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ABSTRACT
Objective: The aim with the present study was to  determine that arginine 
ahect to  the level o f IL-6, >U17 and H t f  in high-fat diet-induced hype* 
choiesterolemia in fats. Material and Methods: Male Wistar rats in eight 
weeks old <n-3b) were divided into five groups, one group as a control 
(O  were given standard r fed ard four groups were given high-tat diet 
(Hfd) with fats from beef tallow One group of high-fa: diet rats recieved 
no arginine, three groups were recieved arginne in doses of 100. 200 
and 400 mg/kg/day each for three weeks After tw o weeks of treatment, 
blood cholesterol were measur ed, while serum level of ?L6, lb 17 andTGF-p 
were measured a: the final five weeks of this protocol by EUSA methods 
Results: There were no significantly different between groups, which 
received dr“ erer: doses of arginine (p>0.0&). IL17 of high-fat diet received 
arginine of doses 100 and 200 mg/kcyday were significantly higher com
pared to  Ngh-^at diet received no argimne and control group Interestingly.

IL-1? in high-fat diet group received arginine of doses 400 mgfkg/day were 
lower compared to  groups received lower doses o f arginine, T u Q  levels 
in the high-fat diet group's recieved arginine were lower compared to control 
group Conclusions: The effect of arginine or cytokines plays the role or 
vascular inf;animation due to high-fat diet
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INTRODUCTION
Food contains nutritional components tiiat can be categorized by macro
nutrients including carbohydrate, fat and protein along with micronutri
ents. Dietary lilt is a needed lor energy, cellular membranes, biosynthesis 
of hormone and media for fat-soluble vitamins. Postprandial lipidemia 
is a physiological response after consuming a meal-contained fat, indude 
increasing concentration of triglyceride (TG), very low-density lipoprotein 
(VLDL) cholesterol, and chylomicron; decreasing concentration of high- 
density lipoprotein (H DL) cholesterol; and has no effect on concentration 
of low-density lipoprotein (LDL) cholesterol.1
The high-fat diet leads to distributional shifts of VLDL, LDL and HDL 
particle sizes, numbers, and plasma concentrations, ihe various partide 
sizes demonstrated both pro-atherogenic (large VLDL and small LDL) 
and anti-atherogenic (large LDL) effects.2 A high fat diet is usually 
followed by transient endothelial dysfunction in assodation with raised 
triglyceride-rich lipoproteins, lead to obesity that induce vasculature 
oxidative stress w B h  contributes to endothelial dysfunction and high 
blood pressure as a major risk factor for the development of cardiovas
cular diseases ‘ Abnormal vasoactivity after a fatty meal is refijced hy 
addition of antioxidants to the meal, showing that postprandial oxidative 
stress plays an important role. However the effects of high-fat diet on 
vascular oxidative status and endothelial function remain unknown.5 
The healthy vascular endothelium senses mechanical stimuli, such as 
pressure and shear stress, and hormonal stimuli such as vasoactive 
substances by releases agents that regulate vasomotor function, trigger 
vascular wall inflammatory processes, and affect hemostasis. A wide 
range factors are produced to regulate vascular tone, structure and exerts 
anticoagulant, antiplatelet fibrinolytic properties, cellular adhesion, smooth 
muscle cell proliferation, and vessel wall inflan relation* The maintenance
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of vascular tone is £j%ieved with the release of various dilator and con
strictor substances. Nitric oxide (NO) is the main vasodilative substance 
released by the endothelium, the other endothelium-derived vastniilators 
are prostacyclin and bradykinin. Prolonged and or repeated exposure 
for cardiovascular risk factors may reduce the protective effect of endo
genous system of anti-inflammatory in endothelial cells. As a result, 
endothelial cell become dysfunctional and also lose integrity, progress to 
aging, as well as drop it onto the circulation.* gag
NO is produced in the endothelium by conversion L-arginine into 
L-citrulline by the enzyme constitutive, endothelial nitric oxide synthase 
(eNOS). Although both the L- and D-enantiomers of arginine are 
present in the human circulation, only L-arginine is used by eNOS as the 
substrate for production of NO, NO plays an important role to maintain 
the homeostasis of the cardiovascular system to regulate vasodilation.' 
Moreover NO plays a role for angiogenesis, inhibit the proliferation of 
smooth muscle cells of blood vessels, reduce the expression of adhesion 
molecules and inhibit the release of endothelin-1, which plays a role 
in the mechanisms of vasoconstriction of blood vessels.* LQgimne is 
considered as the substrate for eNOS and very important for endothelial 
health. A number of initial experiments using animal models to investigate 
the efficacy of potential supplementation of L-arginine in reversing 
endothelial dysfunction in pathological states. Numerous studies that 
support the benefits of supplementation with L-arginine acute and 
chronic endothelial NO production were earf u l out in animal models 
and human subjects.4 Clinical trials using L-arginine in the treatment 
of coronary artery and peripheral artery disease, as well as in the preven
tion of in-stent restenosis were carried out. lire mechanism of benefit 
of L-arginine on endothelial function is not dear, because the concen
tration of intracellular L-arginine far exceeded that required by eNOS 
L-arginine in atherosclerosis patients could elevated levels o f asymmetric
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dimethylarginine, an endogenous inhibitor of eNOS. L-arginine supple
mentation may be needed in special conditions such as senile dementia, 
erectile dysfunction, and male infertility, malnutrition, ammonia produc
tion, burns, inf ections, peritoneal dialysis, rapid growth, sepsis and improv
ing athletic performance.11
Endothelial dysfunction has been proposed to be an early symptom of 
pathophysiological importance in the atherosclerotic process. Low-density 
lipoprotein (LDL) modified by oxygen radicals to oxidized LDL (oxLDL), 
which in turn induces endothelial cells to express adhesion molecules. 
Monocytes and T cells bind to adhesion molecules-expressing endothelial 
cells and respond to locally produced chemokine'sby migrating into the 
sub endothelial tissue. Scavenger receptor mediated macrophage uptake 
of ox -  LDL particles, which causes the accumulation of intracellular 
cholesterol and the formation of loam cells and promote the production 
of many pro-inflammatory cytokines including interferon-ct (IFN-a) 
and tumor-necrosis factor (TNF).n These cytokines and others prompt 
maemphage activation, production of other pro-inflammatory mediators, 
activate endothelial cells, increased expression of adhesion - molecule 
and the propensity of thrombus formation and activate proliferation of 
smooth muscle - cells and collagen production,12 Cytokines and growth 
factors cause the proliferation of smooth muscle that will lead to athero
sclerotic plaque. Plaque inflammation might be attenuated in response to 
the anti-inflammatory cytokines Interleukin-10 (IL-10) and transform
ing growth factor-ci {TGF-a), which are produced by several cell types 
including regulatory T (Treg) and helper T (Th) cells, macrophages, and 
for TGF-a. also vascular cells and platelets. Morever. macrophages also 
produce anti-inflammatory cytokines IL-10 and TGF-p which triggers 
Treg differentiation!'

Vascular endothelial response to high level of blood cholesterol wJH 
marked with the level of cytokines IL-6, IL-17 and TGF-p. Interleukin-6 
and TGF-p triggers T h 17 to produce IL-17 and IL-10, which in this case 
IL-17 can induce anti-inflammatory effects t^fjfrugh suppression of Thl 
ceil differentiation pathogens.11 Interleukin-17 is a pro-iif||m7matory 
cytokine that has six isoforms with five receptor subunits. Cells can be 
activated by IL-17 is the epithelial cells, endothelial, and fibroblasts, as 
it also macrophages and dendritic cells,M Interleukin-17 pathwaQrtivalion 
that occurs through nuclear factor (NF)-kB ^Q^ses the gene expression 
of pro-inflammatory cytokines such as tumor necrosis factor-a (TNF-a), 
iL-1, IL-6, and granulocyte-macrophage colony-stimulating factor (GM- 
CSF)), chemokine, matrix metalloproteinase and antimicrobial peptides. 
Interleukin-17 increases granulocyte colony-stimulating factor (G-CSF) 
for the recruitment of neutrophils to sites of inflammation. This is 
related to the notion that IL-17 plays a role in the formation of athero
sclerotic plaque.16 Interleukin-6 is a pleiotropic cytokine, secreted by 
cells of the immune system such as non-specific dendritic cells, mono
cytes, macrophages mast cells, B lymphocytes, fibroblasts, endothQ^l, 
keratinocytes and activated T cells. Many studies have shown that LL-6 
plays an important role to regulate the Mlance between Thl7 and Treg 
w’h k h  produces IL-17.17 Furthermore, Yl-6 and IL-23 in combination 
with IL-1 p and Transforming growth factor p (TGF-p) w'ere able to 
induces Q .1 differentiation o f naive i become Th 17. By contrast, IL-6 
inhibits the differentiation of naive T into Treg. Transforming growth 
factor p is a multifunctional cytokine^ produced by non-immune cells 
and immune, including macrophages. While it is known that TGF-p 
plays an important role in the regulation o f cellular, b f lm u c h  is still 
unknown pathway activation. Proteases, integrals, pH and reactive oxygen 
species (ROS) is a factor known to play a role in activating TGF-p.M 
In this stud)r , the effect of arginine on IL-6, IL-17 and TGF-p levels in 
high-lat diet-induced hypercholesterolemia in rat was reported.

MATERIAL AND METHODS
This study wras carried out on eight weeks old male Rattusnorvegicus 
strain Wistar with a body weight of 250-300 grains. The rats were 
obtained from animal breeding in Faculty of Pharmacy Andalas University, 
acclimatized lor one wreek in a room temperature w ith ad libitum access 
to water ami food. There were 35 of rats that divided into five groups, one 
group of rats as a control group (C) were given standard rats ted, whereas 
four groups of rats were given high fat diet-fed with fats from beef 
tallow'. One group of high-fat diet rats revcieved no L-arginine (Hfd), 
w'hile three groups were recieved L-arginine {Sigma Aldrich, St. Louis, 
MO, USA) in di flerent doses ofl00mg/kg body W'eight/day, 200 mg/kg body 
weight/day and 400 mg/kg body wreight/day (Hfd+ArglOO, Hfd+Arg200 
and Hfdt Arg400). L-arginine was disolved in water and given orally for 
three weeks. After two weeks of this protocol, 1 ml blood were collected 
from medial canthus sinus orbaitalis to determine the level of total 
cholesterol (Microlab 300). At the final five weeks of this protocol, rats 
were cervical dislocated under ketamine annesthesia. Blood was colected 
from the heart to determine serum level o f IL-6, IL-17 and TGF-P (Bio 
Legend) by ELLSAp«ethods.
The procedures of this study were approved by the Ethical Committee o f 
Faculty of Medicine Andalas University (Reg.067/2015)

Dat^naiysis
Data were presented as mean ± standard deviation (SD). Statistical anal
ysis was performed using one-way analysis o f variants (ANOVA). When 
data were in normal distribution, then followed by multiple comparisons 
Post Hock Test Benferonni. A value of P <0,05 indicates statistical 
significance.

RESULTS
Our results show's that afthe end of five weeks study, the body weight of 
the rats were increase on the average 6-8 % compared to baseline body 
weight. Blood total choiesterolthat were measured after two weeks of this 
protocol to difine hypercholesterolemia was sh o \Q  in table 1. Total 
cholesterol level of the groups of rats with a nigh-fat diet (Hfd, 
Hfd f ArglOO, Hld fArg200 and Hid * Arg4(X)} were significantly higher 
compared to the control group received standard fed (C) (p<0,05), but 
no signilicantlv different between groups (p>0,05)
Serum level of IL-6, IL-17 and TGF-p shown in table 2. Using the 
Kolmogorov Smirnoftest was known that levels have IL-6 IL-17 and 
TGF-p was in a normal distribution, so that the data was processed using 
one way ANOVA test. In high-lat diet groups of rats received no argi
nine (Hfd), the IL-6 level was significantly higher compared to control 
group, and it wasalso significantly higher compared to the groups 
received different doses of arginine (p<G,Q5). The level oi IL-6 in high-lat 
diet group of rats received arginine were significantly lower compared to 
group received no arginine (Hid) and control group, and there wrere no

Table 1 : Cholesterol level (mg/dl) in the control group (C), high-fat diet 
group received no arginine (Hfd), and high-fat diet ggroup received 
arginine of doses 100 mg/kg/day (Hfd f ArglOO), 200 mg/kg/day 
(Hfd+Arg200) and 400mg/kg/day (Hfd+Arg400)

No Groups Mean±SD
1 C 55.6012.61

2 Hfd 88.6018.03

3 T2 86.70l6.63

4 T3 83.4418.40

5 14 90.43+6.05
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Table 2 : Serum levels of IL-6, IL-17 andTGF-p in the control Group (C), high-fat diet group reeieved no arginine (Hrd), and high-fat diet group 
recieved arginine of doses TOO mg/kg/day (Hrd+ArglOO), 200 mg/kg/day (Hrd+Arg20Q) and 400mg/kg/day (Hrd+Arg400)

No Group IL-6 (pg/ml) IL-17 (pg/ml) TGF-ll (pg/ml)

i c 35.20113.59 0.9510.56 18.06 ±10.97
2 Hrd 98.72± 13.59 0.9610.88 11.49 ±4.92

3 Hrd + ArglOO 17.72117.95 9.6412.86 13.27*5.96

4 Hrd+Arg200 15.49*5.09 7 J  1±4.09 13.391 4.52

5 Hrd+Arg4Q0 27.60118.88 0.6810.22 17.5917.37

Average values in the same column followed by differem superscript are significantly different (p<0,05)

signilicantly different between group received arginine in different doses 
(Hid tArglOO, Hfd+Arg200 and HldtArg400).
The level of L-17 in high-fat diet groups of rats received arginine of 
doses 100 and 200 mg/kg/day (Hidt ArglOO and Hfd+Arg200) were 
significantly higher compared to high-fat diet group received no arginine, 
high-fat d id group received arginine of doses 400 mg/kg/day and control 
group. The levels of TGF-p in high-lal diet groups of mtstend to be lower 
compared to control group, but there were no significantly different 
(p>0,05). There were no signilicantly different between groups in high-fat 
diet groups received arginine.

DISCUSSION
Prolonged feeding with fat-enriched diets induces an increase in body 
weight in susceptible rats in the range of 10% to 20% over standard 
chow-fed controls. In this study; an increase in body weight in a high-lat 
dietgroups of rats was in the range 6%-8%. That could be because the 
period of high-fat fed was five weeks, begins at the age of eight weeks. 
In high-fat diet rats the increasing of body weight probably as a conse
quence of changes in lipid metabolism and storage. Other study showed 
that high-fat diet rats for 30 weeks developed obesity characterized by 
increase in final body weight and fat-pad mass. Obesity induction is 
most effective when the diet is started at a young age and continues for 
several weeks.19
From these results, giving a high-fat diet fed derived from beef tallow for 
two weeks has increase blood cholesterol levels of the rats in. Beef 
tallow contains saturated fatty acids and chokQ rol, whereas obser
vational studies have shown that high intake of saturated fatty acids is 
positively associated with increasing levels of blood cholesterol and high 
coronary heart disease mortality rate.33 Saturated fatty adds will be 
absorbed in the gastrointestinal tract in the form of chylomicrons and 
enter the bloodstream. On the surface of endothelial lipoprotein lipase 
enzyme catalyzes the breakdown of triglycerides within chylomicrons to 
tat-free and energy. High fat consumption significantly not only increases 
IDL cholesterol levels, but at the same time increasing blood HDL 
cholesterol levels and thus automatically increasing total blood cholesterol 
levels. Several study shows showed that administration of fat in experi
mental animals for 18 days increases total blood cholesterol levels and 
triglycerides." While the other study by providing a high-fat diet and 
high cholesterol for three weeks in baboons, found that there was an 
increase in total cholesterol, LDL and oxidized LDL2 
A number of experimental studies in rats have reported that high-lat 
diet induces obesity and promotes metabolic and vascular alteration. 
Vascular endothelial response to high level of blood cholesterol in our 
study was marked with the level of cytokines IL-6, IIEBT and TGF-p. 
Interleukin-6 TGF-p and IL-6 triggers Thl 7 to produce IL-17 and IL-10, 
which in this case IL-17 can induce anti-inllammatory effects through 
suppression ol Thl cell differentiation pathogens.1* The level of IL-6 in a 
high-lat diet were higher compared to the control group received stan
dard diet fed. LDL cholesterol activates endothelial cells, macrophages.

lymphocytes, fibroblast and vascular smooth muscle to secrete 11-6. IL-6, 
as soluble mediator of the inflammatory resffjfeisewill diffuse from sub 
mucous lining into the vascular lumen,21 so that the high levels of'IL-6 
was d e tee tttin  the blood of high-fat diet rats.Arginine is a nitric oxide 
precursor, has an indirect antioxidant role and is a naturally occurring 
continuously released vasoactive agent that controls vascular tone. In 
our study, the level of IL-6 in the high-fat diet rats supplemented with 
arginine was lower compared to the high-lat diet rats with no arginine. 
Arginine may reduces oxidative stress and scavenges superoxide radicals 
and increase NO that reduced due to the inflammatory process, which 
augments endothelium-dependent vasodilatation in l^Berdioiestei oleinia 
rats. Study in patients with acute myocardial found that 1-arginine plays 
a significant role in reducing the modified s^Qin cholesterol levels and 
promotes the elevation of HDL cholesterol arginine reduQj oxidative 
stress and scavenges superoxide radicals." Arginine has a vasomotor 
effect through the production of endothelial derived relaxing factor 
Le. NO. Long term oral arginine administration in patients with hyper
cholesterolemia, hypertension, and smoking may improve endothelial 
function, but had no effect on endothelial function of patients with 
diabetes mellitus.*2
Cholesterol is anathcrogenic factor to the blood vessels, which triggered 
non-specific immune response nor specific.ln this study the levels of 
IL-17 in high-fat diet rats received low doses of arginine were higher than 
standard-diet fed rats. Interestingly, IL-17 level in high-fat diet group of 
rats received highest doses of arginine (400mg/kg/day) were lower 
compared to the high-fat diet rats received lower doses of arginine. It was 
due to The presence of high level od IL-6 and TGFjJ suppresses Th-17 
development that decrea |jj IL-17 production. IL-6 and TGFp are critical 
for Thl 7 differentiation m vitro and in vivo.12 IL-17 is predominantly a 
pro -inflammatory cytokine, Q ias pleiotropic and environment-specific 
functions. But the function ol IL-17 remains controversial, while one 
study found that IL-17 is protective against atherosclerosis, several other

«penl studies have suggested that IL-17 plays a pro-atherogenic role.11
duction of IL-17 in the presence of anti-inflammatory cytokines will 

provide a protective effect and regulation, hi this stud), a doses an 
periods of arginine supplementation play a role to possess numerous 
useful physiological properties and immunomodulatory eff^ ^  possibly 
by increasing NO secretion. A study demonstrate that iNOS is expressed 
in activated CD4' T cells, and NO derived from iNOS in activated CL)4‘ 
T cells suppresses T hl7 cell dev^elQnent. Their results support the 
concept that iNOS expressed by T  cells may play an important role in 
the develop i^ it of inflammatory" diseases by controlling Thl7 immune 
responses.2‘ Recently published that loss of suppressor of cytokine 
signaling-3 (SOCS-3) in mouse T cells increases both IL-17A and IL-10 
production, inducing an anti-inilammatory macrophage phenotype, 
which results in a reduction in lesion development and vascular inflam
mation. This suggests that IL-17 may have a protective role in atherogenesis, 
while other study' found that IL-17 also enhanced the in vivo immuno
suppressive effect of mesenchymal stem cells in an iNOS-dependent
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manner."The atheroprotecth'e effect of IL-17 se e Q  to be mediated at 
least in part by the regulation of other cytokines and by its inhibitory 
effect on VCAM-I expression, an adhesion molecule mediating the 
accumulation of monocytes and T cells within the lesions ’
TGF-p is a pleiotropic cytokine with potent regulatory and intlammatory 
activity. Hie multi-faceted effects of TGF-p on numerous immune func
tions are cellular and environmental context dependent. These results 
shores that the levels of TGF-fS in the high-fat diet rats were lower in 
compared to the control gmup. LDL cholesterol as an autoantigen 
induces chronic inflammatory response whereas TGF-(i plays a major 
role as regulator. TGF-|5 in the presence of 1L-6 drives the differentiation 
of T helper 17 O h 17) cells, which can promote further inflammation 
and augment autoimmune conditions. Severe hypercholesterolemia can 
induce a switch of autoimmune responses from fh l to lh2 effector type 
in atherosclerotic knockout mice and led to elevated circulating IG F p -1 
level.- ' TGF-p may increase the stability of plaques by inhibiting T cell 
responses and macrophage activation and by stimulating collagen 
synthesis.Through NO. arginine supplementation in this study may play' 
Q 'o le  in reducing ROS formation reduces endothelial inflammation, 
actively reduces LDL cholesterol and plays a vital role in attenuating the 
damage being caused due to oxidation of l ip id i l  High doses o f arginine 
[flay a role to induce inflammation due to the nigh level olTL-6and low 
level of IL 17. TGF-15 seem also induced to suppress the inflammatory 
process.

CONCLUSIONS
These study demonstrate that the arginine affect to cytokines that play a 
role in vascular inflammation due to high-fat diet.
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ABBREVIATIONS USED
TG: THglyceride; VLDL; Very' low-density lipoprotein; HI)L: High 
density lipoprotein; LDL; Low-density lipoprotein; oxLDL: Oxidized 
LDL; NO; Nitric oxide; eNOS ; Endothelial nitric oxide synthase; 
1FN-<k Interferon-a; TNF: Tumor-necrosis factor; 1L-10: Interleu
kin- 10; TGF-a: Transforming growth factor-a; Treg: Regulatory T; Th: 
T  Helper; NF: Nuckar factor; GM-CSF: Granulocyte-macrophage col
ony-stimulating factor; G-CSF: Granulocyte colony-stimulating factor; 
Hfd: High-fat diet rats received no L-arginine; Arg: Arginine; ANOVA: 
Analysis of variance.
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