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Abstract Introduction

MITTENDORFER, BETTINA, RICHARD E. OSTLUND, Obese persons, particularly those with abdominal obesity,
JrR, BRUCE W. PATTERSON, AND SAMUEL KLEIN. are at increased risk for developing abnormalities in serum
Orlistat inhibits dietary cholesterol absorptio@bes Res. lipids, including hypertriglyceridemia, increased serum total
2001;9:599-604. and low-density lipoprotein (LDL) cholesterol concentra-

Objective: Orlistat decreases the absorption of dietary tri- tions, an increased proportion of small, dense LDL patrticles,
glycerides by inhibiting intestinal lipases. Orlistat therapy is and low-serum high-density lipoprotein (HDL) cholesterol
associated with a greater decline in plasma low-density (1,2). These abnormalities are clinically important because
lipoprotein-cholesterol concentrations than that expected of their causal relationship with coronary heart disease
from weight loss alone. Therefore, we evaluated the effect (3-5). Weight loss is recommended for obese patients with
of orlistat treatment on dietary cholesterol absorption as a dyslipidemia because it can decrease serum triglyceride,
possible mechanism for the independent effect of orlistat on total cholesterol, and LDL cholesterol concentrations, and it
plasma cholesterol concentration. increases serum HDL-cholesterol concentration (6,7). The
Research Methods and ProcedureSholesterol absorption  amount of improvement in serum lipids is directly related to
from a standardized meal, containing 72 mg of cholesterol, the amount of weight lost (7).

was determined in 18 subjects with class Il abdominal The key principle in achieving weight loss in obese
obesity (BMI, 35.0 to 39.9 kg/R) by simultaneous admin persons is to modify lifestyle behaviors to decrease energy
istration of intravenous {Hg] cholesterol) and oral {Hg] intake and increase physical activity. However, conven-
cholesterol) cholesterol tracers. In protocolnl= 9), cho- tional behavior modification therapy has limited long-term
lesterol absorption was determined on two different occa- success, and many obese patients who lose weight regain
sions, 10 to 20 days apart, to assess the reproducibility oftheir lost weight over time (8). The failure to achieve
the tracer method. In protocol 2 (= 9), cholesterol ab-  permanent weight loss has led to increased interest in phar-
sorption was determined with and without orlistat therapy in macotherapy as an additional tool in treating obesity. All
a prospective, randomized, crossover design to assess th&edications approved for obesity treatment, with the excep-
effect of orlistat on cholesterol absorption. tion of orlistat, act as anorexiants. In contrast, orlistat de-
Results: In protocol 1, cholesterol absorption from the test creases body weight by binding to intestinal lipases and
meal was the same on both occasionst36 and 51+ 5%). blocking fat digestion and absorption (9,10). The results
In protocol 2, orlistat treatment caused a 25% reduction in from several randomized clinical trials found that orlistat
cholesterol absorption, from 59 6% to 44+ 5% (p < 0.01). has a beneficial effect on serum cholesterol concentration
Discussion: These data demonstrate that orlistat inhibits that is independent of weight loss alone. Subjects given
dietary cholesterol absorption, which may have beneficial orlistat had a greater reduction in serum LDL-cholesterol
effects on lipoprotein metabolism in obese subjects that areconcentrations than those given placebo, even after adjust-

independent of weight loss itself. ing for the percentage of weight loss (11-13).
The mechanism(s) responsible for the additional choles-

Key words: or“stat' Cho]esteroL stable isotope’ terOI'IOWEring effect of orlistat is not known. A series of

weight loss studies have demonstrated that cholesterol intake can affect
serum cholesterol concentrations (14-20). Therefore, we
hypothesized that the independent beneficial effect of orl-
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jects on two occasions, several weeks apart. In protocol 2,
the effect of orlistat on dietary cholesterol absorption was
determined. One-half of the 18 subjects (eight women and

Table 1. Subject characteristics

Protocol 1 Protocol 2 one man) participated in protocol 1 and the other half (seven
(repr(;dicgnllty) (Onr“itz[) women and two men) participated in protocol 2 (Table 1).
Body weight (kg) 104+ 4 109+ 4 Cholesterol Absorption Test Procedure
> The following protocol was followed for each cholesterol
BMI (kg/m?) 37+1 37+ 1 ) : : .
2 absorption test. Subjects were admitted to the outpatient
Waist circumference unit of the GCRC in the morning (between 6:30 and 7:30
(cm) 107=3 111=3 am), after they had fasted overnight. A catheter was placed
Body fat (%) 48+ 2 48+ 3 in a forearm vein for blood sampling and infusion of a stable
Total plasma cholesterol isotope-labeled tracer of cholesterol. After a baseline blood
(mg/dL) 211+ 10 184+ 7 sample was obtained to determine background choles-
LDL cholesterol terol enrichment, 15 mg of hexadeuterated cholesterol
(mg/dL) 135+ 10 112+ 4 ([26,26,26,27,27,27H,] cholesterol; Medical Isotopes,
HDL cholesterol Pelham, NH), dissolved in 4 mL of 10% Intralipid (Phar-
(mg/dL) 51+ 2 44+ 4 macia, Inc., Clayton, NC), was given intravenously over 5

minutes. After tracer administration, the syringe containing
the tracer solution was rinsed with saline, and the saline was
infused through the existing intravenous line to ensure that
the entire dose of tracer was given. Immediately after tracer
administration, subjects ingested a test meal, which was
validated previously (21). This method has several advan- prepared by the GCRC metabolic kitchen. This meal con-
tages over previous methods because it does not involvetained 510 calories and 72 mg of cholesterol (including the
radiation exposure (22,23), and it eliminates the need for cholesterol tracer) and consisted of 240 mL of orange juice,
cumbersome stool collections (24). 240 mL of whole milk, 21 g of corn flakes, and a 60-g bagel
saturated wh 2 g of corn oil containing 30 mg of penta-
Research Methods and Procedures deuterated chqlesterol ([2,2.,4,4'-2,I65] cholesterol; Medical
) Isotopes). Subjects were discharged from the GCRC after
Subjects _ _ consuming the test meal. Three days later, subjects re-
Eighteen subjects with class Il (BMI, 35.0 to 39.9 kgfm turned to the GCRC in the morning (between 6:30 and

abdominal obesity (3% 3 years old; 3 men and 15 women;  7:30av), after they had fasted overnight. A blood sample
body mass index [BMI], 37- 1 kg/nf; waist circumference,  as obtained to measure plasma isotopic enrichment of
>100 cm) participated in this study. All subjects completed a he two cholesterol tracers.

comprehensive medical evaluation, which included a history  cpolesterol tracer given orally peaks in plasma within 2
and physical examination, an electrocardiogram, and standarqyays and then slowly declines parallel to the intravenous
blood and urine tests. None of the subjects had evidence Ofyacer (21). Determination of the ratio of the two cholesterol
medical illnesses other than obesity, and none smoked tobaccOyacers in plasma after 3 days of equilibration in the rapidly
Fat mass and fat free mass were determined in each subject by,iscible pool of body cholesterol allows the calculation of
DXA (Hologic QDR 1000/w, Waltham, MA). Fasting serum  the fractional absorption of cholesterol from the test meal.
lipid and cholesterol concentrations were measured after steprhe simultaneous administration of intravenously and orally
wise ultracentrifugation by the Lipid Research Clinic Core yejivered tracers allows measurement of changes in plasma

Laboratory of Washington University School of Medicine (St.  opgjesterol absorption that are not confounded by any
Louis, MO). Written informed consent was obtained from all changes in cholesterol pool size.

subjects before their participation in the study, which was

approved by the Human Studies Committee and the GeneralProtocol 1 (Reproducibility)

Clinical Research Center (GCRC) Scientific Advisory Com-  Cholesterol absorption from a test meal was measured in
mittee of Washington University School of Medicine in each subject on two different occasions, 10 to 20 days apart.

Values are means SEM.

St. Louis, MO. This amount of time is sufficient to prevent a carryover
effect from the previous cholesterol absorption test. Most of
Experimental Design the cholesterol tracer in plasma is eliminated within 10 days

Two study protocols were performed. In protocol 1, the after oral or intravenous (IV) administration (21). Subjects
reproducibility of the cholesterol absorption test was eval- were instructed to consume their normal weight-maintain-
uated by measuring cholesterol absorption in the same sub-ing diet for the duration of the entire study.

600 OBESITY RESEARCH Vol. 9 No. 10 October 2001



Orlistat Inhibits Dietary Cholesterol Absorption, Mittendorfer et al.

100 = each use. [2,2,4,4,84.] Cholesterol for oral administra
tion was dissolved in corn oil (15 mg of tracerrpkeg of
80 oil) and the solution was mixed by continuous rotation
(O for 12 hours at room temperature.

60 7 -I- Sample Analyses

Total plasma cholesterol enrichment was determined by
using gas chromatography-mass spectrometry (Hewlett
Packard 5988A gas chromatography-mass spectrometer fit-
ted with a 5-mXx 0.53-mm i.d., 1pm film thickness Xti-5
20 ~ capillary column; Hewlett Packard, Palo Alto, CA) as pre-
viously described (21,25). Plasma was saponified (26) and
the nonsaponifiable sterols were extracted into petroleum

0 ether and converted to pentafluoro-benzoyl esters. Choles-
Cholesterol Cholesterol terol ions were generated by negative chemical ionization,

absorption test 1 absorption fest 2 and ions at mass-to-charge ratios 581{M. of cholesterol

Figure 1: Reproducibility of cholesterol absorption from a test pentafluorobenzoate), 585 (M 5), and 586 (M+ 6) were
meal containing 72 mg of cholesterol (protocol 1). Nine subjects selectively monitored to determine the tracer-to-tracee ratio

40

Absorption of dietary
cholesterol (%)

were studied twice;~2 weeks apart. (TTR) of labeled and unlabeled free cholesterol in plasma.
Calculations
Protocol 2 (Orlistat) The percentage of cholesterol absorption from the test

Dietary cholesterol absorption was determined on two Mmeal was calculated as the ratio of the two cholesterol
occasions, once with and once without simultaneous inges-tracers in plasma on day 4 divided by the mole ratio ad-
tion of orlistat (120 mg; Hoffman LaRoche, Nutley, NJ) Mministered as follows.

Wlt.h the test meal. The Qrder Qf tests (Wlth' or without . TTR, . IV tracer dose

orlistat) was randomly assigned in a prospective crossover 9 absorption= X X 100
design. Subjects were given orlistat (120 mg three times TTRy oral tracer dose

daily with meals) for 3 days before the cholesterol absorp- \yhere TTR oral and TTR represent the TTRs of the orally

tion test with orlistat was performed to allow adjustment to and intravenously administered tracers in plasma cholesterol.
the drug and to simulate the effect of orlistat on cholesterol

absorption that would occur during drug therapy rather than gtatistical Analysis

at initial drug therapy. A power analysis, based on our previous data (25), sug-
gested that six subjects would be needed to detect a 25%
Preparation of Cholesterol Tracers difference in cholesterol absorption with anvalue of 0.05

[26,26,26,27,27,27H,] Cholesterol for IV administra and a power of 0.80.
tion was dissolved in USP ethanol (20 mg of tracer/mL A Student’st test for paired samples was used to evaluate
ethanol) and filtered through a Oi@n solvent-resistant  the reproducibility of cholesterol absorption (protocol 1)
filter (Millex-FG; Millipore, Bedford, MA). The limulus and the effect of orlistat on cholesterol absorption from the
colorimetric assay (Bio-Whittaker, Walkersville, MD) was test meal (protocol 2). Statistical significance was accepted
used to test for pyrogens and an aliquot of the solution wasat p = 0.05. All data are expressed as meanSEM.
tested for sterility by routine culture. The tracer solution was
gently mixed in warm (37 °C) 10% Intralipid. The prepa-
ration was allowed to cool to room temperature before being Results
passed through a 12m particulate filter (IV6120; EPS,  Protocol 1 (Reproducibility)
Feasterville, PA). The preparation to be infused (freezing Cholesterol absorption from the test meal on the two
point: —18 °C) was stored at-12 °C for up to 4 weeks in  different occasions was 53 5% and 51+ 5%. Dietary
a commercial freezer that was modified with an A319 cholesterol absorption determined during the second test in
electronic temperature control unit (Johnson Controls, Mil- each subject was 9& 10% of the value measured during
waukee, WI) to maintain temperature to withinhl °C. the first test (Figure 1).
Standard refrigeration equipment was unsuitable because of
excessive temperature variation and occasional freezing ofProtocol 2
the tracer with partial disruption of the intralipid parti- Basal cholesterol absorption from the test meal (without
cles. The infusion material was refiltered the day before orlistat) was 59+ 6%. Cholesterol absorption from the test
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70 - tion prevents micelle formation, and therefore, cholesterol
absorption. In this study, we found that the relative
60 — T reduction in cholesterol absorption induced by orlistat
- (~25%) is similar to the reported relative reduction in fat
E‘A s0 absorption ¢30%) (10).
E S T Data from studies that evaluated the effect of orlistat on
SE 40 o 7 fat absorption suggest that it is unlikely that the interpreta-
£ tion of our results would be affected by the amount of
‘5.% orlistat given, the cholesterol content of the meal, or the
§ S 30 o duration of therapy. The relationship between orlistat dose
< and fat absorption is curvilinear, so that increasing the dose
20 - of orlistat above 120 mg does not cause additional decreases
in fat absorption (9,10). In addition, altering the amount of
ingested fat, within the range of normal dietary intakes, does
10 = not change the percentage of dietary fat that is malabsorbed
4 by orlistat treatment (9,10). It is also unlikely that the effect
0 of orlistat on cholesterol absorption would diminish with

Control Orlistat time, because the potency of orlistat on fat absorption re-

Figure 2: Effect of orlistat on cholesterol absorption from a test mains the same after 44 weeks of treatment (28).

meal containing 72 mg of cholesterol (protocol 2). Nine subjects T he findings from the most carefully controlled prospec-

were studied twice (with and without orlistaty;2 weeks apart.  tive studies demonstrate that dietary cholesterol intake af-
Values are means SEM. *Value different from control value,  fects plasma cholesterol concentration, particularly in ge-
p < 0.01L. netically susceptible persons (14-20). Up-regulation of
hepatic LDL receptors is the likely mechanism responsible
for the cholesterol-lowering effect of a low-cholesterol diet.

meal given concomitantly with orlistat was 44 5% (Fig- Cholesterol that is absorbed by the small intestine is incor-
ure 2). Therefore, orlistat decreased the absolute amount ofoorated within chylomicrons and delivered into the systemic
cholesterol absorbed from the test meal by®2%% (from circulation. Adipose tissue and muscle endothelial lipopro-
43 to 32 mg;p < 0.01). tein lipase hydrolyze and deplete the triglyceride component

of chylomicrons, leaving behind cholesterol-rich chylomi-
Di . cron remnants. These remnants are taken up by the liver
ISCUSsIon through LDL receptor-mediated endocytosis (29,30). He-

Data.from several_ randomlzed,_ controlled trials suggest patic cholesteryl ester content regulates LDL receptor ac-
that orlistat therapy in obese subjects causes a greater de:

cline in serum total and LDL cholesterol concentrations tivity, so that when hepatocyte cholesterol content is low,

than that expected from weight loss alone (11-13). How- LDL receptor expression, and consequently, LDL receptor

ever, the mechanism(s) responsible for the independentactivity is up-regulated (29,30). Therefore, it is likely that

effect of orlistat on plasma cholesterol is not known. In this the decreqse n choleste_rol apsoeron and Qellyery to the
study, we evaluated the hypothesis that orlistat inhibits liver contribute to the_orllstat—lnduced reduction in serum
dietary cholesterol absorption. Our results demonstrate thatcholesterol concentration. .
orlistat decreases the absorption of ingested cholesterol by 1he effect of orlistat on cholesterol absorption could have
25% in subjects with class Il abdominal obesity (BMI, 35.0 important clinical benefits in obese. patients by lowering
to 39.9 kg/mi). This finding suggests that, in addition to Plasma LDL cholesterol concentrations. Elevated plasma
weight loss-mediated changes in serum lipids, orlistat hasLDL cholesterol concentration is a major risk factor for
beneficial effects on serum total and LDL cholesterol con- coronary heart disease (3,5). It has been estimated that every
centrations by reducing dietary cholesterol absorption. ~ 100-mg decrease in dietary cholesterol results in a 5-mg/dL
Presumably, the effect of orlistat on cholesterol absorp- decrease in plasma cholesterol (16). For example, a 25%
tion is related to its action on intestinal lipases and impair- Orlistat-induced decrease in cholesterol absorption in an
ment of fat digestion. Cholesterol is absorbed by becoming obese patient with a plasma cholesterol concentration of 180
incorporated into mixed micelles, which can then pass mg/dL, who consumes 300 mg of cholesterol per day, could
through the thin water layer lining the small intestine to cause a 2% decline in plasma cholesterol concentration.
reach the luminal surface of the enterocyte. The collision of Data from large clinical trials have shown that every 1%
micelles with the enterocyte cell membrane results in cho- decrease in plasma cholesterol concentration results in a 2%
lesterol uptake by gut epithelia (27). Inhibition of fat diges- decrease in the incidence of coronary heart disease (31).
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Some drugs that are used for the treatment of hypercho- 9.
lesteremia have been shown to interfere with the absorption
of dietary cholesterol. For example, clofibrate treatment
reduces dietary cholesterol absorption 810%, whereas
cholestyramine can reduce cholesterol absorption by up to
35% (32). However, orlistat is the first drug used for the
treatment of obesity that decreases dietary cholesterol ab-
sorption. This effect may be particularly beneficial in obese
patients because of their increased risk for hypercholester-
olemia (2). The results of this study suggest that, in addition
to decreasing body weight and fat absorption (16,30), the 4,
effect of orlistat on dietary cholesterol absorption contrib-
utes to its beneficial effects on plasma lipids.

In summary, the results of this study demonstrate that

orlistat inhibits the absorption of dietary cholesterol. There- 13.

fore, the use of orlistat therapy in obese patients may have
beneficial effects on lipoprotein metabolism that are inde-
pendent of weight loss itself.

14.
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