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ORIGINAL ARTICLE
GENERATION AND CHARACTERIZATION OF COUPLING FACTOR 6-
OVEREXPRESSING TRANSGENIC MICE

Toshihiro Ashitate”, Tomohiro Osanai”, Makoto Tanaka", Koji Magota”,
Takashi Echizen”, Hirofumi Tomita” and Ken Okumura”

Abstract We showed that endogenous prostacyclin inhibitor coupling factor 6 (CF6) is released from vascular
endothelial cells and its release is stimulated by tumor necrosis factor-o, which is related to congestive heart failure
(CHF). We also showed that CF6 increases the gene expression related to CHF. To investigate the role of CF6 in
the genesis of CHF, we generated CF6-overexpressing transgenic (TG) mice, and characterized the phenotype. DNA
fragment consisting of human elongation factor la promoter, and human calcitonin/CF6 fused gene was injected into
the embryo of C57BL/6] mouse, and homozygous TG mice were generated. In TG mice, CF6 gene was overexpressed
by two fold in overall tissues compared with wild type (WT) mice. Under normal salt diet, blood pressure, heart rate,
and the expression of energy metabolism-related genes were similar between TG and WT mice. When the mice were
fed with 8% -salt diet for 35 weeks, the mortality of TG mice was higher than that of WT mice (survival rate; 50% in
TG versus 92% in WT, p<0.05 by log-rank test). This preliminary report indicates that further examination, especially
analysis of the cardiac function, is needed to clarify the cause of high mortality of TG mice under high salt intake.
Hirosaki Med. J. 60 : 18—26, 2009
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INTRODUCTION

Mitochondrial adenosine trisphosphate (ATP)

synthase consists of 3 domains: the extrinsic
and intrinsic membrane domains, F, and F,,
respectively, joined by a stalk"?. Four subunits
of the stalk were identified and designated as
coupling factor 6 (CF6), oligomycin-sensitivity
conferral protein, and subunits b and d*
We recently identified CF6 as a novel inhibitor of
prostracyclin synthesis and vasoconstrictor: CF6
inhibits prostacyclin synthesis via suppression
of cytosolic phospholipase A, in the vascular
endothelial cells”. Intravenous administration of
CF6 increases the arterial blood pressure in the
fashion of a circulating hormone in spontaneously
hypertensive rats”. Recently, we showed that
the effect of CF6 is mediated by intracellular
acidosis after binding to the B-subunit of ATP
synthase as a receptor for CF6 at the surface of
the vascular endothelial cells®.

CF6 is released from the vascular endothelial
cells and its release is stimulated by tumor
necrosis factor (TNF)-a, which is related to
congestive heart failure (CHF)” through activation
of NF-«B signaling pathway'’"?. Additionally, CF6
increases the gene expression of neuregulin 1 and
relaxin 1 related to CHF ™' Neuregulin-1 induces
a negative inotropic effect in the isolated rabbit
papillary muscles and a rightward shift of the
dose-response curve to isoproterenolm. In clinical
settings, we and others showed that circulating
CF6 is elevated in patients with hypertension,
acute myocardial infarction, end-stage renal
5719 a1l of which share the

common pathway to the development of CHF.

disease, and diabetes

These suggest a possible linkage between CEF6
and CHF, but it still remains to be elucidated. To
further investigate the role of CF6 in the genesis
of CHF, an animal model overexpressing CF6 was
considered to be useful. In the present study, we
generated CF6-overexpressing transgenic (TG)
mice, and characterized the phenotype.

METHODS

Construction of vectors

The introduced gene product was designed to
be released outside of the cells by constructing
the fusion of the N-terminal portion of human
carcitonin (secretion signal peptide) at the
upstream of mature CF6: A gene for the
N-terminal portion of human calcitonin (Met
1-Arg 84) was fused to a gene for the mature
ATP synthase CF6 (Asn 33-Ala 108). The
fused gene was subcloned into pNE plasmid,
in which globin promoter of pdKCR-dhfr
plasmidlg) were replaced by human elongation
factor la promoter. The resultant recombinant
plasmid was digested with Pvull and Aor51HI
to generate 2.8kb of DNA fragment consisting
of the human elongation factor la promoter,
human calcitonin/CF6 fused gene and SV40
polyA additional sequence. It was confirmed in
the study by using COS cells that the expressed
fusion protein was released outside of the cells as
the form of mature human CF6 after cleavage.

Generation of transgenic mice

The DNA fragment was microinjected into the
pronuclei of single cell fertilized mouse embryos
to generate TG mice. Homozygous TG mice were
produced from heterozygous male and female
TG mice. Homozygous and heterozygous TG
mice were identified by the amount of introduced
gene. Briefly, genomic DNA was isolated from
tail tissues using QIAamp DNA Kit. To quantify
the introduced gene of CF6, we performed real-
time quantitative polymerase chain reaction
(PCR) using TagMan chemistry (Applied
Biosystems, CA, USA). PCR was carried out
according to the protocol supplied with the
TagMan Gold RT-PCR kit (Applied Biosystems)
on the ABI PRISM 7700 Sequence Detection
System (Perkin-Elmer). Oligonucleotide primers
and TagMan probe for CF6 were designed
using Primer Express version 1.5 (Applied
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Biosystems) and synthesized by Applied
Biosystems. The forward and reverse primers
were 5-TCTTCAGAGGCTCTTCAGGTTCTC-3
and 5-GCCACTGCTGTAACACCAATGT-3,
respectively. The TagqMan probe was
5 TCATTCGGTCAGCCGTCTCAGTCCAT-3.
It was labeled at the 5-end with a fluorescent
reporter dye FAM (6-carboxy-fluorescein) and
at the 3’-end with a quencher dye TAMRA
(6-carboxy-tetramethylrhodamine). Oligonucleotide
primers and TagMan probe for mouse
glyceraldehydes 3-phosphate dehydrogenase
(GAPDH) were purchased from Applied
Biosystems. Values were averaged from duplicate
data and normalized with the mouse GAPDH.

All animals were maintained in the same
environment, including the same temperature
and humidity and free access to food and water.
All experiments were conducted in TG mice
and wild type (WT) at the age of 7 through 37
weeks.

Determination of endogenous and introduced coupling
factor 6 gene expression

Total RNA was prepared from various
tissues using the Trizol RNA purification system.
cDNA was prepared from mRNA with oligo
(dT) primers. Oligonucleotide primers designed
against introduced CF6 were forward primer
5-GAATAGAAATCTAAGCGACAG-3' and reverse
primer 5“TACAACTAATCCGTGACAAAT-3'
Oligonucleotide primers designed against
endogenous CF6 were forward primer
5-GGCTCTCCTCTGTCCTT-3" and reverse primer
5"TTGAAGGTAGGAAATGT-3". The relative
quantities of cDNA was assessed by the second
PCR amplification of GAPDH. All PCR procedures
were performed as follows: 25 cycles for CF6 and
GAPDH (45 seconds at 94 0C, 45 second at 52 0C
for CF6 and 62 OC for GAPDH, and 1 minute at 72
0C) and final elongation (5 minutes at 72 0C).

Experimental design

At the age of 7 weeks, blood pressure, heart
rate, body weight, heart weight, and cDNA
microarray in the heart tissue were compared
between TG and WT mice. Systolic blood
pressure and heart rate were measured by
tail-cuff method (Softron BP-98A; Softron Co.,
Tokyo, Japan). In part, TG mice and WT mice
were fed with 8% high salt diet (Oriental Yeast
Co., Ltd) at the age of 7 through 35 weeks, and
the effects of salt intake on blood pressure, heart
rate end survival rates were examined. Sodium
balance was checked using the metabolic cages
at 18 weeks after the initiation of high salt diet.

RNA isolation for cDNA microarrays

Four mice in each group were sacrificed at the
age of 7 weeks. LV tissue obtained from the apex
region was poured into RNlater immediately.
RNA was isolated by using RNeasy Mini Kit
(Qiagen, GmbH, Hilden, Germany) according to
the manufacturer’s instructions. The RNA was
quantitated by spectrophotometric analysis at
260 nm. Linear amplification of mRNA from
total RNA was obtained using the Amino Allyl
MessageAmp aRNA kit (Ambion, Austin, Texas,
USA) with two consecutive amplification steps.
Two replicates of each experiment were carried
out using different microarray slides, where
the RNA samples from two different sources
were labeled with either Cy3- or Cyb-conjugated
deoxyribonucleotides (Amersham Biosciences,
Germany). The fluorescent dye on probes derived
from the experimental aRNA was Cyb, while the
dye on control probes was Cy3.

cDNA microarrays

We used a commercially available cDNA
microarray, the AceGene-Mouse Oligo Chip 30K
1 Chip Version (Hitachi Software Engineering
Co.,Ltd., Kanagawa, Japan), which contained
30000 ¢cDNA named mouse genes, to indentify
genes altered in both TG mice and WT mice
fed with high salt diet, compared to before salt
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Figure 1 The gene expression of introduced (human) and endogenous (mouse) coupling factor

6 mRNA in transgenic mice.
Abbreviation: WT, wild type.

Closed column: introduced CF6, open column; endogenous CF6.

loading. Labeled probes were mixed with a
hybridization solution [5x sodium chloride and
sodium citrate (SSC), 0.5% SDS, 4x Denhardt’s
solution, 20% hybridization solution, 0.1 mg/
ml denatured salmon sperm DNA and 10%
formamide]. After hybridization for 14h at 46
C, the slides were washed in 5x SSC and 0.1%
SDS for 2 min at room temperature, bx SSC
and 0.1% SDS for 10 min at 30C, 0.5x SSC for 2
min at room temperature. Slides were scanned
for Cy3 and Cyb fluorescence with a 428
ARRAY scanner (AFFYMETRIX, Santa Clara,
California, USA), and the fluorescence was
quantified with DNASIS Array software version
2.6 (Hitachi Software Engineering Co.,Ltd.).
The current analysis used intensity-dependent
global normalization (mean: 10000). Intensity-
dependent normalization is just one technique
used to eliminate dye-related artifacts in two-
color experiments such as this. The results for
each gene were reported as an average obtained
from three slides. The data are reported as the
normalized ratio of Cyb for TG mice to Cy3
for WT mice. We used the intensity of 2000 or

above.

Statistical analysis and ethical considerations
Results were expressed as mean*SEM.
Differences between groups were examined
for statistical significance using unpaired t-test
or analysis of variance (ANOVA) for repeated
measure. The level of significance was less
than 0.05. All procedures were approved by the
ethics committee for animal experimentation of
Hirosaki University Graduate School of Medicine.

RESULTS

Characterization of TG mice in the phenotype

As shown in Figure 1, the fused gene of
N-terminal portion of human calcitonin and
human CF6 was expressed in most organs,
especially in the organs where endogenous CEF6
was expressed to greater extents. The gene
expression of CF6 mRNA in the heart, pancreas,
spleen, kidney, and stomach was upregulated by
1.94+0.27 fold in TG mice compared with WT
mice.

During development, there was no difference
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Table 1 Baseline characteristics of wild type (WT) and
coupling factor 6-overexpressing transgenic mice (TG)

WT (n=4-6) TG (n=4-6) P value
Blood pressure (mmHg) 109+8 110+7 NS
Heart rate (bpm) 634+12 642 +21 NS
Heart body ratio
body weight (g) 234+0.6 231+06 NS
heart weight (mg) 1115+67 1052+26 NS
heartweight/body weight ratio (mg/g) 476 £0.05 455+0.04 NS
NS, not significant
Table 2 Gene expression in TG compared with to WT by ¢cDNA microarray analysis
Group Gene name Ratio P value
redox ATP synthase, H+ transporting, mitochondrial FO complex, subunit d 091017 NS
ATP synthase, H+ transporting, mitochondrial F1 complex, O subunit 094021 NS
cytochrome ¢ oxidase subunit IV isoform 1 0.98=0.09 NS
cytochrome c oxidase, subunit VIc 1.02+0.04 NS
cytochrome c oxidase, subunit VIIa 1 1.16=0.02 NS
cytochrome c¢ oxidase, subunit Va 1.02+£0.04 NS
cytochrome ¢ oxidase subunit VIIc 0.97=0.06 NS
ubiquinol-cytochrome ¢ reductase, complex III subunit VII 092+0.03 NS
malate dehydrogenase 1, NAD (soluble) 0.95 +0.06 NS
glycolysis aldolase 1, A isoform 1.03+£0.08 NS
phosphoglycerate kinase 2 095+0.17 NS
enolase 3, beta muscle 1.18=0.10 NS
lactate dehydrogenase C 0.96 =0.08 NS
pyruvate kinase, muscle 0.95=0.15 NS
glucose-6-phosphatase, catalytic 0.98 £0.06 NS
B oxidation acyl-Coenzyme A dehydrogenase, very long chain 0.93+0.07 NS
acyl-Coenzyme A dehydrogenase, short chain 1.23+0.14 NS
enoyl coenzyme A hydratase 1, peroxisomal 1.23+0.07 NS
acetyl-Coenzyme A acyltransferase 1A 097=+0.13 NS
hydroxyacyl-Coenzyme A dehydrogenase 0.96+0.17 NS

TG, coupling factor 6 transgenic mice : WT, wild type mice.
Ratio, TG/WT ratios of each gene expression (n=4).

ATP, adenosine triphosphate : NAD, nicotinamide adenine dinucleotide.

NS, not significant.

in the growth rate (body weight: 23.4%0.6 g in
WT mice vs 23.120.6 g in TG mice at the age
of 7 weeks) and food intake between WT mice
and TG mice under normal diet. As shown in
Table 1, systolic blood pressure and heart rate at
baseline were similar between TG mice and WT
mice at the age of 7 weeks.

c¢DNA microarray of the heart
Table 2 shows the genes related to redox,
glycolysis and B-oxidation in the TG heart

compared with the WT one at the age of 7
weeks. The genes related to mitochondrial
respiratory complexes such as ATP synthase,
cytochrome C, and ubiquinol-cytochrome c¢
reductase, and the genes related to the malate-
aspartate shuttle such as lactate dehydrogenase
and malate dehydrogenase were all similar
between TG and WT mice. The genes related
to glycolysis and B-oxidation were also similar
between the TG heart and the WT heart.
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Figure 2 Physical data in transgenic (TG) mice and wild type (WT) mice after high salt intake.
A, Trend of blood pressure in TG mice and WT mice under high salt intake (n=6).
B, Trend of heart rate in TG mice and WT mice under high salt intake (n=6).
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Figure 3 Survival rate in transgenic (TG) mice and wild type (WT) mice after high salt intake.
p<0.05 by non-parametric, extended log-rank test.

Effect of salt loading on physical data, sodium
balance and survival rates

As shown in Figure 2A and B, either
systolic blood pressure or heart rate did not
differ between TG mice and WT mice after
high salt intake. Body weight and heart weight
were similar (body weight: 25.0£0.3 vs 25.6*
0.2 g at 4 weeks, 30.0£04 vs 30.7x2.5 g at 20
weeks; heart weight: 123.0£2.6 vs 112.6£5.7
mg at 4 weeks, 171.8+6.6 vs 169.0£9.9 mg at 20

weeks) between TG and WT mice. The urinary
excretion ratios of sodium/creatinine (51%2 vs 54
+4 mEq/g creatinine) and potassium/creatinine
(9.8%£0.3 vs 9.8+0.5 mEq/g creatinine) were
similar between TG mice and WT mice. The
sodium retention was also similar between TG
mice and WT mice (164+17 mg vs 11722 mg,
p=0.10).

Figure 3 shows a Kaplan-Mayer analysis
courve of the survival of TG and WT, Seven
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out of 14 TG mice (50%) and 1 out of 13 WT
mice (8%) were dead during the 35-week period
(p=0.014 by log-rank test), despite the fact that
none of TG mice and WT mice was dead under
normal salt diet.

DISCUSSION

In the present TG mice, the gene expression
of CF6 mRNA was upregulated about two-
fold in overall tissues, not being associated with
impaired energy matabolism-related genes in
the heart. Although high salt intake did not
affect blood pressure and heart rate in TG mice
compared with WT, it resulted in the increased
mortality in TG mice.

Generation of TG mice

CF6 is a component of mitochondrial ATP
synthase, and functions as an energy transducer.
We recently showed that CF6 exerts novel
functions outside of the cells®”. Therefore, the
introduced gene product was designed to be
released outside of the cells by constructing
the fusion of the N-terminal portion of human
carcitonin (Metl-Arg84) at the upstream of
mature CF6. The N-terminal portion of human
carcitonin functions as a secretion signal peptide.
We further chose human elongation factor la as
the promoter of the N-terminal portion of human
carcitonin/CF6 fused gene in order to make
CF6 gene express in overall tissues including
the cardiovascular system. As expected, it was
confirmed that the gene expression of CF6 is
upregulated about two-fold in overall tissues in
TG mice.

Energy metabolism in TG mice heart

In ¢cDNA microarray analysis, the genes related
to mitochondrial oxidative phosphorylation, such
as cytochrome c¢ oxidase, ubiquinol-cytochrome
¢ reductase and ATP synthase, those related to
the malate-aspartate shuttle®, such as cytosolic
malate dehydrogenase and lactate dehydrogenase,

those to glycolysis, such as aldolase, enolase and
glucose-6-phosphatase, and those to B-oxidation,
such as acyl-Coenzyme A dehydrogenase, enoyl
coenzyme A hydratase and acetyl-Coenzyme A
acyltransferase, were all similar between TG and
WT mice. These suggest that ATP generation is
not impaired in the heart of the present TG mice
under normal diet. It was reported that altered
myocardial energy metabolism was seen in
diabetic cardiomyopathy and systolic and diastolic
dysfunction was displaced in the LV. Diabetic
heart is characterized by the reduced glucose and
lactate metabolism and the enhanced fatty acid
metabolism?" %) Although the metabolic profile of
TG heart was not consistent with that of diabetic
heart under normal diet, the effect of high salt
intake remains to be elucidated.

Effect of high salt intake

High salt intake is one of the most important
factors in the initiation and exacerbation of
CHF by increasing volume loading and ROS
generation. High salt intake also increases the
plasma level of CF6", thereby leading to further
increase in ROS generation. In the present study,
we investigated the effect of high salt intake on
heart rate, blood pressure and survival rates in
TG mice. Salt loading resulted in the increased
mortality in TG mice, but it did not affect blood
pressure and heart rate. Dahl salt-sensitive
rats exhibit overt diastolic CHF at the age of
20 weeks with severe hypertension, when fed
with high salt diet since the age of 7 weeks®. In
the other hand, several recent studies suggest
that high salt intake increases oxidative stress
in normotensive rats without affecting blood
pressure: When Sprague-Dawley rats were fed
a low or high salt diet, arteriolar and venular
ROS production was increased but hypertension
did not develop in the high salt-fed group24). To
elucidate the effect of high salt intake on cardiac
function and ROS generation, further studies
should be needed.



Coupling Factor 6 Transgenic Mice 25

In conclusion, we established CF6-
overexpressing TG mice in which the gene
expression of CF6 was upregulated about two-
fold in overall tissues, and the expression of
energy metabolism-related genes in the heart was
not altered. When the mice were fed with 8%
high salt diet, although neither BP nor HR was
different between TG and WT, the mortality of
TG was higher than that of WT. This preliminary
report indicates that the further analysis of the
cardiac function and ROS generation is needed
to clarify the cause of high mortality of CF6-
overexpressing TG mice in the presence of high
salt intake.

REFERENCES

1)Boyer PD. The binding change mechanism for
ATP synthase: Some probabilities and possibilities.
Biochim Biophys Acta 1993;1140:215-250.

2)Walker JE, Fearnley IM, Gay NJ, Gibson BW,
Northrop FD, Powell SJ, Runswick M], et al.
Primary structure and subunit stoichiometry of
F-ATPase from bovine mitochondria. J] Mol Biol
1985;184:677-701.

3)Kagawa Y, Racker E. Partial resolution of the
enzyme catalyzing oxidative phosphorylation:
Correlation of morphology and function in submi-
tochondrial particles. J Biol Chem 1966;241:2475-
2482.

4)Walker JE, Runswick MJ, Poulter L. ATP synthase
from bovine mitochondria: Characterization and
sequence analysis of two membrane associated

subunits and of the corresponding c-DNAs. ] Mol
Biol 1987;197:89-100.

5)Collinson IR, van Raaij MJ, Runswick M], Fearnley
IM, Skehel JM, Orriss GL, Miroux B, et al. ATP
synthase from bovine heart mitochondria: In vitro
assembly of a stalk complex in the presence of F-
ATPase and its absence. ] Mol Biol 1994;242:408-
421.

6)Osanai T, Kamada T, Fujiwara N, Katoh T,
Takahashi K, Kimura M, Satoh K, et al. A novel
inhibitory effect on prostacyclin synthesis of
coupling factor 6 extracted from the heart of

spontaneous hypertensive rats. J Biol Chem
1998;273:31778-31783.

7)Osanai T, Tanaka M, Kamada T, Nakano T,
Takahashi K, Okada S, Sirato K, et al. Mitochondrial
coupling factor 6 as a potent endogenous
vasoconstrictor. ] Clin Invest 2001;108:1023-1030.

8)Osanai T, Magota K, Tanaka M, Shimada M,
Murakami R, Sasaki S, Tomita H, et al. Intracellular
signaling for vasoconstrictor coupling factor 6:
Novel function of B-subunit of ATP synthase as
receptor. Hypertension 2005;46:1140-1146.

9)Zile MR, Baicu CF, Gaasch WH. Diastolic heart
failure-abnormalities in active relaxation and
passive stiffness of the left ventricle. N Engl ]
Med 2004;350:1953-1959.

10) Osanai T, Okada S, Sirato K, Nakano T, Saitoh M,
Magota K, Okumura K. Mitochondrial coupling
factor 6 is present on the surface of human

vascular endothelial cells and is released by shear
stress. Circulation 2001;104:3132-3136.

11)Sasaki S, Osanai T, Tomita H, Matsunaga T,
Magota K, Okumura K. Tumor necrosis factor
alpha as an endogenous stimulator for circulating
coupling factor 6. Cardiovasc Res 2004;62:578-586.

12) Tomita H, Osanai T, Toki T, Sasaki S, Maeda N,
Murakami R, Magota K, et al. Troglitazone and
15-deoxy-Al2,14-proataglandin J, inhibit shear-
induced coupling factor 6 release in endothelial
cells. Cardiovasc Res 2005;67:134-141.

13)Lemmens K, Fransen P, Sys SU, Brutsaert DL,
Keulenaer GWD. Neuregulin-1 induces a negative
inotropic effect in cardiac muscle. Role of nitric
oxide synthase. Circulation 2004;109:324-326.

14) Fisher C, MacLean M, Morecroft I, Seed A, Johnston
F, Hillier C, et al. Is the pregnancy hormone relaxin

also a vasodilator peptide secreted by the heart?
Circulation 2002;106:292-295.

15) Osanai T, Sasaki S, Kamada T, Fujiwara N, Nakano
T, Tomita H, Matsunaga T, et al. Circulating
coupling factor 6 in human hypertension: Role of
reactive oxygen species. ] Hypertens 2003;21:2323-
2328.

16)Ding WH, Chu SY, Jiang HF, Cai DY, Pang YZ,
Tang CS, Qi YF. Plasma mitochondrial coupling



26 T. Ashitate, et al.

factor 6 in patients with acute myocardial
infarction. Hypertens Res 2004;27:717-722.

17) Osanai T, Nakamura M, Sasaki S, Tomita H, Saitoh
M, Osawa H, Yamabe H, et al. Plasma concentration
of coupling factor 6 and cardiovascular events in

patients with end-stage renal disease. Kidney Int
2003;64:2291-2297.

18)Li XL, Xing QC, Gao YY, Dong B, Pang YZ, Jiang
HF, Tang CS. Plasma level of mitochondrial coupling
factor 6 increases in patients with type 2 diabetes
mellitus. Int ] Cardiol 2007;117:411-412.

19)Matsumoto H, Rogi T, Yamashiro K, Kodama
S, Tsuruoka N, Hattori A, Takio K, et al.
Characterization of a recombinant soluble form of
human placental leucine aminopeptidase/oxytocinase

expressed in Chinese hamster ovary cells. Eur J
Biochem 2000;267:46-52.

20)MacDonald M]J: Evidence of the malate aspartate

shuttle in pancreatic islet. Arch Biochem Biophys
1982;213:643-649.

21)Stanley WC, Lopaschuk GD, McCormack JG.
Regulation of energy substrate metabolism in the
diabetic heart. Cardiovasc Res 1997;34:25-33.

22)Carly AN, Severson DL. Fatty acid metabolism
is enhanced in type 2 diabetic hearts. Biochim
Biophys Acta 2005;1734:112-126.

23)Doi R, Masuyama T, Yamamoto K, Doi Y, Mano T,
Sakata Y, Ono K, et al. Development of different
phenotypes of hypertensive heart failure: systolic
versus diastolic failure in Dahl salt-sensitive rats.
J Hypertens 2000;18:111-120.

24)Lenda DM, Sauls BA, Boegehold MA. Reactive
oxygen species may contribute to reduced
endothelium-dependent dilation in rats fed high
salt. Am J Physiol Heart Circ Physiol 2000;279:H7-
H14.



