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Abstract: Problem statement: Evaluate the effects of daily administration ofcérnitine and
cinnamon extract for two weeks on the expressionnstilin-like Growth Factor-1 (IGF-1) and
inducible Nitric Oxide Synthase (INOS) genes indiat and brain tissues of rats with Insulin
Resistance (IR)Approach: Rats were divided into 4 groups (8 animals eaGrpup (1) rats fed
control diet (60% starch) as control while groups3 and 4) fed high fructose diet (60% fructogd).
the beginning of the 3rd week of feeding, rats mfug (3) were treated with L-carnitine (300 mgkg
body weight/day, i.p.) and animals of group (4)eiged a daily oral dose of cinnamon aqueous extract
(0.5 mL raf'). The animals were maintained in their respecgroups for 4 weeksResults:
Feeding high fructose diet causes significant rédocin Insulin Receptor Substrate-1 (IRS-1)
(amounted 30.65%) and elevation in INOS expresgi@ached 51%) in the cardiac tissues as
compared to control. In brain tissues, the IGF-1NARwas reduced in fructose loaded groups
(28.81%). Administration of either L-carnitine oliinmamon extract significantly improves the
expression of the cardiac studied genes but witheffiects on the brain tissueSonclusion: The
present study illustrated that CE was more poteant t -carnitine in improving the IR.

Key word: Insulin resistance, insulin-like growth factor-hducible nitric oxide synthase, insulin
receptor substrate-1

INTRODUCTION development of thick left ventricular walls and tlef
ventricular hypertrophy. Insulin at high conceritras
Fructose consumption has largely increased moss capable of inducing hypertrophic effects via {GF
likely as a result of this increased use of higictfose receptor (which are abundant in the heart), bu alts
corn syrups and pre-packaged foods that contain®w concentrations via the insulin receptor (Hitda
between 55-90% fructose. Diets specifically high inMilner, 1985; Frystyk and Orskov, 2004).
fructose have been shown to contribute to a metabol Some investigators revealed a correlation between
disturbance in animal models resulting in weighihga IR and defects of the Nitric Oxide (NO) system
hyperlipidemia and insulin resistance (Hwaegal., (Shinozakiet al., 1999I; Kubokiet al., 2000). Inducible
1987). Insulin Resistance (IR) is accompanied byNitric Oxide Synthase (INOS; EC 1.14.13.39) is
deleterious  metabolic  consequences includingassumed to be one of the candidates that mediate
hyperinsulinemia, hyperglycemia, glucose intoleenc inflammation involved in insulin resistance
and hypertriglyceridemia in rodents. Therefore (Fujimotoet al., 2005). Among the multiple alterations
fructose-fed rat is used as an animal model of IRassociated with heart failure, the induction of
(Kannapparet al., 2006). myocardial expression of INOS has gained particular
Insulin is known to promote the actions of variousattention because this high output isoform of NO
growth factors and increase in cell growth in npldti  synthases releases high levels of NO product, wimch
cell types (Wanget al., 2006). Insulin-like Growth cardiac myocytes is known to induce apoptosis
Factor-1 (IGF-1) is synthesized mainly by the lieed  (Taimor et al., 2001). In view of this detrimental
kidneys but also, in a paracrine and autocrine vegy, potential, the concept was developed that cardN&S
endothelial and vascular smooth muscle cells andéhduction might be an important factor in the
cardiac myocytes (Congt al., 2001). pathogenesis of heart failure.
Several lines of evidence indicate that IR or Although the effects of the high fructose diettbe
hyperinsulinemia may be causal factors in thedifferent biochemical parameters in serum and éssu
204



Am. J. Biochem. & Biotech., 6 (3): 204-212, 2010

have been discussed, little is known about itscéfbm
brain tissue. There is a substantial literaturacegs

that the chemistry and the function of both the

(2006). This extract was diluted with water (1:50d
was administered orally to rats.

developing and mature brain can be influenced Iy thAnimalsand treatment: Male Wister rats at the age of

diet (Kurbanet al., 2007).

22 weeks (n = 32) and body weight ranging from 120-

Chenget al. (2000) had shown that IGF-1 is a key 170 g were obtained from the breeding unit of the

regulator of glucose transport and utilization hme t

Egyptian Organization for Biological Products and

developing murine brain. They also demonstrated thavaccines (Helwan, Egypt). Rats were housed 2/cage
the caloric content and macronutrient compositién ounder controlled condition 12 h light/12 h dark leyc

the diet exert independent effects on brain IGFefheg
expression.

Pharmacological therapy is a critical step in the

All animals received standard pellet diet for oneel
and watemd libitum.
After acclimatization, animals were divided into

management of patients with metabolic syndrome whef1€ following groups consisting of 8 rats each: @rd.

life style modifications fail to achieve the theeapic

(Con)/control animals received the control diet athi

goals (Deedwania and Gupta, 2006). Much scientificcontained corn starch (60 g 100)gas a sole source of

research has focused on the health benefits of tzth

carbohydrate. Group 2: (HFD)/Fructose-fed rats

spices. Some of these benefits are broad-based, bigceived a high fructose diet (60 gm 10@).9Gr_0up 3:
others are specific to one or a few physiological(HFD + CAR)/fructose-fed animals received the

functions in the body. Naturally-occurring composnd

fructose-diet and treated with L-carnitine (300 kag*

that have been shown to improve insulin sensitivitypody wt/day, i.p.) at the beginning 3rd week of

include L-carnitine and cinnamon. L-carnitings- (

experimental period. Group 4: (HFD + CE)/Fructose-

hydroxy-6-trimethyl aminobutarate) is a ubiquitous fed rats received a daily oral dose of CE extr@d (nL
constituent of mammalian plasma and tissues, mainlyat®) from the 3rd week of experimental period.

distributed among skeletal

and cardiac muscles.

The animals were maintained in their respective

Carnitine is supplied to the body through dietarygroups for 4 weeks and body weight changes were

sources (e.g.,

meat and dairy products) and byecorded weekly. At the end of the experimentaiquer

biosynthesis from lysine and methionine. Carnitineanimals in all groups were weighed and blood sasnple
transports long chain fatty acids across the innewere taken from the retro-orbital venous plexuseund

mitochondrial membrane into the matrix fof-

light ether anesthesia after a fast of 12 h. Sewas

oxidation and has effects on oxidative metabolism oseparated by centrifuging blood samples at 3000 rpm

glucose in tissues (Rajasekar and Anuradha, 2007).
Cinnamon Cinnamon zeylanicum) is a spicy,
which is added to food preparations to impart tasie

for 10 min. Serum samples were aliquoted and stared
-20°C until analysis, except for glucose which was
determined on the same day. After blood collectadh,

aroma. Cinnamon has insulin-potentiating propertiegnimals were sacrificed by decapitation and forheac

and may be involved in the alleviation of the sigmsl

animal heart and brain were excised, rinsed witbldh

symptoms of diabetes and cardiovascular diseasgdline, weighed and rapidly frozen in liquid nitewg

related to IR (Anderson, 2008).

Considering all these, the present study wastaiti
to evaluate the effects of L-carnitine and cinnamo
extract supplementation on the expression of IGHd
iINOS genes in heart and brain tissues of rats fgll h
fructose diet as a well-characterized model of IR.

MATERIALSAND METHODS

then stored at -70°c until assayed.

um analysis: Serum was used for determination of
glucose and Triacylglycerol (TG) according to the
methods described by Mahfowat al. (2010). The
remaining part of serum was used for determinatibn
insulin  which was assayed by monoclonal
immunoradiometric assay using kit supplied by
Diagnostic Products Corporation (DPC) according to
Marschnewt al. (1974). Homeostasis Model Assessment

Chemicals: L-carnitine, other chemicals and solvents (HOMA) correlates positively with insulin-resistanand

were of high analytical grade and were purchaseuh fr
Sigma Chemical Company.
Cinnamon

Cinnamon extract: bark innamon

was calculated according to Matthestsl. (1985).

Extraction of tissue lipids: Extraction was carried out
according to the procedure of Refage al. (2005).

zeylanicum) was purchased from the local market andBriefly, total lipids from tissues were extracteq b

extracted according to the method of Kannapgtaal.
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The extraction solvent was evaporated and lipids reStatistical analysis: All results were expressed as the
suspended in methanol. Cholesterol and triacylgblce mean + SD. Statistical analysis was performed with
concentrations were assayed according to the method Statistical Package for the Social Science for Whnsl
Yousefet al. (2006) and Foster and Dunn (1973). (SPSS, version 11.0, Chicago, IL, USA). The dateewe
o _ analyzed by one-way Analysis of Variance (ANOVA).
Determination of tissue MDA and NO: The g compare the difference among the groups, post ho
concentrations of Malondialdehyde (MDA) and nitric testing was performed by the Bonferroni test. The p

oxide (N,O as nitrite and nitrate) were estimatedhien value<0.05 was considered statistically significant
whole tissue homogenate (5%) according to th Qawson 2000)

methods of Esterbauer and Cheeseman (1990) a
Moshagest al. (1995), respectively. RESULTS

Gene expression of 1GF-1 and iNOS. by RT-PCR: _ At the end of the experiment, the percentage ahang
Total RNA was extracted from the tissues by thel aci in the body weight gain and the relative heart arain
guanidinum thiocyanate-phenol chloroform method of .. hts in rats of the studied szl
Shakeret al. (2009). The sequence of the primers usecﬁelg >IN Tats of 1e SUCISC grotps were no y

: ) _ ~significant, compared to control rats (Table 2).
Elf)a;rg'i“fy IGF-1 and iINOS genes was illustrated in Data in Table 3 illustrate that the serum levdls o

o . ._glucose, insulin and HOMA index as well as
Reverse transcription-polymerase chain reactmr?. o
was done using the RT-PCR kit (Promega, Madison riacylglycerol were significantly elevated (p<O(I]Q_
WI). Briefly, 1ug extracted RNA, 6ul dNTP, 6ul 5x N HFD group after 4 weeks of fructose-feeding,
buffer and 30pM specific downstream primer wereOmpared to control group. Administration of L-
brought up to a total volume of 28ul. The mixturasw carnitine for 2 weeks caused significant re_duc_tmns_
heated at 65°C for 5min. and chilled on ice for @mi 9lucose, HOMA and TG (p<0.0001), while insulin
Exactly, 0.5uL RNasin and 1ul AMV were added and level did _not change significantly, compared to HFI_D
the mixture was incubated at 42°C for 2 h. ThepL5 9rOUP. Cinnamon treated rats reduced these studied
of cDNA was added to 20QM dNTP, 2.5U Taq parameters to the normal control values, exceptnser
polymerase and 3.3 nM Mggh a final volume of 30 cholesterol which did not altered in all groups.
uL. The reaction mixture was placed in a Hybaid Concentrations of cholesterol and triacylglycenol
Express thermal cycler for 3 min at 95°C and ther@ddition to MDA and NO products in cardiac and brai
subjected for 32 cycles of 95°C for 1.5 min, 550¢ £ tissues were illustrated in Table 4. Feeding raith w
min, 72°C for 1.5 min and a final step at 72°C #&r HFD did not affect significantly the concentratioof
min. All the PCR products were applied to specifiedboth cardiac and brain cholesterol and NO product,
wells into an ethidium bromide-stained 2% agaradéry compared to control rats. The levels of cardiacan@d
known order, then semi-quantities using the gelMDA were elevated significantly (p<0.0001), while n
documentation system (Bio Doc Analyzer) supplied bychanges were observed in the brain tissues, comhpare
Biometra. The content of IGF-1 and iINOS mRNA werecontrol.
calculated and expressed as cDNA relative densftame With regard to carnitine treated group, all the
units (ratio of IGF-1 or INOS cDNA*actin). studied cardiac parameters were non significantly
changed, except the cardiac concentration of MDA
Cardiac Insulin Receptor Substrate-1 (IRS-1): Western — which showed significant reduction, compared to HFD
blot analysis was used to determine the cardia8-@IR  groups (p<0.001) and was toward the control value.
(ug mL™?) according to the method of Bezereaal.  addition, carnitine reduced brain cholesterol level
(2000). For brain tissue, IRS-1 was not performed. (p<0.001), compared to HFD group.
Cinnamon treatment did not affect cardiac

Table 1: Sequence of the primers used to amplif-1GiNOS and- cholesterol and NO levels, but it significantly

actin genes i

Gene Primer sequence reduced the cardiac levels of TG and MDA
IGF-1: Forward GTGTGGACCGAGGGGCTTTTACTTC (p<0.001), compared to HFD group. On the other
%%’grslf § ggE_Trgégg%g?ggﬁgéﬂ?gﬁgfg&p‘%TC hand, cinnamon reduced significantly the levels of
| . Forwar

Reverse AAGGAGCCATAATACTGGTTGATG cholesterol (p<0.0001 and 0.001) and NO (p<0.0001
B-actin: Forward ~ TGTTGTCCCTGTATGCCTCT and 0.001), compared to control and HFD groups,
Reverse TAATGTCACGCACGATTTCC

respectively.
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Table 2: Body weight gain% and organs weights (me8D) in different studied groups

Weights (%) Con HFD HFD +CAR HFD +CE
Body wt. gain 20+3.47 19+6.13 27+2.92 20+6.03
Relative heart wt. 0.34+0.04 0.32+0.02 0.31+0.03 3580.03
Relative brain wt. 0.84+0.12 0.790.07 0.80+0.11 85@0.14
Relative organ wt. % = (organ wt / body wt) X 100

Table 3: Metabolic serum parameters (mean + SEQerdifferent studied groups

Parameters Con HFD HFD +CAR HFD +CE
Glucose (mg dr%) 92.20+9.78 155.06+16.80 97.438.36 89.19+13.50
Insulin @U m L™) 19.46+3.60 36.29+6.70 28.47+6.90 20.04+4.26
HOMA 4.44+0.60 13.88+2.20 6.86+1.60° 4.43£1.20
Cholesterol (mg d 1) 75.27+10.30 84.28+12.40 76.58+10.20 77.43+10.70
TG (mg d LY 78.30+12.20 165.78+13.50 95.92+9.86° 79.92+10.50

2p<0.0001 Vs CONE: p< 0.0001 Vs. HFD

Table 4: Concentration of cholesterol, TG (MY and MDA @mol g*) as well as NO productiil g %) (mean + SD) in cardiac and brain tissues

Parameters Con HFD HFD +CAR HFD +CE
Cardiac tissues
Cholesterol 2.34£0.61 2.98+0.56 2.64£0.51 2.99+0.20
TG 19.53+1.9 23.101.65 22.65%3.75 17.09+1.84
MDA 22.1043.47 41.19+4.54 28.19+1.68° 28.732.89"
NO 0.97£0.12 1.17+0.27 1.21+0.21 1.340.46
Brain tissues
Cholesterol 13.10+1.50 14.50+1 12.50+0.46 10.16+1.36"°
TG 16.60%1.40 14.8+1.19 15.8020.54 15.50+1.37
MDA 35.30+4.90 40.23+3.50 41.50+4.30 41.54+4.63
NO 3.30£0.68 2.85£0.22 2.38£1.20 0.99+03:26
2 p<0.0001 Vs CON’: p<0.001 Vs HFD
4 C HFD CAR CE
35 a b % 3.5 m
IR HEEY ’ ’
g 15 = 15
1 <
g 1y
0.(5] é 05 |
Control HFD HFD + CAR HFD +CE S T T T
Groups Control HFD HFD + CAR HFD ~-CE
Groups
Fig. 1. Effects of high fructose diet, L-carnitirend @
cinnamon extract on cardiac IRS-1 level
C HFD CAR CE
Significant reduction was observed in the levdls o . [ - |
cardiac IRS-1 in rats fed high fructose diet (pg0D1), z a
compared to control rats. Carnitine adminisbrati - **
slightly elevated the level of IRS-1 toward contbait ERES .
this elevation was not significant as compared EDH % || [ T
group. Administration of cinnamon improved the 1 L
receptor level (p<0.001), compared to HFD group 2
(Fig. 1). £ 05
Figure 2 illustrate that there was significant = , : :
HFD

elevation in the expression of cardiac IGF-1 inup®
treated with carnitine and cinnamon (p<0.001),
compared to HFD group. The expression of INOS was
significantly elevated (p<0.0001) in HFD group,

Control

HED + CAR
Groups

(b)

HFD +CE

compared to control. Oral administration of cinnamo Fig. 2. Effects of high fructose diet, L-carnitirend

reduced significantly (p<0.001) the INOS expression
compared to HFD group.
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& HED. CAK _GE simple method for estimating insulin resistance.il&/h
this method is currently not routinely used as a
T cardiovascular risk marker, Bertolugt al. (2010)
! 5 : hypothesized that it could be potentially usefuicsi
I hyperglycemia and hyperinsulinemia are both relé&ed
cardiovascular diseases.

Brain 1GF-1 (densitometric units)

1.3 HOMA index was significantly elevated in rats fed
L the fructose diet. Administration of L-carnitineda@E
05 reduced significantly the HOMA index. The insulin
0 ‘ ; ; level did not change significantly in the serum of
GO S HEDSREHTR: RDEEE carnitine treated rats, while cinnamon treated rats
i reduced the level to the control value.

(@ The present work showed significant elevation in

¢ @mEm kR lew the cardiac TG and MDA concentrations as compared
3 m to control group. The rate of uptake of lipids, ikel
25 that of glucose, is not regulated by a hormone.
Therefore, increased circulating lipids will incsea
uptake and thereby fatty acid oxidation (Clestkal.,
2002). When the rate of uptake is greater tharrdbe
1] of oxidation, fatty acids are shuttled to the TGthgsis
pathway. Fructose loaded rats, which showed the
characteristic features of IR, also displayed an
0 - ‘ imbalance between the peroxidation process and the
Control HFD HFD +~ CAR HED +~CE . . .
. antioxidant system. These results agree with
(b) (Busserolleset al., 2002), who studied the effects of
two weeks of high sucrose on both oxidative stress
Fig. 3: Effects of high fructose diet, L-carnitimnd parameters and stress-related gene expressiontin ra
cinnamon extract on brain IGF-1 (a) and iNOSheart. Both increased TBARS and lower Cu-Zn-SOD
(b) expression. activity were found in heart, despite the elevation
Cu-Zn-SOD mRNA level from high sucrose fed rats
In regard to brain tissue, the expression of IGF-Icompared to rats on a starch diet.
was significantly  reduced in  groups feBIH Accumulation of palmitate in cardiomyoblasts
(p<0.0001) with non significant changes in theproduces both increased reactive oxygen and ceeamid

expression of INOS, compared to control group (8)g.  Production, resulting in apoptosis (Waegal., 2006)
which cause cardiac hypertrophy.

DISCUSSION The administration of L-carnitine or cinnamon
extract to insulin resistant rats mitigated the exde
Metabolism of dietary fructose which occurs effect of fructose load on the glycemic status. In
mainly in liver differs from that of glucose. Frose addition, they reduced the TG accumulation and the
enters the glycolytic pathway at the triose levighis  lipid peroxidation in the cardiac tissue.
difference in initial metabolism of fructose notlpn Rodrigueset al. (1988) and Solfrizzet al. (2006)
acutely affects carbohydrate metabolism by changingtated that L-carnitine supplementation is benaififcr
the supply of intermediates, but also induces nwimb the treatment and prevention of diabetes associated
adaptation including changes in gene expressiometabolic and cardiac defects, since L-carnitine
(Koo et al., 2008). facilitates the transport of fatty acids across the
The present study illustrates that feeding highmitochondrial membrane for eventual oxidation and
fructose diet for 4 weeks caused IR, whichenergy production.
characterized by hyperglycemia, hyperinsulinemid an The present results for cinnamon effects areni@ li
hypertriglyceridemia. These results are in linehwit with those of Qinet al. (2004) who stated that
those of Nandhiniet al. (2002) and Mahfouzt al.  cinnamon extract fed to animals consuming a high-
(2009). fructose diet prevents the development of the nadiab
Homeostatic Model Assessment of Insulinsyndrome. Cinnamon bark was reported to have
Resistance (HOMA-IR) has emerged as a practical andntioxidant effects by increasing the activities of
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antioxidant enzymes including glutathione S-if not all, inducers of insulin resistance, inclugi
transferase, superoxide dismutase and catalasatin mproinflammatory  cytokines, free fatty acids
livers and hearts (Bedt al., 2008). (Shimabukuro et al., 1998), hyperglycemia and
The present study attributed the marked reductiomxidative stress (Ceriellet al., 2002). In fact, elevated
in the cardiac level of IRS-1 in rats fed high tage to  expression of INOS was observed in skeletal mustle
the oxidative stress. This in agreement with thdifigs  high fat diet—fed mice (Perreault and Marette, 3001
reported by Bezerr&t al. (2000) and Catenat al. heart of Zucker diabetic fatty rats (Zhetal., 2000)
(2003) who found significant reductions in hepatitd  and in skeletal muscle of patients with type 2 diab
skeletal muscle IRS-1 tyrosine phosphorylation andTorreset al., 2004).
receptor numbers in fructose fed rats. In additiowas In this study, non significant change in the cacdi
observed that exposure of hepatoma cells to araokid level of NO product was observed, despite the ¢i@va
stress (HO,) induced increases in phosphorylation atof the cardiac INOS expression associated with IR
serine 307 and serine 632 of IRS-1 (Bloch-Dagntil.,  which induced by feeding rats with high fructosetdi
2003) and this oxidant exposure was associated witfihis may be due to either post-transcriptional or
degradation of the IRS-1 protein (Potashmik al., translational regulations of iINOS expression or tlue
2003). deficiency of one or more of cofactors required for
L- carnitine and CE improved the IR in the frugos NOS activity. Alonscet al. (1997) reported that Tumor
loaded rats. The effect of aqueous extract of e¢iova  Necrosis Factor: (TNFa) involved in numerous
was accompanied by remarkable increase in the t#vel processes in the cardiovascular system, reducinig-ni
IRS-1, while the improvement produced by carnitineoxide synthase gene expression through post-
was tovv_ard the normal control level, but still lekan transcriptiona| regu|ati0n of mMRNA Stabi”ty_ Them
that of cinnamon. significant level of cardiac NO may also be partly
Results of Qinet al. (2004) suggested that CE megiated by scavenging of NO by superoxide anions
administration to  HFD-fed rats prevents the generated due to the oxidative stress state)ddyme

de\r/]elopmer}t Ofl.inSl.J"n Ir.esists\?ce at lle%ISt in. oyt peroxynitrite (NQ). Tetrahydrobiopterin (essential
enhancing Insulin signaling. Water-soluble cinnamor g cofactor, BH4) is efficiently oxidized to 7,8-

compounds stimulate the autophosphorylation of th%ihydrobiopterin (BH2) by N in vitro and in vivo.

insulin  receptor and inhibit phosphotyrosine . T .
o - ; : . With deficiency of BH4, NOS uncoupling can
phosphatase activity that inactivates the inswdireptor 5 predominate (Upmac al., 2007).

leading to increased insulin sensitivit Impar . - .
g y (Imp Although L-carnitine and CE administration

Radosevichet al., 1998). Also, these polyphenols improved the expression of iINOS gene, the impact of
increase - the amount of insulin recepfoprotein CE was more pronounced. Kanatial. (2009) stated

(Caoet al., 2007). . . : o
: : . ; that cinnamon extract was associated with an itibibi
Cardiac cells of diabetic patients do not deveéiep the INOS mRNA expression found in livers of

to the same extent as seen in skeletal muscle. Son% . .
studies have not observed IR in hearts of type If;lc_ohql-treated animals. These results confirm th_at
diabeti tient h ther diabetic tissaf oxidative stress was the reason of that alteration
labetic patients, even when other diabelic USUeS i\ng expression. Inhibition of INOS expression has
the same patients exhibit significant IR (Utriairetal .,

) : e been recently proposed to be a new mechanism of
1998; Jagasiat al., 2001). Thus under conditions of 5cfions of insulin sensitizers (Kohneat al., 2001).

diabetic hyperinsulinemia, the less-resistant hésrt pegrreault and Marette (2001) reported that iNOS
being stimulated by relatively high levels of insul  geficiency protected against high fat diet induced
Consequently, this can explain the non significantnsylin resistance.

reduction observed in the cardiac IGF-1 expresgion A number of studies have been reported concerning
the studied rats fed HFD, since insulin promotes ththe effects of insulin on circulating lipid or lipi
action of IGF-1. In the present work supplementatio contents in the peripheral tissues. However, lipid
with either L-carnitine or CE increased signifidgrthe ~ metabolism in the central nervous system CNS with
IGF-1 expression as compared to HFD group. Thisnsulin resistance/diabetes is not well charaocterim
elevation may be due to the improved glycemic statu spite of its potential importance.

Consequently, IGF-1 enhances insulin sensitivitd an This study demonstrates that feeding rats witln hig
increases plasma glucose disappearance and tissfractose diet for 4 weeks has no effect on thenblipid

glucose utilization (Congt al., 2001). content.
Inflammation induces the expression of iINOS which Brain is the most cholesterol-rich organ, contagni
produces inflammatory mediator NO (Kumat al.,  approximately 25% of the cholesterol present in the

2004). The expression of iINOS is upregulated bytmosbody and most of its cholesterol is a product afalo
209
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synthesis (Kurbargt al., 2007). Kalmaret al. (2001) Bertoluci, M.C., A.S. Quadros, R. Sarmento-Leitel an

found that, after 10 weeks of hypercholeterolemiét d B.D. Schaan, 2010. Insulin resistance and
the rabbits developed significant increase in pksmd triglyceride/HDLc index are associated with
liver cholesterol levels. In contrast, the cholesite coronary artery disease. Diabetol. Metab. Syndr.,
content of the brain cortex did not change. In tioilj 2:11. PMCID: PMC2830967

Haris et al. (1993) showed that cholesterol content ofB€zerra, R.M., M. Ueno, M.S. Silva, D.Q. Tavared an
brain is not affected by either high fat or high C.R. Carvalhoet al., 2000. A h_|gh frgctose diet
cholesterol diet, which confirms the present result aﬁgcltls thefearly steps of '2309"“ gcnmggl\lﬁg?
This study concerning the expression of brain IGF- 3882;/2%50 rats. J. Nutr., 130: 1531-15 :
1 and iNOS illustrated the presence of reductiothan Bloch-Damti. A. R. Potashink. J.E. Tanvi Y. le
expression of IGF-1 with no change in INOS gene in P nos e v, Y.
both untreated and treated HFD groups. Marchand-Brustel and A. Rudighal., 2003. IRS-
These results agree with Cheetgal. (2003) who 1 protein degradation induced by oxidative stress i
stated that systemic glucose levels possibly regula aﬁzgmﬁéerdlat'ovxltgn scjgl?tr:g(:t3o7tlrgre1(-jcoslg?§e 6%f2
IGF-1 expression in brain, given that blood glucose Eiabgtoloéial46' A209-A|\209 ' ’
levels were reduced in rats fed caloric restrictiiels g\ " © ~ 2007. Mechanisms of inflammatory
either carbohydrate-enriched or isocaloric fat-bHase neurodegeneration: INOS and NADPH oxidase
diet. However brain IGF-1 mRNA levels were equally Biochem. Soc. Trans. 35 1119-1121. DOI-
reduced in both groups, whereas glucose levels were 10.1042/BST0351119

more profoundly reduced in the fat-based diet. HeBusserolles J., W. Zimowska, E. Rock, Y. Rayssigui

postulated that another unidentified factor related and A. Mazur, 2002. Rats fed a high sucrose diet

nutrition_al status inflyences brain lG.F'l eXpressio . have altered heart antioxidant enzyme activity and
Brain inflammation occurs behind the blood-brain gene expression. Life Sci7l: 1303-1312. DOI:

barrier and thus differs from inflammation in the 10.1016/S0024-3205(02)01846-5

pe_riphe_ry by th? relative absence of macrophagesc.:aoy H., M.M. Polansky and R.A. Anderson, 2007.
Microglia are brain macrophages that produce ox&lan Cinnamon extract and polyphenols affect the

and induce expression of iINOS if they detect patisg expression of tris-tetraprolin, insulin receptodan

or damage (Brown, 2007). This study showed non g cose transporter 4 in mouse 3T3-L1 adipocytes.
significant alteration in brain lipid peroxidation, Arch. Biochem. Biophys., 459: 214-222. DOI:

consequently no brain damage. _ 10.1016/j.abb.2006.12.034
Concerning all these, we postulate that brairmis n catena, C., G. Giacchetti, M. Novello, G. Colussil a
affected with the IR state present in that model. A bavl'slrapeet al. 2003. Cellular mechanisms of
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