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14 Abstract
Aini$ This study aimed to determine the role of L-arginine on 8N&pression and
on 1i6e level of some antioxidant as reduced glutathionecatmlase in diabetis
mellifis.
Stud® design: Ninety adult male albino rats were divided into 3 gou@roup(l):
cont®l group (30 rats). Group YlIDiabetic group (30 rats). Group (lll): 30 rats were
givelD L-arginine. Then the second and the third groupsewnade diabetic by
intr@deritoneal injection of 80 mg/kg alloxan monohydiateaperitoneally at once.
The2@nimals were sacrificed and blood collected for deterramafi biochemical and
anti®Ridant markers. L-arginine given orally for one waelose 100 mg/kg in sterile

(0.224) Nacl before alloxan injection then L-arginine wagegifor another four



weels. Heart tissues were homogenized for determinatiexmession of eNOS
gengoby RT- PCR.
Reddlts: The study showed that L arginine increases HDL, reducestigione,
catdl8se and decrease LDL, TAG, Cholesterol, MDA, alsease expression of
eNQ@8 in heart tissues of diabetic rat.

30
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Intr@Bluction
DiaBdtes mellitus is a serious metabolic disorder with mamd macrovascular
conjllications that results in significant morbidity amdrtality. The increasing size
of tB@ ageing population, consumption of a caloric rigt, dncreasing rates of
obe3ity and sedentary life style have led to an increaskei number of diabetic's
worB8vide [1].
Allo3@n and streptozotocin selectively damage pancr@atills and exhibit the most
potddt diabetogenicity. They have been widely used for induaifoexperimental
dialgdtes mellitus type |. The mechanism increasingly acceptkd fsagmentation of
nuctzar DNA of pancreag-cells. Which seems to be important for the development
of di&etes and is supposed to result from the accumuldtsuperoxide or hydroxyl
radid4ls in the case of alloxan [2].
Oxidative stress is a constant feature of uncontrolledetiabin humans and animals.
Anti#gidants such as vitamin C and E are decreased ietdis, suggesting that
oxidative stress in diabetes is at least in part, due taireg antioxidant system,
adddt®onally reports from various areas show decrease &givitf catalase and

redd@ed glutathione [3].



L. AQinine is ana-amino acid. It was first isolated in 1886.mammals, arginine is
clagsified as a semiessential or conditionally essential aatit) depending on the

devebpmental stage and health status of the individual [3]

NitrigZ3 oxide (NO) is an important cellular signaling malile involved in many
phyS#logical and pathological processes. It is a powedsodilator with a short
halfdfe of a few seconds in the blodd the presence of cardiovascular risk factors,
endashelial dysfunction frequently is encountered. Severakculdr defects could
accbunt for reductions in endothelium dependent vascular relaxdtndothelial
dysfhction could be due to decreased eNOS expressioneudowseveral studies
havé3shown that cardiovascular risk factors are associateamvititrease rather than
a défrease in eNOS expression. The increased expression ofreM&38ular disease
is ligkly to be a consequence of an excess production,©f F]. Nitric oxide is
synfifesized from L-arginine in the presence of oxygen aADMH in a reaction
cat@igzed by NO synthase (NOS). Three NOS isoforms are eggdrassnammalian
cellé4neuronal NOS (nNOS), endothelial NOS (eNOS), addcible NOS (iNOS).
The65eNOS is constitutively expressed in endocardial cellsiotealial cells,
ven@tcular myocytes, and other myocardial cells [5]. NO-iatedregulation of

beaing rate and vascular permeability, respectively. [6].

In Biabetes, endothelial injury may be a consequence of gktebolic and
perégidative stress. Experimental evidence suggests thanithothelium dependent
relaxation is greatly reduced in the aorta of diabetic rats [6]
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Maf&ials and Methods

Exp&Bimental animals.



Ningty adult male healthy albino rats (obtained from tlatidvial Research Center,
Giz@5Egypt) weights (200 — 220 gnihe experiments were conducted according to
the &hical norm approved by Institutional Animal Eti@mmmittee (IAEC). They
weré/kept at the constant environmental condition for metization, food and water
werédprovided ad libitum for one week before the exparime
Aniifls were given standard rat diet from (El- Nasr, cdiigypt) (protein 18 %,
lipidQ.7 %, fibers 10.06 % and energy 2600 K cal) apdvater.
Animals were divided into three groups: 81

82 1. Group I: (N = 30) animals served as control group.

83 2. Group Il (Diabetic group): (N = 30). Animals servedpasitive control

84 that were starved over night before alloxan injection.

85 3. Group lll (Treated group): (N = 30). Animals were giveaiginine orally

86 for one week in dose 100 mg/kg in sterile (0.9%) Naclfeeftloxan

87 injection then L-arginine was given for another four weeks.
After that, the second group and the third group weeetaf by alloxan 88
monohydrate in dose 80 mg/kg in sterile (0.9%) Natrhperitoneally (1.P.) at once. 89
Alloxan hasled totype | diabetes mellitusAfter 72 hour of alloxan injection, blood 90
samples were collected from the tail vein of rats and blood ggue@s determined by 91

one touch method. 92

BB the end of the experiment, animals were scarified andltue bvas collected
8Ad centrifuged to obtain serum which collected for deteatitin of the
fiflowing parameters (glucose, serum triglycerides, chedestHDL-cholesterol,
BPBL-cholesterol, plasma catalase, reduced glutathione and lipidxide by

8dlorimetric method according manufacture instructiastalRNA was extracted



B8 Ribozol reagent from heart tissues for determinadibexpression of eNOS
géne by RT- PCR.

Drugs, chemicals, and kits; Alloxan (Biotechnology Egypt). 100

e (Rtalase, reduced glutathione, cholesterol, triglycerides, ,HDDL and
f@?ondialdehyde kit (Biodiagnostic Co., Egypt).

e @3cose kit (BioMed Diagnostic Co., Egypt).

e [Legkginine (Sigma-Aldrich Co., Egypt).
Deté€iton of thelevel of NO

106Nitric oxide colorimetric assay kit (cat No K262-200)ioBVision (USA)
acchbding to manufacture instructiaditric Oxide Colorimetric Assay Kit provides
an ab8éurate, convenient measure of total nitrate/nitrite in plesitwo-step process.
Thel@ést step converts nitrate to nitrite utilizing ate reductase. The second step
use$1@riess. Reagents to convert nitrite to a deep puipleoazpound. The amount
of thEl azochromophore accurately reflects nitric oxide amaunsamples. The
detdditon limit of the assay is approximately 0.1 nmolteitwvell, or 1uM.
Caltafations: Absorbance was plotted at 540 nm as a funafinitrate and/or nitrite
contgdatration (It is possible to use plate readers witrdilrather far from 540 nm;
€.919R0 nm).

116 —
Nitraie7nitrite concentration = AIE sample — blank Absj /uL of sample

118 Slope of Std curve
119

120

121
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mRNZBanalysis (rt-PCR).

TotaPRNA was extracted from homogenates of heart tissirg (RiboZol solution
(Anf2Sco, Solon, USA) according to the manufacturer'suostms. RNA samples
werg2gored at -80°C until analysis.

RT-BOR was performed according to manufacture instrugti@iagen one step).
Red@®n tube of RT-PCR was containing 5 pl of RT-PCRdouix 10 pM of
spet#® primers for eNOS or GADPH, 5 pg of total RNAnate, 1 pl dNTPs mix
(10@3tMM), 1 pl enzyme mix (Hot Star Tag DNA polymerase, Soipt and
Seris3dcript reverse transcriptases).

Poly32rase chain reaction (PCR) amplification was performetheatfollowing
temp@Bature steps: 5 min, 86; 94°C for 20 sec; 55C for 30 sec; 72C for 40 sec
(3018¢&les); and 72C for 5 min. The MgGl concentration used for eNOS cDNA
ampl8tcation was 2.0 mM. The following primer pairs waersed: 5'-CGA GAT ATC
TTAFIET CCC AAG C-3' (sense) and 5-GTG GAT TTG CTGCTCT AGG-3'
(anti8&nse) for rat eNOS. PCR was performed with rat GAB®&h internal standard

(ThéB&o scientific) USA.Sense5-CAGTGCCAGCCTCGTCTCAZT, antisense 5'-

GGEGIBCCATCCACA GTCTTC-3', sample for rat GADPH has sanmalition for rat
eNQ8&0except the annealing temperature was@4in a thermal cycler (Progene,
Teche (Cambridge) LTD., UK).

Det&dfton of PCR product.

Poly@@rase chain reaction products (5 ul) were detected by elemtesjs on a 1.5 %
agatdde gel containing ethidium bromide. Location of a predli product was

confithed by using 100 bp ladder (Gene Ruler, Thermo SfiggnUSA)) as a



stardd&rd size marker. The negative control tubes contaétlisgmponent as in RT-
PCRA42action tubes except it was not containing total Ri¥#plate.

148
Statig@cal analysis
Thel8ata were expressed with SPSS version 13 software as#n + standard error
(SBE)héanalysis of variance (ANOVA) indicated a significantRak 0.05). Independent
t-ted5tdr parametric quantitative data.
Thelsi@nsity of PCR product was measured using Scion Iageftware (Scio
Codpieration, Fredrick, Maryland) and expressed as me&Mt: S
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Reslif6
ThelB&sult shows that L-arginine reduces blood glucesel by 49% from 266.7
mg/th8n alloxan group to 135.1 mg/dl in treated grddjble 1). Also the result
sho¥E9that L-arginine reduces the triglyceride level byp%Zbfrom 200.8 mg/dl in
groapq to 149.6 mg/dl in treated group and LDL lewel22%. from 210.2 mg/dl in
groapll to 164.4 mg/dl in treated group. Finally tesult shows that L-arginine
impt&2es HDL level by 97% from 17.5 mg/dl in groupol 34.5 mg/dl in treated
groap3ITable 1). L-arginine decrease cholesterol level frot22@g/dl in group | to
241184ng/dl in treated group which means L-arginine redudglyceride level by
179465
ThelBsult shows that L-arginine increase the reduced lylotat level by 80% from
0.5106F/dl in alloxan group to 0.9 mg/dl in treated gr¢Ugble 1and Fig 1).
Thel6Ssult shows that L-arginine reduces the MDA level B 4/6m 56.9 nmol/ml
in dlé&an group to 30.3 nmol/ml in treated group. (€ahk). Also there was

sigriifiant decrease in cardiac NO level in diabetic gr@ip+ 9 nmol/mg protein)



andl7dignificant increase in treated group to become (25at B) value<0.001 as

comp&ed with control group.

AlsdtBere was negative correlation between catalase, reducathigioe and blood

gludage (Fig. 2, 3)

Figl® Shows mRNA eNOS RT-PCR analysis. The bandRilf for eNOS in the

dialigtec heart (Group 1) appears significantly decreasezbimparison to that in the

coniror lane (with GADPH as internal standard). Alseréhwas significant increase in

expigssion in treated group (lll) as compared with giloup
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Table (1): Shows the average values of each group separately.

Group | (control) Group Il (Diabetic)

Group Il (Treated P value

Mean + SE

Glucose (mg/dl) 94.2 + 2.6
TG (mg/dI) 34 + 56
LDL (mg/dl) 819 + 43
HDL (mg/dl) 539 = 2.8
CHL (mg/dl)  177.8+ 3.7
Glutatione (mg/dl) 1.2+ 0.01
Catalase (U/) 28.4+ 0.5
MDA (nmol/ml) 56.2+ 0.2

Cardiac NO 43 +£18
(nmol/mg protein)

Mean + SE

266.7%.6

280 3.9

210.2+ 3.4

175+ 4.9

201.2+2.4

0.5+ 0.01

14.90.3

56.910.4

219

Mean + SE

1351+ 14

496+ 1.8

1204+ 2.03

345 + 1.2

2417+ 14

09 + 0.01

185+ 0.3

30.3+ 0.3

256

<0.001

<@oo0

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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Figure (1): Positive correlation between MDA and blood glacos
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Figure (2): Negative correlation between catalase and blocdgg
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Figure (3): Show negative correlation between reduced glatettdand blood glucose. 248
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GADEH (595 by)

chOS (135 bp)

259
260

Fig@&l 4. Agarose gel electrophoresis of RT-PCR productvisigo rat eNOS
exppégsion (135 bp) in heart tissue of different groups.
La263.: DNA ladder (100 bp), lane 2: negative control, Barentrol group, Lane 4:
gro@p4l (diabetic group). Lane 5: group Il (L.argieitreated group), with GADPH
as if6Ernal standard at 595 bp
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Dis@@s8ion
Thi6&udy reveals a number of important findings oe thlationship between
diat2tes and the consumption of L-arginine. Poorly cdattolong standing
met2bblic disorders diabetes mellitus is frequently resuts cardiovascular
congjizations [9].
L-atyiBine administration reduces lipid peroxide levelsdiabetic patients, due to

direzT4scavenger of superoxide anions. L-arginine mightameeh relaxation by



incr2@sing NO release, which in turn scavenges enhanced ragapasbxide anion
pro@uétion that are elevated in diabetic arteries [10].

The2v&sults which were obtained showed that treatment oétdiafats with the L-
argibfi® leads to significant reduction in blood gluctesesl and this could be
attribr@ed to its effect on the enzymes that digest carlvatesl and hence decrease
glu@se absorbance from intestine and these data were in leesregnt with Broca et
al 2p81 [11].

The2kXel of MDA was significantly reduced which indicate i reduction in the
lipi@Beoxidation because of the treatment. In additibe, antioxidant enzymes,
cata@l@de and reduced glutathione were significantly increasedufisofake treatment
indi28bng the reduction of oxidative stress and RO3$\éntteated groupshich may
be @&B6buted an antioxidation effect of the L-arginine [12]

Lipigd8grofile results show high efficacy of L-arginine meducing triglyceride and
LDI288els and improving HDL level and these data weréna with Fu et al 2005
[13p89

AntR8dant enzymes as reduced glutathione and catalase wgmvied by L-
argi?®ie according to result. L-arginine increase reducedtigioree. from 0.5 mg/dl
in digl#etic group to 0.9 mg/dl in treated growfnich means thafter treatment by L-
argi?@3 reduced glutathione improved by 80% and these datainvéne with Li et
al 1294 [14].

L-a@fiBine increase catalase by 55.5% from 11.9 U/L in dialgeoup to 18.5 U/L in
trea286 group and these data were in line with Li et al {P94

A daggtt in nitric oxide function develops very early in @itds mellitus and leads to

alteP®8 vascular reactivity [15]. The association of diabetesllitus with



ath@@clerotic cardiovascular disease may be a consequence, oh thardecrease
of eB00S protein in endothelial cells.

NO3bas important cardiovascular effects and modulates cardiatiofun The
cond@2tion of cardiac muscle responds to chemical traiessjibxygen tension and
phy3@al factors by modifying transmembrane calcium currémts-cellular calcium
stor3@é and the contractile proteins [16].

Re@@%s indicate that diabetes induces alterations of calciumirgarathd impairs
nitrid06éxide production in coronary endothelial cells,edto tetrahydrobiopterin
defidiéhcy and in the contractile proteins that limit myowrtunction independent
of aieBed metabolism [17].

Altlgagh dysfunction of the NO pathway may promote athenesis, NO supplied
exogkdously to activated endothelium down regulatesniianmatory activity such

as @ddmokine secretion and functional activity such as trartbetidb migration of

neusthhils [18]

:[1R]Comment

Corgdasion

The study show that L arginine increase HDL, reducedtjlittne, catalase and 314
decrease LDL, TAG, Cholesterol, MDA, also increase expresdgieNOS in heart 315
tissues of diabetic rat. 316

317

318



p-value < 0.001
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Fig@Zl15: eNOS expression in heart tissues in diffegemip (show significant
decB22se in diabetic group as compared to control groupadtu® <0.001. and
sigrdfiGant increase in treated group as compared with dtadpeiup at P value
<0.Ga4.
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