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ABSTRACT

The present study was conducted to investigate the effect. of L-Arginine (Arg) supplementation
on protein oxidation as well as Paraoxonase (PON) activities in rats received either normal or high
cholesterol diet with or without 3% Arg in drinking water. Hypercholesterclemia (HC) was induced
in rats by feeding diet containing cholesterol 5%, cholic acid 1% and propylthiouracil 0.5%. The
spectrophotometric analysis methods were used for determination of lipid profiles as well as
oxidative stress biomarkers in the plasma and liver tissues of rats. The results of current study
revealed that the feeding of rats with Hypercholesterclemic Diet (HCD) resulted in significant
increased of Atherogenic Index (Al) by 256% in respect to control rats. Arg supplementation to rats
with HCD resulted in decrease of Al by 152% comparison with rats received HCD. Moreover,
administration of Arg with normal or HCD attenuates the protein oxidation as well as lipids
peroxidation in compared to intake of HCD alone. As a result of HCD feeding, plasma arylesterase
{ARE) activity was decreased by 30% while in liver it decreased by 36%. Furthermore, paraoxonase
activity (PON1) was decreased 42 and 74% for plasma and liver, respectively. On the other hand,
the treatment with Arg ameliorates both activities in the plasma and liver in comparison with HCD.
Arg preserve thicls and nitric oxide level, thereby reducing oxidative stress associated with
increased cholesterol level. This may be related antioxidant effect of this amine acid. Therefore, Arg
has beneficial effects in the treatment of HC thruogh decreases the proteins oxidation as well as
preservation of high density lipoprotein function through maintaining PON activity.
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INTRODUCTION

Inecrease of cholestercl in the blood is associated with increase its level in the tissues leading to
oxidative stress (Kumar et al., 2008). Under these conditions xanthine oxidase (0OX) (K.C.1.2.3.2)
uses oxygen molecules as electron acceptors to produce superoxide radicals beside uric acid
{Asai et al.,, 2007). Superoxide can be convert Nitrie Oxide (NO) to peroxynitrite that mediate
nitration of sulfur and aromatic residues of amino acids in polypeptide chains (Dalle-Donne ef al.,
2005). Moreover, superoxide itself can react with cysteine residues of sulfur containing amino acids
as well as it can be converted to H,O, and hydroxyl radical. This radical can reacts with either
aliphatie, sulfur containing or aromatic amino acid, leading to activation or inhibition of the protein
functions (Schoneich and Sharov, 2006). Additionally, such radicals attack the polyunsaturated
fatty acids in the cells membrane particularly erythrocytes and vascular endothelium leading to
lipids peroxidation expressed as malondialdehyde (Marjani et al, 2007). The cellular defense
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against oxidative stress 1s carried out by enzymes system such as superoxide dismutase, catalase
and glutathione peroxidase. Also, cellular thiols like protein thiol, non-protein thiols as well as other
none enzymatic antioxidants systems (Cimen, 2008),

Paraoxonase is aryldialkylphosphatase (E.C. 3.1.8.1) as cne of antioxidant enzymes which
catalyze the breakdown of paraoxon, paraoxonase activity (PON) and arylesters, arylesterase
activity (ARKE). Moreover, this enzyme has important role in lipid metabolism (Draganov and
La Du, 2004). Paraoxonase-1 (FON1) 1s present in the serum on High-Density Lipoprotein (HDL)
and plays an important role in the degradation of lipid peroxides. Furthermore, PON protects
Low-Density Lipoprotein (LDL) and HDL from oxidation induced by free radicals
(Serdar et al., 2006). The paracxonase is member of antioxidant enzyme systems plays an
important role in the protection of proteins as well as lipids against oxidative damage
(Shetty et al., 2008). PON activity may be inhibited by increase of free radicals production
{Rozenberg et al., 2003).

NO is vasodilator; such molecule plays an important role in regulation of cardiovascular,
nervous and immune systems functions (MecGrowder and Brown, 2007). The production of NO is
decrease in response to oxidative stress; this may be one of the possible causes of complications
associated with dyslipidemia (Honing ef al., 1998). This decrease may be due to either deficiency
of L-Arginine (Arg) or a deficiency of some cofactors required for NO production by NO synthase
(Kl-Missiry ef al., 2004). Arg decreases the superoxide production as well as improve endothelial
function by restoration of NO levels (Kawano ef al., 2002). Moreover, Arg has protective effects
against reactive oxygen metabolites induced injury through interaction with these radicals;
therefore, Arg supplementation attenuates the oxidative stress (Tsai ef al., 2002),

Arg is used in treatment of Hypercholesterolemia (HC) but up till now the exact mechanism 1s
still unknown. Therefore, the objective of current study was to investigate the effect of Arg
supplementation on PON1, ARE activities of PON enzyme as well as proteins oxidation in rats
supplemented with diet induced HC.

MATERIAL AND METHODS

Chemicals and instruments: Paraoxon, phenylacetate, cholic acid, L-Arginine, 5,5'-Dithiobis
(2-nitrobenzoic acid), thiocbarbituric acid, tetraethoxypropane, guanidine-HC] and Tris HCl, were
supplied from (Sigma Chemical Co., St. Lous, MO, USA). All of the remaining chemicals are of
analytical grade. Beckman XI1-70 ultracentrifuge, 100,000 rpm (USA), JENWAY spectrophotometer
model 6105 UV/VIS. Centrifuge Sigma 8K 20, up to 10,000 g (Germany), Homogenizer: Janke and
Kunkel TKA 8,000-20.500 RPM (Germany).

Animals: Male wistar albino rats were obtained from animal facility. The animals were housed in
animal house unit, in the Department of Pharmacology, College of Pharmacy, Al-Azhar University.
The animals were received standard diet and water under standardized conditions away from stress
condition. The standard diet was composed of 72.2% carbohydrate, 3.4% fats, 19.8% proteins,
3.6% cellulose, 0.5% vitamins and minerals and 0.5% salts. The animals were housed in metalic
cages under standard laboratory conditions (12 h light/dark cycles at 25+£2°C) with free access to
standard rat pellet food and water. The rats were left for 2 weeks for acclimatization.

Experimental design: This study was carried cut on 24 male wistar albinc rats weighing
180+210 g and rats were divided into 4 groups, 6 rats in each group. Group 1; normal contrel (C)
the rats were fed on standard diet pellets. Group 2; rats were fed on standard diet pellets plus 3%
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Arg in drinking water (White et al., 2004). Group 3; rats were supplemented with HCD in which
the dietary chow was supplemented with 4% cholesterol, 1% cholic acid and 0.5% propylthiouracil
{Deepa and Varalakshmi, 2006). Group 4; rats were received Arg in drinking water 3% in addition
to HCD. The experimental protecol was carried out for 2 months. Experiments were conducted
according to the guidelines of institutional animal ethical committee of College of Pharmacy,
Al-Azhar University, Nasr City and Cairo, Egypt.

Preparation of blood and tissues specimens: All rats were allowed to fast for 12 h at the end
of experiment. and then sacrificed under diethyl ether anesthesia. Blood samples were drown by
cardiac puncture and collected into heparinized centrifuge tubes and left to stand at room
temperature for 10 min, then centrifuged at 3000 rpm for 10 min. The isclated plasma samples were

stored at-20°C until analysis. The homogenate of liver tissue was prepared based on the previously
described method of Feillet-Coudray et al. (2009).

Determination of plasma lipids profile, liver funections and kidney functions tests: The
plasma level of Total Cholesterol (TC), High Density Lipoprotein Cholesterol (HDL-C),
Triacylglyeercl (TAG) and Low Density Lipoprotein Cholesterol (LDL-C) were measured and used
for Atherogenic Index (Al) calculation. Uric acid, urea, creatinine, Alanine Transaminase (ALT),
Agpartate Transaminase (AST), Alkaline Phosphatase (ALP) were determmned using a commercially
available kit (Biocon Diagnostie, Germany). Hepatic lipids were assayed after extraction by using

the method of Folch et al. (1957).

Assay of oxidative stress biomarkers: Protein oxidation was assayed by measuring of Protein
Carbonyl (PCO) content according to the method of Levine et al. (1994). Total protein content was
determined by the method of Lowry et al. (1951) and method of Hu (1994) was used for
determination of total thiols (TSH) by using Ellman’s reagent. (5,5'-Dithiobis {2-nitrobenzoic acid)).
Furthermore, Malondialdehyde (MDA) was determined spectrophotometrically as indicator of lipid
peroxidation by the method of Ohkawa ef al. (1979). Plasma nitrate levels were determined by a
colorimetric method based on the Griess reaction (Moshage et al., 1995).

Plasma paraoxonase-l/arylesterase assay: The activity of PONI1 toward paracxon was
determined by measuring the initial rate of substrate hydrolysis to p-mitrophenaol. While plasma

arylesterase activity of PONI 1s measured using phenylacetate as substrate (Ayub et al., 1999).

Paraoxonase-l/arylesterase activity in liver tissues: PON1 activity toward phenylacetate
in supernatants was assayed by the same method as in plasma. Whereas, PON1 activity toward
paraoxon was measured as following. Ten microliters of liver homogenate were mixed with 300 uL
of the reaction buffer containing 50 mM Tris HCl (pH 8.0), 2 mM paraoxon then 2 mM CaCl, and
the increase in absorbance at 405 nm. Enzyme activity in tissues was expressed in U mg™ of
protein.

Statistical analysis: Statistically differences between the studied groups is determined using

one-way analysis of variance (AINOVA) followed by the Tukey-Kramer post analysis test to compare
all groups. The data were expressed as MeantStandard Dewviation (SD), p<0.05 were considered
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significant. GraphPad Prism® was used for statistical calculations (Version 5.00 for Windows,

GraphPad Software, San Diego California USA).

RESULTS

In the present study, the feeding of cholesterol rich diet caused marked increase of TC, TAG and
LDL-C and atherogenic index while HDL-C is decrease as compared with the rats received
normal dietary chow (Tablel). Moreover the feeding of cholesterol rich diet caused marked
increased of liver content of total lipids, TC as well as TAG (Table 2). Also, such diet caused a
moderate increase in the activities of ALT, AST and ALP in comparison with intake of normal

Table 1: Plasma level of TC, HDL-C, TAG, LDL-C, Al, ALP, ALT, AST, CRE, BUN, PCO, TSH and MDA of rats groups fed a normal
diet, anormal diet with Arg, a hypercholesterolemic diet or a hypercholesterolemic diet with Arg

Experimental groups

Parameters 0] Arg HC HC + Arg
TC (mg dL7 Y 55.6+4.16 52.2+1.82 126.9+13.82¢ 77.46+8. 79282
HDL-C (mg dL.™% 36.8+4.70 36.554.54 19.4+3.98>° 34.3£2.54°
TAG (mg dli™Y) 61.4+11.7 58.9£14.7 117.0£10.13¢ 93.3+22.3%¢
LDL-C (mg dLi™Y) 6.55+£2.37 4.22+1 .69 32.5+12.2¢¢ 21.7+12.4%¢
Al 1.42+0.17 1.34+0.21 5.06+1.71%° 1.73+0.18°
AST(UL™ 31.7+6.44 30.3+4.33 42.0+8.672 36.2+6.67
ALT(UL™Y 23.8+8.01 26.2+7.39 47.446.73%¢ 32.5+9.66°
ALP (UL 37.7£5.49 38.2£7.65 59.445.29%° 47.3+7.60°
CRE (mg dL.™) 0.67£0.31 0.66+£0.25 0.71+£0.29 0.62+£0.24
BUN ¢(mg dL.™9 24.7£7.94 23.448.91 32.9+£7.39 29.0+9.76
UA (mg dL %) 2.98+0.84 2.73+0.88 7.32+1.4°" 3.85+1.06°
PCO (nmoLi mg ™! protein)  0.559+0.18 0.49+0.21 2.15+0.972¢ 0.69+0.21°
TSH (uM) 342+39.5 332+41.5 233+30.92b 310+20.0F
MDA (uM) 0.57£0.25 0.44+£0.16 1.88+20.6 0.89+0.18

Data were tested by one-way analysis of variance and represented as Mean+SD. Six rats in each group (n = 6). Tukey's post test was
performed to determine differences between mean values. Within a row, statistically different values are marked with superscript letters
when a significance was observed at p<0.05. TC: Tatal cholesterol, HDL-C: High density lipoprotein cholesterol, TAG: Triacylglyceral,
LDL-C: High density lipoprotein cholesterol, ALP: Alkaline phosphatase, ALT: Alanine aminotransferase, AST: Aspartate
aminotransferase, CRE: Creatinine, BUN: Blood urea nitrogen, PCO: Protein carbonyl, TSH: Taotal thiols, MDA: Malondialdehyde

Table 2: Liver levels of Total Lipids (TL), TC and TAG, TSH and MDA expressed per (g) of liver tissues while PCO expressed per (mg)
of protein of rats groups fed anormal diet with Arg, a hypercholesterolemic diet or a hypercholesterolemic diet with Arg

Experimental groups
Parameters C C+Arg HC HC + Arg
TL mg g~ Y 42.5411.9 37.5L7.97 71.1+10.5% 53.3£10.2
TC (mg g4 655+2.15 6.36+1.70 19.6+4. 15 11.44+2 9355
TAG (mg g 4.47+1.33 411+131 12.9+2.26%> 758+1.4230
TSH (m moL g™ 10.4+2.40 11.043.40 5.23+1.99*° 9.87+3.25°
MDA ¢(umoL g™ 48.4+£10.7 45.8+11.5 80,447 95%F 60.3£7.73°
PCO (nmolLi g™ 1.83+0.27 1.484+0.45 3.69+£0.88%° 2.04+0.45°

Data were tested by one-way analysis of variance and represented as Mean+SD. Six rats in each group (n = 6). Tukey's post test was
performed to determine differences between Mean values. Within a row, statistically different values are marked with a, significant from

control at p<0.05, b, significant from control plus Arg at p<0.001 and ¢, significant from HC at p<0.05
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Nitrate (u moL L™")

Control Control + Arg HCD HCD + Arg

Groups

Fig. 1. Plasma nitrate level of rats groups fed a normal diet, a normal diet supplemented with Arg,
a hypercholesterolemic diet or a hypercholesterclemic diet supplemented with Arg. Data
were tested by one-way analysis of variance and represented as Mean£5D. Six rats in each
group (n = 6). Tukey's post test was performed to determine differences between mean
values. Within a row, statistically different values are marked with a, significant decrease
from control at p<0.05, b, significant decrease from control plus Arg at p<0.001 and ¢,
significant increase from HC at p<0.05

diet or normal diet with Arg 3% (Table 1). Conversely, the supplementation of Arg with
hypercholesterolemic diet improves liver functions as compared with rats fed this diet alone.
Furthermore, administration of Arg at dose 3% in drinking water er HCD not induced harmful
effect. on kidneys of rats as indicated by normal level of creatinine and urea in the investigated
groups, Table 1 shows the statistical data of these investigations.

PCO and TSH were measured as a biomarker for protein oxidative damage. In the present
study the additions of Arg to the normal or hypercholesterclemic diets significantly attenuate the
level of PCO in plasma shown in Table 1 and in liver tissues shown in Table 2 at p<0.001. Also, Arg
administration preserves TSH at wvalue near that of normal, while the rats received HCD alone
exert marked decrease of TSH level (p<0.001) for plasma and (p<0.01) for liver in respect to rat
received normal diet. Regarding to MDA, the current results showed that HCD giving elicit a
significant increase of this parameter in both hepatic tissues as well as plasma compared with
normal diet (p<0.001). Arg treatment with HCD normalizes MDA level as compared with intake of
HCD alone (p<0.001).

Intake of HCD induced significant decrease of plasma nitrate level in comparison with rats
received normal dietary chow (p<0.01). On the other hand, Arg supplementation with standard diet
or HCD significantly increases the nitrate level in comparison with HCD (p<(0.01}. The statistical
data of these results is represented in Fig. 1.

ARE and PON1 activities were depicted in Table 3, the current investigations revealed that
there is a significant decreased of both ARE and PONI1 activities as a result of HCD feeding in
comparison with normal dietary chow feeding in both plasma (p<0.001) and liver tissues (p<0.01).
On the other side the supplementation of rats with 3% Arg in drinking water with standard diet
or HCD markedly preserve hoth enzymatic activities (PON1 and ARE) in respect to the rats
received HCD without any treatment (p<0.001).
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Table 3: Paraoxonase-1(PON1) and Arylesterase (ARK) activities in plasma and liver of rats groups fed a normal diet, a normal diet
supplemented with Arg, a hypercholesterolemic diet or a hypercholesterolemic diet supplemented with Arg

Experimental groups
Parameters 0] Arg HC + Arg HC + Arg
Plasma (U L™)
ARE 139.4+11.27 140.1+12.95 97.53+15.0130 136.2+13.88°
PON1 129.5+9.545 135.0+8.532 74.83+£26.7330 123.2+11.07°
Liver (U mg™! protein)
ARE 3.23+£0.66 3.4210.61 2.053£0.55%° 3.47+£0.81°
PON1 3.48+0.88 3.92:0.86 1.85+0.49° 3.56+£0.72

Data were tested by one-way analysis of variance and represented as Meant+SD. Six rats in each group (N = 6). Tukey's post test was
performed to determine differences between mean values. Within a row, statistically different values are marked with superscript when,

significant value was observed at p<0.05

DISCUSSION

Exposure of biomolecules particularly proteins to reactive species was resulted in modification
of amino acids residues, altering their structure and functions (Beal, 2002},

The feeding of rats with cholesterol rich diet resulted in an increased lipids profile and liver
function tests. Arg supplementation to rats with such diet associated with amelioration of these
parameters. These finding are in agreement with study of Sadeghi-Hashjin et al. (2009) reported
that Arg administration improved the lipids abnormalities caused by high cholestercl feeding.
Moreover, the observations reported by earlier scientists support the finding of the present study
{Rossiteh ef al., 1991; Hurson et a@l., 1995). On the other hand Taboada et al. (2005) demonstrated
that Arg treatment did not affect plasma lipids level in hypercholesterolemic animals model.

The uric acid is determined in this work as indicator for increase of XO activity while the
creatinine and urea were determined to exclude the renal effect on plasma uric acid levels. The
supplementation of rats with Arg plus hypercholesterolemic diet was associated with normalization
of uric acid level. These finding are with the same observation of White ef al. (2004) demonstrated
that, Arg normalize the elevated XO activity induced by high blood cholesterol concentration. This
effect of Arg may be due its ability to decrease hepatic injury along with decrease of elevated XO
activity. This finding is supported by another study demonstrated that, Arg treatment decrease of
both ALT and XO activities during liver injury (Vega ef al., 2000). Moreover, it has been
demonstrated that Arg administration reduces liver damage associated with increased cxidative
stress (Angele et al., 2000),

Cellular thiol mostly GSH and other thicls play important role in protection of lipids and
proteins against oxidative damage. Therefore, the decrease of thiols levels in biclogiecal systems,
making them more susceptible to oxidative injury (Nagy ef al., 2007). In the present study,
supplementation of rats with Arg beside the normal or HCD preserves the thiols levels; also, Arg
minimizes the protein oxidation as well as lipids peroxidation. The decreases of thiols by HCD
feeding make the proteins more liable to damage by excessive free radicals produced by HC. As the
results of increase oxidative stress, the protein carbonyl is increased. These findings are in
agreement with the previous study demonstrated that there i1s an increase of protein oxidation in
response to cholestercl induced oxidative stress (Ozdemirler et al., 2001). This may be attributed
to increased proteins damaging at lysine, arginine, proline and threonine in the polypeptide chains
(Amici ef al., 1989). Administration of Arg minimizes proteins oxidation as indicated by attenuation
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of PCO formation in both plasma and liver tissues. These observations are similar to the study of
Tripathi et al. (2009) reported that Arg administration improve lipids abnormality as well as
minimizes the protein oxidation.

The decreased PON1 activity is due to either decreased HDL-C level or increased cxidative
stress. This 1s in agreement with previous demonstration reported that the decreased of both ARE
and PONI1 activities due to impaired the antioxidant capacity (Dirican et al., 2004). Therefore,
PON1 activity 1s decreased due to consumption of PONI in the prevention of oxidative stress
(Aviram ef al., 1999). Free sulthydryl at cysteine residue is necessary for the paraoxonase activity;
the decrease of TSH in this investigation may be one of the causes for decrease of PON1 activity.
Whereas another examination demonstrated that there is a positive correlation between TSH and
PON1 activity (Shetty ef al., 2007). This 1s supported by another study reported that oxidative
stress inhibits PON activity while thicl containing antioxidants supplementation restores its activity
{Costa et al., 2005). HC 1s associated inflammatory reactions; it well known that PONI1
activity may decrease during the inflammatory condition (Baskol ef al., 2006). Thus, it can also
be suggested that increased utilization of PON1 for the prevention of inflammation induced by
elevated blood cholestercl level. The preservation of PON1 activity by Arg supplementation may
be either due to decrease of free radicals production, preservation of cellular thicls as well as
maintenance of HDL-C level, whereas, many study demonstrated that Arg exert antioxidant effect
(Lass ef al., 2002).

Increased blood cholestercl level leads to decrease of Arg availability; consequently, the
biclogical activity of NO 1s decreased. Furthermore, the NO 15 converted into peroxynitrite which
mediated the cells damage associates with atherosclerosis (Subratty et al., 2007). In the present
study nitrate level as marker for NO production is decreased by HCD feeding, these finding are
corresponding to the observation of Boger et al. (2004). The same study reported that the NO
synthesis is decreased in HC either due to the availability of Arg 1s impaired or increase of
asymmetric dimethylarginine concentrations as NO synthase inhibitor.

CONCLUSION

Free radicals production is increased in HC, the thiol groups are attack by these radicals. PON1
contains free thiol groups at cysteine residues; therefore, such enzyme 1s inactivated by the free
radicals. Argintake improves the alteration of liver function in response to elevated cholesterocl in
the rat as well as it decreases the Al. Also, Arg treatment preserves NO level as well as total thiols
contents, thereby reducing oxidative stress associated with HC. A reduction in XO activity by Arg
treatment may be related antioxidant effect of this amino acid. These effects leading decrease the
proteins oxidation as well as preservation of beth ARE and PON1 of paraoxonase enzyme.
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