 6- to 7-week 
periods. For each subject the chronological order of 
periods was random. The four periods were designated as 
follows: LN, low dietary cholesterol, no lovastatin; HN,  
high dietary cholesterol, no lovastatin; LL, low dietary 
cholesterol, lovastatin, 40 mg b.i.d.; HL, high dietary 
cholesterol, lovastatin, 40 mg b.i.d. 

All stools were collected for the last 10 days of each 

study period for measurement of fecal sterols as previ- 
ously described (6). During the last week of each period, 
subjects were given about 5 pCi each of [24-14C]cholic 
acid and [ 24-~4C]chenodeoxycholic acid (New England 
Nuclear, Boston, MA) via duodenal tube. For the 4 subse- 
quent days, gallbladder bile was collected via duodenal 
tube for measurement of Lindstedt bile acid kinetics (23), 
one-sample total bile acid pool size (24), and bile lipid 
composition, all as previously described (4). On the last 
day of each period, measurements of biliary lipid secre- 
tion were performed by marker perfusion as previously 
outlined (6) using the method originally described by 
Grundy and Metzger (25). 

Fractional bile acid absorption was calculated from the 
formula: 1 - [A/(S x 24)] where A = acidic sterol out- 
put in pmoles/day and S = rate of secretion of bile acid 
into bile in pmoledh. Daily frequency of enterohepatic 
cycling was calculated from the total bile acid pool (P) de- 
termined by the Lindstedt method using the formula: 
(S x 24)/P. Cholesterol saturation index was calculated 
using the equations of Carey and Small (26) as previously 
described (4). 

Statistical testing was performed using SAS software 
(SAS Institute, Cary, NC) on a Northgate personal com- 
puter equipped with a 486DX microprocessor. All testing 
was by analysis of variance (ANOVA) with randomized 
block design followed by contrast analysis (27). This per- 
mitted use of the entire data set to test the null hypothesis 
for a lovastatin effect, a dietary cholesterol effect, and an 
interaction between dietary cholesterol and lovastatin. 
Contrast analysis was also used to compare treatment 
periods, but this less comprehensive statistic was used 
only secondarily. It should also be noted that we did not 
calculate standard deviations because that method of 
comparing groups eliminates subject identity from the 
analysis, reflecting instead subject-to-subject variation 
and potentially masking changes induced by the experi- 
mental perturbations. Alternatively, we have provided 
each individual measurement for all important param- 
eters, both in this manuscript and in the manuscript de- 
scribing serum and fecal sterol measurements in these 
subjects (6). 

RESULTS 

Fig. 1 summarizes average systemic cholesterol inputs, 
namely synthesized and absorbed dietary cholesterol, in 
the four study periods for all subjects. These values are 
taken from reference 6, where all individual values and 
statistical analysis of these values are reported. 

Fractional turnover rates for cholic and chenodeoxy- 
cholic acids are given in Table 1. (Mean values and 
results of ANOVA testing are presented in Table 7.) Lova- 
statin administration did not significantly alter turnover 
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Fig. 1. Summary of average systemic cholesterol inputs. Values are 
taken from reference 6, which also presents individual values in tabular 
form. Total input is the sum of cholesterol synthesis (determined by 
sterol balance) and absorbed dietary cholesterol (determined by mass 
measurements in diet, bile, and stool). ANOVA showed a significant 
lovastatin effect for cholesterol synthesis and total input as well as a 
significant diet effect for synthesis, absorbed dietary cholesterol, and 
total systemic input of cholesterol (6). 

of either bile acid. Increasing dietary cholesterol also did 
not change fractional turnover of chenodeoxycholic acid. 
However, cholesterol consumption did significantly in- 
crease fractional turnover of cholic acid ( P  = 0.025, 
Table 7). There was no significant interaction between 
dietary cholesterol and lovastatin with respect to frac- 
tional turnover rate. 

Table 2 shows pool sizes of the two primary bile acids 
measured by the method of Lindstedt (23). There was no 

statistically significant effect of either lovastatin or in- 
creased dietary cholesterol on pool size of either primary 
bile acid (see Table 7). 

Total bile acid pool determined by the Lindstedt 
method also was not significantly altered by either lovasta- 
tin or dietary cholesterol (Table 3, and Table 7). Mean 
total bile acid pool measured by the one-sample method 
was lower during lovastatin treatment, although the 
change was of borderline statistical significance ( P  = 

0.073, see Tables 3 and 7). Dietary cholesterol did not sig- 
nificantly alter one-sample bile acid pool, and there was 
no significant interaction between dietary cholesterol and 
lovastatin with respect to one-sample pool size. 

Lovastatin had no significant effect on synthesis of 
either primary bile acid (Table 4 and Table 7). Consistent 
with the increased fractional turnover and unchanged 
pool size of cholic acid, synthesis rate of this bile acid was 
significantly increased by increasing dietary cholesterol 
(see Tables 4 and 7). Dietary cholesterol did not alter syn- 
thesis of chenodeoxycholic acid. 

Lovastatin did not appreciably alter total bile acid syn- 
thesis measured by this method. Mean total bile acid syn- 
thesis was higher during increased cholesterol consump- 
tion, although the change was of borderline statistical 
significance (P = 0.054, Table 5 and Table 7). 

Overall, bile acid absorption was not significantly 
affected by either lovastatin or dietary cholesterol (see 
Tables 5 and 8). However, there was a borderline statisti- 
cally significant interaction between lovastatin and di- 
etary cholesterol with respect to bile acid absorption (P = 

0.081, Table 8). Moreover, by contrast analysis comparing 
periods, absorption was significantly lower in period H L  
than in period LL ( P  = 0.028). Together these suggest 
that dietary cholesterol reduces bile acid absorption, but 
only during lovastatin treatment. 

1 

TABLE 1. Fractional turnover rates 

Cholic Acid Chenodeoxycholic Acid 

Subieci LN HN LL H L  LN HN LL HL 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
Mean 

0.218 
0.449 
0.240 
0.366 
1.176 
0.399 
0.599 
0.797 
0.638 
0.419 
0.232 
0.797 
0.527 

0.198 
0.441 
0.360 
0.432 
1.337 
0.785 
0.934 
0.682 
0.370 
0.528 
0.472 
0.690 
0.602 

day-' 

0.154 
0.568 
0.261 
0.227 
1.070 
0.474 
0.504 
0.820 
0.322 
0.623 
0. I72 
0.858 
0.504 

0.362 
0.539 
0.396 
0.502 
1.321 
0.743 
0.488 
0.706 
0.407 
0.514 
0.219 
0.902 
0.592 

0.286 
0.286 
0.070 
0.292 
0.663 
0.326 
0.479 
0.558 
0.482 
0.189 
0.335 
0.436 
0.367 

0.157 
0.299 
0.282 
0.275 
0.419 
0.428 
0.578 
0.488 
0.345 
0.400 
0.422 
0.424 
0.376 

day-' 

0.131 
0.423 
0.247 
0.231 
0.639 
0.306 
0.330 
0.533 
0.341 
0.645 
0.174 
0.392 
0.366 

0.274 
0.367 
0.252 
0.374 
0.651 
0.426 
0.388 
0.569 
0.357 
0.450 
0.200 
0.562 
0.406 

LN, low dietary cholesterol, no lovastatin; HN,  high dietary cholesterol, no lovastatin; LL, low dietary cholesterol, lovastatin, 40 mg b.i.d.; 
HL,  high dietary cholesterol, lovastatin, 40 mg b.i.d. 

Duane Lovastatin, dietary cholesterol, and bile acid metabolism 503 

 by guest, on June 18, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


TABLE 2 Primary bile acid pool sizes (Lindstedt) 

Cholic Acid Chenodeoxycholic Acid 

Subject LN HN LL HI. LN H N  LL HI, 

pmoles pmules 

1 2180 4930 2500 1820 2290 2670 3130 2250 
2 1680 1300 1400 1510 1940 1370 1550 1750 
3 2460 2100 2070 1290 3320 2090 1990 1660 
4 2670 2500 3350 2360 2030 2260 1980 1720 
5 600 740 520 530 600 970 540 520 
6 2340 1730 7440 3050 1570 1700 2460 1760 
7 1360 810 1390 1460 1330 920 1480 1120 
8 1710 1580 1440 1310 1350 1200 1560 1130 
9 1260 2470 1880 2070 1000 1760 1160 1310 

10 1520 2010 1170 2020 2870 1390 710 1310 
1 1  2160 1250 2850 2140 1890 1280 3240 1980 
12 1280 2290 1950 1620 1330 2020 2060 1550 
Mean 1770 1980 2000 1760 1790 1640 1820 1110 

TABLE 3 .  Total bile acid pool size by Lindstedt and one-sample methods 

Lindstedc Pool Size One-Sample Pool Size 

Subject LN H N  LL H L  LN HF; LI. HI. 

pmoles pmule, 

1 6060 10000 7160 5280 11 700 8060 5930 
2 5780 4500 4380 4940 7050 5600 5430 
3 8270 7460 6170 4910 7510 9750 6910 
4 7510 6650 7130 5700 9050 7950 7860 
5 1930 2720 1820 2010 2770 3640 3070 
6 8190 7640 11400 10100 8680 12200 
7 4710 2880 6 100 4960 6760 4670 5740 
8 4000 3740 3870 3330 5940 5230 4920 
9 2850 5190 3540 4420 3920 5010 4430 

10 4900 4620 2870 4830 4900 5530 5960 
I 1  4480 3390 6730 5810 5950 5720 3360 
12 3730 5700 5200 4180 6500 6180 6150 
Mean 5200 5370 5530 5040 6550 6330 5990 

TABLE 4. Individual bile acid synthesis rates 

b840 
6120 
5750 
6920 
3390 
8120 
5620 
5190 
5350 
6030 
6120 
5560 
5920 

Cholic Acid Chenodeoxycholic Acid 

Subject LN HN LL HI, IAN HN LL M1- 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11  
12 
Mean 

8 

475 
755 
590 
978 
700 
932 
814 

1360 
805 
637 
502 

1020 
797 

975 
572 
754 

983 
1360 
760 

1080 
912 

1060 
591 

1580 
976 

I oao 

____ 

pmoldday 

385 
798 
541 
762 
557 

1630 
702 

1180 
605 
727 
49 1 

1680 
838 

658 
81 1 
51 1 

1180 
70 1 

2260 
711  
922 
841 

1040 
469 

1460 
964 

657 
557 
23 1 
593 
395 
512 
63 7 
756 
482 
54 1 
633 
579 
548 

pmoldday 

419 
410 
59 1 
622 
407 
729 
530 
584 
607 
554 
541 
85 7 
57 1 

410 
655 
492 
458 
348 
754 
487 
830 
394 
455 
564 
80 7 
554 

616 
644 
419 
643 
341 
750 
436 
644 
467 
590 
396 
873 
,568 
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TABLE 5. Total bile acid synthesis rate and bile acid absorption 

Synthesis Bile Acid Absorption 

Subject LN HN LL HL LN HN LL H L  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
Mean 

1130 
1310 
820 

1570 
1090 
1440 
1450 
2110 
1290 
1180 
1130 
1600 
1340 

pmoledday 

1390 800 
980 1450 

1350 1030 
1700 1220 
1390 910 
2090 2380 
1290 1190 
1660 2010 
1520 1000 
1610 1180 
1130 1050 
2440 2480 
1550 1390 

1270 
1460 
930 

1830 
1040 
3010 
1150 
1570 
1310 
1630 
870 

2330 
1530 

0.983 
0.934 
0.966 
0.969 
0.978 
0.962 
0.972 
0.960 
0.961 
0.962 
0.978 
0.879 
0.959 

0.990 
0.952 
0.972 
0.943 
0.952 
0.959 
0.965 
0.962 
0.973 
0.931 
0.971 
0.953 
0.960 

fraction 

0.981 
0.957 
0.972 
0.979 
0.072 
0.926 
0.974 
0.971 
0.975 
0.941 
0.966 
0.958 
0.964 

0.970 
0.913 
0.966 
0.946 
0.975 
0.936 
0.967 
0.937 
0.972 
0.947 
0.968 
0.894 
0.949 

Frequency of enterohepatic cycling of the bile acid pool 
was not significantly affected by either lovastatin or in- 
creasing dietary cholesterol and there was no significant 
interaction for this variable (Table 8). 

Both molar percent cholesterol in gallbladder bile and 
cholesterol saturation index were strikingly reduced by 
lovastatin ( P  < 0.0001, Table 6 and Table 8). Increasing 
dietary cholesterol, however, had no significant effect on 
cholesterol content of bile or saturation index. There was 
no significant interaction between cholesterol consump- 
tion and lovastatin for these parameters. 

Finally because two subjects had hypertriglyceridemia 
(#2 and #7) and two others had hypercholesterolemia (#9 
and #11), the data were separately analyzed omitting each 
of these two pairs. In each case P-values were essentially 
identical to those for the group as a whole. Specifically no 
P-value <0.05 in the original analysis was >0.05 in the 
re-analysis and vice versa. 

DISCUSSION 

Bile acid metabolism: effects of lovastatin 

Reducing cholesterol synthesis with lovastatin had no 
discernible effect on either fractional turnover or synthesis 
rate for both cholic acid and chenodeoxycholic acid 
(Table 7). Pool sizes of these two primary bile acids as well 
as total pool size determined by the method of Lindstedt 
(23) were also unaffected by lovastatin. There was, 
however, a reduction in mean one-sample pool size of bile 
acid on lovastatin (Tables 3 and 7). Although this change 
was of borderline statistical significance (P = 0.073), it is 
probably real because a similar (and statistically sig- 
nificant) reduction in one-sample pool size was also ob- 
served in our previous study (4). 

There is no good physiological explanation for these 
discrepant results provided by Lindstedt kinetics versus 
the one-sample method. Total bile acid pool size could be 

TABLE 6. Cholesterol content and saturation index of gallbladder bile 

Cholesterol Content Cholesterol Saturation Index 

Subject LN H N  LI. HI. LN HN LL HL 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
Mean 

7.61 
11 .oo 
6.47 
5.59 
9.63 

11.40 
9.02 
6.02 
8.17 
7.94 
8.57 
7.19 
8.21 

molar percent 

9.31 
10.20 
11.90 
6.00 

11.70 
11.20 
8.14 
6.32 
7.57 
7.43 
8.37 
5.44 
8.63 

8.10 
3.76 
6.34 
4.59 
7.02 
7.25 
7.26 
5.76 
4.25 
5.65 
4.85 
6.48 
5.94 

6.14 
7.56 
6.88 
4.68 
5.81 
7.09 
6.69 
6.64 
5.14 
5.32 
5.38 
5.05 
6.03 

1.14 
1.54 
0.88 
0.86 
1.27 
1.53 
1.31 
1.07 
1.21 
1.23 
1.45 
1.16 
1.22 

1.36 
1.68 
1.82 
0.93 
1.74 
1.57 
1.24 
0.91 
1 .22  
1.20 
1.32 
0.80 
1.32 

1.20 
0.69 
0.87 
0.69 
1.04 
1.04 
1.02 
0.82 
0.66 
0.90 
0.78 
1.14 
0.91 

0.84 
1.19 
1.12 
0.68 
0.96 
1.11 
1.08 
0.90 
0.81 
0.84 
0.91 
0.77 
0.93 

_ _ _ _ _ ~  
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TABLE 7 .  Summary of means and ANOVA testing for bile acid kinetics 

M a n s  ANOVA elfects 

Variable Id N H N  LI, H L  Diet I>OV Int 

P-value 
Fractional turnover (day.’) 

Cholic 
Chenodeoxycholic 

Pool sizes (pmoles) 
Cholic 
Chenodeoxycholic 
Total (Lindstedt) 
Total (one-sample) 

Synthesis (pmolelday) 
Cholic 
Chenodeoxycholic 
Total 

Bile acid composition (percent) 
Cholic 
Chenodeoxycholic 
Deoxycholic 
Lithocholic 
Ursodeoxycholic 

.527 
,367 

,602 
,376 

,504 
,366 

,592 
,406 

,025 
,395 

,627 
,622 

,861 
,602 

1770 
1790 
5200 
6550 

1980 
1640 
5370 
6330 

2000 
1820 
5530 
5990 

1760 
1510 
5040 
5920 

,938 
. lo2  
,662 
,385 

,962 
,719 
,995 
,073 

,211  
,578 
,359 
,511 

797 
548 

1340 

976 
571 

1550 

838 
554 

1390 

964 
568 

1530 

,025 
,563 
,054 

,826 
,949 
,850 

,689 
,882 
. 7 2  1 

33.5 
37.0 
24.5 

2 .2  
2.8 

33.5 
34.6 
26.7 

2.4 
2.8 

32.7 
38.1 
23.8 

2 .7  
2 .7  

31.4 
35.8 
27.2 

2.6 
3.0 

,505 
,076 
,065 
,681 
,539 

,174 
,363 
,921 
,066 
,954 

.53 1 
,987 
,704 
,476 
.462 

Abbreviations: Diet, dietary cholesterol; Lov, lovastatin; Int, interaction between dietary cholesterol and lovastatin. 

reduced without a change in fractional turnover or syn- 
thesis rates of primary bile acids only if pool sizes of 
secondary bile acid fell. That was not the case, however, 
because composition of the bile acid pool was not ap- 
preciably altered by lovastatin (Table 7). It therefore re- 
mains possible that the reduction in one-sample pool size 
by lovastatin results from a slight lowering of bile acid 
synthesis rate as suggested by measurements with the 
‘*C02 method (3). Nevertheless, based on both our iso- 
tope dilution measurements (Table 7) and our fecal acidic 
sterol measurements (Table 7 and reference 6), we are 
forced to conclude that if lovastatin does lower bile acid 
synthesis, the effect is small enough and inconsistent 
enough to be very difficult to measure. Certainly reduc- 
tion in bile acid synthesis is not a major mechanism by 
which humans compensate for decreased cholesterol syn- 
thesis during lovastatin treatment. 

Bile acid metabolism: effects of dietary cholesterol 

Increasing cholesterol consumption increased both 
fractional turnover and synthesis rate for cholic acid, but 
not for chenodeoxycholic acid (Table 7). Total bile acid 
synthesis also was increased ( P  = 0.054) consistent with 
the increased output of acidic sterols on the high choles- 
terol diet (Table 7 and reference 6). 

It is noteworthy that bile acid synthesis exhibited little 
or no change in response to changes in cholesterol synthe- 
sis, but increased in response to increases in dietary cho- 
lesterol, even though part of the increased dietary input 
was offset by reduced cholesterol synthesis (Fig. 1). One 

explanation for this difference would be that the liver dis- 
tinguishes between inputs of dietary versus synthetic cho- 
lesterol. That possibility is supported by recent sophisti- 
cated modeling of tracer kinetics in human subjects with 
bile fistulae (28). These studies suggested that the hepatic 
pool of cholesterol influencing bile acid synthesis is regu- 
lated not by cholesterol synthesis, but rather by free cho- 
lesterol coming from plasma lipoproteins, especially high 
density lipoprotein (HDL). Thus dietary cholesterol, 
which unlike synthesized cholesterol must pass through 
HDL and chylomicrons in transit to the liver, may act 
through this regulatory pool of hepatic cholesterol to 
stimulate bile acid synthesis. 

A second possible explanation for the differing effects of 
dietary versus synthetic cholesterol inputs with respect to 
bile acid metabolism is that cholesterol in the gut lumen 
may exert a “cholestyramine-like’’ effect as reported in 
animal models (29). While the present study does not pro- 
vide strong support for this possibility, significantly in- 
creased fractional turnover of cholic acid on the high cho- 
lesterol diet (Table 7) does favor it. In addition, while 
there was not a significant dietary cholesterol effect on 
overall bile acid absorption (Table 7), there was a sig- 
nificant reduction in bile acid absorption by cholesterol 
consumption when subjects were taking lovastatin (period 
HL versus LL). Moreover, ANOVA results suggested a 
possible interaction between dietary cholesterol and lova- 
statin ( P  = 0.081, Table 7). This suggests that dietary 
cholesterol had an appreciable effect on bile acid absorp- 
tion only when lovastatin was present, possibly because 
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TABLE 8. Summary of means and ANOVA testing for enterohepatic cycling and bile lipids 

Means ANOVA effects 

Variable LN HN LL HL Diet Lov Int 

Bile acid secretion (pmolelh)" 
Fecal acid sterols (pmolelday)' 
Fractional bile acid absorption 
Enterohepatic cycling (day-') 

Gallbladder bile lipids 
Cholesterol (molar percent) 
Lecithin (molar percent) 
Bile acid (molar percent) 
Cholesterol saturation index 

1400 
1220 
,959 
7.81 

8.21 
19.7 
72.1 
1.22 

1550 
1330 
,960 
7.47 

8.63 
19.0 
72.4 
1.32 

1400 
1120 
.964 
7.52 

5.94 
19.9 
74.2 
0.91 

1240 
1390 
.949 
6.89 

6.03 
19.7 
74.2 
0.93 

,974 
,001 
,155 
,488 

,514 
,451 
,798 
,290 

P-value 

,743 
,569 
,534 

. I  89 

,000 1 

,014 
,000 1 

483 

,174 
,115 
,081 
,835 

,671 
,654 
,898 
.5ao 

Abbreviations: Diet, dietary cholesterol; Lov, lovastatin; Int, interaction between dietary cholesterol and lovastatin. 
"Values taken from reference 6 and presented here because they were used in calculation of bile acid absorption and enterohepatic cycling. 

lovastatin substantially lowered cholesterol secretion into 
bile (6) making dietary cholesterol a greater proportion of 
total cholesterol entering the intestinal lumen. 

Regardless of how dietary cholesterol increased bile 
acid synthesis, it is not clear why cholic acid, but not 
chenodeoxycholic acid, was affected. A similar differential 
effect has been noted when bile acid synthesis is stimu- 
lated by cholestyramine administration to normal sub- 
jects (30). This has been attributed to preferential use of 
newly synthesized cholesterol for cholic acid synthesis, 
but that speculation has not been proven. Moreover, it is 
difficult to see how stimulation of bile acid synthesis either 
by increasing cholesterol substrate to 7a-hydroxylase or 
decreasing feedback inhibition of 7a-hydroxylase would 
favor production of cholic acid, which requires additional 
enzymatic steps, over chenodeoxycholic acid. Rather one 
would expect a disproportionate increase in cholic acid 
synthesis to require either a change in activity of 12a- 
hydroxylase or a change in relative use of an alternate 
pathway such as the 27-hydroxylation pathway, which is 
known to favor production of chenodeoxycholic acid (31). 
However, to date there is no evidence that dietary cho- 
lesterol affects either of these (31, 32). Finally, it is possible 
that previously noted imprecision in the Lindstedt isotope 
dilution method (24) may have prevented detection of 
changes in chenodeoxycholic acid metabolism induced by 
dietary cholesterol. 

Gallbladder bile lipid composition 
The striking reduction in cholesterol saturation of gall- 

bladder bile by inhibitors of HMG-CoA reductase is well 
recognized (4, 15-18). The present study not only con- 
firms that effect, but also shows that there was no sig- 
nificant interaction between dietary cholesterol and 
lovastatin with respect to cholesterol content of bile in 
these subject (Table 8). This demonstrates that the effect 
of lovastatin on biliary cholesterol content is not affected 

by changes in dietary cholesterol. 
We also found no significant effect of dietary cholesterol 

itself on cholesterol saturation of bile (Tables 6 and 8). 
The effect of dietary cholesterol on cholesterol content of 
bile has been controversial. Lee et al. (19) reported that in- 
creasing dietary cholesterol from 500 to 750 or 1000 mg/ 
day increased cholesterol saturation index in both normal 
subjects and cholesterol patients. Also, DenBesten, Con- 
nor, and Bell (20) found that adding 750 mg/day of choles- 
terol to a cholesterol-free diet increased biliary cholesterol 
content. However, three other studies (14, 21, 22) reported 
no change or a decrease in saturation index during in- 
creased cholesterol consumption by normal subjects. The 
present study, by virtue of its rigorous design and number 
of comparisons, lends strong support to these latter three 
studies. This finding is consistent with the lack of effect of 
cholesterol consumption on cholesterol secretion into bile 
demonstrated in these same subjects (6). This stability of 
biliary cholesterol presumably reflects the compensatory 
decrease in cholesterol synthesis and increase in bile acid 
synthesis that occur in response to cholesterol consump- 
tion (6). 

Because the amount of cholesterol in the diets given our 
volunteers reasonably approximates the range of dietary 
cholesterol in Western society (33), these data suggest that 
dietary cholesterol may play little if any role in pathogene- 
sis of cholesterol gallstone disease. That conclusion would 
be compatible with two recent large epidemiological 
studies, both of which found no relationship between 
dietary cholesterol and cholelithiasis (34, 35). Alterna- 
tively, it is possible that subjects predisposed to gallstones 
respond differently to dietary cholesterol than do normal 
subjects, although that was not the case in the study of 
Lee et al. (19). It is also possible that more stringent elimi- 
nation of cholesterol from the diet could lower cholesterol 
saturation index compared to either of our diets as sug- 
gested by the study of DenBesten et al. (20). Both of these 
possibilities deserve further evaluation. I 
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