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Abstract

Introduction: Repeated hyperglycemia play an important role in development of atherosclerosis in diabetic
patients. Endothelium is the first-line defense against atherosclerosis and nitric oxide has a major role in this task. In
this study, changes in plasma concentration of nitric oxide metabolites (NOy) during glucose tolerance test were
evaluated in type II diabetic rats.

Methods: Male neonatal Wistar rats were divided into control and diabetic groups. Type II diabetes was induced by
administration of Streptozotocin (100 mg/kg, i.p.) to neonatal rats on day 2. Plasma glucose and NO, concentration
were measured on days 7, 30, 45, 60, and 75. Intravenous glucose tolerance test was done in adult rats and blood
samples were collected 0, 5, 10, 30, and 60 min after glucose infusion for determining plasma glucose, insulin, and
NOy. Two-way mixed (between-within) ANOVA was used for comparing data.

Results: Plasma glucose was returned to basal values 60 min after glucose injection in the control group, while in
diabetic rats it was higher than basal levels (P < 0.001). After glucose injection, plasma insulin concentration was
increased to 4.5 and 1.9 folds in control and diabetic groups, respectively. Basal NO, concentration was higher in
diabetic rats (50.4 £ 6.4 vs. 28.8 = 3.8 pmol/l, P < 0.05). During glucose tolerance test there was 35 and 62 % fall in
plasma NOy concentration in control and diabetic groups, respectively. This reduction returned to basal values after 30
min in the control group, while in diabetic rats it was 17% less than basal levels 60 min after glucose injection.

Conclusion: Decreased nitric oxide production or increased degradation may be the cause of endothelial

dysfunction and atherosclerosis in type II diabetes.

Keywords: Nitric oxide, Type II diabetes, Glucose tolerance test.

* Corresponding author e- mail: zahedi@endocrine.ac.ir
Available online @: www.phypha.ir/ppj

26



2 ]

S

J

o
S

YoA = YoV dY) VY 5590550, 5 55992548
VYAY b

39 S g A1 S gl (I lowdy Tdaw O gk st
Y &9 culid 40 35 ol5 Joxxi Cand (b 40 (00 Gigo

" el gl o lals sas L anls il
oddplio g 2y (1903 D3 pole 0aSingTy ey (90 308 ClikioS S ye 308 (5ol b oStlejl )
OIS (i e (S pole oSl
OIRG ¢y e (b pole oSl (Kb oSl ¢ 59052548 09,5 .Y

AY yos s Yo i by AY s 305 VR 2 by AY Cluiguedyl V8 iedl s

D>

23

OB S a5 bl 9 Sl 5Tl )3 (S8 s gl porlig il )l Cald )3 5o ,lSly 3T (55108 )3 sage LS 5 S (Sl sanlS e 1o
alio 2 55 b slabgn 9 55 Jaos it b 5 (NOY) S0 25 30 sloclglin plowdly o Sl (s 4l (ol han 35 65 ) 3 e
8len J S 09,5 L

g0 4 (p)ShS o I3l 4 p)S (oo Vor) Cmmogigisg sl ¥ g5 cubd sloml (gl i8S )15 (b g S8 09,5 93 10 gl e slagbae i obliy 1B,
5 Lol e yg S35 a5 s Uil (5 Ll 1 5ol V0 5 5+ X0 0+ Y (slnipy > by NOy 558 5 31,5 ol & o J3h
A5 0dlitl lodl duglie (gl byl 48yl 93 uibly jJUT .05 43 NOy g cpdgus! S'g5 Jlaio (¢ pSojluil (gl 4ids 5+ g ¥e Vo o Jolgd > o> (sladiges

39 YL i (2 09,5 53 &Sl > Ctl s plasl ) I8 oo 4 40 5 g SIS S a3 55 il U5 05 5 Hlnidly
POSFEE/F) 550 sYL 0l 0g)5 3 NOg by palie .0l ol VA 9 ¥/0 s 5 a4y 0bd 9 S 09,5 15 S5 5,55 51 L by gl isljé) (P<e/+ )
0555 1 g il el a0 FY o YO ey 4 ol g JuS (slaog, S 13 NOy olewMls pdaws S5 5,55 5l dmy (P<e/+0 ¢ 13 509,50 YAA £ Y/A Lilds
Dy ddol a4l Jlude | yiaS Moy VY 55 ddBy e loj 40 (b 6g)S 0 aSls 5 Sl adsl Hlade 4y Loy aads Ve 5l o S

a5k (b ollon )3 g lSuls T 5 paebin 5,Shos o iy A5 Sl S (ol op o 53 ol 055 G L K55 2081 55 Al 35 S s

9IS oo s F £ o> oyt 2] 60 503 g

.

sdns by JSie S cls 51 (b o, Kulg 5T [VF] Ao
9= oo G (b2 313 53 4S5k ) 398 0 Cgune Sgo 93 4 85 Cunl (oo Sacs)lon (il I cubd
Sglyd ilow oz 9l T EY 380 (coSunl g 59,8 R e e P T AR
ol Sy oS e [0] 3bso Wl 331l Ve Sl

)—"’-"> J—"L" S8 9 [YA] B9y — u,-*—l-" ss)los d‘ﬁ. )LD zahedi@endocrine.ac.ir WOlslKe Jgime Bllwngs #
VO] 395 o g cabs 3 Bgye SYMS] (cly Jatue www.phypha.ir/ppj ralro olSyg

Yo



Veg cabd g Sy bS]

W g, g g

ol Jbiwgg dlis slypro slayige jl dslllas oyl 1o
9 320090 D35 pode oaSdmghy b o > Cllge
Oy a2 b ie A (b pole oKl pundgilie
Woo (S celwlY joi d sy 9015 ol dspo YV £V
Gllges Wud (o)l Bl sl yuidd o ol celw
2 (ol ool o> SThgs) axwils e 5 ol e ol g s
cole) alile]l Cllge bl (IS pjlge adllas ()l
oS YO Y iy b a3 el dll ol bl 3,5
S i i p S e B0 i3 bl 5 Sl
Moi 5l ey A8)8 )18 a8 SO o Celo VY Gl 4
3 b 9 U8 09,5 93 )3 (Baluad yob a5 o blje
SBlimo J31 30)5 ¥ g cmld sloml (g, ai)S
O 0 S sS m slil  p)S e Vo) Cmessnng il
395 » (L 5ol Pharmacia & Upjohn 8, jl oss ans
s S8 09,5 ©llge> 5 [A] 39 a5 |y 9o
oben L (F/¥ pH ¥so +/V Ol L) cpmwgioion il
plonl 23 3ok 5l (6359 dm wiin S A3)S (30)5 o
e Ve S e Ve Sl VL g 48 el 5 0
S5y Sllgs slass [A] 0,8 8l by les de )
sbajg) > CUlse 059 92y V (03 9 S5 095 93
célo EK-300i Jio A & D (o5l L VD 45+ 0 X+
Lagle) cran )3 9 28 g pSojlil p)5 +/0) €85 byl
ST oy a9 (g9 3B (65 0jlul Cua (9> diges
win) foly al>yo 4y Sl Stpus, I g Al A S S0
A5 plosl il (5, sy 395 Jood s (W I V-
Vo Cto 4y Sllgws ¢gdsy5 S5 Jooo Cuns pbl (4l p
Ol cpjos 3l am V] wad asly oS5 Ll celw YA L
2 Gl e oS e ¥1) Jlibony (Slae S50 55 L
st (Ol LS 855 51 00 aad 032 (39 2, 5hS
Ob=5 5 49 3l y9ed 4l Ul S I VY] 05
Ol O e LS L) oad )l 5 5 e R0
et pyad Sl 1 53 (505§ 2l e 2 2503 0
B Jslxe (oo gloj) (9 905 gl g Sl g 225
298 3)9 Gk (S 9LS o il 4 p )5+ /0) a0 N

voy

S92 il b 53 (2l (hlag 5 porbignl 5, Slos ol
YA a2 o i pasly |y 2e3 1de GByuo 3l a8 5
P DS IR R J P G S W MR R IEWE V'Y
@ Lol ol mudo Ll cdls > paligusl 5 Slos iyl 35618
ol pouligasl sy Slae CBge ja i Sol5 Spae JUid
OSee 132 Bro JUis &y )80 (slasomdlS ya [VF] 39500
IVF] sl an sl 5o IS lg il 508 50 oge (185 ol
oS 9o e8] SlaJooly (I3l o comadlS yom
s Y gaze JSa5 g S9 L5 (genlinSlsl cde 4
~otlS e 45 Gl 03 Sladiy [YV] sl SIS 4 35
B9y LBy (ol e —gslansT oyl sbml 5L
ST sla JUS6aly Jusits ial3él [V] abbco (b olilew
L STy b 51 ST oo gl (ogas 4y (5S]
@3LtS > Pl g ol i Sl e o Sy S
Oly=s d porliglsl VY] 355 oo poslignil 4 atnly (Bg s
S9-ige )5 Jai )3 joylSsly Tl 5> (S8 i oyl
315 L8> (yal ) (o 25 ol Sl 0 Ly Sy ST
s 5 Gl S 02S0UES Jole Sy K25 ST (VY]
2559 © ke slee 5 b S5l 9 LESH 2o i
5455 (i Sl T 555k 50 by ) b e Jslo
 Gare g ol aSlos 3l oo By 51 Sy S
b 53 SO 8 ST W g [F]aS o Jloel lable
3 4l g 4 ol canld G Lol W5 o by el
O3Sl Lo Lol Ly 28Ty cle & 58 Sl
50300l s5gS yae aars Sy [NV ] S o0 lag S
s (sLmodyglyd (6503l 1) el JSie S 25 2]
3 asls lgie 4 (NO) oy 5 s m o5 2 o
posligasl 3, Slas (2bjyl sl (B9, [VV] Syt a8 g
Sy dpnS] g 9 NOy ooy s oy VY]
095 2 NOx (s a5k 0 [V ]33 2529 (698 (Staen
OIS G 0> Sy 2T A9 ()5 (05 gy (n ke
o Ol cpsd adllas ol aa [YV] ol o
k> S hge )3 SIS Jeod cuns (b )3 NOK (alewsdhy
Ol pipod B0 J55S 09,5 b ol dunlie 5 ¥ 59
L g 5l gt (ol Jlis o3 5> NOx (plowdly gdaw

Cawl 005 oy &91:



&9 Loy g (53909 5

D9 oy ATV ol b3l g 3oy /¥ 5 0/Y cuiy 4

3 ST S35 e s Sy gy b Loy 3508
b (6 S0l (Q‘ﬁl_ Q‘){J) O}o)’] ool eSSl eslawl b
et A SIS Sl S eilul g BB Sl cu e
ot L (S5 L3S pe 08 58) (ol hge (nlgud
oD AUV g 51N by A o o g 9yd Ol
A5 g pSoilu]

SOl ead gl jlse s £ . Sle &0 4 ool
Ol 3 358 S 308 ladly o 53y 4l
N slajy) e slaglej 3 J5uS g (ubd 09)5 93 5
)59_1§J_A70Mu;‘0)3;' 9\" ARIARD Ls)lﬁ.) f)gslf
50T 51 slil U (38508 5 Syt teasS] gl (6l
5 k) 09,5 5T el )3 s plosl boglwo adibo g3 puily)lg
o il glaglej g 092 (295 (e Olgis 4 (U8
48,5 713 3 ()5 slaojlul) (29,5 (1955 e lsie
23,5 Al b e a0 ] geS el 2 P yolie Lai
sl

slp (ubd 9 JES 09)5 93 p3 llge (g pidn o)
2 059 o8l (2,5 WY /Y blae 2 VV/¥ £ < /F) 5g
o (P<efeeN) gy )l (giae adllas (loj Jsbo 53 09,5 9> o
e A (b g S8 sleog)S )3 1))y VO Ggy ) 4tk
ools LT zulis gr p)5 YA¥/+ £ ¥/) o VY-/Y £ A/D
90140 3529 09,5 — loj Jolay a S ol fLis a8 by
Sl 039y (Lo 09,5 5l i J )88 09,5 (655 09
() JS5) (P<-1-0)

oxins i (b 59 (sl ebbgs il y 50 ol
55 omt) i 5 (P 1) 03,5 31 (P</-0) s
09,5 1 (95 985 adllae wiim o) 5> Ailss (P</4Y)
VIO Jlae 3 YAV/Y Y /¥) 290 J S 09,5 plp ¥/Y oubd
oo cubdS L (P<+/e oV il (o do 3 p)5 (Lo AV/YE
OBl S 09,5 )3 9 EalS (blod 09,5 )3 (g3 8
09,5 3 g AB VD g ) 4S5k & ol (LS (g pate

vy

g

--©- Diabetes —e— Control

Body weight (g)
c 8 8 & 8

t|) 1|0 2'0 3l0 4l0 5l0 s'o 7l0 8|0
Time (day)

o laasls 5 B 5 olog 1 (2o 5 S Sl > g Slyats =) JSd
:T 9 P<./.0 .(n:V) Cl oad o0 i jlme gllad £ 1Sl &y
JS 09,5 b duslie p P< 44

2 (ke 1B IY) Slyd (98 Sdiged e 9 G005
YALYO] as ang Sbyb j5 oly 5l Fr g Ve Ve d Juolgd
(il 2 53 p)5 ko O) EDTA (55, 00 a5 (sladiges
a0 ¥ clod paddd Ve Caodasaddy pVerr b
o> 1> (6350l lo U g lan LawDy ¢ ouiy yiil o Kl

35 (5SS r Y

[Ve 571 S sy il o3kl L NOx (plowdly daws

Olalgw 93,8 LS I Ly doME j5bo 4 .05 (65505l
(=) e e () (e g2 3 255 (e 10) 59
Joa il je3 Veeer 3 @By Ve o & Loy sladiges
Sl San Sl S, 2y (VL 36 51 sl S0 20,
e 53 05 o A) (D) pesbly 0,05 sads oo Voo g 0
Bl Saly o ) (g Bols <S5 jlord ang oyl
S Jglee s 098 Cois & Ol gl G B
By (s V) dl Sy g S 00 Ly L5
A IS 53 el (8 e i N g e
s NEDD) . 63Lsl Sals ,a 4 [(1o)s +/)) (NEDD)
T Lniges (05 s)au e olall o €85 51 el Jplil
» gl o) a9 1ab 4sSSl 3,5 Sle an > YV > aidd
Sunrise) I35 S iilgd olKiwd jl oslaiwwl Ly jiogil OF-
slrdses clale b oules (i pl Tecan JleS célw
L glacclble jlas s o)lull aove ol p lewdl
Al 39 ol sty s Sl 1) 50 Jgeg)See Voo

503l b ot (1933 5 o Sl calps )5



Veg cabd g Sy bS]

-|- --©- Diabetes
= 300- T t
3 g._§ § —e—Control  §
m ’
E
o 2004
7]
<]
o
=
2 100-
©
E
0
=
o 0-
L) L] L) L L) L) 1
0 10 20 30 40 50 60
Time (min)

2 S Jeaods o (o 3 LoDl SIS olowdly o Sy —F S
oa o3y (L Jlame (sllad £ (:Silke )90 4 odly . 2ld 9 J S 09,5
JyS 09 )5 b dulie pP<+feeN if gP<-/oN i (n=Y) ol
P9 ) (Hixe imen g Lolej don 5> S 4 Cund
S99 olej mo9,S Jolite ;31 Lol sl 09,8 93 ya 5> (lej
(¥ JSSS) cwsls

2 555 5 oy 485 8 Lasdly (g ol
e Camd 3l VA Lo 09,5 53 9l W10 J S 055
Olej ) Odgusl S8 09,5 53 39 355 oy 5l S clale
2l Lids dolj8l gy 0,ben Lol 5,8 Ly als adds V.
D a8 25 g, (g 0 85 5] g 2 05,5
90955 ey @yl 4 ybogy il g LT gols bl ys ol
(OJSE) (P<e/+ V) Wdgy )by xe 9 () bolas

S e yob 4 (bbd 09) )> o8 dnST 4L olie

:t --©- Diabetes —e— Control

— 120-
£ 100
ii .
c 8
2 604
£
E 40- —————————————————
E 0 g'
o 0-

I 1 T ' I l |

0 10 20 30 40 50 60
Time (min)

Jame sl & Sils 0y 4 b 03l 2 5 S8 09,8 55 55515
L daglio > P< ofoey if g P<e/ed o (N=Y) Conl ond ooy olis

S 0g)S

%-350- I --©- Diabetes —e— Control
S 300 4
: S 2"
< 2501 oo Py
@ 200- L S o
o
% 150+

r r i___—-.
w 1004 T b4
= o
0 504
L.
o -

I T I T T I I I 1
0 10 20 30 40 50 60 70 80
Time (day)

9 B g5 olej 5l (2bd 5 Sy Sl 53 Lawdly 5585 s Y JSW0
F.(0=Y) cowl oas ooy LS Hlire gllas Sl g0 4 L 0ol

JiS 0,5 b dunlio jo P<e/e e
o WE/+ £ OIY J,58 09,5 )3 9 WA/F £ V/5 0l
(Y JS8) o9 (P<efe oV ) i) (o do 3 05

aw (0bd 09,5 aS oy LS ad)bgd il lg 56 s
slejgy (b > U8 095 & s YL NOy plowsdly
(YUSS) (P<+/+0) 5)l5 (YO 95+ Xb F+) calises

09)5 99y )3 ol lodly s S35 505 Sl
o3l ey S8 09y 5 )3 0,8l il (ubs g J S
Cs ool 5l Jod e 4 S5 18 slawdly rdaw i
cdl pials (Salay ST uls 055 > &Sl > cuisiL
LT ol (P<e/e ) 290 YU (gl (e yob 4 jlien Lol
b3 09)5 33 39S (g pVL osiad (LS a8)bg> byl

--©- Diabetes —e— Control

r O @
r Ty

)
i

Plasma NO, (umol/l)
2 39

I ] T ] ] T L] I 1

0 10 20 30 40 50 60 70 80
Time (day)

2 (NOy) S35 2T sln it (alasdly s Slpeis -V S

sblas £ (1S0lee ©jg0 4 b o3l sh B gy plej I s 5 J S llges

09,5 3 iy (0lud 09,5 10 jldges yj pdaw (N=V) Cawl 0l 031> L Hlre

(P<+1-8) el JjzS



&9 Loy g (53909 5

Ui Jae o5 gy o) [R] 9dsm S585 Jas pae ol
lie Jie 3980 0l (0-STZ) (ypoginjgn sl 2929
Ooalyisy Jdo cpl 0 [VF] Wil o ¥ gg5 ol dbnl 4l y
W e o) O BV (pmwgigios il g2 Jlis b sl Jsho
so—tlS e 0> Lo g adlllas (pl > [V ] w8l
il inlS Gl 5 S 515 oo s g it
Cobd Glwvgad saad lis &5 asdh S5 4 gl
Feoaady » b slaigs jo [¥Y Y] uib oY g
oohe g Vb ()l> (dne sk 4 (493 A8 S5 Jood Cus
STIHERIE SO NN PV NI S
S Ladgbw slie )3 jS5 ¥ o)l (sl )50l 5
A8l S0 I5 03g SVL cul s by 30l oS s
]

G5 jl i gl slajgy 3 SIS cdale (090 YU
a2 S1980e boiye b ool G 55 4 (wgiyjois yil
Bl b a4 S8 clale iol58l a8 cunl onds o3l s
Slo sk buogs S 585 5 lyed] 0251 sl 5
oo galS [A] 3yl 58 cowndlS yum ol Dbl 3 55 W
Lo sladsbo ggeliyy oo an b 05)5 3 (3 A3
Ot JS 09,5 )3 (g3 W5y oad edalie (o8l Al oo
18 G55 ol b e () 3 055 51 o ¥+ BV (sl
A 5 sl Jsbo 3 Shas LS5 (o 13 o8 ol a2
Ohse ) oimen (1] 23l oo Wl (gl Jbo 3 Slas 5y paie
OB 4 (gl s g 5l ans Jol didn aw > gl yeo
7] 2950 o5

il glajgy 53 oy (gl clale adllas ol )
2 5 Jao a3 s o (] Ll 125 (5,5
OhLSer g Hemmings .5y ;eS8 do)d YO 0Ld 09,5
2 il slagbese > gl & Wlos ) )15 (V)
Golay Juds [A] cunl 0390 J5iS" 5l a8 do )2 VY g5l ol
o=l 0 A4S il e gl e sl 59 CuniSen o sdnlive
o Ar o LSen g Hemmings a4 sllas j3 5 Ve asllas
sl 03g: (1 (939 PSS o il 4 p)S

2o)d A ggerme ;3 (b3 09)5 (x5 iy pol> adlllas
5 L (s Coillas 45 ol 039y Sy 03,8l i
Vo ly e pala S o)l (Veer) oL s Hemmings

Y0

o 60 * --©- Diabetes —e— Control
é *
EolY §
e)
: i
«
£
7]
]
o
0-
I 1 T I : ' |
0 10 20 30 T - 2

Time (min)

b 93 (NOy) Sy a8 sla cdgrlio olowdl gaw @l —F S0
gl £ 1Sl Ghao 4 b odly . 0bd 5 58 05,5 10 865 Jooo s
JiS 05,5 b dulio jo P<e/+0 2. (n=V) ol oas 00l L jlixe

Jolie > 04/ £5/¥) 59 JyS 09,5 5l YL (P<:/-0)
G by Sluss oL 5 Jgeg,5we YAIA £ Y/A
e Mo 51 48 4 257 4l 09,5 3 5 515 S
e 35915 5,35 5l am 4B iy i sdnlise 09,5
i 4 b 9 S8 sloog)S > S ST (lowdhy
ST ley ool 5l o db lis Gials wsys £Y 4 YO
S 09y 5 )3 Lol il (o381 595 09)5 93 2 5 Sy
2 eSS o eiSiL b a4 boya asds Y 5l e
e | S oy VWY 5 4y £ loj j0 > ubd 69,5

(F JS5) 59 adgl 4l

3 04 dlogl emndS jup aS 0 LS dalllae oyl pols
NOx (aloadly o (falS o S5 Jood s (b
Form oV g5 (1bd slagbae 1 (il ool 035 o0
Sl 53 23,503 Jb S5 By 5l U ojlul 4 el S
aelgl o dy Loy g B Yo 5l iaS o ol (sl hge 5
O-See Cabd )3 &S A8 o oy 4Bl (pl 235 oo Sl 395
S5 SYsb @i a1 Byl an oS ol
Sl (> 4508 Jlan |y podignil 51 Sy ST ol
g g0 gurs jo Sl sl 5o
3 am Aol olime (e 4 rwgiigh il f2g25
g Lal Cllate (0 035 9 b (sl Jobo o35 4 yomie Ao



Veg cabd g Sy bS]

w25y Sl 0dd posl Jige 59y adlllas (pl aSJls y> Wlesls

5 [V 1 35 NOy (plocasdly grans (yunss 53 soiee i (114
=9y el VY L5 WY e g a3l il oS5 sl 4 1

b ol ogde Lol [VY] e 151 (9,8 o5 sl
2SN ] s LB o olie w5 clbcudgise
NOx (lowdly gola (232 @255 (92 <ol Jd> 4 (oge
WS (o ol porliguil 3 Slee jl 5 Job BB (50
GoF il d oS amd e (LS adlllas ol @l ggecme )
by (fal8 NOy plowdly o 3S3IS" Jood cans 5 35415
b s 4 o] CutS gy (> o hee o 9 S e
oS 23l pllo sloige & Cunid (558 Al b g el
ComiSon 112 By o 5l am sl oSy 2> o s

il JialS 5 )b ) padigil 5 Sles ai (sl (>
Al (2l liles )3 g MSulgil o (S5 3]

d)‘}iﬂ*"w’

2af pole saSimgh Jbo coles jl edlatul b Limgs oyl

Tob) b b (S pole oSl puddglio g 2y (9

&bo
Chien WY, Yang KD, Eng HL, Hu YH, Lee PY, Wang
ST, Wang PW. Increased plasma concentration of nitric
oxide in type 2 diabetes but not in nondiabetic individuals
with insulin resistance. Diabetes Metab 31 (2005) 63-68.
Colasanti M, Suzuki H. The dual personality of NO.
Trends Pharmacol Sci 21 (2000) 249-252.

Di Marco PN, Ghisalberti AV, Martin CE, Oliver IT.
Perinatal changes in liver corticosterone, serum insulin
and plasma glucagon and corticosterone in the rat. Eur J
Biochem 87 (1978) 243-247.

Ding Y, Vaziri ND, Coulson R, Kamanna VS, Roh DD.
Effects of simulated hyperglycemia, insulin, and
glucagon on endothelial nitric oxide synthase expression.
Am J Physiol Endocrinol Metab 279 (2000) E11-17.

Du XL, Edelstein D, Dimmeler S, Ju Q, Sui C, Brownlee

M. Hyperglycemia inhibits endothelial nitric oxide

\2

Oy Slas yidlS Wby 9 yeS cpl cde il 038 S5 do s
{A] culord plyie mwginion il GyF S 4 A9y

Lo o bse N plewdl gk adllas ]
STV N asb o oldllas (500 ol gllas &S 24 5L
slacble af sl ol 4l dlgd pudiods S 4y Sy
55 ikt geble sl 395 0 (i b o] ol
A S i ST o8 poolie el S5l T 5bs (s
)‘ ‘_5).59_1> [Ev— UT XY s W")j u.;l.) |‘°)3 Ja.wy 0Jud
25l Ll pyb (laS e 90 w3l 2l 23 ol
N Y- Y TN - OWNRE VYR SV {PTES gE N
oilidl Jolw 3 0 as] cdale (ials L &S sus
).pl_iip 9 JHu_a bl_>u”| L,;)LQ(J‘ 9 ;1_24)9).»19)) u.u_a.os
YU Vo 8ot yis) g TNF-alpha o omen ola pl e w
el py8 b (Rl s Wl o Lol 45 Y] 0900
Ol cnlplin [VF] Wgd oy ST oS St oo 5]
il algy o cbd jd olewdl NOy yiul38l oS cdS
cdld il g ol 0aiS iw wupl S5 a8 el ialS
Al w3l ol 28 3

2 oSy (b3 posbigul 4 atly Ggpe LIS
ol ede a8 5 o Jiste [VA] (b o [YY] aubs )8
poaligds] )3 S s d S 00 S jiw wopl el ialS
ol By (608 ge 53 daST 0w A5 connlS o ASL o0
AanST 0358 i w2 i) ygrwM yind ialS g)b g
[0] 88 oo o5 1y o cudlad S

2 F5 35 il 4 NOy olewdly gaw adllas cpl 5
LS S 5 23 05,5 9 o > S5 Jas s b
2 S p Lol 09 Iy CulS o 93,5 oy (gl ixe
g Kawano g (ulod 09,8 5l jlals g yim o J 1S 09,8
Beye (i8S Ll jo as wiledly las (VAA) ) Ken
Cus yd 03 dloul awalS pod JWiw podisnil 4 dtusly
el gl 3 (6 s Lol 39550 Jiin 555 Jaow
Lyl asllas coglas s [VF] sles S5 oamlie NOy
oalawl agS ay bgyye Yl o )Ken 3 Kawano adllas
pbsl sl (o 1y 095 wyp olySer s Kawano .cusl o



&9 Loy g (53909 5

Relationship to microvascular complications.
J Diabetes Complications 15 (2001) 135-143.

[18] Makimattila S, Virkamaki A, Groop PH, Cockcroft J,
Utriainen T, Fagerudd J, Yki-Jarvinen H. Chronic
hyperglycemia impairs endothelial function and insulin
sensitivity via different mechanisms in insulin-dependent
diabetes mellitus. Circulation 94 (1996) 1276-1282.

[19] Marette A, Dimitrakoudis D, Shi Q, Rodgers CD, Klip A,
Vranic M. Glucose rapidly decreases plasma membrane
GLUT4 content in rat skeletal muscle. Endocrine 10
(1999) 13-18.

[20] Miranda KM, Espey MG, Wink DA. A rapid, simple
spectrophotometric method for simultaneous detection of
nitrate and nitrite. NVitric Oxide 5 (2001) 62-71.

[21] Moshage H, Kok B, Huizenga JR, Jansen PL. Nitrite and
nitrate determinations in plasma: a critical evaluation.
Clin Chem 41 (1995) 892-896.

[22] Node K, Kitakaze M, Yoshikawa H, Kosaka H, Hori M.
Reduced plasma concentrations of nitrogen oxide in
individuals with essential hypertension. Hypertension 30
(1997) 405-408.

[23] Noyman I, Marikovsky M, Sasson S, Stark AH, Bernath
K, Seger R, Madar Z. Hyperglycemia reduces nitric oxide
synthase and glycogen synthase activity in endothelial
cells. Nitric Oxide 7 (2002) 187-193.

[24] Perreault M ,Marette A. Targeted disruption of inducible
nitric oxide synthase protects against obesity-linked
insulin resistance in muscle. Nat Med 7 (2001) 1138-
1143.

[25] Ramos S, Goya L, Alvarez C, Martin MA, Agote M,
Escriva F, Pascual-Leone AM. Different role of insulin in
GLUT-1 and -4 regulation in heart and skeletal muscle
during perinatal
Endocrinol Metab 28 (2001) E1073-1081.

[26] Rastelli VM, Akamine EH, Oliveira MA, Nigro D,
Passaglia Rde C, Carvalho MH, Fortes ZB. Influence of

hypothyroidism. Am J Physiol

insulin on the microvascular response to inflammatory

mediators in neonatal rats.
Inflamm Res 54 (2005) 173-179.

[27] Romitelli F, Santini SA, Chierici E, Pitocco D, Tavazzi

streptozotocin  diabetic

B, Amorini AM, Lazzarino G, Di Stasio E. Comparison
of nitrite/nitrate concentration in human plasma and
serum samples measured by the enzymatic batch Griess
assay, ion-pairing HPLC and ion-trap GC-MS: the

importance of a correct removal of proteins in the Griess

AR

synthase activity by posttranslational modification at the

Akt site. J Clin Invest 108 (2001) 1341-1348.

Ghasemi A, Hedayati M, Biabani H. Protein

Precipitation Methods Evaluated for Determination

of Serum Nitric Oxide End Products by the Griess

Assay. JMSR 2 (2007) 43-46.

Giugliano D, Ceriello A, Paolisso G. Diabetes mellitus,

hypertension, and cardiovascular disease: which role for

oxidative stress? Metabolism 44 (1995) 363-368.

Grill V, Westberg M, Ostenson CG. B cell insensitivity in

a rat model of non-insulin-dependent diabetes. Evidence

for a rapidly reversible effect of previous hyperglycemia.

J Clin Invest 80 (1987) 664-669.

Hemmings SJ, Spafford D. Neonatal STZ model of type

II diabetes mellitus in the Fischer 344 rat: characteristics

and assessment of the status of the hepatic adrenergic

receptors. Int J Biochem Cell Biol 32 (2000) 905-919.

[10] Himeno M, Ishibashi T, Nakano S, Furuya K, Kigoshi T,
Uchida K, Nishio M. A practical procedure for achieving
a steady state of NOx concentration in plasma: with
special reference to the NOx content of Japanese daily
food. Tohoku J Exp Med 199 (2003) 95-110.

[11] Honing ML, Morrison PJ, Banga JD, Stroes ES, Rabelink
TJ. Nitric oxide availability in diabetes
Diabetes Metab Rev 14 (1998) 241-249.

mellitus

[12] Incerpi S, Scapin S, D'Arezzo S, Spagnuolo S, Leoni S.
Short-term effects of thyroid hormone in prenatal
development and cell differentiation. Steroids 70 (2005)
434-443,

[13] Jansson PA. Endothelial dysfunction in insulin resistance
and type 2 diabetes. J Intern Med 262 (2007) 173-183.

[14] Kawano H, Motoyama T, Hirashima O, Hirai N, Miyao
Y, Sakamoto T, Kugiyama K, Ogawa H, Yasue H.
Hyperglycemia rapidly  suppresses flow-mediated
endothelium-dependent vasodilation of brachial artery. J
Am Coll Cardiol 34 (1999) 146-154.

[15] Laakso M. Hyperglycemia and cardiovascular disease in
type 2 diabetes. Diabetes 48 (1999) 937-942.

[16] Lin JD, Chao TC. Vascular endothelial growth factor in
thyroid cancers. Cancer Biother Radiopharm 20 (2005)
648—661.

[17]Maejima K, Nakano S, Himeno M, Tsuda S, Makiishi
H, Ito T, Nakagawa A, Kigoshi T, Ishibashi T,
Nishio M, Uchida K. Increased basal levels of

plasma nitric oxide in Type 2 diabetic subjects.



Veg cabd g Sy bS]

Glucagon-like peptide-1 and exendin-4 stimulate beta-
cell neogenesis in streptozotocin-treated newborn rats
resulting in persistently improved glucose homeostasis at
adult age. Diabetes 50 (2001) 1562-1570.

[31] Turner RC, Hattersley AT, Shaw JT, Levy JC. Type II
diabetes: clinical aspects of molecular biological studies.
Diabetes 44 (1995) 1-10.

[32] Williams SB, Goldfine AB, Timimi FK, Ting HH, Roddy
MA, Simonson DC, Creager MA. Acute hyperglycemia
attenuates endothelium-dependent vasodilation in humans

in vivo. Circulation 97 (1998) 1695-1701.

YA

assay. J Chromatogr B Analyt Technol Biomed Life Sci
851 (2007) 257-267.

[28] Schmoelzer 1 ,Wascher TC. Effect of repaglinide on
endothelial dysfunction during a glucose tolerance test in
subjects with impaired glucose tolerance. Cardiovasc
Diabetol 5 (2006) 9.

[29] Tesseraud S, Metayer S, Duchene S, Bigot K, Grizard J,
Dupont J. Regulation of protein metabolism by insulin:
value of different approaches and animal models. Domest
Anim Endocrinol 33 (2007) 142-143.

[30] Tourrel C, Bailbe D, Meile MJ, Kergoat M, Portha B.



	mastar. En 6.pdf
	Zahedi.pdf



