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Abstract. Sucrose polyester (SPE) is a nonabsorbable fat which has been shown to lower
plasma cholesterol concentrations when incorporated into the diet of human volunteers.
This study was designed to assess the long-term (15 months) effect of oral administration
of SPE on plasma cholesterol concentrations, body weights, and health of African green mon-
keys, a species similar to man in its lipid metabolism. All animals were fed for 2 months a
high-cholesterol-containing diet to induce hypercholesterolemia. To simulate therapeutic
intervention, dietary cholesterol was then decreased substantially and the effects of high or
low (40 or 25%) fat content and presence or absence of SPE in the diet (as about 10% of diet)
were assessed. There were four groups of animals: Group I (low fat—no SPE), Group Il
(high fat—no SPE). Group III (low fat—SPE), and Group 1V (high fat—SPE). SPE adminis-
tration resulted in 36% (high fat—SPE) and 40% (low fat—SPE) reductions in mean plasma
cholesterol concentrations compared to 23% (high fat—no SPE) and 19% (low fat—no SPE)
mean reductions in groups not fed SPE. The effect of SPE was statistically significant (P <
0.003). The effect of SPE was maximal in those animals with a high or intermediate plasma
cholesterol response to dietary cholesterol and minimal or nonexistent in animals with a low
plasma cholesterol response to dietary cholesterol. No significant differences between
groups could be detected in body weight gain or in animal health as determined by the

frequency of clinical illness and serial clinicopathologic observations.

The term sucrose polyester (SPE) is used
to designate a mixture of the hexa-, hepta-,
and octaesters of sucrose prepared by the
esterification of sucrose with long-chain
fatty acid esters (1). These esters are
neither digested by pancreatic lipolytic en-
zymes (2), nor absorbed by the intestinal
tract (1, 3, 4).

Since SPE possesses physical properties
similar to those of triglycerides, the
consumption of SPE results in the presence
of an oil phase in the intestinal tract compa-
rable to that present after ingestion of tri-
glycerides. Within the intestine, dietary
cholesterol distributes itself between the oil
phase and the micellar phase (5). Since the
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oil phase of SPE is not digested, cholesterol
dissolved within this phase is excreted with
feces because it is not transferred to the
micellar phase and absorbed (1).

The short-term effects of SPE on human
volunteers have been assessed (6—8). Ad-
dition or substitution of SPE for dietary fat
in a typical American diet fed to 13 normo-
cholesterolemic human volunteers for 10
days resulted in a mean decrease of plasma
cholesterol concentration of 14%. Several
familial hypercholesterolemic patients did
not experience reductions in plasma cho-
lesterol concentrations under the same
dietary manipulation. Urinalyses and other
selected clinicopathologic determinations
remained normal for the duration of the
study (6).

SPE supplementation in the diet of nor-
molipidemic, overweight subjects main-
tained on a weight reducing, low-choles-
terol diet for 6 weeks resulted in a 6.8%
decrease in plasma cholesterol concentra-
tion, decreased mean cholesterol absorp-
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EFFECTS OF SUCROSE POLYESTER ON MONKEYS

tion, increased mean neutral sterol excre-
tion, and increased bile acid excretion (7).

The addition of liquid SPE to diets con-
taining less than 50, 300, and 800 mg of
cholesterol fed to healthy, nonobese,
normolipidemic male subjects for 10-day
periods resulted in significant mean de-
creases in plasma total and low-density
lipoprotein cholesterol. Urinalyses and
other selected clinicopathologic determina-
tions remained normal (8).

In this report we will describe the effects
of consumption of SPE for 15 months on
plasma cholesterol concentrations of Afri-
can green monkeys. Additionally, we re-
port some observations on the health of
monkeys consuming SPE.

Materials and Methods. Sucrose poly-
ester. The sucrose polyester (SPE) used in
this study was prepared using the methods
described in great detail previously (2—4, 9).

Animals. Thirty young adult male Ken-
yan vervets (Cercopithecus aethiops py-
gerythrus) were obtained from Primate
Imports, Inc., Port Washington, New
York. At the initiation of the study the
monkeys ranged in age from 3 to 6 years, as
estimated by dentition. Body weights
ranged from 1.99 to 4.49 kg. For the dura-
tion of the study, they were housed indi-
vidually in stainless-steel cages equipped
with automatic water dispensers. The cages
were in windowless rooms with fluorescent
lighting on a 10-hr-light: 14-hr-dark cycle.

African green monkeys were chosen for
this study because they have been shown to
be similar to man in the distribution of their
plasma lipoproteins and total plasma
cholesterol concentration when fed a diet
similar to that of the average American (10).
Also, percentage absorption of dietary
cholesterol in this species has been shown
to be similar to that of man (30—45%) (11).
Diet-induced coronary artery atherosclero-
sis in this species closely resembles athero-
sclerosis of human beings (12).

General design of the experiment. The
experimental design is summarized in Table
I. After an appropriate quarantine and
conditioning period, all animals were fed
for 2 months (Control I Period) the Control
Diet (Table II) which contained 0.7 mg/cal

TABLE 1. EXPERIMENTAL DESIGN

Experimental Period Control II Period

Control 1 Period

3 months

15 months
Four variations of Control Diet

2 months

Length of time

Control Diet

Control Diet

Cholesterol content reduced

Diets, groups

All four Groups

I v
(low fat— (high fat—
SPE) SPE)

11

(high fat—
no SPE)

I

(low fat—
no SPE)

All four groups

40
0.3

40
0.3

25

25

40
0.7

Fat content (%)

0.3 0.3

0.3

Cholesterol content (mg/cal)

SPE content (%)

10.8
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TABLE I1I. CoMpPosITION OF THE CONTROL DIET

Protein Fat Carbohydrate Calories Cholesterol

Ingredient grams per 100 g (g) () (g) per 100 g (mg)
Nonfat dry

milk solids 15.0 5.3 0.2 7.8 54 0
Lactalbumin 7.0 7.0 0 0 28 0
Casein, USP 7.0 7.0 0 0 28 0
Wheat flour 25.0 2.6 0.3 19.0 89 0
Sucrose 14.0 0 0 14.6 56 0
Applesauce 4.2 0.1 0.1 0.9 5 0
Hegsted salt

mixture 4.0 0 0 0 0 0
Complete vitamin

mixture” 2.5 0 0 2.5 10 0
Crisco 12.3 0 12.3 0 111 0
Lard 4.7 0 4.7 0 36 4
Butter 4.0 0 4.0 0 42 12
Crystalline

cholesterol® 0.3 0 0 0 0 300

Total 100.0 22.0 21.6 44.8 459 316

“ Equivalent to ICN Nutritional Biochemicals Vitamin Diet Fortification Mixture.

% Equivalent to 0.7 mg. cholesterol/Cal.

cholesterol. The combination of partially
hydrogenated vegetable oil,? lard, and but-
ter was used to simulate the dietary fat in-
take of the average North American. On the
basis of mean plasma cholesterol concen-
trations for Control I Period, four groups
were established so that there would be
similar mean plasma cholesterol concen-
trations for each of the groups (Table III).

To mimic the usual clinical situation in
which a patient would be counseled to re-
duce dietary cholesterol along with other

appropriate therapies, we reduced the cho-
lesterol concentration of the diet from 0.7 to
0.3 mg/cal of cholesterol following the
Control I Period. Group I was fed the Con-
trol Diet with half of the calories from fat
replaced with fiber (low fat—no SPE).
Group II continued to consume the Control
Diet (high fat—no SPE). Group III was fed
the Control Diet with half the fat replaced
by SPE (low fat—SPE). Group IV was fed
the Control Diet, to which had been added
the same amount of SPE as that for Group

TABLE 1. TorAaL PLasMA CHOLESTEROL (TPC) CONCENTRATIONS FOR EACH GROUP DURING
THE CONTROL I AND EXPERIMENTAL PERIODS AND VALUES FOR ABSOLUTE AND
PERCENTAGE CHANGE BETWEEN THE Two PERIODS

TPC
Absolute
Control 1 Experimental change Percentage
N Period (mg/dl) Period (mg/dl) (mg/dl) change
Group I (low
fat—no SPE) 8 310 = 47.9¢ 246 = 29.1 —-65 = 21.5 -19 £ 3.7
Group II (high
fat-no SPE) 8 274 + 29.5 207 = 20.4 -67 = 13.1 -23 =34
Group 111
(low fat—SPE) 7 328 = 37.7 183 = 7.1 —145 = 30.9 —40 = 6.2
Group IV
(high fat—SPE) 7 323 £ 240 207 = 15.3 —-117 = 14.1 -36 = 3.0
P =< N.S. N.S. 0.03 0.003
“ Mean = SEM.

# Crisco, Procter & Gamble Company.
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III (high fat—SPE). These dietary regimens
continued for a 15-month period designated
as the Experimental Period. The animals
were fed once per day a quantity of diet
calculated to provide 150 cal/kg body wt. In
this way, each animal was fed the same
number of calories, despite each diet having
a different caloric density, and cholesterol
and SPE were dosed on a body weight
basis. Group III animals received 3.2 g of
SPE and 105 mg of cholesterol per kilogram
body weight. Group IV animals received
3.5 g of SPE and 105 mg of cholesterol per
kilogram body weight. After the Experi-
mental Period, the four dietary regimens
continued for 14 months. All animals were
then fed for 3 months (Control II Period)
the Control Diet (Table IT) with the choles-
terol concentration remaining 0.3 mg/cal.

Clinical protocol. Determinations were
made of total plasma cholesterol concentra-
tion and body weight at Weeks 4, 6, and 8 of
Control I Period, at 2-week intervals for the
first 6 months of the Experimental Period
and at monthly intervals for the remaining 9
months, and at 2-week intervals during the
3 months of the Control II Period. The de-
terminations of total plasma cholesterol
concentration were made by the Auto-
Analyzer II method of Rush ef al. (13). The
Lipid Analytic Laboratory at this institu-
tion is in full quality control with the Lipid
Standardization Program of the Center for
Disease Control, Atlanta, Georgia.

Each animal was examined daily by a
member of the veterinary staff. Records
were kept of the occurrence of any illness
or treatment that was required.

Selected clinicopathologic observations
were made on each animal at 28 and 42 days
after initiation of feeding the Control Diet
and at 60, 120, 240, and 300 days after initi-
ation of the Experimental Period. The
observations made were: hematocrit,
hemoglobin, blood urea nitrogen, serum
creatinine, fasting blood glucose, total
serum protein, total serum albumin:glob-
ulin ratio, total and differential leukocyte
counts, total erythrocyte count.

Statistical analyses. Data analyses pro-
viding means, standard error of the mean,
analysis of variance, regression, and cor-
relation analyses were calculated using the
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standard statistical methods available
through the Biomedical Computer Pro-
grams, BMDP package (14). P values less
than or equal to 0.05 were considered sig-
nificant.

Results. During the Control I Period,
there were no differences in body weights
among the four groups. All animals gained
weight during the Experimental Period, and
no differences existed among the groups in
body weight or absolute or percentage in-
crease in body weight (Table 1V). No dif-
ferences in food consumption were noted
among groups.

The values in Table III for Control I Pe-
riod are mean values of the three observa-
tions made during Weeks 4, 6, and 8 of the
Control T Period. Plasma cholesterol con-
centrations during the Control I Period
were not statistically significantly different
among the four groups (Table IIT). The in-
troduction of the dietary treatments caused
plasma concentrations of cholesterol to de-
crease rapidly from Control I values in all
four groups (Fig. 1). Since the decline in
plasma cholesterol concentration was rela-
tively slow after the first 30 days of the Ex-
perimental Period, all values after that point
were averaged across time for each group in
order to obtain an Experimental mean
plasma cholesterol concentration. The re-
sult of this was to derive a mean vaiuc for
long-term absolute change and percentage
change from the Control I values.

As can be seen from the data in Table III,
there were no statistically significant differ-
ences among the groups for the Experi-
mental mean plasma cholesterol concen-
tration. In contrast, when we examined the
absolute plasma cholesterol concentration
change, a significant effect (P < 0.03) of
SPE was found. Similarly, when the de-
creases in plasma cholesterol concentration
were expressed as percentage change, there
was also a significant effect (P < 0.003) of
SPE. No significant differences were found
attributable to the level of fat consumed (25
vs 40% fat), i.e., no differences existed
between the two SPE-fed groups nor be-
tween the two groups not fed SPE.

As shown in Fig. 2, relatively strong
negative correlations exist for absolute
change in plasma cholesterol concentra-
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TABLE 1V. Bopy WEIGHTS FOR EACH GROUP DURING THE CONTROL I AND EXPERIMENTAL PERIODS AND
VALUES FOR ABSOLUTE AND PERCENTAGE CHANGE BETWEEN THE Two PERIODS

Control 1 Experimental Absolute
Period Period change per animal Percentage
N (kg body wt) (kg body wt) (kg) change

Group I (low

fat—no SPE) 8 2.823 = 0.205¢ 3.423 = 0.186 0.600 = 0.171 17.2 = 49
Group 11 (high

fat—no SPE) 8 3.226 = 0.184 3.525 £ 0.100 0.299 = 0.141 8.6 + 4.0
Group 111

(low fat—SPE) 7 2.991 + 0.244 3.320 = 0.204 0.329 = 0.202 9.5 = 6.0
Group IV

(high fat—SPE) 7 3.149 = 0.308 3.556 = 0.223 0.407 = 0.168 12.1 = 5.4
P < N.S. N.S. N.S. N.S.
“ Mean = SEM.

tions vs Control I plasma cholesterol con-
centrations for both the SPE-fed (r
—0.92) and control (r —0.88) animals.
Thus, animals with initially high plasma
cholesterol concentrations during the Con-
trol I Period had greater decreases during
the Experimental Period than did those
animals with low Control I values. The ad-
ditional effect of SPE over that of lowering
dietary cholesterol intake alone, is shown
by the significant difference (P =< 0.01) be-
tween the slopes of the lines for the animals
fed SPE and those not fed SPE.

Similarly, as shown in Fig. 3, a statisti-
cally significant (P < .001) negative corre-
lation between the percentage change vs
Control I plasma cholesterol concentrations
for the animals fed SPE (r = 0.77). A weak
negative correlation was determined for the
animals fed the diet devoid of SPE (r
0.44), but the relationship was not statisti-
cally significant. Again, the greater per-
centage changes in plasma cholesterol con-

--- 25% Fat
~—— 40% Fat

Percent Change

1 1 1
225 300 375

in Days

1
150
Time
FiG. 1. Percentage change from baseline for total
plasma cholesterol concentrations of each group dur-
ing the experimental period.

centration occurred in those animals with
the higher Control I values, with SPE con-
sumption having an enhancing effect. This
observation is supported by the finding of a
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F1G. 2. Absolute change as a result of dietary treat-
ment from baseline in total plasma cholesterol con-
centrations vs baseline total plasma cholesterol con-
centrations. Each point is the value for an individual
monkey. Shaded areas represent the somewhat arbi-
trary classification of animals as hypo-, mid-, or hyper-
responders to dietary cholesterol. Groups I (low
fat—no SPE) and II (high fat—no SPE) are combined
(top) and Groups 1II (low fat—SPE) and IV (high
fat—SPE) are combined (bottom).
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F1G. 3. Percentage change from baseline in total
plasma cholesterol concentrations vs baseline total
plasma cholesterol concentrations. Shaded areas rep-
resent the somewhat arbitrary classification of animals
as hypo-, mid-, or hyperresponders to dietary choles-
terol. Groups I (low fat—no SPE) and II (high fat—no
SPE) are combined (top) and Groups III (low
fat—SPE) and IV (high fat—SPE) are combined
(bottom).

significant difference between the slopes of

the lines (P =< 0.01) for the groups fed the

SPE diet and the groups not fed SPE.
African green monkeys, like other
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nonhuman primates, are quite variable in
their response to dietary cholesterol. It was
of interest to us to determine whether the
declines in plasma cholesterol concentra-
tion with and without added SPE were re-
lated to the animal’s response to dietary
cholesterol. In Figs. 2 and 3, we have arbi-
trarily divided the animals into groups based
upon their response to the Control I Diet.
The animals with the highest plasma cho-
lesterol concentrations were designated as
hyperresponders, those with median con-
centrations as midresponders, and those
with the lowest concentrations as hypo-
responders. It was of particular interest to
note that the three response groups formed
very discrete clusters. In the groups in
which the only treatment was lowering
cholesterol intake, the hyperresponsive
animals had slightly larger absolute and
percentage decreases in plasma cholesterol
concentration when compared with the
hyporesponsive animals. However, in the
two groups fed the SPE diet, the absolute
and percentage decreases in the hyper-
responders were strikingly larger than those
in the midresponders and hyporesponders.

During Control IT Period the animals
were fed the Control Diet with 0.3 mg/cal
cholesterol. Total plasma cholesterol con-
centrations during the Control 11 Period
were not different among the four groups
(Table V). The total decreases in plasma
cholesterol concentration (Control I —
Control II) were larger in the groups fed
SPE, but they were not significantly differ-

TABLE V. ToTtaL PLasMA CHOLESTEROL (TPC) CONCENTRATIONS FOR EACH GROUP DURING THE
CoNTROL I PERIOD AND CONTROL Il PERIOD AND VALUES FOR ABSOLUTE AND
PERCENTAGE CHANGE BETWEEN THE Two PERIODS

TPC
Absolute
Control 1 Period Control 11 Period change Percentage
N (mg/dl) (mg/dl) (mg/dl) change

Group I (low

fat—no SPE) 8 310 = 47.9¢ 204 + 20.0 113 + 38.2 31 + 5.4
Group II (high

fat—no SPE) 8 274 + 29.5 170 = 14.1 104 + 17.4 36 = 3.0
Group 111

(low fat—SPE) 7 328 + 37.7 177 £ 8.5 151 = 30.9 43 £ 5.0
Group IV

(high fat—SPE) 7 323 + 24.0 190 + 10.2 134 = 18.2 41 £2.9
P = N.S. N.S. N.S. N.S

“ Mean = SEM.
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TABLE VI. ToTaL PLASMA CHOLESTEROL (TPC) CONCENTRATIONS FOR EACH GROUP DURING THE
EXPERIMENTAL AND CONTROL Il PERIODS AND VALUES FOR ABSOLUTE AND
PERCENTAGE CHANGE BETWEEN THE Two PERIODS

TPC
Absolute
Experimental Control 11 change Percentage
N Period (mg/dl) Period (mg/dl) (mg/dl) change
Group I (low
fat—no SPE) 8 246 + 29.1" 204 + 20.0 -39 £ 16.3 -13 = 4.1
Group II (high
fat—no SPE) 8 207 + 20.4 170 = 14.1 -37 £9.0 —16 = 3.5
Group I1I
(low fat—SPE) 7 183 = 7.1 177 = 8.5 -6 =32 -3+20
Group IV
(high fat—SPE) 7 207 = 15.3 190 + 10.2 —-17 + 9.7 -7 +5.0
P < N.S. N.S. N.S. N.S.
“ Mean + SEM.

ent from the groups not fed SPE. There
were also no significant differences among
the groups for absolute change or percent-
age change (Experimental — Control II)
(Table VI).

The health of all animals remained ex-
cellent for the duration of the study. Clini-
cal incidents were uncommon and were
confined to the following: loose stools with
mucous and blood, rectal prolapses, and
one case of an abcessed canine tooth (Table
VII). The frequency of these findings was
low and similar to that seen in other groups
of African green monkeys within this col-
ony. The differences among groups were
small and not statistically significant. There
were no differences among groups in stool
consistency. The one case of abcessed
canine tooth was in a Group III (low
fat—SPE) animal. Animal No. 1400 from
Group I (low fat—no SPE) died 4 months
after the conclusion of the study as a result
of bronchopneumonia.

The results of the clinicopathologic de-
terminations were within normal limits and

there were no differences between the
groups.

Discussion. This study represents the
first report of a long-term trial in humans or
animals of the effectiveness of sucrose
polyester as a hypocholesterolemic agent.
The reductions achieved in plasma choles-
terol concentration in this study were com-
parable to those reported in short-term
studies of human patients and volunteers
(6—8) and in addition persisted for 15
months.

No significant clinical side effects were
noted among the animals in this study.
Similarly, among human patients and vol-
unteers fed SPE for short periods of time,
no significant side effects were reported
(6—8). Possible effects of SPE on gastro-
intestinal morphology or function have not
been assessed and remain an area of future
investigation.

Necropsy evaluations were not made at
the conclusion of this study, as it was de-
cided to proceed with further studies of
SPE effects on lipid metabolism. In these

TABLE VII. NUMBER OF CLINICAL INCIDENTS DURING THE 15-MONTH EXPERIMENTAL PERIOD AMONG
MonNkEYS FED SPE-CONTAINING DIETS AND CONTROL DIETS

Loose stools Abcessed
with mucous Rectal canine
and blood prolapse tooth
Group I (low fat—no SPE) 3 3 0
Group 11 (high fat—no SPE) 5 0 0
Group III (low fat—SPE) 2 0 1
Group IV (high fat—SPE) 3 1 0
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later studies, all the animals were fed SPE
for varying lengths of time, after which they
were Killed and necropsied. Therefore,
conclusions could not be made regarding
effects of SPE feeding on necropsy find-
ings.

The finding that there were no differ-
ences between groups in body weight is
difficult to interpret since we did not quan-
titate food intake. Subjectively, there were
no differences among groups in food intake.
All animals gained weight. The animals
were fed on a calories per kilogram of body
weight basis, and therefore the SPE-fed
animals were fed a greater absolute quan-
tity of diet (due to dilution of calories by
SPE). It is probable that the SPE-fed
animals consumed slightly more diet to
compensate for the caloric dilution of the
SPE, and therefore mean body weights re-
mained similar among the four groups.

The tendency for a greater SPE effect on
plasma cholesterol concentration in those
animals with highest baseline concentra-
tions (hyperresponders), as evidenced by
the strong negative correlations between
baseline and absolute and percentage de-
crease in plasma cholesterol concentration,
is of particular relevance to the potential
clinical usefulness of SPE in human beings
since those individuals with elevated
plasma cholesterol concentrations in re-
sponse to dietary cholesterol might be the
most likely to benefit from the use of SPE.

It was unexpected to find that removal of
SPE from the diet (Control II Period) of
Groups III and IV did not result in in-
creased plasma cholesterol concentrations
for those groups, while the concentrations
for Groups 1 and II actually decreased to
account for the four groups being equal in
plasma cholesterol concentrations and ab-
solute and percentage decrease from the
Control I values. A possible explanation of
this finding is that a period of 15 months or
more was required for plasma cholesterol
concentrations to reach final steady state in
Groups I (low fat—no SPE) and II (high
fat—no SPE) after decreasing the amount of
dietary cholesterol from 0.7 and to 0.3 mg/
cal. In Groups III (low fat—SPE) and IV
(high fat—SPE), SPE feeding may have re-
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sulted in a more rapidly attained and ini-
tially lower steady state.

The diets used in this experiment were
formulated to simulate the quantity and
fatty acid composition of fat and quantity of
cholesterol in the diet of the average
American person. The reduction in plasma
cholesterol concentration achieved by the
addition of dietary SPE combined with a
reduction in dietary cholesterol has been
shown to be greater than that achieved by
reduction of dietary cholesterol alone in a
species that absorbs and metabolizes di-
etary cholesterol and fat in a manner similar
to that of human beings.
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