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Protective and Curative Antiobesity Potential of Lenon Peel Extract in Rats Fed on
High Fat Diet: Mechanism of Action.

ABSTRACT

Aim:This study was to investigate the effect of digtimmon peel extract (LPE) on high fat diet induced
obesity in rats, and elucidate some of its meclara$ actions. Fifty adult rats were divided intodi

groups:Gr.1 normal control(NC),Gr.2 negative consopplemented with0.5gm%LPE(LP), Gr.3 positive
control group fed on HFD(PC),Gr.4 protective grdeg on HFD and supplemented with LPEO.5gm%for 12
weeks(Prot.)and Gr.5 curative group fed on HFD 1@ weeks then treated with LPEO.5gm%for45

days(Curat).

Methodology:Body weight gain, feed efficiency ratio, serum digprofile, blood glucose, serum insulin,
blood glucose-6-phosphate dehydrogenase(G6PD)gctiserum adiponectin, leptin, acyl coenzyme A

oxidase(ACO)and medium chain acyl coenzyme A dedgeinase(MCAD)activities were measured.

ResultsBody weight gain, lipid profile, glucose, insuliigG6PD activity and leptin were significantly
suppressed by the effect of LPE in treated group& also,up-regulated ACO and MCAD activities i th
treated groupsAdditionally mRNA level of ACO in the liver was uggulated in treated groups with LPE

compared with PC.

ConclusionThese findings demonstrated that LPE prevent boelight gain and fat accumulation due to

improvement in lipid metabolism through up-reguas of the activities of MCAD,ACO and its mRNA



level in the liver and down regulation of the aityivof G6DP and normalization of total antioxidaatpacity.

In this context the protective effect of LPE wasrenpronounced than the curative effect.
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1. INTRODUCTION

The incidence of obesity and its related metabdiborders has escalated dramatically worldwideuiticlg
populations living in developing countries, andecoming a key public health issue with a massiveldn
to the healthcare system[1]. Obesity increase tbbiality rates of a number of metabolic disorders;h as
type2-diabetes, hypertension and cardiovascul@ades|[1]. In Egypt, obesity is rising among youdglts,
overtime these conditions especially if associaté&ti poor dietary habits, smoking or physical imaty;
will lead to cardiovascular disease later in achoti2].

Because diets containing high-fat foods are becgniammon, it is necessary to find suitable
alternatives, such as phytochemicals, to amelidtsteeffects of a high fat diet, thereby reducihg tisk
associated with obesity[3].

Over the years, many medications have been usedattage obesity, but most of them are now
withdrawn due to their serious adverse effects[4].

In recent years, much attention has been paiddgetables and fruits based food as novel proteetive
even therapeutic strategies for management of tybasid several diseases due to their phytochemical
constituents[5]. Phytochemicals are known to pasaesioxidant properties with effective anti-inflaratory,
antiallergic, hepatoprotective, antithrombotic, iardl, and anticarcinogenic activities with low \aafse
effects[6]. Phytochemicals such as flavonoids malp ko prevent or reduce obesity through the reguiaof
different molecular pathways[7].

Citrus fruits contain various kinds of flavonoidsch as flavonone glycoside, flavonoes glycoside and
polymethoxy flavones. The flavonoids in lemon fsuitave been reported to have a number of posigaéh
effects in the prevention of lifestyle-related dises, and to have antiinflammatory, anticancer,amtidiral
activities based on their antioxidant activity[Blurthermore, previous studies demonstrated thabrilaids in
lemon fruits has been known to have antiobesityamithypertensive effects in animal models[9] andhhn
studies[10]. These previous reports may lead tosgeculation that LPE modulates the development of

obesity through the regulation of gene expressf@ome of lipid metabolic enzyme.



In this study, the effect of dietary LPE was invgastied on high-fat diet-induced obesity in rats. To
achieve this aim the regulatory effect of LPE adstiation on lipid profile, glucose, insulin, lepti
adiponectin and some lipid metabolism regulatorgyeres. In addition, LPE effect on the expressiothef
acyl coenzyme A oxidase gene was evaluated todetecsome of its mechanism of action.

2. MATERIALS AND METHODS

2.1 Lemon Peels Extract Preparation

Lemons were obtained from local market, washed wightilled water; then dried at 60°C, grounded and
finely extracted with 70%methanol in a hot waterairshaking bath at 60°C. The extract was claribgd
centrifugation at 3000r.p.m for 20 minutes and mber of filtrations. Finally, the supernatant wasread in
the dark[11].The purity of LPE was analyzed by high performalmpa&id chromatography(HPLC).

2.2 Experimental Design and Dietary Treatment

Fifty adult male Swiss albino rats, weighid@0-120g obtained from Helwan farm, Egypt were used
throughout this study. Rats were housed indiviguialstainless steel cages fitted with wire mestidmos
and fronts in care of Laboratory animal house m Faculty of Science-Ain Shams University Cairoyig
Rats were housed under controlled conditions, teatpe(23+1°C)and relative humidity ~60%, on a daily
photoperiods of 12h light/dark cycle, and had fieeess to food and tap water. After one week agtatilan

period, rats were divided into five groups(10 edash)as follows:

Normal control group(NC): rats were fed on a standard diet AIN-76 diet(6&Pbochydrate, 5%fat,

20%protein, vitamins, minerals and fiber5%)for 12eks.
Negative control group(LP) rats were fed on standard diet with 0.5%w/w LBE12 weeks.

Positive control group(PC): rats were fed on high fat AIN-76 diet(55%carbolagdr 15%fat, 20%protein,
vitamins, minerals and fiber5%)for 12 weeks.

Protective group(Prot): rats were fed on high fat diet together with Ov6®% LPE for 12 weeks.

Curative group(Curat): rats were fed on high fat diet for 12 weeks, tttezy were given LPE(0.5% w/w)for
45 days.



2.3 Body Weight, Food Intake and Blood Collection

The body weight of each rat was recorded twice Weé&lood intake was measured on per cage, bagise3 t
per week and averages of food consumed were ctdduheeekly. At the end of the experimental periads
were fasten for 12 hours, anesthetized and sasmlifiBlood samples were collected from the portalabie
vein in dry clean centrifuge tubes with or with@MDTA, for whole blood and serum samples respegtivel

Serum samples were stored at -80°C until analysis.
2.4 Preparation of Tissue, RNA Isolation and Real-ime PCR

Liver samples were taken in BIOZOX for the isolation of total MRNA and stored at -8G®€ the single-
step of RNA isolation method[28].

2.5 Biochemical Assay

The Polyphenolic components of LPE were separajeteversed phase HPLC using Agilent 1100 series
column 18 (C18)[12-13]. Serum TC, HDL- cholestertiiacylglycerol and blood glucose levels were
estimated using commercial kits supplied by Reasti@GPL, Espana[l14-16]respectively. Atherogenic xnde
was calculated based on the following formula: ATEC- HDL-C)/ HDL-C [17]. Serum low density
lipoprotein-cholesterol(LDL-C)and very low densitypoprotein-cholesterol(VLDL-C)were calculated by
Friedewald’'s formula[18]. Phospholipid was estindatesing a commercial kit supplied by Spectrum-
Diagnostic, Egypt[19]. Insulin was measured by EA IS{[20]. The homeostasis model assessment of insulin
resistance (HOMA-IR) index was calculated based the following formula: fasting insulin
(nUl/mL)xfasting glucose(mM)/22.5 [21]. Leptin andipodnectin were determined using ELISA kits[22-
23]respectively. Total antioxidant capacity wasimneated using a kit supplied by Spectrum-Diagnositc,

Egypt[24].
2.6 Enzymes Assay

Glucose-6-phosphate dehydrogenase(G6PD)activitydetesrmined using a kit supplied by Bio-Diagnostic,
Egypt[25]. Acyl coenzyme A oxidase(ACO)and medium haioc acyl coenzyme A
dehydrogenase(MCAD)activities were measured usli§ A kits[26-27]respectively.



2.7 Histopathological Studies

The fixed tissues were then cut into suitable sastiand processed for preparation of 5um-thickffdara
sections. These sections were sequentially stamgdHematoxylin and Eosin. The slides were examline
and photographed under a light microscope at a ifieagion power of x200.

2.8 Statistical Analysis

The results were expressed as mé&ih-of ten rats per group and statistical signifasawas evaluated by one
way ANOVA using SPSS(version 19.0)program. Valueseaconsidered statistically significantpavalue
less than 0.05.

3. Results

3.1 Lemon Peel Polyphenols Extract

Qualitative and quantitative determination of ctruPE were performed by RP-HPLC analysis. The
chromatogram of lemon peel methanolic extractstiied eleven polyphenols compounds; pyrogallic{39.
mg/100g), salicylic acid(11.26 mg/100g), luteol®@(l mg/100g),p-coumaric acid (3.92 mg/100g),
euganol(1.23 mg/100g), caffeic acid(1.19 mg/100g3prcinol(1.05 mg/100g), quercetin(0.84 mg/100g),
hydroxy benzoic acid(0.77 mg/100g), chrysin(0.50 /108g) and luteolin-3-methoxy-7-rutinos(0.40
mg/100g)(Table 1).

3.2 Effect of Lemon Peel Extract on Body Weight, Fad Intake and Feed Efficiency Ratio

Table(2)showed that rats fed on a normal diet agblement with LPE had non significant changesaddyb
weight, food intake or feed efficiency ratio comgxito normal control.

Positive control group showed highly significantreased¢<0.01)in body weight and food intake
by82.44 and 45.63%respectively, and significantaien(<0.05)in feed efficiency by53.75 % compared to
normal control group. Treated groups showed siganifi decreasd2€0.05)in body weight, food intake and
feed efficiency by35.30, 16.02 and 34.31%respelgtiver protective and by33.63, 9.21 and 32.52%for
curative group respectively as compared to posdorgrol group.

However, comparing the treated groups with nornmaitol showed significant increasd?<(.05)in
body weight and food intake by18.04 and 22.30%respy in protective group and by 21.09 and 3222

respectively in curative group and non significeimange in feed efficiency.



3.3 Effect of Lemon Peel Extract on Serum Lipid Préle

Table(3)revealed that supplementation with LPEtamdard diet resulted in a moderate hypolipiderffece
manifested from the significant decrease in bothGTAnd VLDL-C by13.88 and 15.44% respectively
compared to normal rats.

Positive control group showed significant incre#8€0.05)in serum TC, TAG, VLDL-C, LDL-C, Al
and phospholipids by112.96, 100.17, 100.14, 4694%54.77 and 176.96%respectively, and a significant
decreasd{<0.05)in HDL-C by35.33%compared to normal contnaugp.

In treated groups, LPE induced significant decre@s®.05)in the levels of TC, TAG, VLDL-C, LDL-
C, Al and phospholipids levels, by41.52, 22.12,122.80.38, 78.03 and 21.23%respectively for protect
group and by7.84, 15.12, 15.11, 29.97, 61.07 an@b¥%respectively for curative group compared tatpes
control group. In contrast, HDL-C level was sigodntly increasedR<0.05)by72.42% in the protective
group and by90.59% in the curative group as contpi@r@ositive control group.

3.4 Effect of Lemon Peel Extract on Blood GlucoseSerum Insulin and the Homeostasis Model

Assessment Insulin Resistance

Table(4)showed that group of rats fed on standeedashd supplement with LPE had non significantngfes
in glucose, insulin and the homeostasis model assad insulin resistance(HOMA-IR) compared to ndrma
control group.

In positive control group, there was a significamtrease$¢<0.05)in blood glucose level by47.35%,
serum insulin and HOMA-IR by68.21 and 124.13%re8pely compared to normal control group.

However, comparing the treated groups with positeatrol showed significant decreas€s@.05)in
blood glucose, serum insulin and HOMA-IR by31.58,52 and 50.37%respectively for protective groug an
by23.86, 32.71and 43.30%respectively for curatioip.

3.5 Effect of Lemon Peel Extract on Hormones and Tal Antioxidant Capacity

Table(4)demonstrated that rats fed on normal didtsupplement with LPE showed non significant cleang
in leptin, adiponectin and total antioxidant capgdiAC)compared to normal control.

Positive control group showed a significant incefas0.05)in leptin by81.87%, and significant
decreasef(<0.05)in adiponectin and TAC by23.23 and 29.09%espely compared to normal control

group.



However, comparing the treated groups with positieetrol showed a significant decreaB&@.05)in
leptin by27.10% for protective and by24.12% forative group. On the other hand, adiponectin and TAC
showed significant increases byl18.01 and 34.61%uotsely for protective group, and by9.91 and
30.77%for curative group respectively.

3.6 Effect of Lemon Peel Extract on Enzyme Activigs

Table(5)revealed that rats fed on normal diet amgpement with LPE showed non significant changes i
G6PD, ACO and MCAD activities compared to normaitcol.

Positive control group showed significant incref8e6.05)in G6PD by200.15%, in ACO by563.28%;
and in MCAD by90.41%compared to normal control grou

Treated groups showed a significant decrdas@05)in G6PD by59.83%for protective group and
by24.38%for curative group; and significant ince=#3<0.05)in serum ACO and MCAD by79.78 and
167.07%respectively for protective and byl15.97 4adB1%respectively for curative group as compaced t

positive control group.
3.7 Effect of Lemon Peel Extract on Acyl Coenzyme @xidase (ACO) Gene Expression

Data presented in Figure(1)showed that:LPE up-e¢gdlthe level of ACO mRNA in protective group
with(2.69-fold induction)and in curative group wWi2afold induction)as compared to normal controlugro

4. Discussion

In Egypt, obesity and cardiovascular risk factons @ery prevalent among young adults[2]. Recent
reports have outlined that administration of ancefht anti-obesity drug may decrease energy/food
intake and increase energy expenditure, decreasadipocyte differentiation and proliferation,

decrease lipogenesis, and increase lipolysis drakidation[3].

In the present study, the effect of dietary LPE lugh-fat diet-induced obesity in rats was
investigated To achieve this aim the regulatoreafbf LPE administration on lipid profile, glucose
insulin, leptin, adiponectin and some lipid metadral regulatory enzymes. In addition, LPE effect on
the expression of the acyl coenzyme A oxidase gerseevaluated to elucidate some of its mechanism
of action.



Polyphenolic compounds are a subject of considerstientific and therapeutic interest mainly due
to their antioxidant properties and scavengingeaictive oxygen species and free radicals as well as

their implication in the prevention of many pathgilal diseases[29].

HPLC analysis of the phenolic compounds in the kB\ealed the presence of eleven components.
Pyrogallic was the major compound, while luteolim8thoxy-7-rutinos was the least(Tablel).
Flavonoids (Pyrogallic, quercetin, luteolin and ydin) have been linked to reduce cancer,
cardiovascular diseases, osteoporosis and many lo#iadth benefits[30]. Luteolin; a flavonoid with
pharmacological benefits, including anti-oxidanfti-@nflammatory immuno-modulatory and anti-
tumor effects[30]. Coumaric acid and caffeic acid a phenolic acids in many plant foods; protect
against oxidative stress, inflammation, dyslipidenand hypercoagulability[31]. Quercetin is the
strongest anti-oxidant and has powerful anti-inflaaory benefits[30]. It has many beneficial tieal
effects including improvement of cardiovasculsalth, reducing risk for cancer, protectioniagfa
osteoporosis. This phytochemical modulates the esgion of specific enzymes (glutathione
transferase, aldo-keto reductase, glutamylcysteymthetase(GCS), glutathione-peroxidase and
glutathione-reductase). Quercetin induces apoptrsisinfluences protein and lipid kinase signaling
pathways. It is also a candidate for preventingstipeelated diseases[30].

Data presented in this study revealed that LPErateptive group reduced body weight and food
intake(Table2), this reduction may be caused by dheve compounds of polyphenols such as
pyrogallic, caffeic acid, quercetin apdcoumaric acid. Caffeic acid and quercetin are gasjple for
the suppressive effect on the body weight increaskfat accumulation by increasing the activities o
different molecular pathways, which controls theression of many genes involved in fatty acid
oxidation[32]. These results are in agreement V@th et al[33] who stated that administrating of

pyrogallic acid (walnut polyphenols) decreased bwdight and fat accumulation.

Abnormality in the metabolism of lipids and lipogemms are very common conditions that take place
with obese populations. The increase in cholestaa} potentially enhance the risk of fatty livedan
atherosclerosis[34]. Oxidized LDL has been shownbéo atherogenic and inhibition of the LDL
oxidation by potent dietary antioxidants effectivelattenuates atherosclerosis[35]. Oral
supplementation of LPE effectively enhanced theatan in lipid profile in rats fed on high fat djen
this context the protective effect of LPE was mprenounced than the curative effect(Table3). This
may be attributed to the anti-obesity effect ofypblenols in LPE, which have been shown to inhibit
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cholesterol absorption and biosynthesis and to ptemthe expression of LDL-cholesterol
receptors[33,36]These findings were supported by the hepatic hadtagdogical studies(Fig.5and 6)
that showed reductions in hepatic lipid accumutgtfat vacuoles in groups consuming LPE.

High fat diet has been known to increase the lim@iochondrial reactive oxygen species (ROS)
production. ROS causes cell damage via the meahanislving lipid peroxidation that leads to tissue
injury, especially in the liver[37]. Dietary polyphols contain a number of phenolic hydroxyl groups
and have demonstrated various beneficial effectsctwis mainly due to their ROS scavenging
activity[37]. The relation found between obesity and oxidativesst in this study showed that obesity
induced by ingestion of high fat diet is the prignaause of lipid peroxidation. Therefore, the pblesi
reason for improvement in obesity with LPE may e ¢b reduction in oxidative stress in HFD fed
rats. In the present study, HFD-induced obesitywstb decreased activities of total antioxidant
capacity(Table4); therefore, it may be concludeat tHFD causes the induction of oxidative stress in
the hepatic and cardiac tissue that may lead to cthesequences like fatty liver disease and
atherosclerosis[37,38]. One of the constituentELs pyrogallic acid. It has better radical scaezn
than many monomeric flavones and flavonols, due @gotiesence of pyrogallic moiety as privileged
radical-scavenging sites[39]. Caffeic acid has besployed as a natural antioxidant for inhibiting
oxidation of lipids present in different food. Addnally, there are important redox cycles between
caffeic acid and the endogenous reducing agentstasacid and tocopherol which play an important
role in the protective effects[40]. Administratioh LPE showed a significant increaBeg(.05)in total
antioxidant capacity and decrease in the atherogedex, in this context the protective effect ¢?H
was more pronounced than the curative effect. Thigdd be explained that pyrogallic acid, quercetin,
luteolin, caffeic acid and-coumaric acid have an antioxidant benefits andcehdscavenging
properties through their structure of molecules Hygroxycinnamates or hydroxyphenyl to inhibit
oxidation of lipids[29].

The many metabolic pathways of glucose and thel lipetabolism in the liver are controlled by
insulin, which regulates the hepatic glucose ougnat lipid synthesis[1]. With the increase in adipo
tissue fat deposits, as in obesity, the abilityngllin to stimulate glucose transport and metaiolin

adipocytes and skeleton muscle is impaired reguitinnsulin resistance[41].

Therefore, any transformation in hepatic insulimssevity is rapidly reflected in glucose

homeostasis and TG levels[4Zhe observed reduction in the levelbddod glucose, serum insulin and
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HOMA-IR in LPE treated groups(Table4) may be dué¢hi presence of quercetin in LPE which have
direct effects on glucose metabolism, increasisglin secretion and improvement in insulin resiséan

by promoting pancreatig-cells regeneration[43].

Adipose-derived hormones, such as adiponectin gptthl play an important role in the regulation of
lipid metabolism and the development of insulinsesce in human and rodents[42]. In this studg, th
observed increases in serum insulin and leptinidewerats fed on high fat diet compared to thas f
on standard diet may be related to the fact thamsdeptin levels are directly proportional to aubp
tissue weight[44]. However, serum insulin and leptiere significantly reduceB€0.05)in groups
consuming LPE, although the levels were higher th@nnormal control group(Table4). These effects
might be attributable to caffeic acid in LPE prolyairough reduction in the expression level oftilep
in white adipose tissue, improvement of insulinigiasice and increased fatty adidoxidation

pathway[45].

Circulating adiponectin levels are negatively clatexd with obesity, particularly visceral obesity
and insulin resistance[46]. Results of this stuelyealed the enhancment in adiponectin concentration
found in LPE fed groups relative to high fat graymggested that the expression and secretion of this
adipokine was influenced by the reduced amount adybfat, leading to the decrease in the

concentrations of plasma triglyceride and choledji4®].

One of the enzymes of pentose phosphate pathw@gk, which produce NADPH essential for
the biosynthesis of fatty acid and cholesterol. Red activity of G6PD could limit the availabiliof
fatty acids required for the synthesis of triglydes[46-48]. In the present study, the reduction in
G6PD activity(Table5)found in treated groups alomigh the reduction in triacylglycerol and total
cholesterol levels; may be due to luteoline, caffacid and quercetin which affects the pentose
phosphate pathway by reducing enzyme G6PD, NADPHamsequence; that is required for the
biosynthesis of fatty acid and total cholesteredding to a rapid decline in fat stores[46-48].

In the last decade, it has become apparent thaxession of many lipid-metabolizing enzymes,
including ACO and MCAD, is transcriptionally regtéd by peroxisome proliferator-activated
receptors (PPARS)[49]. Isoforms of the PPAR fanoilynuclear receptors are involved in the systemic
regulation of lipid metabolism and serve as a sefsdatty acids, prostanoid metabolites, eicosdso

and related molecules[50]. In this study the sigaiit elevations in ACO and MCAD
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activities(Table5)in the positive control group quemed to normal may be attributed to fatty acid
exerted as an autoregulatory and coordinate effest gene expression, that could target peroxisomal

or mitochondriaB-oxidation enzymes[51].

Peroxisome proliferator-activated receptor(PPARghawnany diverse functions, including the
regulation of genes expression associated withogki@and lipid homeostasis[50]. The expressions of
ACO and MCAD in liver, which play a key role in fatacid oxidation, are regulated by several
compounds derived from food as flavonoids[52]. Tnamatic increase in the activities of ACO and
MCAD was more pronounced in the protective group@l®4 and 408.53%respectively) than curative
group(699.18 and 184.30%respectively). In additi?éd@O mRNA expression levels(Table5 and
Figurel)showed the same pattern with 2.69-foldpristective group and 2-fold in curative group.
These results may be due to the effect of queraatth caffeic acid in LPE that activate and elevate
PPARx and PPAR expression which is known to increase expressioA@O leading to elevated

energy expenditure, subsequently resulting in @ingisity actions as stated Ay et al.[53].

5. CONCLUSION

In conclusion, LPE may be a viable and promisimgpfylactic measure against obesity. The effect of
LPE may protect rather than treat obesity consatjussducing risk of associated diseases as diabete
mellitus and atherosclerosis. The mechanism obadiy which LPE induces its anti-obesity effect
may be related to decreasing lipid accumulatiorhaaning insulin sensitivity, total antioxidant

capacity, down-regulation of G6PD and up-regulabbMCAD,ACO and its mRNA level.
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CAPTION:

Figure(1): The expression level of peroxisomal liver gene imgd in f-oxidation, mRNA level of
ACO in the liver in differenstudied groups. The expression level of gene wesred by RT-
PCR and calculated by the*2°' method.

Figure(2): Photomicrographs of H&EX200-stained heptatocyteéiges of a normal histological
structure of the hepatic lobule for normal conteds.

Figure(3): H&EX200-stained sections of negative control greapwed a normal histological
structure of the hepatic lobule.

Figure(4): H&EX200-stained sections of positive control gralwed diffuse glycogen infiltration.

Figure(5): H&EX200-stained sections of protective group shdweld swelling and granularity of
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UNDER PEER REVIEW

cytoplasm.

Fig (6): H&EX200-stained sections of curative hepaticule showed focal areas of glycoc
infiltration with narrowing of hepatic sinusc
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Fig 6-Curat.

Table 1- HPLC analysis ofemon peel extract (polypheno

Peak No. & (min) Compound Concentration (%)
1 3.4 Pyrogallic 39.1%
2 5.3 Caffeic acid 1.19%
3 6.0 Euganol 1.23%
4 7.8 Salicylic acid 11.26%
5 8.1 p -hydroxy benzoic acid 0.77%
6 8.9 Resorcinol 1.05%
7 13.4 p -coumaric acid 3.92%
8 18.0 Luteoline 6.21%
9 18.3 Quercetin 0.84%
10 30.2 Chrysin 0.50%
11 31.1 Luteolin-3-meth-oxy-7- rutinoside 0.40%
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Table 2-Weight gain, food intake, feed efficiency in diéet studied groups.

Parameters

NC LP PC Prot Curat
Weight gain (g) . ]
mean +SD 61.63 +8.21 64.45(%_-&9.17 1128'51%-:16.206 72.]785_-2')2.01a 748%_-'(-)79'4661
%Changefrom NC 667 441 041 091
%Change from PC 35.30] 33.63
Foad intake
(g/day) . N ]
mean +SD 13.50 +0.93 15.31+1.58 19.66 +1.26 16.51 +2.37 17.85 +0.65
%Changefrom NC 13.411 45.631 %%SST 3;)22_212T
%Change from PC 02] 21|
Feedefficience ratic . X
mean +SD 4.00+0.54 4.82%00.96 6.:IL—_.):53_+715.4:|.a 4.0f_('58.81 4.135_;?.61
%Changefrom NC =207 NEl 0071 NEX)
%Change from PC 34.31) 32.52]

(a)Statistical significant from normal control group at p<0.05.
(b) Statistical significant from positive control goup at p<0.05.

NC: Normal Control. PC: Positive control. LP: Lemon peel. Prot: Protective. Curat: Curative.



Table 3-Level of serum lipid profile in different studiedayips.

NC LP PC Prot. Curat.
Parameters
TAG (mg/dl)
mean +SD 144.13 +51.95 124.13+33.50 288.50+10.17  224.69+11.66° 244.88+48.36™

%Changefrom NC
%Change from PC

T-CHL (mg/dl)
mean +SD
%Changefrom NC
%Change from PC

VLDL -C (mg/dl)
mean +SD
%Changefrom NC
%Change from PC

LDL -C (mg/dl)
mean +SD
%Changefrom NC
%Change from PC

HDL-C (mg/dl)
mean +SD
%Changefrom NC
%Change from PC

Atherogenic Index
mean +SD
%Changefrom NC
%Change from PC

Phospholipids (mg/dl)
mean +SD

99.45 +8.17

28.83_+10.39

21.49 +2.80

49.11 +4.40

1.04.40.25

103.13 +62.22

13.88

101.40+10.30
1.961

24.38+6.70
15.44

20.55+9.96
437

52.17 +5.72
6.231

0.96 40.28
7.69 |

101.25 +63.13

100.171

211.79.8.59 2
112.961

57.70+2.03
100.141

122.3340.5%
469.241

31.76 +4.45%
35.33]

5.78.40.92°
455.771

285.63 +58.26%

55.891
22.12]

123.86_+3.95%
24541
4152]

44.94+ 32%
55.881
22.11)

24.00 +3.44
11.681
80.38]

54.76 +3.8%
11.501
72.421

1.27 +0.12°
22.121
78.03

225.00 +35.58%

69.901
15.12]

195.18 +5.12%
96.261
7.84)

48.98+9.67%
69.891
15.11)

85.67 +13.97°
298.651
29.97|

60.53 45.85%
23.251
90.591

2.25 +0.32%
116.351
61.07 |

237.19 +72.38%

%Changefrom NC 1.82] 176.96 118.171 129.991
%Change from PC 21.23| 16.96]
(a)Statistical significant from normal control group at p<0.05.
(b) Statistical significant from positive control goup at p<0.05.

NC: Normal Control. PC: Positive control. LP: Lemon peel. Prot: Protective. Curat:

Curative.
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Table 4- Levels of total antioxidant capacity, blood glucoserum insulin, homeostasis model assessmenirinsul
resistance (HOMA-IR), serum leptin and adiponeutidifferent studied groups.

Parameters NC LP PC Prot. Curat.
TAC (mMIL) . R )
mean +SD 1.10+0.37 1.16 +0.17 0.78+0.19 1.05+0.14 1.02 +0.09
%Cha?lgefromNC 5451 29.09] 3‘25651% 3702777lT
%Changefrom PC ' '
Glucose (mg/dl) a b
mean +SD 89.31 +5.46 91.55 +5.09 131.60 +5.46 90.11 +3.5%’ 100.20_+5.86
%Cha?lgefromNC 2511 47.351 g1923¢ %gégl
%Changefrom PC ' '

Insulin (ulU/ml) N b b
mean +SD 24.63 +5.18 26.88 +8.48 41.43 +8.72 27.13 +8.97 27.88 +5.17
%Cha?lgefromNC 9.141 68.211 %gégl 57781
%Changefrom PC ' '
HOMA-IR . ) )
mean +SD 5.43#.34 6.08+2.09 12.17+2.48 6.04+2.00 6.9040.92
%Cha?lgefromNC 11.971 124.131 %%:23% %%I
%Changefrom PC ' '
Leptin (ng/ml) a b ab
mean +SD 27.63 49.29 27.88 +11.37 50.25 +6.36 36.63 +7.60 38.13 +8.43
%Cha?lgefromNC 0.901 81.871 237215()7Tl ?é%_%%f
%Changefrom PC ' '
Adiponectin (ug/ml)
mean +SD 173.58 +3.70 176.97 +2.40 133.25 +4.77* 157.25 +4.81°  146.54 +6.28%
%ChanaefromNC 1.951 23.23| 9.41)] 9.97|
g 18.011 9.917%

%Changefrom PC

(a)Statistical significant from normal control group at p<0.05.

(b) Statistical significant from positive control goup at p<0.05.

NC: Normal Control.  PC: Positive control. LP: Lemon peel. Prot: Protective. Curat:

Curative.
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Table 5- Glucose-6-phosphate dehydrogenase(G6PD), peroxismybcoenzyme A oxidase(ACO), mitochondria
medium-chain acyl-coenzyme A dehydrogenase(MCAD)yeratic activities and hemoglobin level in differen

studied groups.

Parameters NC LP PC Prot. Curat.

G6PD (U/g Hb)
mean +SD

= 6.71 +1.10 7.14 +1.39 20.14 +7.172 8.09 +1.08% 15.23 +2.05%
9%ChangefromNC - 6.511 5007151 20571 126.971
%Changefrom PC 59.83] 24.38 |
ACO (ng/m 35.43 +8.48 40.47 +6.76 235.00 +63.52° 422.48428.14° 27252 +63.20°
%ChangefromNC 14.231 563.281 1%_27.%4 6195%17%
%Changefrom PC
MCAD (ng/m) 10.32 +2.32 12.64 +3.31 19.65+9.95° 52.48 +36.82%°  29.34 +11.10%
%Changefrom PC
Hb (g/d
mea(ﬁ +25[) 14.25 +1.49 14.63+1.30 12.25+1.49 12.88+2.10 12.38 +1.77

- 2.67 1 14.04 | 9.61 | 13.12 |
%ChangefromNC 5.14 f 1.06 1

%Changefrom PC

(a)Statistical significant from normal control group at p<0.05.
(b) Statistical significant from positive control goup at p<0.05.

NC: Normal Control.
Curat: Curative.
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PC: Positive control.

LP: Lemon peel.

Prot: Protective.



