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The importance of the intestine in regulation
of body cholesterol metabolism cannot be over-
emphasized. The intestine is the portal of entry
of the exogenous cholesterol into the body, but is
also the major route of excretion of body choles-
terol. Furthermore, active cholesterol synthesis
has been shown to take place in the intestinal
mucosa (1, 2). Chevallier and Lutton (3) be-
lieved that the intestine is the major site of
cholesterol synthesis in the rat.

Newly synthesized cholesterol in the intesti-
nal mucosa can be either excreted into the lumen
or transported to the plasma through the lympha-
tics. Chevallier (4) and our group (5) have shown
in rats that approximately two-thirds of the fecal
neutral sterols was newly synthesized in the in-
testine and possibly actively secreted from the
mucosa to the lumen (4). Lindsey and Wilson (6)
gave direct evidence for a contribution by the
intestinal wall to the plasma cholesterol of the
rat; however, the quantitative significance of this
source of serum cholesterol has not been estab-
lished. The present study was designed to iden-
tify the sources of cholesterol in the intestinal
lymph and to evaluate their quantitative signifi-
cance in a group of rats fed a cholesterol-free
diet.

Materials and Methods. Animals. Eighteen
adult male albino rats of the Sprague-Dawley
strain were used in the experiment. The animals
weighed an average of 290 g at the beginning of
the study and 350400 g at the time of sacrifice.
Two rats were kept together in one cage in a
well-ventilated animal facility.

Diet. The cholesterol-free diet was prepared
by General Biochemicals, Laboratory Park,

! Supported by U.S. Public Health Service Grant No.
HL-13612-05 from the National Heart and Lung Institute and
by research funds from Veterans Administration Hospital,
Albany, NY.

Chagrin Falls, OH, and had the following com-
position: vitamin-free casein 17.8%, sucrose
49.4%, alphacel cellulose 13.6%, salt mixture
(7) 3.4%, vitamin mix AOAC (General
Biochemicals) 0.8%, linoleic acid 10.9%, oleic
acid 0.3%, and saturated fatty acids 1.1%. The
diet and water were given to the animals ad
libitum.

Experimental design. The animals were fed
the cholesterol-free diet throughout the experi-
ment. One month after the commencement of
such a dietary regimen, each rat received an
intracardiac injection of a single dose of
cholesterol-4-1*C (4 uCi per rat) which was pre-
pared by mixing the cholesterol-4-'*C in a small
amount of acetone with the plasma from a donor
rat, shaken at 37° for 2 hr.

A state of complete equilibrium of isotope-
labeled cholesterol between the plasma and the
intestinal mucosa could be attained in 10 days to
2 weeks after the initial administration (5). In
order to make sure that the isotope-labeled
cholesterol in the plasma was also in equilibrium
with that in other organs, the collection of the
intestinal lymph was carried out 40—60 days after
the injection.

Cannulation of the intestinal lymphatics was
done by the method described by Bollman et al.
(8). Animals were kept in a restraining cage
described by Bollman (9). Lymph from the can-
nula was continuously collected over a period of 6
hr. Eight rats were excluded from the experiment
because of the failure of operation or the obstruc-
tion of lymph flow soon after the cannulation.
Lymph was successfully collected for a 6-hr
period in the remaining ten rats.

At the termination of the lymph collection, the
animal was killed by exsanguination through the
abdominal aorta under ether anesthesia. The
liver and the entire length of the gastrointestinal
tract were removed from the animal. The small
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intestine was divided into three segments of
equal length (proximal, middle, and distal). The
gastrointestinal tract was opened longitudinally
and washed thoroughly with normal saline to
eliminate all the luminal contents. The mucosa
of the stomach, three segments of the small intes-
tine, cecum, and colon were then separated from
the tunica muscularis by scraping with a sharp
scalpel.

Chemical analysis. The total cholesterol con-
tents of the plasma, liver, and mucosa of various
segments of the gastrointestinal tract were de-
termined by the method of Sperry and Webb
(10). Their radioactivity was measured in a
liquid-scintillation spectrometer (Packard).

Results. Relative specific activity of choles-
terol. The specific activity (SA) of the serum
cholesterol varied from animal to animal since
they were killed at different periods of time after
the injection of a single dose of cholesterol-4-
14C. The SA declined with the increase of the
time period. In order to make the comparison
among the 10 animals possible, the SA of tissue
cholesterol relative to that of the plasma, instead
of their absolute values, was used for statistical
analyses. Such relative SA of cholesterol in the
liver, lymph, and mucosa of various segments of
the gastrointestinal tract are shown in Table I.

The SA of cholesterol in the liver was identi-
cal to that of the plasma cholesterol indicating
that hepatic cholesterol was totally exchangeable
and in complete equilibrium with plasma choles-
terol. The cholesterol in the mucosa of various
segments of gastrointestinal tract, however, had
a SA less than two-thirds of that of plasma

TABLE 1. Relative Specific Activity of Total Cholesterol
in Liver, Lymph, and Mucosa of Various Segments of Gas-
trointestinal Tract as Compared with the Specific Activity of
Plasma Total Cholesterol in 10 Rats Under the Study.

Plasma 100(%)
Liver 99.3 4.4
Mucosa '
Stomach 62.4 +8.6
Small Intestine:proximal third 56.0 £9.0
middle third 57.0 9.8
distal third 58.8 + 8.8
Average 57.2 £9.0
Cecum 62.7 £6.5
Colon 63.5 6.9
Lymph? 81.5+4.3

@ Mean of 10 rats + standard deviation.
® Lymph collected over a period of six hr before sacrifice.
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cholesterol (Table I). The average SA of the

“cholesterol in the lymph was 81.5% that of the

plasma cholesterol (Table I).

Sources of cholesterol in the intestinal lymph.
The amount of cholesterol in the lymph was
0.49 = 0.070 uM/hr (mean = SD) (Table II).
Since these rats were fed a cholesterol-free diet,
this amount of cholesterol in the lymph was
entirely of endogenous origin. The SA of lymph
cholesterol was always lower than that of plasma
cholesterol (81.5%). The lower SA of lymph
cholesterol would appear to be due to the dilution
of radioactive cholesterol by the newly synthe-
sized nonradioactive cholesterol from the mu-
cosa. The relative SA of lymph cholesterol indi-
cates that 81.5% of lymph cholesterol was de-
rived from a pool in the intestine totally ex-
changeable and completely equilibrated with
plasma cholesterol and the remaining 18.5%
came from cholesterol synthesized de novo in the
intestinal mucosa.

Similar results could also be obtained by ap-
plication of simple mathematical proportions
when we took the mucosal preparation into con-
sideration. The portion of cholesterol in the in-
testinal lymph contributed by the cholesterol
from the intestine other than the mucosal prep-
aration (X%) could be calculated by the equa-
tion: 100X + RSA mucosa(100 — X) = RSA
lymph X 100, where RSA mucosa and RSA
lymph are the relative SA of mucosal and lymph
cholesterol, respectively. The portion of lymph
cholesterol contributed by mucosal cholesterol
would then be (100 — X)%, which could be
further divided into two portions: cholesterol
synthesized de novo in the intestinal mucosa,
and mucosal cholesterol exchangeable with
plasma cholesterol. The latter might be consid-
ered as in the same pool as plasma cholesterol.
The portion of lymph cholesterol synthesized de
novo in the intestinal mucosa (Y %) could also be
calculated by the equation:

100 — RSA mucosa
Y% = (100 —X) ( ),
100

where X is the percent lymph cholesterol
contributed by the exchangeable cholesterol in
the intestine other than the mucosal preparation.

Since the cannulated intestinal lymphatics
drained only the lymph from the small intestine
(8), the mean relative SA of the cholesterol in the
small intestine only was used for the above
mathematical manipulation. The relative and ab-
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TABLE II. Sources of Cholesterol in the Intestinal Lymph.

uM/6 hr

Sources of cholesterol

uM/hr % of total

Total cholesterol in

the intestinal lymph 2918 +0.419¢

Cholesterol from small
intestine other than the
mucosal preparation, in
equilibrium with plasma
cholesterol®

1.736 +£0.541

Cholesterol from the mucosal
preparation of small intestine

Mucosal cholesterol
in- equilibrium with
plasma® cholesterol

0.704 = 0.119

Cholesterol synthesized
de novo in mucosal
preparation

0.538 + 0.085

Total cholesterol

from mucosal preparation 1.244 = 0.109

0.491 = 0.070 100

0.279 = 0.070 56.6 +7.6

81.5%°

0.119 = 0.026 249 +6.2

18.5 £4.3

0.088 + 0.015

0.207 = 0.018 434 x7.6

“ Mean of 10 rats + standard deviation.

® The portion of cholesterol freely exchangeable with plasma cholesterol and assumed to have same SA as that of plasma

cholesterol.

¢ 81.5% of lymph cholesterol or 0.398 uM/hr which was derived from exchangeable cholesterol in the small intestine to be

considered as in the same pool as the plasma cholesterol.

solute quantities of the intestinal lymph choles-
terol of various sources are displayed in Table II.

Of the cholesterol in the intestinal lymph
56.6% or 0.279 uM/hr came from the small
intestine other than the mucosa which was ex-
changeable with plasma cholesterol, 18.5% or
0.088 uM/hr synthesized de novo in the intesti-
nal mucosa, and 24.9% or 0.119 uM/hr derived
from the mucosal cholesterol exchangeable with
the plasma cholesterol (Table 11).

Discussion. The intestine has been shown to
be very active in synthesizing cholesterol and
lipoproteins including chylomicrons, very low
density, and high density lipoproteins (1, 2,
11-13). The fact that SA of mucosal cholesterol
was consistently lower than that of plasma

cholesterol was apparently due to the de novo

synthesized, nonradioactive cholesterol in the
mucosa which diluted the radioactive—isotope-
labeled cholesterol derived from plasma. Of the
total cholesterol in the intestinal mucosa prepara-
tion, 42.8% was synthesized de novo in the mu-
cosa and 57.2% was in complete equilibrium
with plasma cholesterol (Table I).

The newly synthesized cholesterol in the in-
testinal mucosa was transported i« one direction

to the lumen and in another direction to the
lymph and plasma. Our previous study showed
that 77% of the fecal cholesterol in rats fed a
cholesterol-free diet was derived from the
cholesterol synthesized de novo in the intestinal
mucosa and that the transport of cholesterol from
mucosa to lumen was not merely by desquama-
tion of epithelium but primarily by active secre-
tion (5).

The present study, on the other hand, pro-
vided not only evidence for but also quantitative
information on the contribution of de novo
synthesized cholesterol in the intestinal mucosa
to the lymph and eventually to the plasma—
81.5% or 0.398 uM/hr of lymph cholesterol was
derived from the intestinal cholesterol in the
same pool as the plasma cholesterol, whereas
18.5% or 0.088 uM/hr was the cholesterol
synthesized de novo in the intestinal mucosa. If
the lymph flow were constant over a period of 24
hr the cholesterol synthesized de novo in the
small intestinal mucosa would contribute daily
2.11 uM or 0.82 mg to the lymph or plasma. We
have found in previous studies that the average
daily fecal excretion of neutral sterols in rats was
16.5 mg (14), and 0.4 mg came from bile, 12.7
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mg synthesized de novo in mucosa and 3.4 mg
originated in plasma (5). If this were also true in
this group of rats, the amount of plasma choles-
terol contributed by mucosal de novo synthesis
(0.32 mg/day) would account for 22% of its

daily turnover (3.4 + 0.4 mg/day). However, -

the actual contribution of the cholesterol syn-
thesized in the entire gastrointestinal tract to the
plasma cholesterol and its daily turnover could
be higher than the above values (0.82 mg or 22%
of daily turnover) because in this study we only
measured the lymph from the small intestine and
there are also evidences for the transport of
high-density lipoproteins synthesized in the in-
testine but transported through the portal vein
which could not be measured in the lymph (13).

Summary. The intestinal lymphatics were
successfully cannulated in 10 adult male
Sprague—Dawley rats fed a cholesterol-free diet;
40-60 days prior to cannulation, these animals
received an intracardiac injection of a single
dose of cholesterol-4-1#C. The intestinal lymph
was collected over a period of 6 hr. The animals
were then sacrificed. The cholesterol and its
specific activity in plasma, liver, and mucosa of
various segments of gastrointestinal tract were
measured and the sources of cholesterol in the
intestinal lymph were determined by comparison
of their relative specific activities. Of the total
cholesterol .in the intestinal lymph, 0.491
uM/hr, 81.5% or 0.398 uM/hr was derived from
exchangeable cholesterol in the intestine consid-
ered to be the same pool as the plasma choles-
terol, and 18.5% or 0.088 uM/hr was synthe-
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sized de novo in the intestinal mucosa. The latter
accounted for 22% of the daily turnover of the
plasma cholesterol.

The authors express their appreciation to Miss Belma
Mikkelson and Miss Janice Drummond for their technical
assistance.
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