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Abstract Legume consumption appears to lower serum chtr 
lesterol and to increase cholesterol saturation of bile, but the 
mechanisms of these effects have not been established. We 
studied nine human subjects on a metabolic ward during two 
randomly ordered 6-7 week periods: one during consump 
tion of a control diet and the other during consumption of' 
the same diet with 120 gm mixed legumes substituted for 
foods having equivalent calories, fat, protein, and carbohy- 
drate. Mean serum LDL cholesterol was significantly lower 
during legume consumption (126 vs. 138 mg/dl, P = 0.039). 
Legume consumption significantly increased mean choles- 
terol saturation index of gallbladder bile from 1.07 to 1.26 ( P  
= 0.016), largely because of an increase in hepatic secretion 
of cholesterol from a mean of 90.2 pmol/h to 100.8 Fmol/ 
h ( P  = 0.042). Fecal neutral sterol output was unaffected by 
legumes, but fecal acidic sterols increased from a mean of 861 
to 1202 pmol/day ( P  = 0.002) during legume consumption. 
Mean sterol balance became significantly more negative dur- 
ing legume consumption (-2140 vs. -2700 pmol/day, P = 
0.037) indicating an increase in cholesterol synthesis. Mean 
fractional absorption of bile acid was lower during legume 
consumption than (0.947 vs. 0.960, P = 0.003).Q These data 
suggest that legume consumption lowers LDL cholesterol by 
partially interrupting the enterohepatic circulation of bile 
acids and increases cholesterol saturation of bile by increasing 
hepatic secretion of cholesterol.-Duane, W. C. Effects of le- 
gume consumption on serum cholesterol, biliary lipids, and 
sterol metabolism in humans. J. Zipid Hps. 1997. 3 8  1120- 
1128. 
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Elevation of serum low density lipoprotein (LDL) 
cholesterol is a major risk factor for cardiovascular dis- 
ease. Recent studies have conclusively shown that low- 
ering LDL cholesterol diminishes both cardiovascular 
and overall mortality with every 1% reduction in LDL 
cholesterol resulting in approximately a 1 % reduction 
in cardiovascular mortality (1, 2).  This has led to more 

aggressive treatment of hypercholesterolemia as well as 
a renewed focus on modifications of life-style and diet 
which might promote reduction in LDL cholesterol even 
in subjects with relatively normal cholesterol levels. 

One dietary constituent with a propensity to lower 
LDL cholesterol is legumes. Soybean products are 
known to have hypocholesterolemic effects as docu- 
mented in a recent meta-analysis (3).  In addition, Nervi 
e t  al. (4) found that a diet rich in mixed legumes, not 
including soybeans, lowered serum LDL cholesterol in 
Chilean men. That observation was all the more inter- 
esting because accompanying the reduction in serum 
cholesterol by mixed legumes was an increase in choles- 
terol saturation of bile. 

Supersaturation of bile with cholesterol predisposes 
to development of cholesterol gallstones (5). Interest- 
ingly, Pima and Papago Native Americans of the South- 
west, like Chileans, consume diets rich in mixed le- 
gumes (4,6) suggesting that the legume component of 
the diet might be in part responsible for the increased 
incidence of gallstones and the decreased risk of coro- 
nary artery disease found in these populations (7, 8). 

There are several potential mechanisms by which di- 
etary legumes might affect sterol metabolism. In gen- 
eral, cholesterol supersaturation of bile can occur ei- 
ther because of increased biliary secretion of' 
cholesterol or  decreased secretion of bile acid and/or  
phospholipid, lipid constituents of bile that solubilize 
cholesterol (5). Studies in animal models have sug- 
gested that the mechanism by which legumes increase 
cholesterol saturation of bile is bv increasing biliary se- 

Abbreviations: LDI,, low density lipoprotein; VLDI,, very low density 
lipoprotein; HDL, high density lipoprotein; CO, rarbon monoxide; 
HMGCoA, hydroxymethylglutaryl coeniyme A. 
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cretion of cholesterol (9, lo),  perhaps through effects 
of diosgenin, one of several sapogenins liberated from 
legumes during digestion (11) .  Diosgenin is known to 
stimulate cholesterol secretion in the rat (12, 13). Apri- 
mary increase in biliary cholesterol secretion could con- 
ceivably deplete hepatocellular cholesterol levels thus 
stimulating LDL receptors and lowering serum LDL 
cholesterol. However, there are few data available de- 
fining the effect of legumes on biliary lipid secretion in 
human subjects. 

Perhaps a more likely mechanism by which legumes 
lower serum LDL cholesterol would be reduction in in- 
testinal re-uptake of bile acids, which would increase 
bile acid synthesis and lower LDL cholesterol by a mech- 
anism similar to that of cholestyramine. It is know that 
legumes increase bile acid synthesis and output of fecal 
acidic sterols in the rat (10, 14). There is also one study 
in human subjects showing that consumption of soy- 
bean protein increased output of fecal acidic sterols 
(15). However, another study reported a reduction of 
fecal acidic sterol output with increased consumption 
of mixed legumes. In both studies, time on diet ranged 
between 1 and 3 weeks, an interval reported to be too 
short for reproducible measurement of fecal sterol out- 
puts (16). 

To further evaluate the effects of mixed legumes on 
sterol metabolism we studied not only serum choles- 
terol and biliary cholesterol saturation, but also biliary 
lipid secretion and fecal sterol balance in human sub- 
jects living on a metabolic ward, alternately consuming 
a control diet and the same diet supplemented with le- 
gumes. 

METHODS 

We studied nine male subjects ranging in age from 
41 to 78 years (mean 58) and ranging in body mass in- 
dex from 22.1 to 38.9 (mean 28.0). All were without 
significant medical problems as judged by previously 
published criteria (17), and all were shown to be free 
of gallstones by ultrasonography. After a detailed expla- 
nation of study procedures, each gave his written con- 
sent to participate. The study protocol was approved by 
committees overseeing use of human subjects in re- 
search at both the Minneapolis VA Medical Center and 
the University of Minnesota. 

All subjects lived on the metabolic ward during the 
entire study and ate only meals served by the metabolic 
kitchen. Meals consisted of regular food selected and 
weighed to provide constant daily amounts of fat (23%), 
carbohydrate (60%), protein (17%), calories, and cho- 

lesterol. The daily intake of cholesterol varied some- 
what from subject to subject (range 192 to 456 mg/day, 
mean 350 mg/day), but for each subject cholesterol in- 
take was held constant throughout the study. Subjects 
were weighed daily to assure that caloric intake was ap- 
propriate to maintain a steady-state. The menu was re- 
peated on a weekly basis to provide overall consistency. 

Each subject was studied in two randomly ordered 6- 
7 week periods. During one period (control) each s u b  
ject ate the above diet specifically constructed to con- 
tain no legumes. During the other period (legume) 
each subject consumed the same diet except 120 grams 
(dry weight) of mixed legumes were substituted so as 
to maintain calories, cholesterol, fat, carbohydrate, and 
protein constant, Fiber content of the legume diet aver- 
aged 24.1 gms/day and of the control diet averaged 
19.1 gms/day. Fatty acid composition of the diet was 
not determined. The legume component of the diet 
consisted of 60% beans (including red, navy, and lima 
beans), 27% peas, and 13% lentils. 

Serum lipids including cholesterol, triglyceride, and 
high density lipoprotein (HDL) cholesterol were mea- 
sured weekly by the clinical laboratory of the Minneapo- 
lis Veterans Affairs Medical Center. For all subjects ex- 
cept #7 and #8, LDL cholesterol levels were calculated 
from the serum triglyceride level by standard methods 
assuming a ratio of triglyceride/cholesterol in VLDL of 
5.0. Because subjects #7 and #8 had elevated serum tri- 
glycerides, their serum VLDL was separated by ultracen- 
trifugation, and the ratio of cholesterol/ triglyceride 
was determined using enzymatic methods (18). The 
three serum lipid levels from the final 2 weeks of each 
study period were used for statistical comparison. 

For the last 20 days of each period subjects ingested 
200 mg chromic oxide three times each day as a nonab- 
sorbable marker. For the last 10 days of each period, 
stool was quantitatively collected. Collections for each 
of the five 2-day intervals were homogenized with an 
equal volume of water. Aliquots of these homogenates 
were analyzed for neutral and acidic sterols as previ- 
ously reported (19). Daily acidic sterol output (A) was 
calculated by multiplying daily chromium intake times 
the mean concentration ratio of acidic sterol/chro- 
mium in stool. Daily neutral stool output (N) was calcu- 
lated analogously from mean concentration ratio of 
neutral sterol/ chromium in stool. Cholesterol balance 
was calculated from the formula: Balance = D - A - 
N, where D = daily intake of cholesterol from the 
diet. 

For the 4 final days of each period, gallbladder bile 
was collected via duodenal tube using intravenous cho- 
lecystokinin octapeptide (Kinevac, Squibb & Sons, Inc., 
Princeton, NJ) to stimulate gallbladder contraction. 
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Each bile sample was analyzed for cholesterol, phosphe 
lipid, total bile acid, bile acid composition, and biliru- 
bin as described in previous publications (17, 20, 21). 
Also, on at least two separate occasions, subjects under- 
went measurement of output of carbon monoxide 
(CO) on breath to estimate bilirubin production as pre- 
viously described (21). These measurements permitted 
calculation of cholesterol saturation index by the equa- 
tions of Carey and Small ( 5 )  and secretion of lipids into 
bile by a method we have recently described (21). This 
latter method utilizes the fact that CO production rate 
reflects both bilirubin production and secretion. Biliary 
secretion for any bile constituent can then be deter- 
mined from the ratio of constituent/bilirubin measured 
in gallbladder bile multiplied by the endogenous CO p r e  
duction rate, which for the subjects in the present study 
averaged 21 pmol/h with a range of 15-28 pmol/h. We 
have shown that this method accurately reflects choles- 
terol secretion compared to standard marker perfusion 
techniques, and that it is also more reproducible than 
marker perfusion (21). We used this method in part be- 
causeofthisreproducibilityandinpartbecauseitismuch 
easier for the study subjects than marker perfusion mea- 
surements. The method consistently provides an esti- 
mate of bile acid and lecithin secretion that is about 25% 
lower than those measured by marker perfusion. How- 
ever, as all subjects in the present study were studied by 
the same method and each subject was compared to him- 
self in control and legume periods, the comparison 
should be valid and informative. 
Also, from these measurements we calculated h c -  

tional absorption of bile acid by the formula: 1 - [A/ 
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(0 X 24)] where again A = daily fecal output of acidic 
sterols and 0 = hourly secretion of bile acid into bile. 
It should be noted that because our method of measur- 
ing bile acid secretion yields a consistently lower value 
than marker perfusion, the above estimates of absorp- 
tion will be somewhat lower than those published by 
others. Because the same method was used in both di- 
etary periods, the comparison should provide valid esti- 
mates of relative differences. 

Statistical testing was by paired btest. 

- 

- 

RESULTS 

Individual and mean values for serum total choles- 
terol and LDL cholesterol levels are shown in Fig. 1. 
Mean serum total cholesterol was lower during legume 
consumption than in the control period (194 vs. 204 
mg/dl), although this change was of borderline statisti- 
cal significance (P = 0.061). Mean serum LDL choles- 
terol was significantly lower during legume consump 
tion compared to control (126 vs. 138 mg/dl, P = 
0.039). Table 1 provides values for HDL cholesterol and 
triglyceride levels, neither of which were significantly 
affected by legume consumption. Mean HDL choles- 
terol during legume consumption was 31 mg/dl com- 
pared to 32 mg/dl during control (P = 0.171). Mean 
VLDL cholesterol during legume consumption was 36 
mg/dl compared to 34 mg/dl during control (P = 
0.246). Mean triglyceride level during legume con- 

Total LDL 

Fq. 1. Individual and mean d u e s  for serum total 
and LDL cholesterol levels after 6-7 weeks on the con- 
trol diet (white bars) and 6-7 weeks on the legume 
diet (gray bars). On the legume diet mean LDL cho- 
lesterol was significantly lower than on the control 
diet ( P  = 0.039). Mean total cholesterol wasalso lower 
during legume consumption, but the results were of 
borderline statistical significance (P = 0.061). 
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TABLE 1. Serum triglyceride, HDL cholesterol. and VLDL cholesterol 

'Triglyceride HDL Cholateml VLDL Cholaterol 

nrg/dl 

subject Control @me Control W P m e  Control +me 

1 108 96 40 32 22 19 
2 108 154 32 50 22 31 
3 130 156 33 33 26 31 
4 120 162 32 32 24 32 
5 147 151 33 34 29 30 
6 111 104 36 34 22 21 
7 329 309 29 31 64 61 
8 294 340 29 28 57 65 
9 204 182 29 26 41 36 
Mean 172 184 32 31 34 36 
P value 0.263 0.171 0.246 

sumption was 184 mg/dl compared to 172 during con- 
trol (P = 0.263). 

Mean and individual values for cholesterol saturation 
index of gallbladder bile are shown in Fig. 2. Legume 
consumption significantly increased mean saturation 
index from 1.07 in the control period to 1.26 during 
legume consumption (P = 0.016). Examination of the 
data for lipid composition of gallbladder bile (Table 2) 
used to calculate saturation index showed that mean 
molar percent phospholipid was significantly lower dur- 
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Fq. 4. Individual and mean values for cholesterol saturation index 
of gallbladder bile at the end of the conml period (white bars) and 
legume period (gray bars). Legume consumption significantly in- 
creased cholesterol saturation index ( P  = 0.016). 

ing the legume period (16.8 vs. 18.5, P = 0.030). Mean 
molar percent cholesterol was higher during legume 
consumption (7.44 vs. 6.80), although the difference 
was not quite statistically significant (P = 0.083). Mean 
molar percent bile acid was not significantly altered by 
the legume diet (75.8 vs. 74.7, P = 0.184). It should be 
noted that because these three molar percent values are 
interdependent, the observed reduction in molar per- 
cent phospholipid does not necessarily imply a reduc- 
tion in phospholipid secretion (see below). 

Legume consumption did not appreciably alter the 
composition of individual bile acids in gallbladder bile. 
For legume versus control periods, the mean percent- 
age of total bile acid was 37.2% versus 38.0% for cholic 
acid, 36.1% versus 36.1% for chenodeoxycholic acid, 
22.8% versus 21.6% for deoxycholic acid, 2.9% versus 
3.3% for ursodeoxycholic acid, and 1.0% versus 1.0% 
for lithocholic acid. 

Values for secretion rates of biliary lipids (Table 3) 
showed a significant effect of legume consumption only 
on secretion of cholesterol, which averaged 100.8 
pmol/h during legume consumption and 90.2 pmol/ 
h during the control period (P = 0.042). Secretion of 
phospholipid during legume consumption averaged 242 
pmol/ h compared to 261 pmol/ h during control (P = 
0.369) while secretion of bile acid averaged 1090 pmol/ 
h during the legume period and 1025 pmol/h during 
control (P= 0.310).Asnotedabove, thesevaluesforbile 
acid and phospholipid secretion determined by the CO 
method are probably 20-3096 lower than would be ob- 
tained had secretion been measured by marker perfusion 
(21). Even cholesterol secretion maybe 10% lower than 
if measured by marker perfusion (21 ) . 

Individual and mean values for output of fecal sterols 
and sterol balance are shown in Fig. 3. There was a con- 
sistent and highly significant increase in output of fecal 
acidic sterols during consumption of legumes com- 
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TABLE 2. Biliary lipid composition 
- 

Bile Acid Phospholipid Cholesterol 

Subject Control Legume Control Legume Control I.egume 

molar prrrrnt 

1 75.7 74.8 16.5 16.2 7.80 9.08 
2 74.0 74.6 18.2 17.2 7.83 8.18 
3 71.9 77.9 20.7 15.1 7.41 7.0 I 
4 78.1 77.8 15.8 15.7 6.14 6.50 
5 76.5 76.5 17.4 17.8 6.12 5.68 
6 75.7 76.2 19.6 18.4 4.73 5.36 
7 73.6 75.6 17.5 13.7 8.83 10.63 
8 73.8 72.6 19.6 18.4 6.61 8.95 
9 72.6 76.1 21.7 18.3 5.71 5.60 
Mean 74.7 75.8 18.5 16.8 6.80 7.44 
P value 0.184 0.030 0.083 

pared to control (1202 vs. 861 pmol/day, P = 0.002). 
Output of neutral sterols was not significantly different 
during the legume period compared to control period 
(2400 vs. 2170 pmol/day, P = 0.255). Mean cholesterol 
balance was significantly more negative during legume 
consumption compared to control (-2700 vs. -2140 
pmol/day, P = 0.037). 

Fractional absorption of bile acid was consistently and 
significantly reduced during legume consumption com- 
pared to control (0.947 vs. 0.960, P = 0.003). The con- 
verse, fraction of bile acid unabsorbed, is shown in Fig. 
4 and increased from a mean control value of 0.040 to 
a mean of 0.053 during legume consumption ( P  = 
0.003). Here too it should be noted that use of the CO 
method for measuring bile acid secretion provides a 
value 20-30% lower than values obtained by marker 
perfusion (21). Consequently these values for bile acid 
absorption are presumably proportionately lower (and 
the values for bile acid unabsorbed proportionately 

higher) than if bile acid secretion had been measured 
by marker perfusion. 

DISCUSSION 

The present study constitutes a particularly rigorous 
assessment of effects of dietary legumes on sterol metab- 
olism. All subjects lived on a metabolic ward throughout 
the study and ate only food prepared for them by a met- 
abolic kitchen. As a result the only substantial differ- 
ence between the two study periods was the presence 
of legumes in place of an equivalent amount of non- 
legumes in the diet. The study periods were long 
enough to permit full achievement of a steady-state. 
The two study periods were randomly assigned to elimi- 
nate potential effects of diet sequence. Each subject was 
studied in both periods permitting the use of paired 

TABLE 3. Secretion rates of biliary lipids 

Rile Acid Phospholipid Cholesterol 

Subject Control Legume Control Legume Con lrol l.egunie 

pmol/h 

1 789 589 172 128 81.3 71.8 
2 810 959 190 21 7 76.6 101.4 
3 1612 I755 462 339 165.9 156.0 
4 499 65 1 100 132 39.0 54.2 
5 1132 1488 253 332 80.0 109.8 
6 1224 1262 309 303 73.7 88.1 
7 636 653 157 122 72.9 84.8 
8 1446 1239 382 312 128.8 152.6 
9 1078 1213 321 29 1 84.7 88.7 
Mean 1025 1090 26 1 242 90.2 100.8 
P Value 0.310 0.369 0.042 
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Dietary Acidic Neutral - (Balance) 

Fq. 3. Individual and mean values for dietary cholesterol, fecal output of acidic and neutral sterols, and 
negative cholesterol balance (equivalent to cholesterol synthesis). during the last 10 days of the control period 
(white bars) and the legume period (gray bars). Mean acidic sterol output was significantly higher during 
legume consumption (P = 0.002), while neutral sterol output was not significantly affected by legumes. Choles- 
terol balance was significantly more negative during legume consumption (P = 0.037). 

statistical analysis and eliminating the effects of individ- 
ual variation. As a result of this rigorous study design, 
differences between measurements in the two periods 
can be attributed to legume consumption with a reason- 
ably high degree of confidence. 

Legume consumption in our subjects lowered total 
serum cholesterol by an average of 5%, a change that 
was of borderline statistical significance (P = 0.061, Fig. 
1). Legume consumption also lowered LDL cholesterol 
by an average of 9% (P = 0.039, Fig. 1). Serum HDL 
cholesterol, VLDL cholesterol, and serum triglyceride 
were all unaffected by legume consumption (Table 1). 
These results are similar to those reported by Nervi et al. 
(4), although those authors observed somewhat larger 
reductions in both total and LDL cholesterol (12% and 
15%. respectively). Anderson et al. (22) reported even 
larger reductions in total and LDL cholesterol (19% 
and 24%. respectively), as well as a significant reduction 
in HDL cholesterol. However, they exclusively studied 
hypercholesterolemic subjects, and their subjects lost 
substantial amounts of weight during the 21day legume 
diet period (22). Both these factors could have contrib 
uted to more pronounced reductions of serum choles- 
terol induced by legumes in their study compared to 
our own. Consumption of soybean protein is also 
known to lower total and LDL cholesterol, but unlike 
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Fig. 4. Individual and mean values for fractional absorption of bile 
acid during control (white bars) and legume (gray bars) periods. Con- 
sumption of legumes significantly reduced bile acid absorption (P = 
0.003). 
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mixed legumes, soy protein apparently also lowers se- 
rum triglyceride level ( 3 ) .  

The only previous study of effects of mixed legumes 
on biliary lipids in human subjects was that of Nervi et 
al. (4) in which measurements were limited to serum 
lipids and biliary lipid composition. Although that was a 
carefully controlled study using paired statistical design, 
the subjects were not studied on a metabolic ward. 
Moreover, the study periods were somewhat shorter 
than in the present study (30-35 days vs. 36-42 days) 
and all subjects were studied first in the control period 
followed by the legume period, rather than randomly 
varying the order of periods. Nevertheless, the findings 
of that study agree well with our own. Like Nervi et al. 
(4) we found that legume consumption increased cho- 
lesterol saturation index of gallbladder bile, although 
the magnitude of this increase was somewhat less in our 
study, 18% versus a 54% increase in the study of Nervi 
et al. In both studies the change in saturation index 
was, in part, the result of a significant decrease in molar 
percent phospholipid (Table 2).  In both studies molar 
percent cholesterol increased during legume consump- 
tion, but the change was not quite statistically signifi- 
cant. Nervi et al. (4) observed a significant increase in 
molar percent bile acid during legume consumption. 
Our subjects also showed this effect, but the change was 
not statistically significant. 

It is reassuring that the pattern of change in biliary 
lipid composition was similar in our subjects compared 
to those of Nervi et al. (4). Nevertheless, these lipid 
composition profiles, which consist of three interdepen- 
dent percentages, do not indicate the change in lipid 
secretion that caused the change in composition. Our 
measurements of lipid secretion revealed that the major 
effect of legume consumption on biliary lipids was to 
increase secretion of cholesterol into bile (Table 3). Se- 
cretion of phospholipid trended downward and secre- 
tion of bile acid trended upward, but neither change 
even approached statistical significance. To our knowl- 
edge, these are the first reported measurements of bili- 
ary lipid secretion during legume consumption in hu- 
mans. In the rat, bean consumption has been reported 
to increase output of cholesterol into bile (9, 10); how- 
ever, this animal model may not be comparable to hu- 
mans because output of phospholipid also increased 
during legume consumption in rats while phospholipid 
secretion in our subjects was unchanged, or may even 
have been slightly lower, during legume consump- 
tion. 

To investigate potential mechanisms by which le- 
gume consumption might affect serum cholesterol lev- 
els and biliary secretion of cholesterol, we measured 
steady-state outputs of neutral and acidic sterols in 
stool. Legume consumption did not significantly in- 

crease fecal output of neutral sterols (Fig. 3 ) .  This find- 
ing is in agreement with the data of Anderson et al. (22) 
who also found that beans did not appreciably increase 
output of fecal neutral sterols. 

On the other hand, legume consumption did signifi- 
cantly increase output of acidic sterols (Fig. 3). Because 
our subjects were in a steady-state, this finding indicates 
that legumes increased synthesis of bile acids. These 
data differ from those of Anderson et al. (22) who re- 
ported no change in acidic sterol output on a bean diet. 
This discrepancy could conceivably have resulted from 
differences in composition of study diets. Another dif- 
ference in the two studies was that Anderson et al. (22) 
had a control period of only 1 week and a bean diet 
period of only 3 weeks. Moreover, many of their subjects 
lost weight during this 3-week period indicating lack of' 
a steady-state. In contrast, our study periods were 6-7 
weeks and none of our subjects lost weight. 

Fractional absorption of bile acid, calculated from 
bile acid secretion and acidic sterol output, was signiti- 
cantly lowered by consumption of legumes (Fig. 4). This 
reduction of bile acid absorption likely was the reason 
that bile acid synthesis increased during legume con- 
sumption, just as administration of bile acid binding res- 
ins stimulate bile acid synthesis through partial inter- 
ruption of negative feedback control (23-25). I n  
conjunction with the stimulation of bile acid synthesis, 
legume consumption also resulted in significantly more 
negative cholesterol balance (Fig. 3) indicating in- 
creased cholesterol synthesis. Presumably this repre- 
sents an attempt by the liver to compensate for in- 
creased conversion of cholesterol to bile acid. During 
treatment with bile acid binding resins the liver at- 
tempts to maintain cholesterol homeostasis, both by in- 
creasing its biosynthesis and by stimulation of LDL, re- 
ceptors (24, 25), which results in lowered LDI. 
cholesterol levels. Although we did not measure LDL 
receptors, it is likely that the reduction of LDL choles- 
terol during legume consumption occurred by the same 
mechanism operative during treatment with bile acid 
binding resins, namely stimulation of LDL receptors ul- 
timately induced by increased loss of bile acid from the 
enterohepatic circulation. 

The mechanism by which legume consumption in- 
creased secretion of cholesterol into bile is less clear. 
We have previously shown that primary changes in cho- 
lesterol synthesis, induced by lovastatin, are accompa- 
nied by corresponding changes in biliary cholesterol se- 
cretion (19, 20). That does not necessarily imply, 
however, that increased cholesterol synthesis occurring 
as a compensatory response to bile acid loss would in- 
crease biliary cholesterol secretion. Indeed, treatment 
with bile acid binding resins has little or no affect on 
biliary cholesterol secretion and saturation of choles- 
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terol in  gallbladder bile (24, 26). It seems likely, there- 
fore, that some component of legumes, independent  of 
their capacity to reduce bile acid absorption, increased 
biliary cholesterol secretion. 

A potential candidate for  this component  is sapoge- 
nins, particularly diosgenin. Legumes contain apprecia- 
ble quantities of saponins which can be hydrolyzed by 
intestinal bacteria to sapogenins, one of  which is dios- 
genin (11-13). Diosgenin has been shown in animal 
models to greatly increase secretion of cholesterol into 
bile (12, 13, 27). This effect has been noted as a result 
of both oral and intraperitoneal administration sug- 
gesting it is a direct effect on the liver, rather than  a n  
effect i n  the  intestinal lumen (13). Diosgenin has also 
been reported to increase activity of HMGCoA reduc- 
tase (27),  but whether this is a cause or an effect of in- 
creased biliary secretion of cholesterol is unclear. I n  ei- 
ther case, it  is possible that part  o f  the increase in 
cholesterol synthesis noted in our subjects dur ing  le- 
gume consumption resulted from diosgenin generated 
from the saponin component  of legumes. 

In summary, dietary legume consumption lowers 
LDL cholesterol, bu t  increases output of cholesterol 
into bile, an effect that could predispose to gallstone 
formation. Reduced bile acid absorption is apparently 
the  major reason for  the  hypocholesterolemic effect o f  
legumes. Increased hepatic secretion of cholesterol a p  
pears to be responsible for  increased cholesterol satura- 
tion of bile dur ing  legume consumption, bu t  defining 
the  mechanism by which legumes increase cholesterol 
secretion requires further investigation. Judging from 
animal studies it would seem reasonable to begin this 
investigation by assessing, to the extent possible, effects 
of  diosgenin and perhaps other sapogenins on cho- 
lesterol secretion and metabolism in human sub- 
j e c t s . l  
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