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Objective. To investigate lipid profiles in Psammomys obesus and relationships between lipid
profile and other components of the Metabolic Syndrome.

Methods. A total number of 49 adults with a wide range of body weight and glucose tolerance
were studied in a cross-sectional analysis. Plasma cholesterol distribution profiles were measured
by size exclusion lipid chromatography. Blood glucose was measured using an enzymatic glucose
analyser, and plasma insulin was determined by radioimmunossay.

Results. Obese diabetic Psammomys obesus had elevated plasma cholesterol (P=0.003) and
triglyceride levels (p>0.001) compared to their lean littermates. The hypercholesterolemia was
mainly due to increased circulating levels of VLDL-cholesterol (P=0.003) and LDL-cholesterol
(P=0.003) in these animals. Multiple linear regression analyses revealed that body weight was
independently associated with plasma cholesterol (P=0.011) and LDL concentration (P=0.009),
while plasma insulin was associated with VLDL-cholesterol concentration (P=0.005). All of the
variables measured exhibited continuous distributions across a wide range of phenotypes, from
a normal rodent lipid profile to profound dyslipidemia.

Conclusions. These data suggest that the dyslipidemia in obese, diabetic Psammomys obesus is
closely associated with other components of the Metabolic Syndrome, including obesity and insu-

lin resistance.
Full text free on http://www.elis.sk
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The Metabolic Syndrome, previously called Syn-
drome X, comprises a range of cardiovascular risk fac-
tors which tend to occur simultaneously and signifi-
cantly increase overall mortality (REAVEN 1988; STERN
1995; ZmmmveT 1989). Components of the Metabolic Syn-
drome tend to cluster, suggesting a common, central
causality (ZiMMET et al. 1999). For example, in the San
Antonio Heart Study, a combination of three or more
of the components was significantly more prevalent than
the occurrence of each of the risk factors in isolation,
and even more prevalent than a combination of any pair
of the factors. Similar data is also available from stud-
ies in Mauritius (ZIMMET et al. 1994).

Dyslipidemia, along with insulin resistance, obe-
sity and Type 2 diabetes, comprises an important
component of the Metabolic Syndrome. Dyslipidemia
increases the risk of cardiovascular disease and over-
all mortality (CARLETON et al. 1991; HokANSEN et al.
1996; La Rosa et al. 1990; Rirkinp 1990), and lipid-
lowering therapy can substantially improve clinical
outcomes (Frick et al. 1986; the Lipid Research Clin-
ics Coronary Primary Preventation Trial: Results
1 1984; the Lipids Research Clinics Coronary Pri-
mary Preventation Trial: Results 11 1984; Report
from the Committee of Principal Investigators 1978;
The Scandinavian Simvastatin Survival Study 1994;
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SHEPHERD et al. 1995).The development of new phar-
macological treatments to improve lipid profile could
further enhance our ability to effectively prevent car-
diovascular disease in at risk individuals. This would
be greatly facilitated by the identification and char-
acterisation of a polygenic animal model exhibiting
dyslipidemia as part of the Metabolic Syndrome in
a manner similar to that seen in human populations.

In this study we describe a detailed characterisa-
tion of dyslipidemia in Psammomys obesus (Israeli
Sand Rats). Psammomys obesus is a unique rodent
model of obesity, insulin resistance and Type 2 dia-
betes, and the characterisation of dyslipidemia is re-
quired to define the full spectrum of the Metabolic
Syndrome in these animals. The natural habitat of
Psammomys obesus is the desert regions of the Mid-
dle East, where it subsists on a diet of saltbush and
remains lean and normoglycemic (SHAFRIR et al.
1993).However, when housed in laboratory condi-
tions and fed ad libitum chow, a diet on which many
other rodent species remain healthy, a range of met-
abolic responses have been observed (BARNETT et al.
1994; KALDERON et al. 1996). By 16 weeks of age
approximately one third of the animals have normal
glucose tolerance, one third are hyperinsulinemic and
normoglycemic, and one third develop diabetes (BAR-
NETT et al. 1994). Retrospective analysis showed no
difference in body weight, blood glucose or plasma
insulin at 4 weeks of age between animals that would
progress to the different adult phenotypes. At 16
weeks of age, the relationship of blood glucose and
plasma insulin concentrations forms a continuous
curve in Psammomys obesus similar to “Starling’s
curve of the pancreas” in human populations (DE-
Fronzo 1988; ZiMMET et al. 1979). This heteroge-
neous response indicates that Psammomys obesus
represents a polygenic animal model of human dia-
betes. The body weight distribution in Psammomys
obesus approximates a normal distribution and close-
ly resembles that observed in human populations
(WaLDER et al. 2000). The obesity described in these
animals is familial in nature and was significantly
associated with Type 2 diabetes (WALDER et al. 2000).
Therefore, Psammomys obesus is a unique animal
model of obesity and Type 2 diabetes that exhibits
a phenotypic pattern closely resembling that observed
in human population studies. However, to establish
Psammomys obesus as a polygenic animal model of

the Metabolic Syndrome, it is necessary to investi-
gate lipid profiles and how these are related to other
components of the Metabolic Syndrome in these an-
imals.

Materials and Methods

Experimental animals. A colony of Psammomys
obesus is maintained at Deakin University, Geelong,
Australia. Breeding pairs were fed ad libitum a diet
of lucerne and chow. Experimental animals were
weaned at 4 weeks of age and given a diet of stan-
dard laboratory chow, from which 12% of energy
was derived from fat, 63 % from carbohydrate and
25 % from protein (Barastoc, Pakenham, Australia).
Animals were housed in a temperature-controlled
room (22 =1 °C) with a 12-12 h light-dark cycle
(light 06:00-18:00 h).

The animals were classified according to blood
glucose and plasma insulin concentrations in the fed
state, at 16 weeks of age, as follows:

Group A — blood glucose <8.0 mmol/l, plasma
insulin <150 mU/I

Group B — blood glucose <8.0 mmol/l, plasma
insulin >150 mU/1

Group C — blood glucose > 8.0 mmol/l, plasma
insulin >150 mU/L.

These groupings correspond to normal glucose
tolerant (Group A), insulin resistant (Group B) and
Type 2 diabetic (Group C). Group C animals were
also obese relative to Group A, while Group B could
be considered overweight (Table 1) (WALDER et al.
2000). There was no difference in the gender distri-
bution between the 3 groups of animals in this study
(c*=2.6, P=0.28).

Biochemical assays. Whole blood was collected
from the tail vein of the animals at 16 weeks of age
in the fed state, and glucose concentration was mea-
sured immediately using an enzymatic glucose ana-
lyzer (Model 27, Yellow Springs Instruments, Ohio).
Plasma insulin concentrations were determined us-
ing a double-antibody solid phase radioimmunoas-
say (Phadeseph, Kabi Pharmacia Diagnostics,
Sweden).

Plasma cholesterol distribution profiles were mea-
sured in 10 ml plasma samples using a size exclu-
sion high performance liquid chromatography sys-
tem (SMART) with a Superose 6 PC 3.2/30 column
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TABLE 1: Metabolic characteristics of Psammomys obesus (mean + SE [range]).

n Body weight (g) Glucose (mmol/L) Insulin (mU/L)
Group A 25 160 + 5 [128-212] 4.4 +0.2[3.1-6.6] 56 + 8 [15-140]
Group B 15 195 + 5 [160-243]* 43 +0.2 [2.4-6.8] 317 + 46 [152-879]*
Group C 9 212 +9 [175-259]* 12.8 +1.1 [8.4-16.6]* 637 + 58 [282-877]*
Total 49 181+5 59+0.5 242 + 36
*p<0.05 compared with Group A animals.
(Amersham Pharmacia Biotech, Uppsala, Sweden)
as previously described (Sartipy et al. 1999). The 1000
various peaks in the profiles are designated “VLDL”, 900 1 . .
“LDL” and “HDL” for simplicity, by analogy with 800 1 ¢ .
the nomenclature used for the human profile. S 7001 .
Plasma triglyceride concentration was measured 2 6001 ¢ . o
using reagents from a commercial enzymatic colori- = 500
metric kit (Boehringer Mannheim, GmbH, Germany). 3 4001 . MRS
Statistical analysis. All data are expressed as < 300 . A
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was normalized by transformation if required for 0 ‘ ‘ ‘
further analysis. Group means were tested by one- 0 > Gl 10 15 20
ucose (mmol/L)

way ANOVA with a post hoc LSD test, and relation-
ships between continuous variables were tested us-
ing multiple linear regression analysis. All tests were
performed using SPSS version 9.0 (SPSS Inc., Chi-
cago, IL). Results were considered significant at
P<0.05.

Results

The characteristics of the animals included in the
study are detailed in Table 1. Group C Psammomys
obesus were hyperglycemic, hyperinsulinemic and
obese compared with Group A (control) animals.
Group B animals were hyperinsulinemic and mildly
obese compared with Group A animals. The distri-
bution of blood glucose and plasma insulin concen-
trations for all animals included in this study is shown
in Figure 1. As shown previously in this animal model
(BARNETT et. al. 1994), the distribution forms
a continuous inverted U-shaped curve similar to
“Starling’s curve of the pancreas” observed in cross-
sectional data from human populations (DeFronzo
1988; ZimmeET et al. 1979).

Plasma cholesterol (total) and triglyceride concen-
trations were significantly different between the three

Fig. 1 Cross-sectional data displaying inverted U-shaped
relationship between blood glucose and plasma insulin
concentration in Psammomys obesus.
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Fig. 2 Total plasma cholesterol and triglyceride
concentration in groups of Psammomys obesus (mean
+ s.e.m.). Group A — lean, normal glucose tolerance; Group
B — overweight, impaired glucose tolerance; Group C —
obese, diabetic. *p<0.05 compared with Group A animals,
# p<0.05 compared with Group A and Group B animals.
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TABLE 2: Distribution of cholesterol subfractions in
Psammomys obesus.

VLDL (%) LDL (%) HDL (%)
Group A 5.5 19.8 74.7
Group B 10.6 20.8 68.6
Group C 11.2 224 66.4
2
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Fig. 3 Concentrations of cholesterol subfractions (VLDL,
LDL and HDL) in Psammomys obesus from Groups A,
B and C (mean + s.e.m.). * p<0.05 compared with Group
A animals.
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Fig. 4 Ratios of LDL:HDL and (LDL + VLDL):HDL in
Psammomys obesus from Groups A, B and C (mean
+ s.e.m.). ¥ p<0.05 compared with Group A animals.

groups (P=0.003 and P<0.001 respectively, by ANO-
VA; Figure 2). Group C Psammomys obesus had el-
evated plasma cholesterol (2.53 + 0.12v. 1.97+ 0.09
mmol/l, P=0.003) and triglycerides (1.79 £ 0.34 v.
0.83 +0.08 mmol/l, P<0.001) compared to Group
A animals (Figure 2), and were hypertriglyceridem-
ic compared to Group B animals (1.79+ 0.34v. 1.11
+ 0.12 mmol/l, P=0.021). Group B animals were also
hypercholesterolemic (2.38 + 0.12 v. 1.97 + 0.09
mmol/l, P=0.008) and hypertriglyceridemic (1.11
+0.12 v. 0.83 + 0.08 mmol/l, P=0.026) compared to
Group A animals (Figure 2).

Cholesterol distribution profiles were also dif-
ferent between the groups for “VLDL” (P=0.006)
and “LDL” (P=0.009) but not “HDL” concentra-
tion (Figure 3). Plasma “VLDL” was increased in
Group C (0.28 = 0.07 v. 0.11 £ 0.01 mmol/I,
P=0.003) and Group B (0.25 £0.07 v. 0.11 = 0.01
mmol/l, P=0.027) compared with Group A animals.
Plasma “LDL” concentration was significantly el-
evated in Group C (0.57 £ 0.03 v. 0.39 £ 0.03 mmol/
1, P=0.003) but not Group B (P=0.055) Psammomys
obesus (Figure 3). The distribution of cholesterol
subfractions, expressed as a percentage of the total
plasma cholesterol, for the 3 groups is shown in
Table 2.

The ratio of “LDL”:”"HDL” was higher in Group
C(0.34+0.02 v. 0.27 £ 0.02, P=0.028) compared to
Group A (Figure 4), while (“VLDL”+”LDL”):”HDL”
ratios were significantly increased in both Group
C(0.51 £0.05 v. 0.34 £0.02, P=0.006) and Group
B (0.47 £ 0.05 v. 0.34 + 0.02, P=0.013) Psammomys
obesus.

Composite traces representing the cholesterol dis-
tribution profile for animals in each of the three
groups are shown in Figure 5. As stated previously,
the various peaks in the profiles are designated
“VLDL”, “LDL”, and “HDL” for simplicity, even
though it is clear that the separation is determined
primarily by the size of the lipoproteins.

Multiple linear regression analyses were conduct-
ed with covariates including body weight, plasma
insulin, blood glucose and gender. The only inde-
pendent factor associated with total plasma choles-
terol, “LDL” and “HDL” concentrations was body
weight (P=0.011, 0.009 and 0.034, respectively).
Plasma insulin was associated with “VLDL” con-
centration (P=0.005) independent of body weight,
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Fig. 5 Size exclusion HPLC lipid profile results for each animal separated into Groups A, B and C. The 3 peaks seen in this
output correspond to (from left to right) “VLDL”, “LDL” and “HDL”. The integrated area of the fractions was calculated
and expressed in molar concentration for comparisons between groups.
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Fig. 6 Relationship between plasma insulin and VLDL
cholesterol concentrations in Psammomys obesus.

blood glucose and gender. Figure 6 shows the rela-
tionship between these two variables, unadjusted for
the covariates listed above. The bivariate correlation
coefficient was calculated to be 0.54 (P<0.001).
A partial correlation, controlling for the effects of
gender, improved the correlation coefficient to 0.57
(P<0.001).

Discussion

Here we describe in detail the lipid profiles ob-
served in Psammomys obesus. The previously char-
acterised obesity and Type 2 diabetes found in
a proportion of these animals was associated with
hypercholesterolemia and hypertriglyceridemia. Plas-
ma VLDL and LDL cholesterol subfractions were
elevated in obese, diabetic animals, with no change
in plasma HDL concentration, resulting in increased
LDL:HDL and (LDL+VLDL):HDL ratios. There-
fore, a proportion of Psammomys obesus exhibit
a cluster of 4 components of the Metabolic Syndrome
(obesity, insulin resistance, Type 2 diabetes and dys-
lipidemia) while other animals show a range of less-
er responses including some that are free of any
Metabolic Syndrome components. This distribution
and clustering of components is analogous to the
pattern observed in human populations (REaven 1988;
STERN 1995; ZiMMET 1989; ZIMMET et al. 1999; FEr-
RANINI et al. 1991; ZimmMET et al. 1994), suggesting
that Psammomys obesus is an excellent polygenic
model of the Metabolic Syndrome.

“HDL” cholesterol concentration was not de-
creased in obese, diabetic Psammomys obesus, al-
though this is recognised as a component of the

dyslipidemia observed in patients with the Metabol-
ic Syndrome. However, the ratio of “LDL”: “HDL”
was significantly increased in these animals, and, as
shown in Table 2, the percentage of total cholesterol
made up by “HDL” was lower in obese, diabetic an-
imals. Both of these factors are consistent with the
deleterious cholesterol profile associated with the
Metabolic Syndrome.

A number of rodent models of dyslipidemia have
been described (for review see Bocan 1998). The
most widely used are rabbits and hamsters, fed diets
rich in cholesterol and/or fat. These animals typical-
ly have increased VLDL-cholesterol, and the degree
of hypercholesterolemia can be manipulated by di-
etary alterations. However, dyslipidemia does not
generally spontaneously arise in rabbits or hamsters,
with the exception of the Watanabe Heritable Hy-
perlipidemia Rabbit, the homozygotes of which lack
functional LDL-receptors (ROSENFELD et al. 1987).
These animals, along with other single-gene defec-
tive models, such as JCR:LA (cp/cp) rats (DoLPHIN
etal. 1987), exhibit hypercholesterolemia character-
ised by increased VLDL-cholesterol.

Recently, a number of gene-knockout or transgenic
mice have been described that exhibit lipid profiles
closely resembling those observed in dyslipidemic
humans. Examples include apo E”-and apoE"-/LDLR-
" mice, which have hypercholesterolemia with ele-
vated LDL and VLDL (IsHiBAsHI et al. 1994; ZHANG
et al. 1992). Other genetically modified mice show
variations on this lipid profile, including LDLR
knockouts, and transgenic mice overexpressing hu-
man apoB, apoA, Lp(a), or CETP (CarLow etal. 1995;
LawN et al. 1992; Marott! 1983; PRELL-HUYNH
1995).

In contrast to all of these animal models of dys-
lipidemia, Psammomys obesus does not contain
a known single-gene defect resulting in dyslipi-
demia, nor is a high-cholesterol/high-fat diet re-
quired to elicit the dyslipidemic phenotype. Psam-
momys obesus fed a normal rodent chow diet ex-
hibit a wide spectrum of lipid profiles, ranging from
normal for a rodent to hypercholesterolemic and hy-
pertriglyceridemic with elevated LDL and VLDL-
cholesterol. The heterogeneity observed suggests
that Psammomys obesus is a polygenic model of
spontaneous dyslipidemia in response to a standard
rodent chow diet.



DYSLIPEMIA IN PSAMOMMYS OBESUS 7

Although clear differences in cholesterol metabo-
lism are known to exist between rodents and humans
(GiBBONS etal. 1982; KaANE 1977), the finding of dys-
lipidemia in Psammomys obesus as part of the Met-
abolic Syndrome will be useful for further investi-
gations in these animals. It should be noted that Psam-
momys obesus have the majority of their circulating
cholesterol in HDL particles, which is similar to other
rodents and different to humans (GiBBons et al. 1982;
Kane 1977). 1t is likely that the “VLDL”, “LDL”
and “HDL” particles in Psammomys obesus may have
different structural and metabolic properties to the
corresponding particles in humans. Indeed, we were
unable to detect significant plasma levels of CETP
in Psammomys obesus (data not shown), suggesting
that reverse cholesterol transport from HDL to LDL
probably does not occur in these animals as it does
in humans.

Despite this, we have demonstrated that obese,
diabetic Psammomys obesus have altered lipid pro-
files relative to their lean littermates. The possible
differences in cholesterol metabolism do not detract

from the similarities between humans and Psam-
momys obesus with respect to the distribution pat-
terns of obesity, insulin resistance and Type 2 dia-
betes.

In summary, this study has demonstrated that
Psammomys obesus exhibits 4 components of the
Metabolic Syndrome (obesity, insulin resistance,
Type 2 diabetes and dyslipidemia) that tend to be
clustered in affected animals. The unique nature of
this animal model, which is not transgenic or fed
a high-fat/high-cholesterol diet, but spontaneously
develops a range of metabolic profiles in response
to a normal rodent chow diet, makes it an ideal can-
didate for future studies investigating the pathogen-
esis, prevention and treatment of the Metabolic Syn-
drome.
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