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Congenic BB.SHR (previously referred to as BB.LL) rats were generated by transferring the segment of chromosome 4 flanked
by the D4Mit6 and Spr loci from the spontaneously hypertensive rat (SHR/Mol) onto the genetic background of the
diabetes-prone BB/OK rat. In this study, the influence of the above-mentioned region of chromosome 4 on triglyceride,
cholesterol, and phospholipid phenotypes after a high-fat, high-cholesterol diet was examined by comparison of BB.SHR
congenic rats with BB/OK rats. BB/OK and BB.SHR had comparable concentrations of basal and postdietary serum insulin, as
well as of basal total serum triglycerides and had an identical body weight and food intake at the beginning of the test period.
However, after 4 weeks on the test diet, BB.SHR rats were significantly heavier than BB/OK rats and had significantly higher
food intake and lower total serum triglyceride concentrations. The basal serum leptin level was significantly lower, but
postdietary serum leptin concentration did not show a significant difference between the 2 strains. Furthermore, significantly
higher basal total serum cholesterol and phospholipid levels were observed in BB.SHR rats, but this difference disappeared
after feeding the high-fat, high-cholesterol diet. Postdietary high-density lipoprotein (HDL), cholesterol and phospholipid
levels were significantly elevated in BB.SHR rats when compared with BB/OK rats. The 2 strains also differed slightly, but
significantly, with respect to the other HDL phospholipid concentrations. In addition to previously described differences
between BB/OK and BB.SHR rats, the results of this study clearly show the impact of genes, lying within the transferred
segment, on serum lipid phenotypes after high-fat, high-cholesterol diet.
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O IDENTIFY DISCRETE genetic factors contributing to impact of the described region, congenic BB.SHR rats were

complex quantitative traits, such as body weight, bloodgenerated by transferring the segment of chromosome 4 flanked
pressure, or lipids, 2 inbred strains markedly differing in the by theD4Mit6 andSprloci from the SHR/Mol onto the genetic
trait of interest are normally crossed to generate F1 hybridspackground of the BB/OK r&t.The phenotypic characteriza-
which are either intercrossed to generate F2 hybrids, or ar¢gion of congenic BB.SHR rats showed that these rats do not
backcrossed onto 1 of the 2 inbred strains to generate firslevelop diabetes, but are characterized by higher basal total
backcross hybrids (BC1). The phenotypes and genotypes of theerum triglycerides and cholesterol concentration when com-
F2 and BC1 hybrids are determined and the data are used fgrared with BB/OK rats, confirming the described QTLs for
linkage analysis to identify quantitative trait loci (QTUsYo lipid phenotypes in the BB/OK SHR/Mol crossing studyIn
study QTLs for blood pressure and blood pressure-relatecddition, it was shown that BB.SHR were significantly heavier
traits, diabetes-prone B(io) B(reeding)/O(ttawa) K(arlsburg)than the BB/OK rats at an age of 16 weeks.
and S(pontaneously) H(ypertensive) R(at)/Mol(legaard) rats Recently, using a large set of congenic and recombinant
were crossed and backcrossed onto BB/OK, and finally, thénbred strains derived from SHR/Ola and BN-Lx/Cub, it was
phenotype and genotype of backross hybrids were analyzeguggested that different chromosomal regions (including a re-
The data showed a suggestive and significant linkage on chradion of chromosome 4) were associated with basal (rats on a
mosome 4 around thepylocus for total serum cholesterol and low-fat, low-cholesterol diet) and postdietary (rats on high-fat,

triglyceride levels, respectiveR3 To examine the physiologic high-cholesterol diet) cholesterol and phospholipid pheno-
types37 The SHR.BN congenic strain used in these studies was

generated by transferring a segment of chromosomé#é64 (
From the Department of Laboratory Animal Science, Institute of D4Mit6-Npy, > 30 cm) from the BN rat onto the SHR back-

Pathophysiology, Medical Faculty, University of Greifswald, Karls- ground. Despite evident effects of this region on lipid pheno-

burg, Germany, and the Department of Laboratory Animal Science YPES in SHR.BN pongenics, the region is very Ia'tge' and it is
Faculty of Veterinary Medicine, Graduate School of Animal Health, difficult to determine which genes could be considered to be

Utrecht University, Utrecht, The Netherlands. serious candidates for further genetic analysis. The BB.SHR
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mission and in part by Grant No. KL 771/2-3 from Deutsche For- 16-D4MIt6-Npy transferred in SHR.BN congenics (Fig 1), has

SCh“ngsgeme'nSChaﬂ' ) an impact on lipid postdietary phenotypes. In this case, it would
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Greifswald, D-17495 Karlsburg, Germany. genes lying within the regioB4Mit6-Npy(~1 cm) are respon-
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doi:10.1053/meta.2001.21698 4 in the BB.SHR rat, not only basal, but also postdietary total
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Ch romosome 4 for BB/OK alleles at 72 background loci examined. After 5 backcross
generations, the animals were already homozygous at background loci
and were intercrossed. Animals homozygous for SHR alleles at the loci

4 /6 D4Mit6, Npy,andSprwere selected and founded the congenic BB.SHR

1 0 cm rat strain, which is normotensive (BB.SHR 1184 mm Hg; BB 119+

5 mm Hg BB)# To confirm the genetic background of BB/OK rats,

BB.SHR rats (N6F1) were tested with an additional 86 microsatellite

-+ Cd36 markers, which were not tested during creation of this congenic strain.

After weaning, up to an age of 7 weeks, 18 male BB/OK and 11 male

BB.SHR rats were fed a commercial diet (RMH-B, Hope Farms BV,

Woerden, The Netherlands). The chemical composition of this com-

mercial diet has been described previowshfter this pre-experimen-

tal period, the rats were fed for 4 weeks the commercial diet supple-

mented with 5% (wt/wt) olive oil (Reddy, Van de Moortele NV,

Oudenbosch, The Netherlands) and 2% (wt/wt) cholesterol (USP,

Solvay-Pharmaceuticals BV, Weesp, The Netherlands). All rats ana-

lyzed were normoglycemic (Table 1). The rats were housed in groups

of 3 animals in Macrolon type Il cages (Ehret GmbH, Emmendingen,

1
i

D4Mgh14 - Rsn

-+ D4Mit9 Germany) under strict hygienic conditions. All rats were free of major
pathogens as described previousiJhe rats had free access to food
=+ D4Mgh16 - Aldr1 and tap water and were maintained at a 12 hours per day light regimen
-+ Try1 (5:00Am to 5:00prm). Body weight and food intake were recorded at the
<+ D4Mité beginning (day 0; 7 weeks of age) and at the end (day 28; 11 weeks of
pr age) of the experimental period.
T Fabpt Phenotypic Characterization

After a 16-hour fasting period at the beginning and at the end of the
- - Spr experimental period, blood samples were taken in random order from
the rats by orbital puncture while they were under light anesthesia
(Sevofluran, Abbott, Germany). Blood was collected in tubes without
anticoagulant. To collect serum, the blood in the tubes was allowed to
clot at room temperature. Serum was prepared by low-speed centrifu-
= Ampp gation (10 minutes, 3,000 4°C). Day 0O-sera were stored at70°C

until use. Day 28 sera were cooled at 4°C and kept at that temperature
until ultracentrifugation. Isolation of the lipoprotein fractions was per-
formed within 5 days after blood sampling and was performed by

density gradient ultracentrifugation as describeexcept for staining.
4+ D4Mgh9 y : : .
ipoprotein density classes were based on the pattern observed in
-4 D4Mgh10 humans: very—low-density lipoprotein (VLDLH(< 1.006), interme-
4 pamit14 diate-density lipoprotein (IDL) (1.006< d < 1.019), low-density
lipoprotein (LDL)/high-density lipoprotein (HDL) (1.019 < d <
p D4Mgh21 1.063), HDL, (1.063< d < 1.125), HDL; (1.125< d < 1.210) and
very—high-density lipoprotein (VHDL)d > 1.210). Total serum trig-
Fig 1. Genetic linkage map of the rat chromosome 4. lycerides (day O and day 28), total serum (day O and day 28), and

lipoprotein (day 28) cholesterol and phospholipid concentrations were

determined in each individual rat using enzymatic kits (Boehringer
serum lipid levels, should be studied. In addition to measuringMannheim GmbH, Mannheimm, Germany) as descrigetipopro-
total serum lipid levels, it is also relevant to measure thetein cholesterol and phospholipid concentrations were corrected for
concentrations of the lipoprotein subfractions. This prompted€covery. Average recovery for serum cholesterol and phospholipid
the present study in which BB.SHR congenic rats were comWas 92% and 120%, respectively. Recovery is the sum of lipoprotein
pared with BB/OK rats for total serum and lipoprotein lipid cholesterol or phospholipid as a percentage of total cholesterol or

- . ... phospholipid in whole serum.
(cholesterol and phospholipid) concentration and compositiort Serum insulin and leptin were determined using radioimmunoassay
after feeding them a high-fat, high-cholesterol diet. kits (Rat Insulin RIA Kit and Rat Leptin RIA Kit; Linco Research, St.

MATERIALS AND METHODS Charles, MO).
Experimental Animals Statistical Analysis

The BB/OK inbred and BB.SHR congenic strain are maintained at Results are presented as meansSD. The Kolmogorov-Smirnov
the Department of Laboratory Animal Science in Karlsburg (Germany).1-sample test was used to check normality of the data. All results within
The congenic strain BB.SHR was generated by cross of BB/OK andhe BB/OK or BB.SHR group were found to be normally distributed.
SHR/Mol rats, with repeated backcrossing of cross hybrids onto dia-The significance of differences between BB/OK and BB.SHR rats was
betic BB/OK rats. The cross hybrids were selected for heterozygositycalculated with the unpaired Student'test. The unpaired Student's
of region of chromosome 4D4Mit6-Npy-Spy and for homozygosity  tests were performed with pooled (for equal variances) or separate (for
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unequal variances) variance estimates. The equality of variances wakie BB.SHR rats when compared with animals from the
tested using an F test. The level of significance was pregetat05. BB/OK strain. LDL/HDL, phospholipid concentration was
Two-side probabilities were estimated throughout. All statistical a“a"higher in the BB/OK strain, whereas HDRland HDL; were

yses were performed according to Steel and Torisinga SPSSPE  gjeyated in the BB.SHR strain when compared with the BB/
computer program (SPSS, Chicago, B). OK-progenitor

RESULTS
Table 1 summarizes the results for body weight, food intake,

DISCUSSION

: - ) To confirm the existence of previously described QTLs for
blopd glucose, serum insulin, and serum leptin levels. BOdybasaI serum lipid phenotypes on a region of chromosome 4
weight and food intake of BB/OK and BB.SHR_ rats Were flanked by theD4Mit6 and Spr loci (spanning 12 cm), this
comparable "’_It an age of 7 weeks, but after the high-fat, hlgh'segment of chromosome 4 was transferred from the SHR/Mol
c_hol_e_sterol diet (a_‘t 11 weeks of age_), the BB'SHR r‘f"FS Wer%nto the genetic background of the BB/OK rat resulting in a
S|_gn|f|cantly heawer, and the food |nt§1ke_ was S|gn|f|cantly congenic BB.SHR rat.In the present study, we examined the
higher than in the BB/OK rats. No significant differences effect of this region on (postdietary) serum lipid phenotypes

betwgen BB/OK an.d BE,;'SHR were fpund for either basal O after feeding BB/OK and BB.SHR rats a high-fat, high-choles-
postdietary serum insulin concentrations. Basal serum lept”?erol diet.

concentration was significantly higher in the BB/OK strain, but At the age of 11, but not of 7 weeks, body weight differed

the postdietary serum leptin level did not show a Signiﬁcamsignificantly between BB/OK and BB.SHR rats (Table 1). The

difference between the strains. difference in body weight at 11 weeks corroborates our previ-

Table 2 shows the measured serum lipid phenotypes of the g, s \york in which at 16 weeks BB.SHR rats were also heavier
strains. Postdietary, but not basal, total serum triglyceride Ieve{han BB/OK ratst Therefore, it is not likely that this strain

was higher in the BB/OK strain when compared with that of the jigerence is due to the feeding of a high-fat high-cholesterol
congenic BB.SHR strain. Significantly higher basal total serumyiat put is rather age-dependent.

cholesterol I_evels were observed . in BE"SHR rats, b_Ut this The serum leptin increasing action of high-fat feeding (Table
difference disappeared after Ofeeq|ng with the test diet. Onyy 5566 with the investigations of Kowalska et mice,

average, BB.SHR rats had 13% higher basal total serum phogscjating leptin also increases by feeding a high-fat diet and
pholipid levels than BB/OK rats, but this effect of the chromo- with age!4 Thus, the reported increase in serum leptin levels at

some 4 segment disappeared after 4 weeks on the high-fai,l weeks of age is presumably due to both aging and the

high-ch_olesterol diet. consumption of a high-fat, high-cholesterol diet. BB/OK rats
The increase of about 250% and 216% of total serum Chohave higher serum leptin levels than BB.SHR rats, but this
lesterol concentration in the BB/OK and BB.SHR strain after gy»in effect lost the level of statistical significance at the end of
the high-fat, high-cholesterol diet was malnl)é due to an elevaye yost period (Table 1). Because it is well-known that leptin
tion O.f the VL,DL chqleste.roll level; a.bout 7(,)/0 of the choles- overexpression reduces body weight via anorexic and thermo-
terol is associated with this lipoprotein fraction. Except for the genic actiorts it could be assumed that the lower body weight

HDL, fraction, there were no statistically significant differ of BB/OK, when compared with BB.SHR rats at 11 weeks of
ences in lipoprotein cholesterol levels between BB/OK a”dage, might be due to the higher serum leptin concentration in
BB.SHR rats. HDL, cholesterol concentration was elevated in BB/OK rats

In comparison with other rat inbred strains (eg, SHR/Ola and
BN-Lx/Cub; Bottger et & BB/OK and BB.SHR rats have much
higher total serum cholesterol levels at an age of 7 weeks. These
higher levels of total serum cholesterol (Table 2) are in line with
the results reported by Patel et'@These investigators showed

Table 1. Basal and Postdietary Body Weight, Food Intake,
Blood Glucose, Serum Leptin, and Serum Insulin Levels of BB/OK
and BB.SHR Rats

Measure BB/OK BB.SHR  Significance™ that BB Wistar rats have 25% higher total serum cholesterol levels
Body weight (g) than age-matched or weight-matched control Wistar rats. Our
Day 0 (7 weeks of age) 116 = 8 1165 1.000 present results and those of Patel ¢ aliggest that BB rats, in
Day 28 (11 weeks of age) 242 =18 274 =17 <.001 general, contain allelic variants of genetic factors that increase
Serum insulin concentration total serum cholesterol levels. Possibly, these genetic factors result
5 (”%/T;L) (s of agel 043 = 0421 042 - 0.15 as in intestinal hypertrophy, which in turn, leads to increased small
+ + . . . .
ay m 1/ weeks orage) - B.AS = b : intestinal cholesterol synthesis and absorption. In rodent models of
Day 28 (11 weeks of age) 0.84 = 0.62 0.70 = 0.66 574 . . L
) ; type 1 diabetes mellitus, cholesterol synthesis is indeed enhanced
Serum leptin concentration . . .
(ng/mL) in the small intestiné?
Day 0 (7 weeks of age) 1.40 + 0.27 1.02 + 0.22 <.001 Previous linkage studies using BB/OK and SHR/Mol have
Day 28 (11 weeks of age) 2.63 + 0.66 2.61 + 0.57 .937 suggested that SHR rats possess a QTL on chromosome 4

region (flanked byD4Mit6 and Spr) that increase basal total

NOTE. Results are expressed as means + SD for 18 (BB/OK) or 11 ' X .
serum cholesterol levefsin keeping with our earlier results,

(BB.SHR) animals per strain.

*P value of 2-tailed unpaired Student'’s t test.
tFor one BB/OK animal, there was not sufficient serum for the
determination of insulin at 7 weeks of age.

the present findings confirm this again: congenic BB.SHR rats
when compared with BB/OK rats have higher total serum
cholesterol levels at 7 weeks of age (Table 2). For rats, the bulk
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Table 2. Lipid Phenotypes in the BB.SHR Congenic Strain Compared With the BB/OK Progenitor
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Phenotype BB/OK BB.SHR Significance*

Total serum triglyceride concentration (mmol/L)

Day 0 (7 weeks of age) 1.43 + 0.26 1.49 = 0.25 .596

Day 28 (11 weeks of age) 2.08 = 1.24 0.82 = 0.51 .003
Total serum cholesterol concentration (mmol/L)

Day 0 (7 weeks of age) 2.94 +0.14 3.53 = 0.26 <.001

Day 28 (11 weeks of age) 7.34 + 3.31 7.62 + 1.96 770
Lipoprotein cholesterol concentration, day 28 (11 weeks of age; mmol/L)

VLDL 5.25 = 3.11 (69.6%)t 5.27 *+ 1.65 (68.4%) .985

IDL 0.50 * 0.23 (7.2%) 0.62 *+ 0.33 (7.9%) .273

LDH/HDL, 0.58 * 0.38 (8.6%) 0.44 = 0.12 (5.9%) .166

HDL, 0.71 = 0.29 (10.4%) 0.97 = 0.17 (13.6%) .036

HDL, 0.06 * 0.02 (0.9%) 0.07 * 0.03 (0.9%) .397

VHDL 0.23 * 0.08 (3.4%) 0.25 *+ 0.07 (3.2%) .669
Total serum phospholipid concentration (mmol/L)

Day 0 (7 weeks of age) 2.32 +0.11 2.62 +0.12 <.001

Day 28 (11 weeks of age) 2.66 = 0.63 2.51 +0.24 .379
Lipoprotein phospholipid concentration, day 28 (11 weeks of age; mmol/L)

VLDL 1.29 * 0.72 (46.6%)1 1.06 + 0.15 (42.5%) .185

IDL 0.12 * 0.06 (4.8%) 0.13 * 0.04 (5.0%) .873

LDL/HDL, 0.24 = 0.19 (9.3%) 0.15 * 0.03 (5.9%) .049

HDL, 0.38 = 0.15 (15.0%) 0.52 = 0.16 (20.8%) .019

HDL, 0.13 = 0.02 (5.0%) 0.15 + 0.03 (5.9%) .037

VHDL 0.49 = 0.11 (19.3%) 0.50 * 0.09 (19.9%) .801

NOTE. Results are expressed as means = SD for 20 (BB/OK) or 11 (BB.SHR) animals per strain.

*P value of 2-tailed unpaired Student’s t test.

tValues in parentheses are the mean relative cholesterol or phospholipid concentrations (percentage of total serum cholesterol or phospho-
lipid level).

of basal total serum cholesterol is carried by the Hilipopro- segment of chromosome 4 that lowers total serum triglyceride
tein fraction®> Thus, it could be anticipated that BB/OK and levels. We had already found evidence for this when we compared
BB.SHR rats differ mainly with respect to HRLcholesterol  the SHR.BN-congenic strains with the SHR/Ola progenitor after
level. The significant difference in HDLcholesterol levels feeding the rats a high-fat, high-cholesterol digtransfer of the
after feeding the high-fat, high-cholesterol diet between the 2segmentl6-Npy of chromosome 4 from the BN strain into the
strains supports this reasoning (Table 2). Cholesterol and phogjenetic background of SHR/Ola caused a significant increase in
pholipid concentrations in the serum are positively associatedotal serum triglyceride level when the congenic strain was com-
with each othet? Likewise, the relative distribution of phos- pared with the SHR/OlaThe l16-Npy segment partially overlaps
pholipid over the various lipoprotein fractions coincides with the D4Mit6-Npy-Sprsegment. Thus, taken together, the results
the relative distribution of cholesterol (Table 2). indicate that the QTL should be located somewhere between
When compared with the mean value of 12 other rat inbredD4Mit6 and Npy. To prove this, it would be highly desirable to
strains$ the BB/OK and BB.SHR strains have about 2.6 times narrow down this region by fine mapping of congenics and by
higher basal total serum triglyceride levels (Table 2). Thegeneration of next congenic sublines carrying different segments
hypertriglyceridemic status of BB rats has been known for aof the candidate region on chromosofne.
long time. Patel et & described that BB Wistar rats have 2.3 |t can be concluded that in addition to the previously de-
times higher total serum triglyceride levels than age-matchedcribed differences between BB/OK and BB.SHR fathe
and weight-matched control Wistar rats. The BB/OK strain resuylts of this study clearly show the impact of genes, lying
responds to the diet with an increase in total serum triglycerideyithin the transferred segment, on serum lipid phenotypes after
level, whereas the BB.SHR shows a decrease (Table 2). Thgigh-fat, high-cholesterol diet. Fine mapping and positional
reaction of the BB.SHR strain is the normal (hypojtriglyceri- cloning of genes within this segment will lead to the identifi-

demic response to a high-fat, high-cholesterol diet. We haveation of factors determining the differences in postdietary
also documented this for 12 other normoglycemic rat inbredresponse between BB/OK and BB.SHR rats.

strains® Furthermore, the hypertriglyceridemic response of the

BB/OK strain to a high-fat, high-cholesterol diet is also in line

with the literature, as it has been described that animal models ACKNOWLEDGMENT

for type 1 diabetes mellitus show hypertriglyceridemia after a  Gjet Lankhorst, Ria den Bieman, Silvia Sadewasser, and Edeltraut

high-fat and/or cholesterol-rich di&. Liibke are thanked for expert technical assistance. The experimental
The triglyceride results after the high-fat, high-cholesterol protocol was approved by the Animal Ethics Committee of the Institute

diet suggest that the SHR/Mol contains a QTL in BMIit6-Spr  of Pathophysiology, University of Greifswald.



462 KOVACS ET AL

REFERENCES
1. Lander ES, Schork NJ: Genetic dissection of complex traits. 10. Terpstra AHM, Woodward CJH, Sanchez-Muniz FJ: Improved
Science 265:2037-2048, 1994 techniques for the separation of serum lipoproteins by density gradient

2. Kovas P, Klding I: Quantitative trait loci on chromosomes 1 and ultracentrifugation: Visualization by prestaining and rapid separation of
4 affect lipid phenotypes in the rat. Arch Biochem Biophys 354:139- serum lipoproteins from small volumes of serum. Anal Biochem 111:

143, 1998 149-157, 1981

3. Kovacs P, van den Brandt J, Kiag I: Effects of quantitative trait 11. Steel RGD, Torrie JH: Principles and Procedures of Statistics. A
loci for lipid phenotypes in the rat are influenced by age. Clin Exp Biometrical Approach (ed 2). New York, NY, McGraw-Hill, 1981
Pharmacol Physiol 25:1004-1007, 1998 12. SPSS/PE€TM 4.0, Base Manual for the IBM PC/XT/AT and

4. Kléting |, Kovacs P, Kuttler B: Phenotypic consequences after PS/2V (Release 4.0). SPSS Inc, Chicago, IL, 1990
restoration of lymphopenia in the diabetes-prone BB/OK rat. Biochem 13. Kowalska I, Straczkowski M, Gorski J et al: The effect of fasting
Biophys Res Commun 239:106-110, 1997 and physical exercise on plasma leptin concentrations in high-fat fed

5. Bottger A, van Lith HA, Kren V et al: Quantitative trait loci rats. J Physiol Pharmacol 50:309-320, 1999
influencing cholesterol and phospholipid phenotypes map to chromo- 14. Ahren B, Mansson S, Gingerich RL et al: Regulation of plasma
somes that contain genes regulating blood pressure in the spontankeptin in mice: Influence of age, high-fat diet, and fasting. Am J Physiol
ously hypertensive rat. J Clin Invest 98:856-862, 1996 273:R113-R120, 1997

6. Bottger A, Lankhorst E, van Lith HA et al: Genetic and correla-  15. Ceddia RB, William WN Jr, Lima FB et al: Pivotal role of leptin
tion analysis of liver cholesterol concentration in rat recombinantin insulin effects. Braz J Med Biol Res 31:715-722, 1998
inbred strains fed a high cholesterol diet. Biochem Biophys Res Com- 16. Patel ST, Newman HAI, Yates AJ et al: Serum lipids and
mun 246:272-275, 1998 lipoprotein composition in spontaneously diabetic BB Wistar rats. J

7. Pravenec M, Kren V, dek V et al: Congenic strains for genetic Lipid Res 25:1072-1083, 1984
analysis of hypertension and dyslipidemia in the spontaneously hyper- 17. Feingold KR: Importance of small intestine in diabetic hyper-
tensive rat. Transplant Proc 31:1555-1556, 1999 cholesterolemia. Diabetes 38:141-145, 1989

8. Bottger A, den Bieman M, Lankhorst E et al: Strain-specific 18. Beynen AC, Terpstra AHM: Relationships between cholesterol
response to hypercholesterolaemic diets in the rat. Lab Anim 30:149and phospholipid concentrations in the serum of humans, calves, rab-
157, 1996 bits and chickens. Comp Biochem Physiol 76B:737-740, 1983

9. Kléting |, Vogt L: BB/O(ttawa)K(arlsburg) rats: Features of a  19. Mathe D: Dyslipidemia and diabetes: Animal models. Diabetes
subline of diabetes-prone BB rats. Diabetes Res 18:79-87, 1991 Metab 21:106-111, 1995



