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13 Abstract
Aimisd This study aimed to determine the role of L-amginon eNOS expression and
its idle on the level of some antioxidards reduced glutathione and catalase in
allox@én-induced diabetic rats
Study design: Ninety adult male albino rats were divided intoee (3) groups of
thirBrats (30) each: Groufl): control group, Group (JI Diabetic control group,
Grol® (Ill): L-argininetreatment groupThe second and the third groups were made
diatagtic by intraperitonealdministrationof 80 mg/kg alloxan monohydratehile L-
argi2ine (100 mg/kg in sterile 0.9% Nacl) was giweally to rats in group Il for one
wedl? before alloxan injectiomnd a further four weeks after induction of diabete

The28nimals were sacrificed and blood collectedfeidetermination of biochemical



and24antioxidant markers. Heart tissues were homibgénfor determination of
expkéssion of eNOS gene by RT- PCR.
ResRfis: The study showed that L-arginine increases HD#uces glutathione and
cat@dseanddecreases LDL, TAG, Cholesterol and MDAzlsoincreased the
exp2&ssion of eNOS in heart tissues of diabet& rat
Key2@ords: Antioxidant, Diabetes mellitus, eNOS gene, L-ange.
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I ntratluction
DiaB&tes mellitus (DM) is an important metabolisatder that associated with micro-
and3®acrovascular problems that affect the mosbathid mortality rates. The life
styl84consumption of a high calorie diet, obesitg sedentary life led to a rapid
incréase in the number of diabetic's worldwide [1]
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It h8% been found that alloxan and streptozotseiectively damage pancreafie
cell8&nd exhibit the most potent diabetogeniclifgey have been widely used for
ind@&ion of experimental diabetes mellitus typeThe mechanism that has been
accépted is the fragmentation of nuclear DNApeficreatic-cells, leading to the
devélopment of diabeteand accumulation of superoxide or hydroxyl radidal the
caséof alloxan [2].
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47 impaired activities of catalase and reduced

glutdghione [3].



L. ABginine is ano-amino acid first isolated in1886.In mammals, arginine is
clagffied as a semi-essential or conditionallyee8al amino acid, depending on the

developmental stage and health status of the ohaiali[4].

Nitrg2 oxide (NO) is an important cellular signajinmolecule involved in many
physi®logical and pathological processes. It isoavgrful vasodilator with a short
halfs{fe of a few seconds in the bloda. the presence of cardiovascular risk factors,
endafhelial dysfunctions frequentlyencountered. Several molecular defects could
accbbnt for reductions in endothelium dependentuwlas relaxation. Endothelial
dysfihction could be due to decreased eNOS expresBiowever, several studies
have8shown that cardiovascular risk factors arecated with an increase rather than
a dé&ease in eNOS expression. The increased sipred eNOS in vascular disease

is likély to be a consequence of an excess pramtucti H:O, [5].

It wa% found that L-arginine in the presence ofgety and NADPH-d in a reaction
cat@@zed by nitric oxide synthase (NOS) can predd© [6]. Mammalian cells
con@@n different NOS isotypes. These isotypeseamdothelial NOS (eNOS),
neuddnal NOS (nNOS), and inducible NOS (iNOS). €N®S can be detected in,
endabhelial cells, ventricular myocytes, endocdrcidis and other myocardial cells,
andéBeed Ca and calmodulin to be active. Glucometabolic anwyieative stress
may be the cause of endothelial injury in diabefld® endothelium- dependent
relaé@tion induced by acetylcholine is greatly mlliin the aorta of diabetic rats as
sugg@sted by experimental studies. [6]

Maf#ials and M ethods

Cherticals and Reagents

Diagnostic kits forcatalase, reduced glutathione, cholesterol, tragiges, HDL, 72

LDL and malondialdehyde were obtained from Biod@asjic (Egypt), Glucose kit 73



from BioMed Diagnostic (Egypt), Alloxan (Biotechmgly Co., Egypt), and L- 74

Arginine from Sigma-Aldrich (Egypt). Nitric oxideolorimetric assay kit was 75
obtained from Bio Vision (USA). All other reagentere of analytical grade. 76
77

Expé&Bimental animals.
Ning®/ adultapparentlyhealthy male albino rat2@0 — 220 gm) were obtaindrbm
the 8ational Research Center, Giza, Eg@ptimals were given standard rat diet (El-
Nas#1 cairo, Egyptyontainingl8 % protein, 2.7 % lipid, 10.06 % fibers and 2600
cal 8ergy and tap wated libitum.
TheB&xperiment wasconducted according to the ethical norm approved b
Inst@dtional Animal Ethics Committee (IAEC). Theyere kept at the constant
env@®nmental condition for acclimatization; fooddawater were provided ad libitum
for 86e week before the experiment.
Animals were divided into three groups of thirtY)3ats each: 87
88 1. Group I: Animals served as control group
89 2. Group Il (Diabetic group): Animals served as pesitcontrol
90 3. Group Il (Treated group): Animals were given L-aige orally for one
91 weekat 100 mg/kgoefore induction of diabetdhen L-arginine was given
92 for another four weeks.
Rats in the second group and the third group wer@endiabetic by a single 93
intraperitoneal injection of alloxan monohydrat® (8g/kg in sterile 0.9% NacCl) 94
After 72 hours of alloxan injection, blood samplesre collected from the tail vein of 95

rats and blood glucose was determined by one towethod. 96

87 the end of the experiment, animals were sae&ifiand the blood was collected

88d centrifuged twbtain serum for determination of the following paeters



@fucose, serum triglycerides, cholesterol, HDLlekterol, LDL-cholesterol,
pl2Gma catalase, reduced glutathione and lipidxugoby colorimetric method
&406dording manufacturers instruction. Total RNA was extracted by Ribozol
f€yent from heart tissues for determination ofresgion of eNOS gene by RT-

PCR.
Deté€idon of the leve of NO

105Nitric oxide was detected by Nitric Oxide coloritme assay kit (BioVision,
USAPGccording to manufacturers’ instructions: aigr reductase was used to convert
nitrd®@7/to nitrite utilizing. Then the Griess reatgewas used to convert nitrite to a
deefOBurple azo compound. The amount of the azowpbore reflects nitric oxide
amdost in samples accurately. The detection linfiith@ reaction is a 0.1 nmol
nitritd/@vell.
Absbthance was measured at 540 nm as a functiomitcdte and/or nitrite
cont&Btration.
Nitrt&nitrite concentration was calculated accor ding to this equation:
Nitrft:ILg/nitrite concentration = Ab_s sample — blank Abs _(+I/of sample)

116 _ Slope of Std curve
117

mRMN8analysis (rt-PCR).

TotallRNA was extracted from homogenates of hessué using RiboZol solution
(Amr28co, Solon, USA) according to the manufactsrerstructions. RNA samples
werg2dtored at -80°C until analysis. RT-PCR was$gpered according to manufacture
insti@&ions (Qiagen one step). Reaction tube ofi®R was containing 5 pl of RT-
PCR23uffer 5x 10 pM of specific primers for eNOS@GADPH, 5 g of total RNA

template, 1 pl dNTPs mix (100 mM), 1 pl enzyme nfbtot Star Taqg DNA



polyi@Brase, Omniscipt and Sensiscript reverse drgmases). Polymerase chain
readt2dén (PCR) amplification was performed as follc6 min, at 95°C (initial
denk2dration); 94C for 20 sec; 55C for 30 sec; 72C for 40 sec (30 cycles); and 72
°C 2% min (final extension). The Mgg&toncentration used for cDNA amplification
was20 mM. The following primer pairs were usedC&A GAT ATC TTC AGT
CCEC3BAG C-3' (sense) and 5-GTG GAT TTG CTG CTC TRGG-3' (antisense)
for i&81eNOS. PCR was performed with rat GADPH masréernal standard (Thermo

scielltic) USA .Sense5-CAGTGCCAGCCTCGTCTCAZ, antisense 5'-

GGEB3CCATCCACA GTCTTC-3', sample for rat GADPH has& condition for rat
eNQS4except the annealing temperature wd€ 5% a thermal cycler (Progene,
TechBe (Cambridge) LTD., UK) [7].
Det&86on of PCR product
Polyi@iérase chain reaction products (5 pul) werectietieby electrophoresis on a 1.5 %
agal@8e gel containing ethidium bromide. Locatidnaopredicted product was
conti@®@ed by using 100 bp ladder (Gene Ruler, Themuientific, USA)) as a
stardidiérd size marker. The negative control tubesagung all component as in RT-
PCR4®action tubes except it was not containingl ®NA template.
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Statid8cal analysis
Theldata were expressed with SPSS version 13 asi¢la@ + standard error (SE),
analyihs of variance (ANOVA) indicated a signifitan (P < 0.05). Independent t-test
for pd@ametric quantitative data.
Thel4iénsity of PCR product was measured using Skitage J software (Scio
Codpkation, Fredrick, Maryland) and expressed esmt SEM
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Reslf8
Thelsdsult shows that L-arginine reduces blood agaclevel by 49% from 266.7
mg/th2n alloxan group to 135.1 mg/dl in treatedwy (Table 1)Also, L-arginine
redd&3cthe triglyceride level by 25.5% from 200.8 mg/digroup | to 149.6 mg/dl in
treat®d group and LDL level B%2% from210.2 mg/dl in group Il to 120.4 mg/dl in
treal®8 group.Administration of L-arginine increasedDL level by 97% from 17.5
mg/thén group | to 34.5 mg/dl in treated group ifleal) and decreasecholesterol
level5fom 291.2 mg/dl in group | to 241.7 mg/dl tieated group which means L-
argitii® reduced triglyceride level by 17%.

159
Redited glutathione level increased by 80% frormfighd| indiabetic control group
to A8Img/dl in treated group (Table land Figul)jle MDA level reduceddy 47%
froh@26.9 nmol/ml in diabetic rats to 30.3 nmol/mltreated grougTable 1).The
cardd8 NO level in diabetic rats was a signifibadiecrease from (25 £ 6 nmol/mg
protEed) to (21 = 9 nmol/mg protein) in the treatew diabetic rat respectively.

165
Thet66rvas a negative correlation between cataladebiod glucose (Figure 2) and
redd6&d glutathione and blood glucose (Figure 3).

168
Figa®94 shows the mRNA eNOS RT-PCR analysis. T mf mRNA for eNOS in
the hiA@urt of diabetic rats (Group Il) appears $icgutly decreased when compared to
thatlinlthe control lane (with GADPH as internarsiard). Also there was significant
incré@®e in expression in treated group (l1) theoup 1.
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179 Group | (control)

Group Il (Diabetic) Group lll (Treated)

Mean = SE

Glucose (mg/dl) 94.2

TG (mg/dl) 3.4

I+

LDL (mg/dl) 819 =+
HDL (mg/dl) 53.9 +
CHL (mg/dl)  177.8 +
Glutatione (mg/dl) 1.2 +
Catalase (U/l) 28.4+
MDA (nmol/ml) 56.2+

Cardiac NO 43 +£18
(nmol/mg protein)

Mean = SE

266.747.6

280 3.9

210.2+ 3.4

175+ 4.9

291.2+2.4

0.5+ 0.01

g2 0.3

56.940.4

21+9

1351+ 14

1204+ 2.03

2417+ 1.4
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259

GADFH (555 bp)

eWOE (135 bp)
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Figa@2 4: Agarose gel electrophoresis of RT-PCRdpcd showing rat eNOS
expPéSsion (135 bp) in heart tissue of differeougs.
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Dis@rsgion
It h@aZbeen established that poorly controlled Istagnding metabolic disorders, such
as @apetes mellitus frequently results in othenglocations, including cardiovascular
dis¥3:s [8]This study reveals a number of important findilmgsthe relationship
bet®@én diabetes and the consumption of L-arginitiedies have shown that

argiditse administration reduces lipid peroxide lsve diabetic patients, due to direct



sca2#6gingof superoxide anionslt also enhances relaxation by increasing NO
releziéeé, which in turecavenges superoxide anions known to be elevatdthletic
arte2irg9].

279
The288sults obtained from the present study whichwed that treatment of diabetic
rat28ith the L-arginine leads to significant refilmic in blood glucose level is in
agré8tent with reports by Broca et al. [10], and ba attributed to its effect on
enzg&®:s that digest carbohydrates leading to eedserin glucose absorption in the
inte28de.

285
The8@nificant reductiorin level of MDA indicates a decrease in lipid padation
and2®8i2 antioxidant enzymestalase and reduced glutathione significantlygased
as 288t of the treatment indicating the reductboxidative stress and ROS in the
tred288 groupwhich may be attributed an antioxidation effectred L-arginine [7].
Lipid9profile results show high efficacy of L-argme in reducing triglyceride and
LDL2fEvels and improving HDL level and these dateravin line with reports bifu et
al. [22P

293
The2@dhtioxidant enzymes, reduced glutathione artdlase increased significantly
(P<R9®1) after treatment with L-arginine from Orig/dl in diabetic group to 0.9
mg/206in treated group, showing treatment with Btaine increased reduced
glut2®Tione by 80%, and increased catalase byb%a&m 11.9 U/L in diabetic group
to 1298 U/L in treated group. This data is in limigh studies by Li et al. [12].
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A daf¥ct in nitric oxide function develops very lgan diabetes mellitus and affect
vasB0r reactivity. Atherosclerotic cardiovasculeease that affect patients with
dial3&@s mellitus may be resulted from the decreisbdlOS protein in endothelial

cell38(43].
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NitrBDOxide has important effects on cardiovascslgstem and affects cardiac
fun@idh. Cardiac muscle contract in response @ntbal transmitters, oxygen
tengibh and physical factors by modulating transbrame calcium currents, intra-

cellgEz calcium level, and the contractile protejh4].

SorBéZtudies show that diabetes stimulate altesatbcalcium handling and
decBddse nitric oxide production in coronary ehdll cells, due to
tetr&hpdrobiopterin deficiency, and in the contitagiroteins that impair myocardial
fun&idh independent of altered metabolism [15]théugh impairement of the NO
pat®d/dy may activste atherogenesis, exogenousabitvate endothelium
dovair@gulates pro-inflammatory activity, such atokines secretion, and functional

actigity, such as transendothelial migration ofrgiacytes [16].

320
Corgddsion
The study shows that administration of L-arginioeliabetic rats increase HDL, 322
reduced glutathione and catalase, while it deceeaB&, TAG, Cholesterol and 323
MDA. It also increased the expression of eNOS iarthiéssues of diabetic rat. 324
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p-value < 0.001
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Figd295: eNOS expression in heart tissues inmiffegroup (show significant

decB&8se in diabetic group as compared to contwalpgat P value <0.001. and
sigrifiéant increase in treated group as compaiiéd diabetic group at P value
<0.@G32.

333
334
335
336

337



338

ReféBthces

1- \84la S, Roglic G, Green A, Sicree R. and King Hlokal prevalence of diabetes:
esti#dtes for the year 2000 and projections for02@Babetes Care. 2004. 27 (5):
1043453

343
344Renold AE Streptozotocin and alloxan in experimental diabhe@snparison

345f the two models in rat®iabetes Annu. 1988 4: 592-608.
346
34 aritim AC, sanders RA, and Watkins JB. Diabetexidative stress and

aiBoxidant: a reviewd Biochem Mol Toxicol 2003; 17: 24 — 38.

849Tapiero. L-Arginine" Biomedicine and Pharmacotherapy 2002 56 (9): 439—
350445.

851F6rstermann U, and Munzel T. Endothelial nitricdexsynthase in vascular
352iseaseCirculation. 2006; 113:1708-1714.

gngari F., Alfredo G., Maria A., Antonia P., Nicole Endothelial nitric oxide
355ynthase (eNOS) expression and localization intimeaind diabetic rat hearts.
356Annals of Clinical and Laboratory Science. 2001; B19-186.

357
358nnis M, Gelfand D, and Sninsky J. PCR Protocol§wde to methods and

35%pplications Academic Press, San Diego 1990; pp 1-482.

360

861Balligand JL, and Cannon PJ. (Nitric oxide syntisased cardiac muscle.
362Autocrine and paracrine influenceArterioscler Thromb Vasc Biol 1997;

36317:1846-1858.



964Sikorski BW, Hodgson WC, and King RG. Effect of hamglobin and N-
365itro-L-arginine on constrictor and dilator respenef aortic rings from
366streptozotocin diabetic ratSur J Pharmacol 1993; 242:275-282.

367

268Broca C, Breil V and Cruciani GC. Aminoacid Suppiortthe prevention of
36%iabetes and diabetic complicatiodgn. J. physiol. Endocrinol .Metab 2004;

3787:463.

371

RIZelaco M, Grilli A, Gorbunov N, Di Napoli P, De Lliig MA, Di Giulio C, and

373onti P. Endothelial NOS expression and ischempasfesion in isolated
374working rat heart from hypoxic and hyperoxic coratis. Biochim Biophyis
37%Acta 2000; 1524:203-211.

376

3Z27Ritz E, Fliser D and Nowicki M. Hypertension andsealar disease as
378&omplications of diabetedaragh JV, Bernner BM eds. New York, NY: Raven
37%ress Ltd 1995; 2321 — 2334.
280Caballero F, Gerez E, Batlle A and Vasquez. Prewverspirin treatment of
381streptozotocin induced diabetes: blockage of onidadtatus and prevention of
38Zheme enzymes inhibitio€hem biol Interact 2000; 126:215-225.
14-3@8han P, Brutsaert DL, and Sys SU.: Myocarg&iformance is modulated by
inteB&dtion of cardiac endothelium derived nitricxide and prostaglandins.

Car8igdrasc. Res; 1995. 29:637-640

386



2BMeininger CJ, Marinos RS, Hatakeiama K, Martinegaialan RD, Rojas J,
38&elly KA, Wu G. Impaired nitric oxide production coronary endothelial
38%ells of the spontaneously diabetic BB rat is dutetrahydro- biopterin
39eficiency. Biochem J 2000; 349: 353-356.

391

28Z-owler AA II, Fisher BJ, Sweeney LB, Wallace TAhthrajan R, Ghosh SS,
393Ghosh S. Nitric oxide regulates interleukin 8-gerpression in activated
394endothelium by inhibiting NF-kappaB binding to DNéffects on endothelial

395unction. Biochem Cell Biol 1999; 77:201-208.

397
398
399
400

396



