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Campestanol (24-methyl-5~-cholestan-313-ol) is a naturally occurring plant stanol, structurally similar to cholesterol (5-cholesten- 
313-ol) and widely distributed in vegetable oils consumed in human diets. We measured the absorption and turnover of 
campestanol by the plasma dual-isotope ratio method and mathematical analysis of specific activity versus time decay curves 
after simultaneous oral and intravenous pulse-labeling with [3~-3H] - and [23-14C]-Iabeled campestanol, respectively, in New 
Zealand White (NZW) rabbits: six fed chow and six fed chow with 125 mg/d campestanol and 175 mg/d sitostanol 
(24-ethyl-5~-cholestan-313-ol). Plasma concentrations increased insignificantly from 0.08 -- 0.01 to 0.09 -+ 0.01 mg/dL with 
dietary stanols. The percent campestanol absorption measured by the plasma dual-isotope ratio method after the rabbits were 
fasted for 6 hours yielded the percent absorption in the absence of competing intestinal sterols and stanols and declined 
insignificantly from 11.6% -+ 3.5% in controls to 8.1% -+ 3.7% in the treated rabbit groups. In contrast, the turnover, which 
measured actual absorption averaged over 24 hours, increased from 0.12 - 0.05 to 0.37 _+ 0.05 mg/d (P < .05) with 
campestanol and sitostanol added to the diet. However, the actual percent absorption declined from 3% to 0.3% of dietary 
intake with the campestanol and sitostanol-enriched diet, Campestanol pool sizes, although remaining small, increased 
slightly from 1.1 --. 0.4 to 2.5 --. 1.5 mg. The removal constant (KA) from pool A (MA) did not change significantly with added 
dietary campestanol and sitostanol (KA= - 0.040 -+ 0.005 v --0.037 +- 0.007 d-l),  The results demonstrate small campestanol 
plasma concentrations and body pools even when the rabbits consumed substantial amounts because (1) intestinal 
absorption was limited and (2) was further reduced by competing dietary sitostanol, and {3) campestanol was removed rapidly 
from the body. Thus, campestanol, which shares the same basic structure and intestinal absorption pathway with cholesterol, 
does not accumulate when fed, and may be incorporated into the diet to block cholesterol absorption. 
Copyright © 1999 by W.B. Saunders Company 

p LANT STEROLS, campesterol (24-methyl-5-cholesten-313- 
ol) and sitosterol (24-ethyl-5-cholesten-3 [3-ol), are widely 

distributed in vegetable oils consumed in human diets. They are 
structurally similar to cholesterol, differing only by the addition 
of a methyl or ethyl group at C-24 on the apolar side chain (Fig 
1). Because of the extra side chain substituents, campesterol and 
sitosterol are more poorly absorbed from the intestine than 
cholesterol. 1-3 However, as a consequence of their similar 
structures and reduced intestinal absorption, plant sterol mix- 
tures have been used to block intestinal cholesterol absorption 
and decrease plasma concentrations. 4-1° 

The respective 5c~-dihydro derivatives of campesterol 
(campestanol) and sitosterol (sitostanol) have been prepared by 
catalytic reduction of the double bond at C-5,6 (Fig 1), These 
5a-dihydrosterol derivatives are more stable to autooxidation 
than their AS-unsaturated precursors and are less well absorbed 
from the intestine. Recently, 5c~-stanol mixtures have been 
esterified with rapeseed oil fatty acids and the stanol fatty acid 
esters incorporated into foods (margarine and mayonnaise). H 
These stanol fatty acid esters mix easily with the oil phase of 
intestinal contents and interfere with cholesterol absorption and 
decrease plasma cholesterol concentrations, a~,~2 Although there 
is some information about the absorption of the most abundant 
plant stanol in the mixture, sitostanol, virtually nothing is 
known about the absorption and metabolism of campestanol, 
which may constitute about 30% of the stanols in fatty acid 
esters.13-t6 

We therefore studied the absorption and distribution of 
radioactive campestanol fed orally and injected intravenously in 
New Zealand White (NZW) rabbits who consumed regular 
chow containing small amounts of campestanol and sitostanol 
and chow supplemented with 125 mg/d campestanol and 175 
mg/d sitostanol. Our results indicate a small but finite absorp- 
tion of campestanol, which was further reduced when fed 
together with sitostanol. 

MATERIALS AND METHODS 

Materials 

Cholesterol (5-cholesten-3[3-ol) and 5e~-cholestane were obtained 
from Sigma Chemical (St Louis, MO) and used as standards for the 
measurement of sterols and stanols by capillary gas-liquid chromatogra- 
phy (GLC). Basic rabbit chow (Purina Mills, St Louis, MO) contained 
campestanol 0.027 mg/g and sitostanol 0.16 mg/g. Stanol fatty acid 
esters (Benecol Division, Raisio Group, Raisio, Finland) were added to 
the basic rabbit chow so that each gram of chow contained 0.83 mg 
campestanol and 1.17 mg sitostanol. 

Experimental Plan 

The experiments were performed in 12 NZW rabbits (Hazleton 
Laboratories, Denver, PA) that weighed 2.5 to 3.2 kg. Each rabbit 
consumed about 150 g chow/d for 4 weeks. Six rabbits were fed the 
basic chow diet, and six rabbits were fed the basic chow diet 
supplemented with 500 mg/d stanol fatty acid esters equivalent to 125 
mg/d campestanol and 175 mg/d sitostanol. After 1 week on the diet, 
each rabbit received simultaneously [3~-3H]campestanol intravenously 
and [23J4C]campestanol intragastrically, and the percent absorption of 
exogenous [14C]campestanol was measured by the plasma dual-isotope 
ratio method. 17-21 

Using the intravenously injected [3e~-3H]campestanol, carnpestanol 
turnover rates were estimated by mathematical analysis of specific 
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Fig 1. Structure of cholesterol and plant sterols and stanols. 
Campesterol contains a methyl substituent at C-24 and campestanol 
is its 5~-dihydro derivative. Sitosterol contains an ethyl substituent 
at C-24 and sitostanol is its 5~-dihydro derivative. 

activity-time curves. Body pool sizes, production rates, and kinetic 
parameters for campestanol were also calculated, a,2124 

Campestanol Absorption 

The plasma dual-isotope ratio method, originally described to study 
cholesterol absorption in rats by Zilversmit and Hughes 17 and modified 
for studies in humans by Samuel et a118 and in sitosterolemic homozy- 
gotes and heterozygotes by Salen et al, 2°,21 was used to measure 
campestanol absorption in NZW rabbits. [3a-3H]campestanol was 
injected intravenously and [23-14C]campestanol intragastrically in the 
morning after a 6-hour fasting period. Plasma was obtained 2, 3, and 5 
or 6 days after intragastric and intravenous pulse-labeling, and the 
campestanol 14C/3H ratio was determined. The percent absorption was 
obtained by dividing the mean plasma 14C/3H isotope ratio for the 3 
days by the ideal ratio of the total administered 14C and 3H multiplied by 
100. It was recognized that since the oral dose of [23-14C]campestanol 
was administered after a 6-hour fast, absorption occurred in the absence 
of competing intestinal dietary sterols and stanols. 

Turnover 

Campestanol turnover was calculated according to the two- 
compartment model system. L2°,21 This model system was selected for 
campestanol because plant sterols and stanols, ie, sitosterol, are not 
synthesized endogenously, plasma specific activity after isotopic pulse- 
labeling decays rapidly, and the resulting plasma specific activity versus 
time curve provides an excellent fit for two exponentials. The plots of 

specific activity versus time were analyzed by PK Analyst Software 
(MicroMath, Salt Lake City, UT). 

The methods of calculation and assumptions for pharmacokinetic 
data analysis were essentially the same as used for sitosterol turnover 
reported in prior studies, 1,2°,21 ie, virtually no campestanol is excreted 
from pool B (KB = zero) and campestanol originates solely from the 
diet and is not synthesized endogenously in either pool A or pool B. 
Thus, SB = zero, and SA represents the amount of campestanol absorbed 
from the diet each day (Fig 2). 

Radiolabeled Campestanol 

[23-14C]campestanol (specific activity, 50 laCi/Nnol) was custom- 
synthesized by Amersham Life Science and provided by the Benecol 
Division, Raisio Group (Raisio, Finland). [3c~-3H]campestanol was 
prepared from a sample of greater than 99% pure campestanol (Benecol 
Division, Raisio Group) by the method of Dayal et al 2s with a final 
specific activity of 91 ~tCi/~mol. The labeled campestanols were 
examined by silica gel G thin-layer chromatography (developing 
solvent, chloroform:acetone 97:3 vol/vol, Rf = 0.35) and were approxi- 
mately 98% pure. Each rabbit received 0.5 laCi [23-14C]campestanol 
intragastrically and 1.0 laCi [3c~-3H]campestanol intravenously. The 
intragastrically administered [23JaC]campestanol was dissolved in 0.5 
mL absolute ethanol suspended in 1 mL milk, and the intravenously 
administered [3c~-3H]campestanol was dissolved in 100 gL absolute 
ethanol suspended in 2 mL physiologic saline injected via a 22-gauge 
butterfly needle infusion into the femoral vein. The rabbits were lightly 
sedated with a small dose of ketamine, Acepromazine, and Xylazine 
mixture and did not begin to eat for 2 to 3 hours after injection. 

Chemical Studies 

Plasma sterol concentrations were measured by capillary gas-liquid 
chromatography (GLC). After saponification of 100 gL plasma in 1N 
NaOH at 70°C for 1 hour, neutral sterols and stanols were extracted with 
hexane. Seventy micrograms of 5e~-cholestane and 70 lag coprostanol 
were added prior to extraction as internal standards. The solvent was 

SA SB 

1 
A 

kAB 

k BA 
B 

kA J kBl 
Fig 2. Two-pool model for the turnover of [3~-~H]campestanol. S A 

is the input into pool A and equals absorption, PRA (mg/d), because 
there is no endogenous synthesis of campestanol, kA is the removal 
constant from pool A, and kAB and kBA are the equilibrium constants 
between the 2 pools. There is no removal of campestanol from pool B 
(KB = zero). A and B represent pools MA and MB, respectively. 
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evaporated, and trimethylsilyl (TMS) ether derivatives were prepared 
by the addition of 50 gL Sil Prep (Analtech, Deerfield, IL). After 
standing for 30 minutes, pyridine was evaporated and the residue was 
dissolved in 50 gL hexane; 1 gL was analyzed by GLC in the splitless 
mode. Capillary GLC was performed on a Hewlett-Packard model 5840 
gas chromatograph (Hewlett-Packard, Palo Alto, CA) equipped with a 
flame ionization detector and fitted with an open tubular fused silica 
column (0.32 mm × 26 m) internally coated with a 0.21-pm film of CP 
Wax 52 CB (Chrompack, Bridgewater, NJ). Operating conditions were 
as follows: column temperature (isothermal) 210°C, flame ionization 
detector 295°C, and helium cartier gas flow 1.0 mL/min. The retention 
time relative to 5e~-cholestane for TMS-ether derivatives was as 
follows: cholesterol 1.86, campesterol 2.36, campestanol 2.24, stigmas- 
terol 2.46, sitosterol 2.86, sitostanol 2.72, and avenosterol 3.46. 

Radioactive (3H and 14C) campestanol was determined in 300-gL 
specimens of plasma. After saponification, hexane extraction, and 
solvent evaporation, the neutral sterol-stanol fraction was redissolved in 
5.0 mL ethyl acetate. Four fifths were taken for radioactivity measure- 
ments dissolved in Eculum (New England Nuclear, Boston, MA). 
Radioactivity was assayed in a Beckman LS-6500 liquid scintillation 
system (Beckman Instruments, Fullerton, CA). The efficiency for 
counting 3H and 14C was 43% and 69%, respectively. The samples were 
counted for 10 to 100 minutes so that at least 100 counts above 
background were recorded. 

Statistics 

Data are reported as the mean _+ SD. The statistical significance of 
differences between the two rabbit groups was estimated by Student's t 
test (unpaired), and significance was accepted at a P level less than .05. 

RESULTS 

Table 1 lists the plasma sterol concentrations. Plasma choles- 
terol levels did not decline when the campestanol-sitostanol- 
enriched chow diet was fed. In contrast, only small amounts of 
campestanol were detected in plasma on the basic chow diet that 
contained approximately 4 mg/d campestanol, and the plasma 
concentration increased slightly but insignificantly from 0.08 _+ 
0.01 to 0.09 -+ 0.01 mg/dL when 125 mg/d campestanol was 
added to the chow diet. Sitostanol was also present in very small 
amounts in plasma when the basic chow was fed with a daily 
intake of 24 mg/d sitostanol, and increased insignificantly when 
the chow diet contained 175 mg/d sitostanol. Interestingly, there 
were low plasma concentrations of the AS-unsaturated plant 
sterol, sitosterol, which decreased significantly in rabbits fed 
chow enriched with campestanol and sitostanol. 

The percent campestanol absorption determined by the 
plasma dual-isotope ratio method after simultaneous pulse- 
labeling with [23-t4C]campestanol orally and [3c~-3H]campesta - 
nol intravenously is presented in Table 2. The 14C/3H ratio of 
campestanol was reported for three specimens of blood ob- 
tained from each rabbit on days 2, 3, and 5 or 6 after 

Table 1. Plasma Sterol Levels (mg/dL) in the Two Rabbit Groups 

Diet Cholesterol Campestanol Sitostanol Sitosterol 

Basic chow 

(n = 6) 41 _+ 14 

Basic c h o w  + 

campestanol  + 

si tostanol 

(n = 6) 42 ± 13 

0.08 ± 0.01 0.06 ± 0.04 0.60 +- 0.06 

0.09 -+ 0.01 0.09 ± 0.03 0.43 ± 0.16" 

* P <  .05 vchow. 

Table 2. Parameters of Campestanol Absorption in the Two Rabbit 
Groups 

Chow + Campestanol 
Chow + Sitostanol 

Parameter (n - 18)* (n = 18)* 

140/3H ratio 0.058 _+ 0.018 0.040 ± 0.018 

Coeff ic ient of  var iat ion (%)1- 31 45 

Admin is tered 14C/3H ratio 0.50 0.50 

Absorpt ion (%) 11.6 _+ 3.5 8.1 ± 3.7 

"18 determinations (3 separate blood samples each from 6 rabbits). 

I"SD + mean × 100. 

pulse-labeling. No [14C] radioactivity could be detected at day 
9. The mean values for 18 determinations (three per rabbit) for 
the six rabbits in each group were then compared against the 
administered isotope ratio. The latter fraction represents the 
14C]3H ratio that would be obtained if campestanol absorption 
was 100%, and is calculated by dividing the total [14C] oral dose 
by the total [3H] intravenous dose. 

The plasma 14C/3H ratio was higher when rabbits consumed 
the basic chow diet that contained only 4 mg/d campestanol and 
24 mg/d sitostanol compared with the basic rabbit chow 
containing added campestanol (125 mg/d) and sitostanol (175 
mg/d). However, the difference between groups was not statisti- 
cally significant, as the coefficients of variation for the ratios 
were similarly large. When the plasma t4C/3H ratio was 
converted to percent absorption by dividing the plasma ratio by 
the administered ratio multiplied by 100, the percent campesta- 
nol absorption was 11.6% in chow-fed rabbits and declined 
insignificantly to 8.1% in rabbits fed chow supplemented with 
the campestanol-sitostanol fatty acid ester mixture. Since the 
basic chow contained about 4 mg/d campestanol, only about 0.5 
mg/d would be absorbed on the basic chow diet, compared with 
10.1 mg/d as the maximum campestanol absorption for rabbits 
fed basic chow enriched with 125 mg/d campestanol and 175 
mg/d sitostanol. However, it is important to emphasize that the 
rabbits were fasted for 6 hours before radioactive campestanol 
was administered and did not eat again until 2 hours (sedated) 
after isotope injection, and thus the percent absorption by the 
dual-isotope ratio method was determined in the absence of 
intestinal dietary sterols and stanols. 

Figure 3 illustrates the plasma specific activity-time decay 
curve for intravenously injected [3~x-3H]campestanol in six 
NZW rabbits fed basic chow that contained small amounts of 
campestanol (4 mg/d) and sitostanol (24 rag/d) and six NZW 
rabbits fed basic chow supplemented with 125 mg/d campesta- 
nol and 175 mg/d sitostanol. The intravenously administered 
[3e~-3H]campestanol specific activity decayed almost identi- 
caily in both groups, which indicates that the turnover of 
campestanol in the rabbits was not greatly influenced by the 
larger intake of dietary campestanol and sitostanol (Fig 3). 
Further, the rapid elimination of [3ot-3H]campestanol was 
evidenced by the almost complete disappearance of [3H]campes- 
tanol from the plasma 9 days after intravenous injection. 

It is also evident that the constancy of the 14C/3H ratio over 
days 2, 3, and 5 or 6 (Table 2) corresponds to the bulk of the 
[3H]campestanol-time curve (Fig 3). This finding suggests that 
the intragastrically administered [14C]campestanol decayed in 
parallel to the intravenously injected [3H]campestanol. 
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Fig 3. Specific activity versus time curve for [3a-3H]campestanol 
in rabbits fed basic chow that contained 4 mg/d campestanol and 24 
mg/d sitostanol (O) and rabbits fed basic chow supplemented with 
125 mg/d campestanol and 175 mg/d sitostanol (©), The decay of 
[3~-3H]campestanol is almost identical in the 2 rabbit groups, 

Mathematical analysis 1,2°,21 showed that each decay curve 
could be divided into two exponentials that reflect two kinetic 
pools of campestanol (Fig 2). Pool A is designated as the 
rapid-turnover pool composed of campestanol in the plasma, 
erythrocytes, liver, and intestine, and pool B is designated as the 
slow-turnover pool composed of campestanol in muscle.1 Table 
3 lists key parameters for campestanol turnover and distribution 
assuming that [3ct-3H]campestanol entered and was eliminated 
from the body solely through pool A. 

The half-life of [3H]campestanol in pool A (tl/2 A) for both 
rabbit groups was rapid and about equal. Similarly, the half-life 
for pool B (tl/2 B), although much slower than (tl/2A), was also 
about the same magnitude for both rabbit groups. Rate constants 
(Table 3) reflecting the distribution and equilibrium of [3~x- 
3H]campestanol between the two pools were about the same, 
confirming the similar decay of plasma [3c~-3H]campestanol 
observed for the curves in Fig 3. In particular, KA, the rate 

Table 3. Parameters of Campestanol Turnover and Distribution in 
the Two Rabbit Groups 

Basic Chow + 
Basic Chow Campestanol + 

Parameter (n = 6) Sitostanol (n = 6) 

tl/2 A (d) 1.3 + 0.2 1.1 + 0.1 

tv2B (d) 17.2 -4- 2.2 14.9 + 2.3 

PRA (rag/d) 0.12 + 0.05 0.38 _+ 0.25* 

MA (rag) 1.1 _+ 0.4 2.4 +_ 1.3" 

MB (rag) 0.012 _+ 0,006 0.09 _+ 0.137 

MA + M B (mg) 1.12 _+ 0.4 2.49 _+ 1.5" 

KA (d -1) -0.040 _+ 0.005 -0.037 _+ 0.007 

KAA (d 1) -0.0033 -+ 0.0003 -0,00030 -+ 0.00012 

KBB (d -1) -0 .56  -+ 0.08 -0 .73  -+ 0.12 

KAB (d 1) 0.043 -- 0.025 0.037 _+ 0.07 

NOTE. Specific activity = A exp ( -at )  + B exp ( -bt ) .  la°,2~ Assume no 
synthesis in pool B and no input or excretion of campestanol from 
pool B except through pool A. 

* P <  .05 vbasic chow. 

constant for the removal of campestanol from pool A (MA), was 
fast and did not differ significantly between the two rabbit 
groups. Thus, campestanol was eliminated speedily from the 
body via pool A, and the rate constant (KA) for the two 
treatment groups was not significantly different despite the 
much larger intake of dietary campestanol and sitostanol. The 
size of pool A (MA) calculated by mathematical analysis of the 
two-pool model was 1.1 _+ 0.4 mg in rabbits fed chow, and 
increased 55% to 2.4 _ 1.3 mg (P < .05) in rabbits fed the 
chow diet enriched with campestanol and sitostanol. Pool B 
(M~), which has a slower turnover and contains campestanol 
entirely derived from pool A, increased from 0.012 _+ 0.006 to 
0.090 +_ 0.137 mg (P = NS) with added dietary campestanol 
and sitostanol. Thus, the total campestanol body pool increased 
56% and was 2.3-fold larger with the extra campestanol and 
sitostanol mixture added to the diet. 

The production rate (PRa) measures the entry of campestanol 
into the body through pool A, and in the case of campestanol, it 
equals the averaged amount absorbed (milligrams per day) 
because there is no endogenous synthesis. In rabbits fed basic 
chow, this amounted to 0.12 ± 0.05 mg/d, and increased to 
0.38 _+ 0.25 mg/d (P < .05) in rabbits fed basic chow supple- 
mented with 125 mg/d campestanol and 175 mg/d sitostanol. 
Since about 4 mg/d campestanol was fed with the basic chow 
diet in control rabbits, the actual percent campestanol absorp- 
tion was 0.12/4 × 100, or 3% of the intake, whereas in rabbits 
fed chow supplemented with campestanol (125 mg/d) and 
sitostanol (175 mg/d), the actual percent campestanol absorp- 
tion equaled 0.38/125 × 100, or 0.3% of the dietary intake. 
Thus, although the mass of absorbed campestanol increased 
slightly, the actual percent absorption declined drastically when 
a mixture of campestanol and sitostanol was added to the diet. 

DISCUSSION 

The results of this investigation demonstrate that small 
amounts of dietary campestanol were absorbed from the 
intestine of NZW rabbits and circulated in the plasma. Usually, 
campestanol can be found with its AS-unsaturated plant sterol 
precursor, campesterol, in virtually all natural vegetable oils, eg, 
corn oil and soybean oil. These vegetable oils are widely 
consumed in American diets. In a sampling of corn oil, 
campestanol which is 5c~-saturated, comprised about 3% of the 
total sterol fraction, along with its more abundant As_ 
unsaturated precursor, campesterol, 27%, and other AS_ 
unsaturated plant sterol derivatives, sitostero160%, stigmasterol 
6%, and sitostanol 4% (G. Salen, unpublished observations, 
May 1998). However, the stanol preparation used in chow-fed 
rabbits in these experiments was specially prepared by catalytic 
hydrogenation of vegetable oil AS-unsaturated plant sterols to 
produce a mixture that contained only campestanol (42%) and 
sitostanol (58%), which were then esterified with rapeseed oil 
fatty acids to produce a stanol fatty acid ester mixture that 
would easily dissolve into the oil phase of intestinal contents. 

Cholesterol and plant sterols and their 5c~-stanol derivatives 
contain the same cyclopentanoperhydrophenanthrene ring struc- 
ture and 8-carbon side chain as cholesterol, but differ from the 
cholesterol molecule by the addition of extra methyl or ethyl 
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substituents at C-24 on the apolar side chain (Fig 1). These 
additional substituents are recognized by the brush border of 
enterocytes such that intestinal absorption of plant sterols is 
markedly reduced compared with cholesterol. 26 For example, in 
one control subject fed regular food, 44% of cholesterol was 
absorbed, compared with only 4% of dietary sitosterol. 2° 
Moreover, 5a-saturation of the double bond at C-5,6 to form 
5eL-stanols further diminishes the percent intestinal absorption 
such that 5et-sitostanol is virtually unabsorbed. 13-15 However, 
because plant sterols and stanols are structurally similar to 
cholesterol (Fig 1), they share the same intestinal absorption 
pathway, and thus when present together with cholesterol in the 
intestine, poorly absorbed campestanol and sitostanol will 
hinder the absorption of cholesterol. 4,14,16 

Two methods were used to assess campestanol absorption. 
The plasma dual-isotope ratio method measures the plasma 
ratio of 14C/3H campestanol after simultaneous pulse-labeling 
with [23J4C]campestanol administered orally and [3c~- 
3H]campestanol intravenously. The percent absorbed is calcu- 
lated by dividing the observed plasma 14C]3H ratio by the ideal 
I4C/3H ratio, which would be the ratio if 100% of [23- 
14C]campestanol administered orally was absorbed, multiplied 
by 100. Thus, the campestanol 14C/3H ratio represents absorp- 
tion at a single time point. The percent campestanol absorption 
was similar in chow-fed rabbits (11%) and rabbits fed chow 
supplemented with campestanol and sitostanol (8.6%). How- 
ever, these rabbits were fasted for 6 hours before [4J4C]campes- 
tanol was administered orally. Thus, the percent campestanol 
absorption as determined by the plasma dual-isotope ratio 
method represents campestanol absorption when competing 
dietary sterols and stanols are absent from the intestine. In 
contrast, campestanol absorption measured by mathematical 
analysis of the [3H]campestanol specific activity versus time 
decay curves revealed the input or production rate (PRA) of 
campestanol that entered the rapid-turnover pool A over a 
24-hour period as milligrams per day. Assuming that campesta- 
nol, like other plant sterols, is not synthesized endogenously, the 
daily production rate (PRA) equals absorption (milligrams per 
day). When rabbits were fed the basic chow diet that contained 
small amounts of campestanol (4 mg/d) and sitostanol (24 
rag/d), 0.12 mg/d campestanol was absorbed, equivalent to 3% 
of the dietary campestanol intake. In comparison, 0.38 mg/d 
campestanol was absorbed when the basic chow diet was 
supplemented with 125 mg/d campestanol and 175 mg/d 
sitostanol. Although the mass campestanol absorption increased 
69% (P < .05), the actual percent absorption declined markedly 
to 0.3% of dietary intake. When these measurements for percent 
campestanol absorption derived by the isotope kinetic method 
and plasma dual-isotope ratio method are compared, the percent 
absorption determined by the plasma dual-isotope ratio method 
(Table 2) was higher in rabbits after fasting when dietary sterols 
and stanols were absent from the intestine. However, when large 
amounts of campestanol and sitostanol were fed, only 0.3% of 
intestinal campestanol was absorbed as measured over 24 hours 
by the isotope kinetic method. The explanation for this differ- 
ence seems to be that the large amounts of sitostanol present in 
the diet and intestine competed with and reduced campestanol 
absorption. However, it is important to emphasize that the 

precise mechanism for intestinal absorption of cholesterol and 
plant sterols and stanols is not completely known. 

At least four possible explanations could account for the 
reduced campestanol absorption when the plant stanol mixture 
was added to the diet: (1) The large dietary pool of sitostanol 
fatty acid esters displaced campestanol fatty esters from the 
intestinal bile salt micelles, 27 which reduced the content of 
campestanol fatty .acid esters available for hydrolysis by 
pancreatic ester hydroxylase. This would diminish the release of 
free campestanol and maintain campestanol as a fatty acid ester, 
which cannot be absorbed intact from the intestine. (2) Sitosta- 
nol fatty acid esters may compete directly with campestanol 
fatty acid esters for pancreatic ester hydrolase. (3) Free sitosta- 
nol may directly interfere with the uptake of free campestanol 
by the enterocyte after hydrolysis of the fatty acid esters. 5 (4) 
Once in the enterocyte, sitostanol may competitively block 
campestanol esterification by intestinal acylcholesterol acyltrans- 
ferase (ACAT), which is a necessary step for the incorporation 
of campestanol into chylomicrons. 1 Importantly, the same 
processes that block campestanol absorption would also operate 
to interfere and diminish the absorption of dietary and biliary 
cholesterol in the intestine. Indeed, stanol fatty esters have been 
used clinically in hypercholesterolemic humans to reduce 
cholesterol absorption and decrease the elevated plasma choles- 
terol levels.tl,~2 The stanol fatty acid esters used in these studies 
were composed mostly of sitostanol derived from tall oil (pine 
tree sterols). However, the results of this investigation indicate 
that since dietary campestanol is also poorly absorbed from the 
intestine, a greater proportion of campestanol can be included in 
the stanol fatty acid ester mixture. Because of the limited 
absorption of campestanol and the combination with sitostanol, 
the mixture would be effective to reduce cholesterol absorption. 

We realize that the percent absorption of campestanol as 
measured by the plasma dual-isotope ratio method was higher 
than determined by the isotope kinetic method. However, we 
believe the isotope kinetic method more accurately reflected 
campestanol absorption over a 24-hour period and would be 
more strongly influenced in the intestine by dietary sitostanol, 
as shown. In this regard, the constancy of the 14C/3H ratio over 
days 2, 3, and 5 or 6 suggests parallel decay of absorbed 
[23-14C]campestanol with intravenously administered [3eL- 
3H]campestanol. 

This finding of reduced campestanol absorption is important 
to consider since campesterol, the AS-unsaturated precursor of 
campestanol, was absorbed more efficiently than AS-sitosterol 
when fed to hypercholesterolemic subjects such that substantial 
amounts of campesterol were present in the plasma of some 
patients. 7,8 Also of significance is the fact that accelerated 
atherosclerosis is part of the clinical picture of patients with 
sitosterolemia. In this rare recessive lipid disorder, large amounts 
of plant sterols and stanols including campestanol and sitostanol 
accumulate in the plasma and tissues because of hyperabsorp- 
tion and diminished sterol removal. 22 Thus, the low absorption 
and small body pools of campestanol in the rabbits fed large 
amounts of campestanol and sitostanol reinforces the proposi- 
tion that campestanol would not accumulate during stanol fatty 
ester treatment. 

In summary, we have examined the absorption of campesta- 
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nol by two methods in rabbits fed chow containing little 
campestanol and sitostanol and rabbits fed chow supplemented 
with campestanol 125 mg/d and sitostanol 175 mg/d. Higher 

campestanol absorption was observed in fasted rabbits in the 

absence of intestinal sterols, but the actual absorption was 
reduced markedly to 0.3% of intake when measured over 24 

hours when large amounts of sitostanol were also present in the 

diet. 
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