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Abstract

The iminosugar N-(5’-adamantane-1’-yl-methoxy)-pentyl-1-deoxynoijirimycin 
(AMP-DNM), an inhibitor of the enzyme glucosylceramide (GlcCer) synthase cat-
alyzing glycosphingolipid (GSL) biosynthesis ameliorates diabetes and reduces 
liver steatosis in ob/ob mice. Since an accumulation of sphingolipids, includ-
ing sphingomyelin (SM) and GSLs, has been reported in atherosclerotic lesions 
in animal models and in humans, the objective of this study was to determine 
whether AMP-DNM also exerts beneficial effects on the development of athero-
sclerosis. 
APOE*3 Leiden maintained on a high cholesterol diet, were treated up to 18 
weeks with AMP-DNM. The iminosugar prevented hyperlipidemia, generated a 
less atherogenic lipid profile, and induced a dramatic reduction in the develop-
ment of atherosclerotic lesions. At the highest dose, no lesions were detectable. 
The effect of AMP-DNM was associated with a decrease in liver cholesterol, an 
increase in bile secretion and enhanced excretion of cholesterol in the faeces. 
Similar effects of AMP-DNM were observed in mice deficient for the LDL-recep-
tor (LDLR-/-).
By lowering plasma cholesterol, the iminosugar AMP-DNM dramatically reduces 
the development of atherosclerosis in APOE*3 Leiden and LDLR-/- mice. Thus, 
targeting glycosphingolipid synthesis may be a new treatment modality to pre-
vent cardiovascular disease. 
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Introduction

Atherosclerosis is the primary cause of myocardial infarction and stroke and is 
the underlying cause of ≈ 50% of all deaths in occidental countries. Use of statins 
as primary and secondary prevention yields a 30% decrease in cardiovascular 
risk. To achieve a further substantial drop in cardiovascular morbidity and mor-
tality, new therapeutic modalities need to be developed. Targeting glycosphin-
golipid (GSL) synthesis may be an attractive alternative. 
In humans, the concentration of plasma GSLs is increased in conditions asso-
ciated with atherosclerosis risk and shows a positive correlation with plasma 
cholesterol [1,2]. 
In addition, it has been reported that GSLs accumulate in atherosclerotic lesions 
in humans and in apolipoprotein E-null (apoE-/-) mice[3]. Potential pro-athero-
genic properties have been proposed for GSLs, mainly for lactosylceramide (Lac-
Cer). LacCer was found to promote cholesterol accumulation in macrophage 
foam cells, inhibit cholesterol efflux and induce monocyte adhesion to endothe-
lial cells [4–6]. Myriocin, an inhibitor of serine palmitoyl transferase (SPT), which 
catalyses the initial step in sphingolipid biosynthesis, profoundly reduces the de-
velopment of atherosclerosis in apoE-/- mice [7,8]. However, its specific effect is 
difficult to interpret since in addition to GSL synthesis inhibition, myriocin also 
modulates numerous other sphingolipids which may have a role in the progres-
sion of the formation of atherosclerotic lesion.

The iminosugar N-(5’-adamantane-1’-yl-methoxy)-pentyl-1-deoxynoijirimycin 
(AMP-DNM) is a specific inhibitor of glucosylceramide synthase, the enzyme 
catalyzing the initial step in GSL biosynthesis [9]. By decreasing the availability of 
glucosylceramide, AMP-DNM reduces the synthesis of more complex GSLs such 
as gangliosides, which play a crucial role in cell membrane properties [10]. Previ-
ous work has shown that the use of the iminosugar improves glucose tolerance, 
reduces hepatic steatosis and enhances insulin responsiveness in rodent models 
for type 2 diabetes [11,12]. In lean mice, AMP-DNM treatment led to a decrease 
of plasma lipids, and a stimulation of reverse cholesterol transport illustrated by 
an increase of biliary lipid secretion and an increase of fecal sterol excretion [13]. 
Furthermore, this compound was shown to convey a potent anti-inflammatory 
effect [14,15]. 

Based on all these observations, we postulated that AMP-DNM might also show 
beneficial effects on cardiovascular disease. Therefore, the aim of this study was 
to evaluate the effect of AMP-DNM on the progression of atherosclerosis.
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Materials And Methods

Materials
AMP-DNM was synthesized as previously described [16,17]. All solvents and re-
agents used were of analytical grade.

Mice and diets
APOE*3 Leiden transgenic mice [18] were maintained on C57Bl/6 homogeneous 
background and housed at the Institute Animal Core Facility in a temperature- 
and humidity-controlled-room with a 12-h light/dark cycle. Studies were per-
formed using female APOE*3 Leiden mice (8-12 weeks-old) fed for 18 weeks 
with a high cholesterol diet (1% cholesterol, 15% fatty acids; Arie Blok, Woerden, 
the Netherlands) supplemented with 0, 0.3 g or 0.6 g AMP-DNM. kg diet-1 to ob-
tain a calculated dose of 50 mg or 100 mg AMP-DNM. kg bw-1. day-1, respectively. 
When LDLR-/- mice were used, the diet contained 0.25% cholesterol for a period 
of 12 weeks. Experiments were performed with the approval of the Ethical Com-
mittee for Animal Experiments.

Plasma and tissue sampling
Blood samples were collected via the tail vein at the time points indicated in 
the figures. At the end of the experiments, large blood samples were collected 
by abdominal aorta puncture and plasma samples were stored at -20°C. Hearts 
were flushed with PBS to remove excess of blood before fixation in formalde-
hyde 1% (formal-fixx, Thermo Electron Corporation, Pittsburgh, USA) for 24 h 
and storage at -80°C embedded in tissue medium (Tissue-Tek O.C.T, Sakura, 
Zoeterwoude, the Netherlands). Other tissues were snap frozen in liquid N2 and 
stored at -80°C. 

Characterization of Atherosclerotic Lesions
Frozen sections from the aortic sinus were prepared according to Paigen et 
al[19]. Surface lesion area was measured after Oil Red O staining by computer-
assisted image quantification with Leica QWin software (Leica Microsystems, 
Wetzlar, Germany). Images were captured with a Leica DFC 420 (Leica Microsys-
tems, Wetzlar, Germany) video camera. Sirius red was used as staining of colla-
gen fibers. At least 5 sections per mouse were examined for each staining.

Bile and faeces sampling
24 hours of faeces were collected from cages during the last day of the treat-
ment. Mice were kept in their original cages to avoid stressful procedures. Fae-
ces were freeze-dried, weighed and grinded before storage at -20°C. Cannula-
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tion of the gallbladder and bile collection was performed as described previously 
[20]. After cannulation, bile was collected for 15 minutes and bile samples were 
immediately frozen and stored at -20°C. Bile flow was determined gravimetri-
cally assuming a density of 1 g.ml-1 for bile.

Measurement of intestinal cholesterol absorption
Intestinal cholesterol absorption was determined by the faecal dual-isotope ratio 
method [21] on mice fed for 6 weeks with the high cholesterol diet (see above) 
supplemented without or with AMP-DNM. Mice (n=5 per group) were given an 
intragastric bolus of 150 μl of olive oil containing 1 μCi of [14C]cholesterol (Am-
ersham Biosciences, USA) and 2 μCi of [3H]sitostanol (American Radiolabeled 
Chemicals, St Louis, USA) by gavage. Mice were housed with 2 to 3 animals per 
cage. Total faeces per cage were collected for 3 days, dried and grinded prior 
to extraction as described below. The ratios of the two radiolabels in the fae-
cal extracts and in the dosing mixture were used to calculate the percentage of 
cholesterol absorption.

Analytical procedures
Ceramide and glucosylceramide were determined in liver and plasma samples 
after lipids extraction according to Folch [22] by high-performance liquid chro-
matography (HPLC) analysis of orthophtaldehyde-conjugated lipids according 
to a procedure described previously [22]. Faecal neutral sterols were extracted 
from the faeces and measured by gas chromatography [23]. Biliary cholesterol, 
bile salt and phospholipids from bile were measured by fluorescent methods as 
described previously [24]. Cholesterol and triglycerides in plasma were deter-
mined using colorimetric enzymatic kits from Biolabo (Maizy, France). Plasma 
cholesterol concentrations in the main lipoprotein classes were determined in a 
pool of plasma of each group (5 mice) separated by high performance gel filtra-
tion chromatography (HPGC) as described before [25]. 

Statistical analysis
Values presented in figures represent mean ± SEM. Statistical significance be-
tween control (CTRL) and treated groups was determined by an ANOVA. 
*, p<0.05; **, p<0.01.
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Results

AMP-DNM treatment inhibits atherosclerosis and ameliorates 
hyperlipidemia in APOE*3 Leiden mice.
To investigate the effect of AMP-DNM on lesion formation, APOE*3 Leiden mice 
were treated for 18 weeks with a high cholesterol diet (1% w/w) supplemented 
with AMP-DNM to obtain doses of 0, 50 and 100 mg AMP-DNM. kg bw-1. day-1. 
Repeated dose of 100 mg. kg bw-1. day-1 of AMP-DNM does not show toxicity in 
mice (data not shown). In the APOE*3 Leiden mice, the drug did decrease food 
consumption from (2.4 ± 0.3 g diet. mouse-1.day-1 at 0 mg AMP-DNM versus 2.2 ± 
0.3 g diet at 50 mg to 2.0 ± 0.3 g diet at 100 mg) (supplemental fig IA). At the end 
of the treatment, the weight of the two treated groups was significantly lower 
compared to the control group (24.1 g ± 0.6 at 0 mg AMP-DNM versus 21.3 g ± 
0.3 at 50 mg versus 18.9 g ± 0.2 at 100 mg) (supplemental fig IB). Quantification 
of the lesions was performed after staining of the lipid deposits in the aortic 
sinus with Oil Red O (Figs 1A and 1B). AMP-DNM treatment had a spectacular 
inhibitory effect on the development of atherosclerosis in this model. Mice re-
ceiving the dose of 50 mg AMP-DNM showed a reduction of 86% in the amount 
of lesions compared to control animals. At 100 mg of AMP-DNM no lesions were 
detectable in the aortic sinus of the mice. 
To investigate the mechanism by which AMP-DNM limited atherogenesis, we 
first studied the effects of the iminosugar on plasma lipids. AMP-DNM dose-
dependently lowered plasma cholesterol (Fig 1C) as well as triglyceride concen-
trations (Fig 1D). This effect of AMP-DNM was observed from 6 weeks of ad-
ministration and stable over time and was reflected in an improved lipoprotein 
profile (Fig 1E). With 50 mg AMP-DNM, VLDL/LDL-cholesterol was reduced by 
about 20% and by 40% with 100 mg AMP-DNM. Conversely, the percentage of 
cholesterol carried in HDL increased from 9% to 15% with 50 mg and to 38% with 
100 mg AMP-DNM. 
Table 1 depicts the effect of AMP-DNM treatment on plasma GSL content. The 
high cholesterol diet without AMP-DNM induced a 10-fold increase of plasma 
glucosylceramide (GlcCer) and a 3-fold increase of ceramide (Cer). At the end of 
the experimental period, the mice treated with AMP-DNM showed a dose de-
pendent reduction of the amount of GlcCer and a concomitant reduction of the 
amount of Cer (Table 1). The amount of sphingomyelin determined in a pool of 
plasma also decreased at the end of the treatment: 68% and 83% of reduction 
with 50 and 100 mg AMP-DNM, respectively (data not shown). 
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Figure 1: AMP-DNM treatment inhibits the development of atherosclerosis and ameliorates hyperlipidemia 
in APOE*3 Leiden mice. 
APOE*3 Leiden mice were treated as described in Materials and Methods. (A) Representative photomicrographs 
of Oil Red O-stained fatty streaks in the aortic root of the indicated mice (original magnification x 5). 
(B) Quantitative analysis of atherosclerosis lesion size. Plasma concentration of cholesterol (C) and triglycerides 
(D) before the treatment (pre) and at the indicated time point. Data are expressed as mean ± SEM, n=10. 
**, p<0.01. 
(E) Distribution of cholesterol over the different lipoprotein fractions determined in a pool of plasma (5 mice) 
for each group. 
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AMP-DNM treatment lowers lipids in the liver of APOE*3 Leiden mice.
Next we focused on the effect of AMP-DNM on hepatic lipid metabolism. As 
expected, by inhibiting GlcCer synthase, AMP-DNM dose-dependently lowered 
the amount of hepatic GlcCer without a change in the amount of Cer (Table 1). 
The cholesterol and triglyceride contents were also decreased significantly in 
the liver of treated animals. Cholesterol decreased in a dose-dependent manner 
(Fig 2A), whereas the reduction in triglycerides was similar for the two doses 
of AMP-DNM (Fig 2B). No effect on hepatic choline-based phospholipids was 
observed (Fig 2C).
As a consequence of lowered hepatic cholesterol levels [26], expression of HMG-
CoA reductase (5.1-fold) and one of its main regulators, SREBP-2 (2-fold) were 
increased. In accordance, the expression of LXR, ABCA1, ABCG5 and ABCG8 were 
decreased whereas the expression of the VLDL-R and the LDL-R were up-regulat-
ed (supplemental Fig IIA). 

Figure 2: AMP-DNM treatment lowers plasma triglycerides and cholesterol in the liver. 
The content of cholesterol (A), triglycerides (B) and phospholipids (C) was determined in the liver of the 
animals at the end of the experiment. Data are expressed as mean ± SEM, n=10. **, p<0.01.

TABLE 1: Plasma and liver glucosylceramide (GlcCer) and ceramide (Cer) concentrations in APOE*3 Leiden 
mice fed with a high cholesterol diet without or with AMP-DNM at the indicated doses for 18 weeks.
Data are expressed as mean ± SEM of 5 mice. Pre-treatment values determined in 3 different pools of plasma 
collected before the start of the diet. **, p<0.01.

plasma (nmol.ml-1) liver (nmol.g-1 liver)

GlcCer Cer GlcCer Cer
pre-treatment 4.1±0.6 8.0±1.8 - -
control 41.6±4.7 22.1±2.6   35.1±1.9 97.8±7.3
50 mg 13.1±1.1** 8.3±2.5** 26.1±2.4** 120.9±18.2
100 mg 3.0±0.5** 3.3±0.4** 19.7±2.0** 116.1±13.0



          CHAPTER II

41

AMP-DNM treatment increases cholesterol output in APOE*3 Leiden 
mice.
Because AMP-DNM treatment strongly decreased cholesterol in plasma and 
in livers of the treated animals, we hypothesized that AMP-DNM may have in-
creased biliary lipid secretion and total sterol output. At the end of the treat-
ment period, we therefore collected hepatic bile for 15 min. AMP-DNM treat-
ment induced an increase of cholesterol secretion from 5.0 ± 0.3 nmol.min-1.100 
g bw -1 at 0 mg AMP-DNM to 8.8 ± 0.6 at 100 mg AMP-DNM (Fig 3A), bile salt 
(Fig 3B), phospholipid secretion (Fig 3C) and bile flow (Fig 3D) increased in a 
similar fashion. Interestingly, despite the high load of cholesterol in the diet the 
secretion of fecal neutral sterol increased from 182 μmol.24h-1.100g bw-1 in the 
control group to 232 μmol.24h-1.100g bw-1 with AMP-DNM treatment (Fig 4A). 
This increase was not accompanied by a decrease of cholesterol uptake in the 
intestine, as determined with the faecal dual-isotope ratio method (Fig 4B). 

Figure 4: AMP-DNM treatment 
stimulates faecal neutral sterol 
output without affecting 
cholesterol uptake. 
(A) Analysis of the sterol 
content in 24 hours faeces. 
Mean values of two cages (5 
mice per cage) are indicated 
by the horizontal bars. The 
determination of neutral 
sterols had a CV of less than 5%. 
(B) % of cholesterol absorption 
calculated with the faecal dual-
isotope ratio method21 after 6 
weeks of AMP-DNM treatment. 
Mean values of two cages (3 to 
2 mice per cage) are indicated 
by the horizontal bars.

Figure 3: AMP-DNM treatment stimulates bile lipids secretion. 
Biliary secretion of cholesterol (A), bile salts (B) and phospholipids (C) was determined after bile collection for 
15 min as described in the materials and methods. Bile flow (D) was determined assuming a density of 1 g.ml-1. 
Data are expressed as mean ± SEM, n=10. **, p<0.01.
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AMP-DNM treatment strongly affects atherosclerosis development in 
LDLR-/- mice.
To confirm the effect of AMP-DNM on atherosclerotic lesion formation we per-
formed a similar series of experiments in mice deficient for the LDL-receptor 
(LDLR-/-). Female LDLR-/- were fed a western type diet (0.25% cholesterol) sup-
plemented with the same amount of AMP-DNM to obtain the doses of 0, 50 and 
100 mg AMP-DNM. kg bw-1. day-1. Although both the diet-induced lesions and 
the diet-induced changes in plasma lipids were more significant in the LDLR-/- 
mice than in the APOE*3 Leiden mice, also in this model AMP-DNM inhibited 
lesion formation (Figs 5A and 5B), which was accompanied by a reduction in 
plasma cholesterol (Fig 5C) and triglycerides (Fig 5D) and an amelioration in the 
lipoprotein profile (Fig 5E).

Figure 5: AMP-DNM treatment inhibits the development 
of atherosclerosis and ameliorates hyperlipidemia in 
LDLR-/- mice. 
LDLR-/- mice were treated as described in Materials and 
Methods. (A) Representative photomicrographs of Oil Red 
O-stained fatty streaks in the aortic root of the indicated 
mice (original magnification x 5). (B) Quantitative analysis 
of atherosclerotic lesion size. Data represent mean ± 
SEM for at least 5 mice in each group. **, p<0.01. The 
concentration of cholesterol (C) and triglyceride (D) was 
determined in plasma of the indicated mice at the end 
of the treatment. Data are expressed as mean ± SEM of 
10 mice in each group. (E) Distribution of the cholesterol 
over the different lipoprotein fractions determined in a 
pool of plasma (5 mice) for each group.
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Discussion

The present study reveals that AMP-DNM, an inhibitor of GSL synthesis, dramati-
cally reduces plasma lipid concentration and atherosclerosis in APOE*3 Leiden 
mice. This beneficial effect of AMP-DNM was observed in APOE*3 Leiden mice 
and in LDLR deficient mice. In both models, we observed a strong dose-depen-
dent reduction of plasma cholesterol and triglycerides in combination with a 
dramatic reduction in the development of atherosclerotic lesions. Despite the 
addition of large amounts of cholesterol to the diet, in APOE*3 Leiden mice, 
plasma cholesterol remained close to wild type values with the dose of 100 mg 
AMP-DNM and plasma cholesterol did not rise above the threshold necessary to 
induce the formation of lesions [27]. It should be noted that AMP-DNM treat-
ment of APOE*3 Leiden mice reduced food consumption and bodyweight par-
ticularly at the highest dose. This effect was not observed in all mouse models. 
In fact, with the dose of 50 mg AMP-DNM, despite a strong reduction of plasma 
cholesterol, the food consumption of the LDLR-/- mice remained similar to what 
was observed for the control group during the dosing period (supplemental Fig 
IIIA). It therefore seems very unlikely that the beneficial effects of AMP-DNM can 
be contributed fully to reduced food intake.

Although the ability of AMP-DNM to lower plasma cholesterol levels seems piv-
otal in the reduction of lesions development, other effects of AMP-DNM have 
to be considered. The decrease of ceramide and sphingomyelin in the plasma 
of treated animals may play an additional role in the inhibition of atheroscle-
rosis. Levels of sphingomyelin in plasma correlate with the occurrence of coro-
nary heart disease in clinical studies [28] and ceramide is involved in lipoprotein 
aggregation and foam cell formation [29,30]. Reduction in both ceramide and 
sphingomyelin are not expected to occur as the result of inhibition of glucosyl-
ceramide synthase. In fact, the cholesterol to ceramide ratio and the cholesterol 
to sphingomyelin ratio in the plasma of the different groups did not change and 
remained stable despite the extreme modulation of plasma cholesterol. This 
suggests that a combined elimination of excessive cholesterol, ceramide and 
sphingomyelin occurs with AMP-DNM treatment. The mechanism underlying 
this intriguing phenomenon has not yet been elucidated. 
It is generally accepted that inflammatory processes play an important role in 
atherogenesis. AMP-DNM was earlier shown to convey a potent anti-inflamma-
tory effect in animal models of inflammatory bowel disease induced by chronic 
macrophage activation [29] and our group also reported a beneficial effect of 
AMP-DNM in mouse models of the metabolic syndrome, a disease characterized 
by chronic low grade inflammation [31]. In the mouse model studied here, AMP-
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DNM treatment also decreased TNF-α and CCL-2 expression in the liver (supple-
mental Fig II) and therefore its anti-inflammatory action may have contributed 
to the strong anti-atherogenic effect of AMP-DNM. 

An important observation in our study was the increase of bile salt and choles-
terol secretion in bile of AMP-DNM treated animals. A concomitant increase in 
the excretion of neutral sterol in the faeces was observed. It should be noted 
that when extrapolated to 24h, the stimulation of biliary cholesterol secretion 
could explain at most 30% of the increase in neutral faecal sterol excretion. The 
phenotype of animals treated with AMP-DNM resembles that of mice treated 
with ezetimibe, a potent inhibitor of intestinal cholesterol uptake [32]. In lean 
animals, ezetimibe induces a 6-fold increase of neutral sterol in the faeces [33]. 
In apoE-/-mice, ezetimibe induces a massive reduction in plasma cholesterol 
and a strong inhibition of the development of atherosclerosis [34]. Thus, to de-
termine whether AMP-DNM exerted an ezetimibe-like effect, we used the fae-
cal dual-isotope ratio method to determine the rate of cholesterol absorption. 
No effect on intestinal cholesterol uptake after treatment with AMP-DNM was 
found. In fact, the absorption seemed to be slightly increased with the dose of 
100 mg AMP-DNM. In addition the expression of NPC1L1, the main protein re-
sponsible for cholesterol uptake in the intestine [35], was not modulated by the 
inhibitor (supplemental Fig IIB). 
Since both inhibition of cholesterol uptake in the intestine and increase in biliary 
secretion of cholesterol could not account for the excess in faecal sterol excre-
tion observed with AMP-DNM, this may have been caused by an increase in 
trans-intestinal cholesterol excretion (TICE), the pathway characterized by van 
der Velde et al [36]. As yet, the individual proteins involved in TICE have not 
been identified but our present data suggest that GSLs modulate the activity of 
this pathway. 

The results of our study may suggest the use of GlcCer synthase inhibitors for 
prevention and or treatment of atherosclerosis. Pharmacological lowering of 
GSLs by inhibition of the GlcCer synthase is a valid therapeutic approach. A com-
pound structurally related to AMP-DNM and also an inhibitor of the GlcCer syn-
thase, Zavesca (1,5-(butylimino)-1,5-dideoxy-D-glucitol), is already registered for 
treatment of Gaucher disease [37]. Additionally, another well tolerated inhibitor 
of GSLs biosynthesis (Genz-112638) is presently being developed as oral therapy 
for Gaucher disease [38]. Our investigation indicates that further studies are 
warranted regarding the use of GSL biosynthesis inhibitors for cardioprotective 
therapy. 
In conclusion, our study points to the close association between the metabolism 
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of GSLs, lipoprotein metabolism and atherogenesis. We clearly demonstrate that 
AMP-DNM by inhibiting the biosynthesis of GSLs profoundly lowers plasma lipids 
by promoting reverse cholesterol transport, bile cholesterol secretion and most 
likely stimulates TICE, and thereby protects against atherosclerosis development 
in mouse models closely related to human pathology. 
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Supplemental Informations

Supplemental Materials And Methods
Determination of mRNA levels
Total RNA was isolated from approximately 100 mg of liver tissue or from the 
first 10 cm of the proximal intestine of APOE*3 Leiden mice using Trizol reagent 
according to the manufacturer's protocol (Invitrogen, Breda, The Netherlands). 
Purified RNA was treated with RQ1 Rnase-free Dnase (1 units/2 µg of total RNA, 
Promega, Leiden, The Netherlands) and reverse transcribed with SuperScript II 
Reverse Transcriptase and random hexamers (Invitrogen, Breda, The Nether-
lands) according to protocols supplied by the manufacturer. Gene expression 
analysis was performed on a Bio-Rad MyIQ Single-color Real-Time PCR Detection 
System by using the Bio-Rad IQ SYBR Green Supermix (Bio-Rad Laboratories Inc., 
Hercules, CA). Acidic ribosomal phosphoprotein (36B4) was used as standard 
housekeeping genes.

List of primers used for real time PCR.

forward reverse

PPARα TGAACAAAGACGGGATG TCAAACTTGGGTTCCATGAT

LXR TCAGCATCTTCTCTGCAGACCGG TCATTAGCATCCGTGGGAACA

FXR ACGAAGATCAGATTGCTTTGCTC CTCCGCCGAACGAAGAAAC

SREBP-2 TGAAGCTGGCCAATCAGAAAA ACATCACTGTCCACCAGACTGC

HMGCoAr TCTGGCAGTCAGTGGGAACTATT CCTCGTCCTTCGATCCAATTT

SREBP-1 GACCTGGTGGTGGGCACTGA AAGCGGATGTAGTCGATGGC

SCD1 TACTACAAGCCCGGCCTCC CAGCAGTACCAGGGCACCA

FAS CGAACCTGGCTGCCTACTAC GAGCCGTCAAACAGGAAGAG

MTP TCAAGAGAGGCTTGGCTAGCTT GGCCTGGTAGGTCACTTTACAATC

Cyp7A1 TGAACAAAGACGGGATG TCAAACTTGGGTTCCATGAT

BSEP TGGAAAGGAATGGTGATGGG CAGAAGGCCAGTGCATAACAGA

MDR-2 AGGCAGCGAGAAACGGAAC TGGTTGCTGATGCTGCCTAG

ABCA1 GGTTTGGAGATGGTTATACAATAGTTGT TTCCCGGAAACGCAAGTC

ABCG5 TGGCCCTGCTCAGCATCT ATTTTTAAAGGAATGGGCATCTCTT

ABCG8 CCGTCGTCAGATTTCCAATGA GGCTTCCGACCCATGAATG

SR-BI GGCTGCTGTTTGCTGCG GCTGCTTGATGAGGGAGGG

LDL-R CTGTGGGCTCCATAGGCTATCT GCGGTCCAGGGTCATCTTC

LRP TGGGTCTCCCGAAATCTGTT ACCACCGCATTCTTGAAGGA

VLDL-R GGCTCTGGCGAGTGCATT GCCGTCCTTGCAGTCAGG

F4/80 CTTTGGCTATGGGCTTCCAGTC GCAAGGAGGACAGAGTTTATCGTG

CCL-2 ACGGCATGGATCTCAAAGAC AGATAGCAAATCGGCTGACG

TNFα AGGTCCCTGTCATGCTTCTGG CTGCTGCTGGTGATCCTCTTG
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Supplemental figure II: Effect of AMP-DNM on 
expression of key genes involves in lipid homeostasis 
and inflammation in the liver (A) and the proximal 
intestine (B) of APOE3* Leiden mice. 
mRNA was prepared from individual mice (n = 5 per 
group) and data are presented as means of 5 animals 
performed in duplicate ± SEM. Expression values are 
normalized to 36B4 and expression values in the control 
group were set as 1.00. Statistical significance between 
control and treated groups was determined by an ANOVA 
multiple comparison test. *, p<0.05; **, p<0.01.

Supplemental figure I: Effect of AMP-DNM on bodyweight and food intake in APOE*3 Leiden mice fed with 
1% cholesterol diet for 18 weeks and supplemented without or with AMP-DNM at 2 doses, 50 and 100 mg. 
kg (bw)-1.day-1. 
(A) Food intake based on the amount of food left in each cage of treatment (2 cages per treatment) at the 
end of each dosing week (Square, control group; triangle, 50 mg AMP-DNM; circle, 100 mg AMP-DNM). (B) 
Bodyweight of the animals at the end of the treatment. Data are expressed as mean ± SEM, n=10. Statistical 
significance between control and treated groups was determined by an ANOVA multiple comparison test. 
**, p<0.01.      
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Supplemental figure III: Effect of AMP-DNM on plasma lipids in LDLR -/- mice fed with 0.25 % cholesterol 
diet for 12 weeks and supplemented without or with AMP-DNM at 2 doses, 50 and 100 mg. kg (bw)-1.day-1. 
(A) Food intake based on the amount of food left in each cage of treatment (2 cages per treatment) at the 
end of each dosing week (Square, control group; triangle, 50 mg AMP-DNM; circle, 100 mg AMP-DNM). (B) 
Bodyweight of the animals at the end of the treatment. Data are expressed as mean ± SEM, n=10. Statistical 
significance between control and treated groups was determined by an ANOVA multiple comparison test. **, 
p<0.01.

Supplemental table I: Concentration of plasma glucosylceramide (GlcCer) and ceramide (Cer) in LDLR -/- 
mice fed with 0.25 % cholesterol diet for 12 weeks and supplemented without or with AMP-DNM at 2 doses, 
50 and 100 mg. kg (bw)-1.day-1. 
Data are expressed as mean ± SEM, n=5. Statistical significance between control and treated groups was 
determined by an ANOVA multiple comparison test. *, p<0.05; **, p<0.01.

Control 50 mg 100 mg

GlcCer  (nmol.ml-1) 117.8±9.0 27.1±5.0** 7.2±0.7**

Cer  (nmol.ml-1) 47.7±5.5 28.0±5.1* 10.7±2.4**

Supplemental table II: Concentration of lipids in liver of LDLR -/- mice fed with 0.25 % cholesterol diet for 
12 weeks and supplemented without or with AMP-DNM at 2 doses, 50 and 100 mg. kg (bw)-1.day-1. 
Data are expressed per gram of tissue as mean ± SEM (n=5) for glucosylceramide (GlcCer) and ceramide (Cer) 
levels and as mean ± SEM (n=10) for cholesterol and triglyceride levels. Statistical significance between control 
and treated groups was determined by an ANOVA multiple comparison test. *, p<0.05; **, p<0.01.

Control 50 mg 100 mg

GlcCer  (nmol.g-1 liver) 74.6±9.2 27.8±1.8** 28.1±4.4**

Cer  (nmol.g-1 liver) 149.6±20.6 225.2±30.9 262.8±23.6*

cholesterol (μmol.g-1 liver) 11.1±0.5 9.5±0.7 7.9±1.0*

triglycerides (μmol.g-1 liver) 5.6±0.5 4.0±0.3* 3.6±0.4**

phospholipids (μmol.g-1 liver) 9.2±0.4 8.8±0.1 8.6±0.6



          CHAPTER II

53

Supplemental table III: Bile secretion in LDLR -/- mice fed with 0.25 % cholesterol diet for 12 weeks and 
supplemented without or with AMP-DNM at 2 doses, 50 and 100 mg. kg (bw)-1.day-1. 
Bile was collected for 15 min and biliary lipids were determined as described in the materials and methods. 
Data are expressed as mean ± SEM, n=5. **, p<0.01.

                                                                                        Bile

control 50 mg 100 mg

bile flow (μl.min-1.100g bw-1) 3.6±0.8 9.2±1.2** 5.6±0.3

cholesterol (nmol.min-1.100g bw-1) 1.2±0.3 3.7±0.4** 2.5±0.4

bile salt (nmol.min-1.100g bw-1) 253.0±57.6 620.6±87.7** 376.1±47.6

phospholipids (nmol.min-1.100g bw-1) 36.2±8.1 93.3±11.3** 60.2±5.0


