Physiol. Res. 53: 265-271, 2004
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Summary

Close links between hypertension, hypertriglyceridemia, insulin resistance and other symptoms of metabolic syndrome
was demonstrated in humans and experimental animals. Quantitative trait loci for defects in glucose and fatty acid
metabolism, hypertriglyceridemia and hypertension were mapped in spontaneously hypertensive rats (SHR) on
chromosome 4 and defective Cd36 gene was identified in this region. Here we investigated the polymorphism of Cd36
gene in Prague hereditary hypertriglyceridemic (HTG) rats, which represent another model of genetic hypertension and
metabolic syndrome. These animals were compared with NIH-derived SHR and two different normotensive control
strains (WKY, LEW). In spite of the fact that HTG and SHR rats had similar metabolic disturbances, genotype analysis
of PCR products has shown that Cd36 mutation was not present in HTG rats. In conclusion, we have revealed that
defective Cd36 is probably a candidate gene for disorded fatty-acid metabolism, glucose intolerance and insulin
resistance in NIH-derived SHR, but other genes might play a role in pathogenesis of metabolic syndrome in Prague
hereditary hypertriglyceridemic rats. This is in accordance with the absence of defective Cd36 gene in original SHR
from Japan.
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Introduction human insulin-resistance syndrome and/or metabolic

syndrome because of the presence of hypertension,

Several studies have demonstrated the existence
of insulin resistance and hyperinsulinemia in patients
with untreated hypertension (Ferrannini et al. 1987, Shen
et al.
hypertension (Reaven and Chang 1991) or in rats with

1988) as well as in rats with spontaneous

hypertension induced by fructose-enriched diet (Hwang
et al. 1987, Reaven et al. 1988). The spontaneously
hypertensive rat (SHR) is considered as a model of

hyperinsulinemia, hypertriglyceridemia, glucose intole-
rance and visceral type of obesity. Numerous different
colonies of SHR, mostly derived from a colony at the
Institute of Health (USA), are widely used for the study
of basic mechanisms responsible for essential
hypertension and metabolic syndrome around the world.
A deletional mutation in fatty acid translocase gene Cd36

was proposed as the underlying mechanism of the
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insulin-resistant phenotype in SHR (Aitman et al. 1999).
Recently, overexpression of wild type Cd36 gene in SHR
was shown to ameliorate their insulin resistance
(Pravenec et al. 2001). Nevertheless, the Cd36 mutation
is absent in the original SHR strain (maintained since
in which the
resistance is also present (Gotoda et al. 1999). These

their development in Japan) insulin
discrepant results documented that other mechanisms
based upon other genes could also play a role in
metabolic syndrome of different rat strains.

At the beginning of the nineties a new model of
human hypertriglyceridemia was developed by Vrana and
Kazdova (1990) from the colony of Wistar rats. We have
demonstrated that these hereditary hypertriglyceridemic
(HTG) Prague rats with disturbed glucose and lipid
metabolism are also hypertensive (Stolba et al. 1992).
Several membrane abnormalities were demonstrated in
HTG rats (Devynck et al. 1998) and the close links
between hypertension, hypertriglyceridemia and altered
membrane electrolyte transport were supported by the
demonstration of their association in F, hybrids of HTG
and Lewis rats (Zicha et al. 1997). It has been shown that
cross-sectional area and inner diameter of conduit arteries
were decreased in HTG rats during the whole ontogeny
(Kristek et al. 2003), but this was not accompanied by
endothelial dysfunction (Torok et al. 2003). HTG rats are
also very useful for the search of candidate genes of
hypertension and metabolic syndrome (Kadlecova et al.
2003) as well as for the search of genetic determinants of
hypertension and/or dyslipidemia (Ueno et al. 2003a,b,
2004).

In the present study, we have searched for the
possible polymorphism of Cd36 gene in HTG rats —
another rat model of metabolic syndrome and
hypertension. We have also compared HTG rats with
NIH-derived SHR in order to investigate the relation of
Cd36 gene polymorphism to alterations in glucose and
fatty acid metabolism.

Methods
Animals

Age-matched inbred hereditary hypertrigly-
ceridemic (HTG), spontaneously hypertensive

(SHR/Ola), Wistar-Kyoto (WKY) and Lewis (LEW)
male rats were received from the colonies of the Institute
of Physiology AS CR (Prague). Lewis rats are used as a
control strain for HTG rats because they are inbred and
Wistar-derived as HTG rats are. All animals were given
laboratory chow (ST1) and water ad libitum and

maintained on a 12 h (7:00 - 19:00 h) light-dark cycle. A
part of animals was drinking 10 % fructose solution from
the 9th week of age for three weeks to enhance metabolic
abnormalities. Ethical Committee of the Institute of
Physiology AS CR approved all procedures.

Blood pressure determination

Systolic, diastolic and mean arterial blood
pressures were measured at the age of 12 weeks under
light ether anesthesia by direct puncture of the left carotid
artery using Statham P23Db transducer and Hewlett-

Packard 7754A recorder.

Biochemical measurements

Tail blood samples were taken, blood was
centrifuged and serum was frozen for later diagnostics.
The total serum triglycerides and cholesterol were
assayed by commercial kits from Lachema (Brno, Czech
Republic) and non-esterified fatty acids were measured
by commercial test from Roche Diagnostics (Mannheim,
Germany). Oral glucose tolerance test was performed in
animals under basal conditions or after receiving of 10 %
fructose solution (instead of water) as a drinking fluid for
three weeks. Oral glucose tolerance test was started by a
glucose load of 100 mg/100 g b.w. (water drinking rats)
or 300 mg/100 g b.w. (fructose drinking rats) after
overnight (14 h) fasting. Blood for glycemia determi-
nation was withdrawn from the tail at the intervals of 0,
30, 60 and 120 min after the intragastric glucose
administration. Glucose concentration was measured by
Glucotrend diagnostic kit (Roche Diagnostics).

DNA analysis

Genomic DNA was extracted from the liver by
phenol/chloroform method. The PCR was performed with
50 ng genomic DNA and 25 pmol of each primer
(RCD36FAT355F 5-AGT TCG CTA TTT AGC CAA
GG-3' and RCD36FAT675F 5'-AGG ATA AAA CAC
ACC AAC TGT-3"). The DNA was amplified for
45 cycles with denaturation at 94 °C for 40 s, annealing at
60 °C for 30 s, and extension at 42 °C for 50 s. PCR
products were analyzed by electrophoresis on 4 %
agarose gel containing ethidium bromide and visualized
by ultraviolet illumination.

Satigtical analysis

Data are expressed as S.E.M.
Significance of the differences between groups was
assessed by ANOVA. P<(.05 value was considered as

significant.

means =
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Results

Table 1 summarizes the basal data about the four
strains used. It is evident that blood pressure was
significantly higher in both hypertensive groups in
comparison with corresponding controls. Relative heart
and kidney weights were significantly increased in SHR
when compared to WKY rats. On the other hand, the
relative kidney weight was significantly lower in HTG

rats as compared to LEW control rats. Drinking of 10 %
fructose for three weeks did not influence significantly
body weight, relative organ weight and blood pressure in
all strains studied (Table 1) except of HTG rats. There
was significant decrease of body weight and increase of
relative heart and kidney weight in HTG rats drinking
10 % fructose solution in comparison with HTG rats
drinking water.

Table 1. Body weight, relative organ weight and blood pressure in spontaneously hypertensive (SHR), Wistar-Kyoto (WKY), Prague

hereditary hypertriglyceridemic (HTG) and Lewis (LEW) rats.

BW HW/BW KW/BW SBP MAP DBP PP
g mg/100 g b.w. mm Hg

Water drinking
SHR 30549 33349%* 655+15* 198£9%** 160L7%* 12748%* 7015%%*
WKY 28418 26012 61619 1453 11445 9545 5143
HTG 294+14 23312 537+14%* 16248** 135+6%** 11545%* 4614
LEW 321422 24819 704126 12945 100+£3 8413 4614
Fructose drinking
SHR 30110 33142%* 64513 206£8%** 16716** 13445%* T245%%*
WKY 27211 26517 63317 14144 114£2 9413 4616
HTG 24240%%" 20244%*" 742421° 168+5%** 13745%* 11045** 58+1
LEW 36612 24244 700+18 14442 107£3 8412 6014

Data are means + S.E.M., BW — body weight, HW — heart weight, KW — kidney weight, SBP — systolic blood pressure, MAP — mean
arterial pressure, DBP — diastolic blood pressure, PP — pulse pressure, *p<0.05, **p<0.01 from respective controls, *p<0.01 from water

drinking rats.

Table 2. Metabolic parameters measured in animals of four different strains drinking either water or 10 % fructose solution.

SHR WKY HTG LEW
(n=6) (n=5) (n=6) (n=5)
TG (mmol/1) H,0 0.49+0.03%* 0.36+0.03 2.37+£0.21%* 0.69+0.08
F 1.2740.21" 1.08+0.10" 3.5740.22%*" 1.3120.12"
CHOL (mmol/l) H,0 2.05+0.18 2.3440.29 1.84+0.06%* 2.7240.18
F 4.05+0.44%*" 2.84+0.48 4.26+0.24" 4.61+£0.37"
NEFA (mmol/l) H,0 1.39£0.17%* 0.85+0.08 1.26+0.27 0.93+0.19
F 0.74+0.03" 0.68+0.13 0.60=0.08 0.78+0.09
Glucose (mmol/l) H,0 3.83+0.10 3.65+0.08 3.26+0.08 3.24+0.07
F 6.26£0.14" 5.60+0.39" 5.90+0.52" 5.13+0.35"

Data are means + S.E.M., TG — triglycerides, CHOL — total cholesterol, NEFA — non-esterified fatty acids, F — 10 % fructose as a drinking
fluid, *p<0.05, **p<0.01 from respective controls, *p<0.01 from water drinking rats.

There was significantly higher level of plasma
triglycerides in both hypertensive strains in comparison

with corresponding controls (Table 2). On the other hand,
total plasma cholesterol level was lower in HTG
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compared to LEW rats, but it was not different between
SHR and WKY rats. The level of non-esterified fatty
acids tended to be higher in both hypertensive strains, but
the only significant difference was found between SHR
and WKY rats. Drinking of 10 % fructose for three weeks
influenced metabolic parameters to a higher extent
(Table 2) than blood pressure or weight parameters
(Table 1). Plasma levels of triglycerides, total cholesterol
and glucose were significantly increased by fructose
consumption in all four strains studied. In contrast, the
level of non-esterified fatty acids tended to be decreased
in all strains, but the significant difference was reached in
SHR rats only.
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Fig. 1 Oral glucose tolerance test curves obtained in four
different strains drinking either water (upper panels) or 10 %
fructose solution (lower panels). Rats, fasted overnight, were
given glucose gavage as mentioned in Material and Methods.
Data for hypertensive strains (HTG and SHR, full symbols) and
normotensive controls (LEW and WKY, open symbols) represent
means * S.E.M. with n = 5-6 rats per groups.

To investigate whether differences in Cd36 gene
affect glucose metabolism, the glucose tolerance test was
performed in water or 10 % fructose drinking animals of

studied. levels

significantly higher in both hypertensive strains than in

all  strains Serum  glucose were
respective controls at 30 and 60 min after glucose loading
(Fig. 1, upper panel). Drinking of 10 % fructose shifted
glucose tolerance test curves to higher glucose levels in
all strains, but the difference between hypertensive and
normotensive strains remained preserved (Fig. 2, lower
panel). Area under the curve (AUC) was not different
between the two hypertensive strains, but it was
significantly higher in hypertensive rats in comparison
with both control strains (Table 3). Drinking of 10 %
fructose instead of water increased significantly AUC in
all four strains studied.

HTG SHR WKY LEW HTG SHR

170bp —

Fig. 2 Genotype analysis of PCR products derived from Cd36
shown an 8-bp polymorphism between HTG and SHR/Ola strains.
PCR products were run on 4 % agarose gel and visualized by
ethidium bromide. A single band was seen in NIH-derived
SHR/Ola strain, whereas two identical bands were identified in
HTG and both normotensive control strains.

Genotype analysis of PCR products has shown
that Cd36 mutation was not present in HTG rats (Fig. 2)
because two identical bands of PCR products were found
in DNA of HTG, LEW and WKY rats. As expected, only
one band was present in samples from NIH-derived SHR
rats (SHR/Olac).

Discussion

Our study confirmed the presence of similar
metabolic abnormalities in both hypertensive strains —
HTG and SHR, but Cd36 gene mutation was found in
SHR only.

HTG rats were developed as a model of human
hypertriglyceridemia (Vrana and Kazdova 1990). This
model is, however, very useful for the study of the
relationship among particular phenotypes of metabolic
syndrome (e.g. hypertension vs hypertriglyceridemia,
hypertension vs insulin resistance, etc.) as well as for the
search of genetic background of these abnormalities.
Recently we have demonstrated by using of HTG x LEW
F, hybrids that sympathetic hyperactivity is one of the
major pathogenetic factors in this form of genetic
(Kunes et al. 2002).

hypertension Wide-range
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phenotyping of these F, hybrids together with DNA
analysis disclosed several significant quantitative trait

loci for hypertension and hypertriglyceridemia (Ueno et
al. 2003a,b).

Table 3. The area under the curve values (mmol/I/min) calculated after oral glucose tolerance test for four different rat strains drinking

either water or 10 % fructose solution.

SHR WKY HTG LEW
Water drinking 779 +9** 695 +13 770 £13** 568 + 17
Fructose drinking 945 +17+"* 833 £14" 922 +17#"* 764 + 18"

Data are means * S.E.M., Fructose — 10 % fructose as a drinking fluid, *p<0.01 from WKY, #p<0.01 from LEW, *p<0.01 from water

drinking rats.

As can be seen from our results, both HTG and
SHR rats are hypertriglyceridemic in comparison with
appropriate controls. This difference is even more
pronounced in animals drinking 10 % fructose instead of
water. On the other hand, plasma glucose level of fasting
animals was the same in all four strains studied. If Cd36
should play a unique role in carbohydrate metabolism and
insulin resistance, one would expect the differences in
oral glucose tolerance curves between HTG and SHR.
This was not true because glucose tolerance test curves
have shown similar characteristics in both HTG and SHR
rats. Moreover, the comparison of area under the curve
has indicated that differences between hypertensive and
normotensive rats exist independently of control strain
used (Table 3). In spite of the fact that the genetic
background of both HTG and SHR originates from
Wistar rats, it is evident that the genetic basis of insulin
resistance in HTG and SHR is not the same.

It has been demonstrated in spontaneously
hypertensive rats (SHR) that spontaneous deletion in
Cd36 gene (fatty acid translocator) is linked to the
transmission of insulin resistance and defective fatty acid
metabolism (Aitman et al. 1999, Pravenec et al. 2001).
This seems to be true for NIH-derived SHR strains only
because Gotoda et al. (1999) did not find the Cd36 gene
mutation in the original SHR maintained since their
development in Izumo University (Japan). Our results
have shown that Cd36 mutation was not present in HTG
rats despite the fact that their metabolic parameters are
similar to those in SHR. Moreover, two identical bands
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