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Expression of Vascular Endothelin-1 and Nitric Oxide Synthase in
Fructose-fed Hypertensive Rats
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Department of Physical Therapy, Kwangju Health College

~ ABSTRACT -

Rats that are fed a fructose-rich diet develop hypertension, insulin resistance, and hypertriglyceridemia, To
elucidate whether altered expression levels of endothelin-1 and nitric oxide synthase are related to the
development of insulin-resistant hypertension, we examined the present study. Male Sprague-Dawley rats were
fed a fructose-rich diet for 5 weeks. Systolic blood pressure significantly increased in fructose-fed rats, While
serum free fatty acid and plasma nitrite/nitrate levels did not significantly differ between the fructose-fed and
control groups, plasma insulin and serum triglyceride concentrations significantly increased in the former.
Endothelin-1 mRNA expression in the aorta increased in fructose-fed rats. Neither the protein expression of
constitutive nitric oxide synthase nor that of inducible nitric oxide synthase were significantly affected by
fructose feeding,

However, nitrite/nitrate levels in the aorta were significantly increased, These results suggest that an increase
in vascular endothelin-1 is an important contributing factor to the development of hypertension in fructose-fed
rats, However, the vascular nitric oxide pathway may not be causally related to the development of fructose-
induced hypertension,
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oM BIEUrHKatakam et al, 1998). 3}AI%
Aed AFA 3L 712 ol 7tA] FYHo
AA gk A EY A5AAA wIE THYG
W dasoe] ok YIAE N5RAe 77
¥ 2de] wel Aojzh Aot AwH y¥Y
BN oAMEEA thE Ydolg wrgo 74
T cyclooxygenase &Y F5UAY A4 ol
¥ #9] constitative nitric oxide synthase(cNOS) &4
& Z715 A 9H(Luscher et al, 1990; Hayakawa and
Raij, 1997) o2 18 RdoAe Astda AL
o] 7+A7F Yt o]t} (Rebeiro et al, 1992).
Hayakawa$} Raij(1997)¢] |4 DSROIA 33
¥ X5/t s 59 oNOSEA S AASAY
& HAFo I8y ol F7A 1Y ded A
84 BHdQl IFAolelA @ NOFAOl that of
w3 7% ANtk Ad Add g354% O

endothelin-1 (ET-1)9 &&= F w3 fd
(Yanagisawa et al, 1988). Qe @ UIA ZA
endothelin-18] ¥uls} fAAY TEE F/HAIIZL
(Oliver et al, 1991; Hattori et al, 1991) &< H&
2 M ZAA endothelin-1 F8A9] 28 F7MT
th(Frank et al, 1993). #HF4o] #FH A7
endothelin-1 2ZAE AZ3d o] 7= 43
HtH{(Verma et al 1995), °]¢}7re] endothelin-1%
hyperinsulinemic stateoll A} T8¢} W] #HHo]
AL BoFch

T G T AU AEWHE 4AL
&5, FEAS JAT AY FEAZ JEH 2
A Aot £EXEY F8A4E ¢EAE A,
Agsta 7)1zo] Bslo oy 57| WEA
EX g FAR dF dFe FEI ol
gA @43 71X, JASAA A7t #E5F 4A
ot ¢og L3I AUE HoEHA t&H o]
g Add e ol HI AF JdW A
gos EYXNIAL BALE JFAor BRI ol
g 7123 TEYY 2yriAg osste AT &
Exg9 EAE U3 Al A4

JPAM B Q7N FHA ded AP 18
ote] wtgre]l NO#A# endothelin-10] F&Ho] Sl=
2 gotw 7] g8, F A FFolg sA 3o
TEYE FEANZoH FANAM AGALFPEL
A3} endothelin-l mRNAS BA832 & NO
I A3 A

B d3Ee Add o8 dridA 20008 39
BE 20019 29704 AR, AEsEL 1¥Y
2do) gubzog o] AMEHE AZE A4 8F
E 2 #Z0] o 130g%) A 87 (Sprague-Dawley)
£ AHEen) UiREe YR E, A8 e I3
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2} o) (fructose diet) (Harlan Teklad, Madison, WI) &
57 ¢ 4tk £57] "ok ool e A
NA] tail-cuff WHOE WF SASGT e &
% (decapitation) 39 1 mg/mL ethylenediamine
tetraacetic acd(EDTA)7F X319 FHo| #3893
A 83 212 st A AL Aug o
2 -80 of HAste] Aol AL g 914
elote Aol gHorw Hsiin %9 ¥
%3 X% & Beckman Glucose Analyzer
I(Beckman-Coulter, Fullerton, CA), @A triglyceride
(TG)E= HE 4 ¥ 4% (Boehringer, Mannheim,
Germany), 1€ ¥ radicimmunocassay kit(Linco,
St. Charles, MO), XHraHe ] A% (Wako, Osaka,
Japan) 2.2 EAH

2. RT-PCR(Reverse Transcription
-Polymerase Chain Reaction)®l|
9J& endothelin-1 mRNA 4+ 1]

XA

RNAE UltraspecTM RNA ¥ @ A (Biotecx
Laboratories, Inc, Houston, Tx, USA)E o]&3}d
Chomezynski®h Sacchi(1987)¢] W22 diFd =
ozRy el §A A reverse transcription)
£ 3t GibooAH{Gibco BRL, Grand Island, NY,
USA)9] whgol mahA total RNA 1 g AHE-31o
HE volumeo] 20 W7t HA gt PCRE ulolQ
Yo} kit(Bioneer, Korea)& AHE-3tth Endothelin-1
€] PCR 2712 MCA 27} denaturation, 56C ol
A 4527} annealing, 72ColAl 154 extension &%
£ ghokr} B-actin® 94Col A 4527} denaturationA)
2 F, 56CoA 4527 annealing, 72CAA 1% 30
%7} extensionA] 4t} Endothelin-1 183 B-actin®]
oligonucleotide MY t}&3} 2t} Endothelin-1
primers< (sense primer, 5 -
ATGGATTATTTTCCCGTGAT-3, antisense
primer 5 -GGGAGTGTTGACCCAGATGA-3 )o]

o, HENEL BlbpolL f-actin primersE (sense
primer: 5 -GACTACCTCATGAAGATCCTGACC-
3 : antisense primer: 5 -
TGATCTTCATGGCTAGGAGCC-3 )o|n], HZ4
2L 423bpo]th PCR AHE& ethidium bromide’t &
238 15% agarose geld] A7|YgEsY UV
transilluminator 2 ¥]& 0] ALAE A2 & endothelin-
1 mRNAY wHAEE IMAGERTM & 1D
MAIN(Bioneer, Korea) & o} &3t A aslsigol

3. AF3}A A 8HA] & 4 2] western blot
analysis

e 23L& 250 mmol/L sucrose, 1 mmol/L
EDTA, 01 mmol/L phenylmethylsulfonyl fluoride, 50
mmol/L potassium phosphate(pH 7.7)7} Eolgle &
Ao 4 =3 EH 7 (Kinematica, Littau,
Switzerland) £ 3000 rpmel A #A 8k 18R
L% 4 ZZA 3000xgR 5%, T3 10000XgZ
108 B¢ F A d4¥e st 23 #249& ¢
Al 100000xgel A 60 F< o A4PE 3
o gAEEstd A pelet &3t cNOS
gl BAo] AMLEH T A5 YL inducible nitric
oxide synthase(iINOS)&A& §i8te AHE-stAth &
2 gAY 9WA 2o = BCA protein assay
kit(Pierce, Rockford, IL)& AHE3tdd ZA4sHioh @
#d  blottings At SHE AIE(30 ug per
lane) & 75% polyacrylamide resolving gel} 5%
polyacrylamide stacking gel2 o] F017 H|AEAA S
oj&3ld AslgEsdch 18 og dyAE A
235t Nitroplus membrane({Boehringer Mannheim)
of §Zth °| membraned TrsZ2 45 H HEF
(TBS)oll AT TBSO| &ajA17 5% FAH Ax ¢
£ & o (NFM/TBS)o) M blocking® 3L, 2%
NFM/TBSZ monoclonal anti-cNOS$F iNOS
(Transduction Labroatories, Lexington, KY, USA)E
1o 2,0009] & 348 S H2AA 147
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Z9} incubationd}g t}.

J9 o} membraned 2% NFM/TBSOIAM 1A]7F
Z9ob 1:1,0002.2 FHAMH 23 ¥ (horseradish
peroxidase conjugated anti-mouse immunoglobulin) &
7 vt ANzg. Z2F¥H FAE hyperfilm
(Amersham, Buckinghamshire, England)¢l] uehte
chemiluminescence (Amersham)& ZA3lch o4
A W= IMAGERTM & ID MAIN(Bioneer,
Korea) & o83t £4383ith

4. 8743} o5 39 nitrite
/nitrate(NOx) &4

g 2 dEY 239 AL AAFY S
NO2- =& HAyd g Asds £
kit(Oxford Biomedical Research, MI, USA)& ©] 43}
o ZAsHd Aoy M dlFdg A
71 $18 100CelA 5%+ # ¥ 10,000x g4 10
7 d4EEsEe A3dE AL A o &
8tk Griess AlFE o448 NO2-¢ £33 &
A& 65 uL MOPS(50 mM MOPS/1 mM EDTA)
$Z&, pH 709 20 W 9 2o R B
< #A718ldch NO3-E NOZ-2 #9Al717] 918t
Nitrate E4&4(001 U)$} 10 W ¢ 2 mM NADHE
A2 H7tste 37CAA 2087 A F T T
Al ¢k ¢ sulfanilamide$}  N-(1-naphthyl)
ethylenediamine dihydrochloride® 3 7}8l4 microtiter
plate reader(Bio-Rad, Hercules, CA, USA)& o] 43}
o 540 nmolM FIEE SAHHH 2 AFAHL
05 M~25 M9 NO2- £98& o|&3dlo &4 gy
o] AFME ol&3l A5 NO2- ¥5& S43
pia=

i

5. L&A 2

RE AYZIE mean SEMOE EASUT 2z
Z39] AolE Student's t-tesE o]&dYLH £

A fo53e 062 |
. 2 3

AR B G2 Fo vlEe HFAe] 1g
A $£&7) 842 19 13 2ol A3 k. A
A IEY =%, A&Y, triglyceridedt AWt
F& ¥ 19 BAF3 Aok AF, F Ex

= AP0 B¢ APEH d2F Aol
o7t YTk A9 triglyceridest F gL
FFao] IFAM FA4 A F7HEACh A
A £ IF Aeold o7t NG
Endothelin-1 mRNAS} PCRE#}E= 18 2¢] BoF
g ol FHgol IFAA FUHEAT
(p<o01)., 5™ EF 239 westen blot¥A4E 1
Y 39 HoAFT U7, AFALFYELY cNOS
A3 INOS i d W #E2 F 1§ A
ol7} 9tk I3 NOxEZE HEY ZFA
FFH o] TN F7/HHUT AFY NOxFgEs
Aol 7t YAt
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Fig. 1. Systolic blood pressure in control and
fructose-fed rats (n = per group).
*PC005, **P{001 v control.
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Table 1. Metabolic characteristics in control and
fructose-fed experimental rats after 5
weeks of dietary treatment

Characteristic Control Fructose-fed P
Body weight(g) 2066 89 303876 NS
Plasma glucose(mg/dL) 660 42 726 23 NS
Plasma insulin{ U/mL) 18205 33608 001

Serum TG(mg/dL) 1233 238 3813 375 008
Serum FFA(mmol/L) 036 003 040 609 NS

NOTE. Data are the mean SEM (n = 9
per group)
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Fig, 2. Representative RT-PCR products and
quantification of ET-1 mRNA expression in
aortic tissues (n = 6 rats each), The mean
volume of amplification products in control
rats was taken as 100%. *P{001 v control,
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d&d A3 hypernsulinemia® A E ArukE o)
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Fig. 3. Representative western blots and

densitometric quantification of ¢NOS and
iNOS protein expression in aortic tissue (n
= 6 experiment each).

1993; Reaven et al, 1991; Haffner et al, 1992) ©]#
3 71Z2E olg & o1 B2 dFst Yot
WA A FAE I FEAAS oIS
o) A3 Bul e wste 1EtY g ¢
82 nlzth(Rebeiro et al, 1992. Luscher and
Vanhoutte, 1986; Kato et al, 1990). AT o&A
sy &AL ol ¥, 1897 YedT o
897HA) depe AA A5EA RetH(Katakam et
al, 1988). o| A2 WIAE 7FRAe] v¥stey &
g2 AFANGE AE AANEY & dFdME
MAE F&7] dote] A5dte] T8l FEH
onl thEw ¥ £29| endothelin-1 mRNA &
o] FFyo] IFA 3] ol Frlstgedl ol
¥ AFE Verma $(1995), Juan $(1998)9] Z et
fArett ded e WS A XA endothelin-19] ¥
ujgl A2 8L FAANG(Oliver et al, 1991;
Hattori et al, 1991), 8% triglyceride®] 35 ol st
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He dedy AE3 7t TG #AA e
U $E7HA 59 endothelin-12 %7H]7] tH(Piatti
et al 1996). ¥ A9 AFANNE T8YH e
o] d&do] 7 F718IY A triglycerides &
A& AFdAT. AL ded Aoy
hyperinsulinemia, 25914 endothelin-1¢} Z717} ¥
L%E HYEY, 28HY FEYoAM ¥H
endothelin-1 &< F7Hte Z3s} WA g+
e 23471 =40 532 Yth(Kohno et al, 1990;
Schiffrin et al, 1991), Verma 5(1995)3} Juan 5
(198)8] AFoJME 83 endotheln-19 F&&
Fo] TG IEFF R Z Abold] o)k YA
t}, Endothelin-12 paracrine}4] 0.8 2183lo] 78
e o] dFde] @ Aol FFdd I3
T &t =WAZE endothelin-18 e Z7}7}
ITEY 498 dE Z3eE Zolth, Endothelin-1
£ norepinephrine, angiotensin II, serotonin®} 732 8
F F£5A9 ZHAE 7FSAIAAM (Yanagisawa et al,
1983; Dohi et al, 1992), endothelin-1& &= 3=A}A] o]
goto]l AZdeA A A Fch(Kiowski, 1991).
Verma %5(1995)& =H34e] #HA A7
endothelin-1 ZA8AE Fo3H YAdsol dAH
€ 9T A% endothelin-1¢] Z7}e 28 ¢
o WA FE HAFAY WA T 9%
3 o|ghe] &2 B2 AY Y FEA NO
ke 7+2E 7HA$ETHChou et al, 1998). DSR T
HotolA tlFH NOSEAL o visted 74
H 90 (Hayakawa et al, 1997) SHROIAME cNOS
Wo] FA=o] NOAAtel F713tgltH(Hayakawa
et al, 1997; Nava et al, 1998; Sakurai et al, 1992).
WA Eo] 23 o]¢k2 SHRF DSROIA tlE9 8
FolA &A=, IR L indomethacine] 8 SHR
qre A=A T DSRAAAME 18X Edd
(Luscher and Vanhoutte, 1986). o]# 3 A3+ SHR
T ¥t ddol cyclooxygenase®l & % AR
7t #osy] YEYE BFED vl DSR 1Y
el FaPgA &) o] 72148 o dlF

Bl A WHHAE 2 & o]g#st oz} cNOS
BAE AP ZEFHE fFAFHCE 1YY
o] 7] 4¢ SHR# DSRAA cNOSEA Y] w3l
T8 EgE AU HogEoth 1FAY
FFyo] 1¥Y FEAN EH NOZE A% ¢
FE olFAA lolA B AFelA ZAME i 9
3H NOS©¥9 A wdo] o] HF oA WSt}
gaoy dEY Noxs#ES A F7isgich 1
A FHge] 7EYL YF NOZEY EAxY 7
A JEY A A gk NOS v dde |
3tglol NOx#HEel S/t NOSEAEY 3718 9
o] 3t} Endothelin-10] W3 ETB &9 &4&
53 NOAAHE ZZAZ] F(Juan et al, 1998;
Sakurai et al, 1992), NOx# 39} F7H= endothelin-1
o S3E g4 st Ao

2 d79 Aol Y& endothelin-19] F7h= 3
Fao] ¥ 1YY Lol LI 24UE AA
317 ¢ NOAHZE #Fao] T¥YS o ¢

BIAE 45& BoEn

Y3 Akt & NOox 52 A¥Fs Uz
Atolo] Zol7h Q9. X AedH ¥
triglyceride =7} G40l IEAA 4 A
Z7t519th. HEH endothelin-1 mRNA9] 232
FFol JFA Frtagh diegd & 249
AL EL GYF ¢ FEE F IF7
Aol7k giek. I8y 59 NOxF&EL FF4 0l
2§94 F7EA9. ode A ¥H

‘endothelin-1¢] F717F FF4o] THYS o] ¢

g oA g4 JtdaE 1Y 5 21
2o #Aq3A @5 AT
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