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Dietary fiber decreases cholesterol and phospholipid

synthesis in rat intestine’
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Abstract The effects of fiber ingestion on the incorporation
of oleic acid into triglyceride and lecithin, acetate incorpo-
ration into cholesterol, and monosaccharide and amino acid
transport were determined in rat intestine. Prolonged pectin
(10% by weight) ingestion caused a decrease in jejunal and
ileal cholesterol synthesis (33% and 52%, respectively). Pectin
ingestion reduced cholesterol synthesis by 60% in ileal crypt
cells, but did not affect cholesterol synthesis in the jejunal or
ileal villus cells or in jejunal crypt cells. Cholesterol synthesis
in isolated crypt cells was markedly less than in isolated villus
cells. Prolonged ingestion of a fiber-free diet supplemented
with either cellulose or pectin (10% and 5% by weight, re-
spectively) decreased jejunal lecithin glucose and leucine ab-
sorption but did not affect jejunal triglyceride synthesis.—
Schwartz, S. E., C. Starr, S. Bachman, and P. G. Holtzapple.
Dietary fiber decreases cholesterol and phospholipid synthesis
in rat intestine. J. Lipid Res. 1983. 24: 746-752.

Supplementary key words triglyceride synthesis ¢ intestinal absorp-
tion ¢ cell membrane ¢ isolated intestinal cells

Dietary fibers are substances derived from plants and
they are not digested in the small intestine. In both
animals and humans sustained ingestion of water-soluble
dietary fibers is associated with a reduction in blood
cholesterol and a blunted response in serum glucose
after a carbohydrate meal (4-9). The reduction in blood
cholesterol is purportedly related to the formation of
intraluminal neutral and acidic sterol complexes result-
ing in an increase in fecal sterol excretion (10, 11). Al-
tered glucose tolerance has been ascribed to an inter-
ference of glucose diffusion from the bulk phase to the
intestinal membrane resulting in a decrease in the rate
of glucose absorption (12, 13).

Recent work suggests that some of the physiological
effects of fiber are not caused simply by intraluminal
processes. Sustained supplementation with fiber alters
the intestinal surface topography (14), impairs intestinal
glucose transport (15), and modifies sodium and chlo-
ride fluxes in rat jejunal mucosa (16). These observa-
tions suggest that fiber interferes with normal absorp-
tive mechanisms by altering the epithelial cell mem-
brane or cellular metabolic events.
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We studied the effects of prolonged fiber supple-
mentation on: intestinal incorporation of oleic acid into
triglyceride and lecithin, acetate incorporation into cho-
lesterol, and transport of a monosaccharide and an
amino acid (glucose and leucine). Our studies suggest
that fiber ingestion affects lecithin and cholesterol syn-
thesis and intestinal absorption. These observations can-
not be explained by the intraluminal physicochemical
properties of dietary fiber.

MATERIALS AND METHODS

Materials

Solvents for lipid extraction and chromatography
were high purity glass-distilled reagents obtained from
Burdick and Jackson Laboratories, Muskegon, MI; silica
gel G (0.25 mm) 20 X 20 cm plates were obtained from
Analtech Inc., Newark, DE. Cholesterol standards, re-
agents and standards for RNA, DNA, and protein de-
terminations, and standards for disaccharidase and al-
kaline phosphatase activities were obtained from Sigma
Chemical Co., St. Louis, MO. Phospholipid and tri-
glyceride standards were obtained from Applied Sci-
ence Laboratories, University Park, PA. Buffers were
prepared using certified ACS reagents obtained from
Sigma Chemical Co., St. Louis, MO and Fisher Scientific
Co., Rochester, NY. NCS tissue solubilizer was obtained
from Amersham-Searle Corp., Arlington Heights, IL.
Radiochemicals including [1-'*Cloleic acid (58 mCi/
mmol), [1-"*C]acetic acid-sodium salt (56.2 mCi/mmol),
p-['*C-Ulglucose (13.9 mCi/mmol), L-{"*C-U]leucine
(355 mCi/mmol), and [methoxy->HJinulin (250 mCi/
g) were obtained from New England Nuclear Co., Bos-
ton, MA. Soy protein, Hegsted salt mixture, vitamin
diet fortification mixture, alphacellulose (Alphacel), and
cholesterol were obtained from ICN, Cleveland, OH.

Abbreviations: KRB, Krebs-Ringer bicarbonate buffer.

' This work has been published in abstract form (1-3).

2 To whom reprint requests should be addressed at: Department
of Medicine, State University of New York, Upstate Medical Center,
750 East Adams Street, Syracuse, NY 13210.
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Pectin was obtained as apple pectin powder from Solgar
Co., Lynbrook, NY. Cholestyramine was obtained as
Questran from Mead Johnson Co., Evansville, IN.

Animals and diets

Male weanling Sprague-Dawley rats (50-70 g) were
housed individually in cages with a wire-mesh bottom
and placed in a constant temperature-humidity room
with a 12-hr light-dark cycle. All animals were main-
tained on a special diet for a 6-wk experimental period,
and all experiments were performed during the mid-
portion of the dark cycle. One group of animals had
continual access to a semisynthetic fiber-free diet con-
sisting of 62% sucrose, 25% soy protein, 5% corn oil,
5% Hegsted salt mixture, and 4% vitamin diet fortifi-
cation mixture. The other groups received the same
diet to which either cellulose (10% by weight) or pectin
(5% or 10% by weight) was added. Weight gain was not
significantly different for rats in any of the groups (rats
ingesting fiber-supplemented diets consumed more
food). Animals maintained on the fiber-free diet for 6
wk weighed 317 *+ 11 g (mean x SEM), on the cellulose
diet 292 + 10 g, 304 £ 11 g on the 5% pectin diet, and
314 + 12 g on the 10% pectin diet.

After ingesting the diets for the 6-wk period, rats
were fasted (allowed access to water) for 18 hr, weighed,
stunned, and killed by cervical dislocation. Blood was
obtained for serum cholesterol determinations. All iso-
lation experiments were performed in a cold room at
4°C. Tissue was maintained in cold phosphate-buffered
saline (pH 7.4).

Cholesterol synthesis in everted intestinal sacs

Duplicate everted proximal jejunal and distal ileal
sacs were prepared from rats maintained for 6 wk on
the fiber-free diet (see above) or on the fiber-free diet
to which 10% pectin, 0.7% cholesterol, 0.7% cholesterol
and 10% pectin, or 2.5% cholestyramine was added.
Sacs were placed in vials containing 2 ml of Krebs-
Ringer bicarbonate buffer (KRB) saturated with 95%
04:5% Coy (pH 7.4), 5 mM glucose, and [1-'*Clacetate
(1 uCi/ml). The solutions were oxygenated throughout
the incubation period. After a 30-min incubation at
37°C in a metabolic shaker, sacs were rinsed in cold
buffer, emptied of their serosal fluid, immersed in cold
acid saline (pH 2.0), and homogenized. Four volumes
of ethanolic KOH were added to an aliquot of the ho-
mogenate and saponified for 2 hr at 80°C. Total cho-
lesterol was extracted with petroleum ether, and the
extracts were chromatographed on activated silica gel
G plates developed with petroleum ether—diethylether—
acetic acid 136:64:0.4. Areas corresponding to choles-
terol were scraped into vials to which scintillation fluid
was added. Radioactivity was measured using an exter-

nal standard to correct for quenching. Cholesterol syn-
thesis is expressed as dpm of [ 1-'*Clacetate incorporated
per 30 min per mg protein (dpm/30 min per mg pro-
tein). No cholesterol was noted in the serosal fluid after
a 30-min incubation.

In validation experiments, the area corresponding to
cholesterol was scraped, eluted with chloroform, and
dried under nitrogen. Cholesterol was identified by gas-
liquid chromatography on a {Model 5830A, Hewlett-
Packard Co., Cupertino, CA) equipped with a flame
ionization detector and a siliconized glass column (2 mm
X 2 mm i.d.) packed with 3% OV-17 coated on 100/
200 mesh Gas-chrome Q (Applied Science Laborato-
ries). Retention for cholesterol was 12 min and a single
peak was observed. Extraction and plating efficiency of
[1,2-*H(N)]cholesterol exceeded 95%.

Cholesterol synthesis in isolated intestinal cells

Isolated cells (17) were obtained from rats maintained
for 6 wk on either the fiber-free diet or the 10% pectin
diet. A 20-cm segment of proximal jejunum and distal
ileum were excised from each animal and rinsed with
ice-cold 154 mM NaCl. Each intestinal loop was ligated
at one end and filled with oxygenated buffer A (pH 7.2)
containing 1.5 mM KCI, 96 mM NaCl, 27 mM sodium
citrate, 8 mM KHyPO,, 5.6 mM Na,HPO,, and 10
mM glucose. After closure of the other end, each loop
was immersed in continuously oxygenated 154 mM
NaCl and gently agitated in a metabolic shaker. At the
conclusion of a 20-min incubation at 37°C, buffer A
was decanted and the segments were filled and decanted
repetitively with oxygenated buffer B containing 2.7
mM KCI, 137 mMm NaCl, 1.5 mm KH,PO,, 4.3 mM
Na,HPO,, 1.5 mmMm EDTA, 1 mM dithiothreitol, and 10
mM glucose yielding enriched villus and crypt cells. The
purity of the cell populations was determined by alkaline
phosphatase (18) and sucrase activities. Cell viability was
evaluated by the exclusion of 0.5% trypan blue. Only
cell fractions with at least 90% dye exclusion after wash-
ing twice in KRB were used in these experiments. Cells
were resuspended in 2 ml of KRB containing [1-
'*Clacetate (1 pCi/ml). The protein concentration of
the resuspended cells was adjusted to 5~10 mg/ml, and
the cell fractions were incubated for 30 min at 37°C in
a metabolic shaker. The reaction was interrupted by the
addition of 6 ml of ethanolic KOH. After saponification,
cholesterol was extracted, isolated by thin-layer chro-
matography, and counted as described above.

Incorporation of oleic acid into triglyceride and
cholesterol and the absorption of glucose and
leucine in everted intestinal rings

Small intestine was removed from rats maintained on
either the fiber-free diet or the fiber-free diet to which
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either 10% cellulose or 5% pectin was added. After the
proximal half of the small intestine was flushed with
cold 154 mM NaCl, the length:weight ratio was deter-
mined; a 1-g weight was attached to one end of the
intestine, the length was measured, and the segment was
weighed. Everted rings (10-20 mg) were prepared from
this jejunal segment.

Rings were used to determine the incorporation of
oleic acid into triglyceride and lecithin and the absorp-
tion of glucose and leucine. Some rings were weighed
and placed in 25-ml flasks containing 2 ml of Ca®*- and
Mg**-free KRB saturated with 95% O.:5%CO, (pH
7.4) (37°C), 10 mM sodium taurocholate, 1 mM oleic
acid, and a trace amount of [1-'*C]oleic acid (0.2 uCi/
pmol). Incubation solutions were prepared by sonica-
tion. After a 30-min incubation at 37°C in a metabolic
shaker (oscillation 120/min), rings were removed,
rinsed in ice-cold nonradioactive buffer, blotted, and
homogenized in 0.5 ml of acid saline, pH 1. The so-
lutions were oxygenated throughout the incubation pe-
riod. Lipids were extracted according to the method of
Folch, Lees, and Sloane Stanley (19). Triglyceride and
phospholipid classes were isolated using thin-layer chro-
matography on activated silica gel G plates developed
with either petroleum ether-ethyl ether-acetic acid
90:10:1 or chloroform-methanol-acetic acid—water
25:15:4:2. Areas corresponding to triglyceride or leci-
thin standards were visualized with iodine vapor and
scraped into scintillation vials. Scintillation fluid was
added to vials and the radioactivity was determined with
a Beckman-LS-355 spectrometer using an external stan-
dard technique to correct for quenching. Rates of in-
corporation of oleic acid into both triglyceride and lec-
ithin are expressed as nanomoles of oleic acid incor-
porated per min per g wet tissue weight (nmol/min per
g wet wt).

Absorption of glucose and leucine was evaluated in
jejunal rings incubated in flasks containing 2 mi of KRB
saturated with 95% O4:5% COg, [*H]inulin (0.02 xCi/
pmol) with either 10 mM D-['*C-Ul]glucose (0.02 pCi/
pmol) or 1 mM [**C-Ulleucine (0.02 pCi/umol). After
a 10-min incubation at 37°C in a metabolic shaker, each
ring was removed, rinsed in cold buffer, blotted, trans-
ferred to a previously tared counting vial, and dried
overnight at 110°C. After determining the dry tissue
weight, 1 ml of tissue solubilizer was added and each
vial was heated overnight at 50°C. After each vial had
cooled to room temperature, scintillation fluid was
added. Radioactivity was measured using an external
standard technique to correct for quenching. Flux rates
are expressed as nanomoles of probe molecule absorbed
per min per 100 mg dry tissue weight (nmol/min per
100 mg). Flux was normalized to 1 millimolar concen-
tration after accounting for the mass of the adherent
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mucosal fluid volume measured in microliters of solu-
tion per 100 mg dry tissue weight.

Mucosal RNA and DNA concentrations and
enzyme activities

Mucosal scrapings were obtained from the distal half
of the jejunum and homogenized in 14 vol of 0.28 M
mannitol and 0.01 M Na,HPO, (pH 7.4). Aliquots were
obtained for (uronic acid content) pectin (20), RNA
(21), DNA (22), protein (23), and disaccharidase activity
(lactase, maltase, and sucrase (24) determinations and
for microsome preparation. RNA was assayed using
yeast RNA as a standard; DNA was assayed using calf
thymus DNA as a standard. Acyl-CoA:1-acyl-sn-glyc-
erol-3-phosphocholine acyltransferase (E.C. 2.3.1.20)
(lysolecithin acyltransferase) and cytidine diphospho-
choline:1,2 diacyl-glycerocholine phosphotransferase
(E.C. 2.7.8.2) (choline phosphotransferase) activities
were determined in the microsomal fraction (25). Pro-
tein was determined on homogenates and microsomes
using bovine serum albumin as a standard.

One ring from each animal was fixed in Bouin’s so-
lution. Sections for histological analysis were cut from
the ring and stained with hematoxylin and eosin. Spec-
imens were coded; the treatment group was unknown
to the reviewer.

Statistical analysis

Data are expressed as means + SEM. Data were an-
alyzed using Student’s unpaired ¢-test or a one-way anal-
ysis of variance where appropriate. When the analysis
of variance was used, treatment variability was decom-
posed into two orthogonal comparisons: the first com-
parison involved animals receiving the fiber-free diet
compared to those receiving cellulose or pectin supple-
mentation; the second comparison involved animals re-
ceiving cellulose compared to rats receiving pectin.

RESULTS

Cholesterol synthesis in everted intestinal sacs is de-
picted in Table 1. Ileal cholesterol synthesis was more
active than synthesis in the jejunum. Supplementation
with pectin reduced jejunal and ileal cholesterol syn-
thesis; pectin suppressed the ileal synthetic rate more
than it suppressed the jejunal rate. Dietary supplemen-
tation with 0.7% cholesterol reduced ileal cholesterol
synthesis when compared to synthesis in rats maintained
on the fiber-free diet; cholesterol feeding did not affect
jejunal cholesterol synthesis. The addition of pectin to
the cholesterol-supplemented diet produced an addi-
tional decrement in jejunal and ileal cholesterol synthe-
sis when compared to the synthesis in rats fed choles-
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TABLE 1. Effect of diets on [1-!*CJacetate incorporation
into cholesterol in everted intestinal sacs

Diet n Jejunum Iteum
Fiber-free 6 311 £ 29 1685 + 350
+10% Pectin 6 209 * 6* 800 + 84**
+0.7% Cholesterol 6 266 + 54 425 + 134*
+10% Pectin + 0.7%

cholesterol 7 176 & 37** 228 + 24**x*
+2.5% Cholestyramine 4 448 + 219 2769 + 333

Incorporation is expressed as means (dpm/30 min per mg protein)
+ SEM. n represents the number of animals maintained on each diet.
*, P < 0.005; ** P < 0.025; *** P < 0.001.

terol without fiber, and reduced cholesterol synthesis
below those levels seen in animals maintained on either
the fiber-free or pectin-supplemented diets. Cholestyr-
amine ingestion stimulated cholesterol synthesis by 44%
in the jejunum and 64% in the ileum.

There was less cholesterol synthesis observed in iso-
lated crypt cells than in isolated villus cells (Fig. 1). Pec-
tin ingestion reduced cholesterol synthesis in ileal crypt
cells but did not affect the rate of cholesterol synthesis
in either jejunal or ileal villus cells or in jejunal crypt
cells.

Incorporation of oleic acid into triglyceride in jejunal
rings was unaffected by the dietary status of the rats,
whereas oleic acid incorporation into lecithin was af-
fected by fiber ingestion. Incorporation of oleic acid
into lecithin was reduced by one-third in animals main-
tained on either pectin or cellulose (Table 2).

Triglyceride synthesis occurs by both the mono-
glyceride and phosphatidic acid pathway; phospholipid
synthesis occurs only by the phosphatidic acid pathway
(26). The reduction in the rate of oleate incorporation
into lecithin could be explained by a lack of sufficient
substrate to maintain both the monoglyceride and phos-
phatidic acid pathways. Since phospholipid synthesis is
stimulated by glucose (27) and depends upon the
amount of a-glycerophosphate present, we incubated
jejunal rings in the presence of glucose (5 mM) to in-
crease a-glycerophosphate levels and again studied oleic
acid incorporation into lecithin. The phosphatidic acid
pathway was stimulated in rats maintained on both the
fiber-free and pectin diets. In the presence of glucose,
the rate of oleic acid incorporation into lecithin in-
creased 80% (25.2 + 4.8 to 45.0 = 8.3 (SEM), n = 8
determinations) in rats ingesting the fiber-free diet and
40% (17.4 = 3.0 to 24.4 £ 4.5, n = 8) in animals main-
tained on pectin. These increases were not statistically
significant.

Jejunal uptake of both glucose and leucine was re-
duced in animals maintained on fiber when compared
to rats maintained on a fiber-free diet (Table 2).

There was no difference in the specific activities of
lysolecithin acyltransferase (located predominantly in
villus cells) and choline phosphotransferase (located pre-
dominantly in crypt cells) among the three feeding
groups (Table 2). Blood cholesterol concentration, tis-
sue histology, length:weight ratio, RNA:DNA ratio, and
mucosal uronic acid content were not affected by fiber
ingestion (data not shown). Lactase, maltase, and su-
crase activities were similar in rats fed the fiber-free diet
and animals maintained on the cellulose diet. The ac-
tivities of all three disaccharidases were increased in
pectin-fed rats when compared to animals maintained
on either the fiber-free and cellulose-supplemented
diets (Table 2).

DISCUSSION

The objective of this study was to determine the ef-
fect of fiber ingestion on cholesterol and phospholipid
synthesis. The data from intestinal rings, everted intes-
tinal sacs, and isolated epithelial cell experiments sup-
port the hypothesis that prolonged ingestion of dietary
fiber modifies intestinal cellular function and lipid me-
tabolism.

CHOLESTEROL SYNTHESIS IN ISOLATED INTESTINAL
EPITHELIAL CELLS

ileumn
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Fig. 1. Epithelial cell cholesterol synthesis [1-'*Clacetate incorpora-
tion. Epithelial cells from animals fed a fiber-free diet (open bars) or
a 10% pectin-supplemented diet (stippled bars) were incubated in 2
ml of Krebs-Ringer bicarbonate buffer containing 1 uCi/ml [1-
“Clacetate and 5 mM glucose for 30 min. After saponification of the
vial contents, cholesterol was extracted and chromatographed, and
radioactivity was determined (see Methods). *, P < 0.05.

Schwartz et al. Fiber decreases lipid synthesis in rat intestine 749

2102 ‘6T aunr uo ‘sanb Aq 610 4j:mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

750

e | == ®
=
el & i
5 8% T 2
E| 25| 20y
3| =& 55232
| ¢
Ll 2§ HHaTH
gl 27 wen ©
=15 N oo
=
|l w22 =
= c g8 — —~
El g5l == =T
2| £ 2 o
P 2E -2-9
| gE| HHTH
E| 2&| ©e =
g D 0 )
~ <° > —
IS X RN
L%
= ~—~ o~
Qo — o0
2 :5 s
& §| we, ©
< Sl wSk Sy
£ Sl HH*H
3 o+ 9
v W~ <
- jiolNe o) o)
£
~ —~ 8
& — — —
g T
E] gl o8 o
o 5 = ;
= ~o—y o0 ¥
[ = *
3 S| HH H
= Qv 9
=] N ey o0}
P S &
E. N N —
<
2 o~~~
— — oc
~ —— —
° Tz
£ ¥ o~ —_
= - i
g § aZ
S| 4+ 4
g o ®©
= + S
£ NA N
1=
= —_
50 ~— ®
g e
£ . c z
© = .
= s} oy D a * =
« 3 Z * =
- Bl HHT
£ 20 = | .Z
= oy O =
g et N ol ~
X s H
£ T -
= ~ ¢ —_— wS’E
= N S ~—
) o H @
= & D 0 A.’JE
g g mmgm* ‘Egm -
z Sl vaoH Stwo g
b ~
© © — 4 =
8_ oSS — S-Eil\'cf
g B F© o= E£ &
¥ L T 83
c o~ 005“«-»
= o| o ® ag8 2.3
I~ o0 — =
T Tl == g B85 <
o oy = .
& 8l TPw8w| EgPTY
g | HHTH Qo EL
—= |3 NE-
° Fl $8 = S ESEo
= O~ I~ ENERS
5] E=2Z 8o
- £ECEE
IS 5 = TESwV
2 cg = 2ETWaq,
8 . - EE’EE*’
v Sl o
£ £l 2Ca02, Eg‘;%:
s 4 * 2 [
gl &) #H“+ SELTS -
2 <+ ® TEEso
1=} s d o gEvE
— 0 ¢n < 2 L <
S —— [ E&;QEO
- a @ :V
2 *9PE
] OQ_qun
[*5] 2 ‘.‘952"5*'
= = -
o < 0'25'55
N - R
) o g= E‘Qu‘!’-%g
= 2 ©F 8-3_3\5_0
o] T EMO Y £ 5350
< ST TR g§22 &V
= A s s) 280 a,
W L7 S<<2s
w - — < =
E$<BU [
++ =

bl

Journal of Lipid Research Volume 24, 1983

In addition, our in vitro studies: 1) demonstrate di-
minished glucose and amino acid transport in intestinal
rings from rats fed fiber-supplemented diets; 2) confirm
in vivo studies that demonstrated reduced glucose ab-
sorption in the jejunum of rats maintained on diets sup-
plemented with either 10% cellulose or 5% pectin
(15); and 3) support the concept that fiber ingestion
alters the epithelial cell luminal surface (14).

Retained fiber could conceivably increase the un-
stirred water layer, and inhibit intestinal uptake of sol-
utes without altering the intestinal membrane (13). (We
did not detect pectin in the jejunum after an 18-hr fast
using the carbazole method and assume this also pre-
cludes the presence of cellulose.) Retention of fiber re-
sulting in a thickened, jejunal unstirred water layer,
therefore, cannot explain the diminished glucose or leu-
cine uptake observed in these experiments. The in vitro
studies exclude any possibility that hormonal or vascular
alterations could be responsible for our previously re-
ported in vivo data (15). Our data suggest that sustained
fiber ingestion results in alterations of the intestinal
membrane; the changes in disaccharidase activity after
prolonged pectin ingestion support this conclusion.

Pectin ingestion is believed to induce hypocholester-
olemia in man (10, 11) and rats (28) by increasing neu-
tral and bile acid sterol fecal excretion. In women in-
gesting pectin, Stasse-Wolthuis et al. (29) observed re-
ductions in serum cholesterol levels without concomitant
changes in neutral or acidic sterol excretion. This ex-
periment (29) substantiated observations made in rats
that fecal sterols did not increase with pectin feeding
(30, 31). These studies (29-31) suggest that serum cho-
lesterol levels might be influenced by events unrelated
to bile acid metabolism.

In our study intestinal cholesterol synthesis was sup-
pressed by pectin feeding while blood cholesterol levels
remained unchanged. Reiser et al. (32) noted that pectin
feeding increased hepatic 3-hydroxy-3-methylglutaryl
coenzyme A reductase (HMG-CoA reductase) (E.C.
1.1.1.34) activity even though serum cholesterol levels
were unaltered. We did not measure hepatic or intes-
tinal HMG-CoA reductase activity but our data suggest
that pectin feeding may have different effects on intes-
tinal and hepatic MHG-CoA reductase activity.

Small intestinal cholesterol synthesis is regulated by
flux of bile acids through the mucosa. Dietschy and Sip-
erstein (33) described a lower synthetic rate in the je-
junum relative to the ileum and Dietschy (34) empha-
sized the profound stimulatory effect that diversion of
bile acids had on intestinal cholesterogenesis, especially
synthesis in the ileum. The circadian rhythm of intes-
tinal cholesterol synthesis, while not as marked as that
of hepatic cholesterol synthesis, is concordant with
HMG-CoA reductase activity in intestinal epithelial cells
(35-37). The role of cholesterol in suppressing intes-
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tinal cholesterol synthesis is unclear. In one study cho-
lesterol supplementation suppressed intestinal choles-
terol synthesis (38), while in another study dietary cho-
lesterol did not suppress intestinal cholesterogenesis
(39). Cholesterol supplementation did suppress intes-
tinal HMG-CoA reductase activity (40).

Our studies demonstrate that the fiber content of the
diet affects sterol synthesis and suggest that crypt cells
are responsive to these dietary manipulations. Choles-
terol synthesis in intestinal villus cells is apparently more
active than cholesterol synthesis in crypt cells (Fig. 1).
These findings are consistent with those of Merchant
and Heller (37) who found that isolated villus cells in-
corporated up to 2-fold more acetate into digitonin-pre-
cipitable sterol than did crypt cells, but are not consis-
tent with those of Shakir et al. (41) who observed that
acetate incorporation into lipids was 5-fold greater in
isolated crypt cells than in upper villus cells with cho-
lesterol synthesis accounting for one-quarter of the total
lipid synthesized.

If the alterations in cholesterol metabolism observed
with pectin ingestion are related to intraluminal bile
acid binding and a subsequent increase in bile acid loss,
intestinal cholesterol synthesis should increase with pec-
tin supplementation (42). In our study, pectin ingestion
resulted in a reduction in ileal and jejunal cholesterol
synthesis. (Only the ingestion of cholestyramine, a bile
acid-binding resin, enhanced intestinal cholesterol syn-
thesis in our study.) Our data suggest that pectin inges-
tion alters lipid metabolism by a mechanism other than
that of increasing intestinal bile acid loss.

The ingestion of both pectin, a water-soluble dietary
fiber, and cellulose, an insoluble fiber, diminished the
incorporation of oleic acid into lecithin while leaving
the incorporation of oleate into triglyceride unaffected.
Since glucose provides a-glycerophosphate for the phos-
phatidic acid pathway (27), the addition of 5 mM glucose
during incubation ensured that a sufficient amount of
a-glycerophosphate was present for phospholipid syn-
thesis and that lack of substrate was not responsible for
the difference in lecithin synthesis noted between di-
etary groups.

Our studies suggest that intestinal cholesterol and
phospholipid synthesis is suppressed by long-term pectin
administration. The significance of these findings would
be enhanced if alterations in intestinal chylomicron
and/or lipoprotein secretion could be demonstrated as
a result of dietary pectin supplementation .l

Manuscript recetved 19 February 1982, in revised form 12 October, 1982,
and in re-revised form 31 [anuary 1983.
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