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ABSTRACT

The present study was designed to evaluate the efficacy of almond oil and diosmin extracted from lemon peels on the
endothelial dysfunction in streptozotocin induced diabetic rats. The study was performed on 75 male white albino
rats divided into 5 groups. Healthy rats served as control group, diabetic group, almond oil treated diabetic group,
dimethylsulfoxide (DMSO) treated diabetic group, and diosmin treated diabetic group. Experimental diabetes was
induced by single subcutaneous injection of 50mg/kg body weight streptozotocin. After two months blood samples
were collected for assessment of serum triglycerides(TG), total, high density lipoprotein(HDL), and low density
lipoprotein(LDL) cholesteroal, fasting blood sugar (FBS), serum insulin, intercellular adhesion molecule-1 (ICAM-
1), nitrite and nitrate (NOXx), plasma hydrogen peroxide (H,O,), glutathione peroxidase activity (GPX) and percent
of DNA damage. Mean levels of total cholesterol, TG, LDL-cholesterol , FBS, percent of DNA damage and |ICAM-1
were significantly low and HDL-cholesterol , insulin were significantly high in almond oil treated diabetic group
compared to diosmin treated diabetic group. On the other hand no significant difference was observed between the
two groups regarding NOx, GPX and H,0,. Supplementation with almond oil and diosmin exerted an anti
atherogenic effect with amelioration of glycemic status along with decreased DNA damage in STZ induced diabetic
rats, these effects are more pronounced in diabetic group treated almond oil .So it is recommended to use almond
oil as a prophylactic measure for endothelial dysfunction in diabetics.
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INTRODUCTION

The endothelium is the thin layer of cells thae#irthe interior surface of blood vessels and lyriphassels, the
heart, and body cavities . It acts as a bloodaioet; in addition, it actively regulates the pagsaf nutrients,
hormones, and macromolecules into the surroundasge [1]. It can detect chemical substances witihénblood
and physical forces imparted to blood vessel w@aks shear stress and distention) and initiatparses to these
chemical and/or physical signals by releasing sufrsts that modulate vascular tone and/or bloocelessicture.
Endothelial dysfunction can be defined as the gladir complete loss of balance between vasocotstsiand
vasodilators, growth promoting and inhibiting fasto proatherogenic and anti-atherogenic factorgl pro-
coagulant and anti-coagulant factors [2].

Hyperglycemia is a characteristic feature of diabedind plays a pivotal role in diabetes associatiedovascular
and macrovascular complications [3].Endothelialfdystion comprises a number of functional altenagion the
vascular endothelium that are associated with dtkégbend cardiovascular disease, including impaitroémitric

oxide (NO) production and activity, enhanced getieneof reactive oxygen species (ROS), elevatedesgion and

184



Mona Anwar et al J. Chem. Pharm. Res,, 2014, 6(11):184-194

plasma levels of different vasoconstrictors, insezh adhesion molecule expression, and associateghesd
adhesion of vascular cells (e.g. platelets and mytas) to the endothelium [3].Increase of glucos@ation
leading to enhanced intracellular production oéfradicals (e.g. superoxide and hydrogen peroxitigh has been
linked to diabetes-induced which endothelial dysfion [4] , the augmented production of ROS ca @isosmote
the inactivation of antioxidant proteins and therefreduce the antioxidant defense mechanisms [5].

Furthermore, endothelial cells in patients withabeétes are not able to produce sufficient amodini©@ and
therefore fail to vasodilate in response to vasaditk (e.g. acetylcholine, bradykinin, shear sjriss

The key components of diabetic dyslipidemia areatkd plasma low density lipoproteins (LDL), veoytdensity
lipoproteins (VLDL), triglycerides (TG), circulatinfree fatty acids (FFAs) and lowered high denkfigprotein —
cholesterol (HDL-C) [7].Excess dense LDL is a straisk factor for cardiovascular disease, it acciates in the
extracellular sub endothelial space of arteriesseauoxicity to vascular cells thereby leading tioeeosclerosis,
hypertension, obesity and functional depressicsoime organs [8].

The plasma concentrations of a pro-inflammatgtpkine and tumor necrosis factor alpha (Ti\B&re increased in
diabetes [9].They mediate opposite actions on #mecwature thus promote the increase of adhesidacmies

intercellular adhesion molecule-1(ICAM-1) one oétmost sensitive cell markers for detecting theratbclerotic

plague formation process in the endothelial cal§.[

Almond, scientifically known as Prunus dulcis, beje to the family Rosaceae and is also relatedoesfruits
such as peaches, plums and cherries [11].

A number of cohort studies have shown a negatigedation between nut consumption and risk of hdease
[12].Further benefits of almonds may result fromitthigh polyunsaturated: saturated fatty acidoratut protein,
plant sterols, fiber, and associated phenolic sultsts which possess potent free radical scavergipgcities,
depress postprandial glycemia and ROS productidh [1

Flavonoids are a large group of polyphenolic conmatsunaturally occurring in several plants and $ruats
glycosides or, less frequentlgs their glyconesDiosmin (diosmetin 7-O-rutinoside), a natural ffaes glycoside is
readily obtained by dehydrogenation of the corresjitg flavanone glycoside, hesperidin that is alambdn the
pericarp of various citrus fruits [14].Diosmin pesses blood lipid lowering [15].and anticarcinogeactivities
[16].It enhances venous tone and microcirculatiod @rotects capillaries [17], mainly by reducingstgynic
oxidative stress [18].1t has been shown to impri@aetors associated with diabetic complications [19]

The present study was undertaken to determineliieyaf the natural dietary supplement of plaotggin namely
almond oil and diosmin extracted from lemon peelsnodulates biochemical changes of endotheliafusiygsion
in streptozotocin induced diabetic rats.

EXPERIMENTAL SECTION

Materials
STZ was purchased from sigma chemical co. (St. Ladis, U.S.A).

Experimental Protocol

Male white albino rats, with an initial weight 2@02:0gm, were obtained from the animal house of th&dNal
Research Centre, Cairo, Egypt. Animal procedure® \werformed in accordance with the Ethics CommitiEthe
National Research Centre

All rats were housed individually in stainless ste@ges for two months they were fed standard rodeow and
water was available adlibitum. They were kept emdiard conditions of temperature and light. Rateevaivided
into 5 groups with 15 animals in each group a®ofell

Control group: healthy rats injected with 50mg/laglp weight sodium citrate buffer subcutaneously}.[20
Diabetic group: diabetic rats, diabetes was indubg single subcutaneous injection of 50mg/kg bedght

streptozotocin .The animals were considered diabffasting glucose level was 200mg/dl after 4&itsoof the
injection [21].
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Almond oil treated diabetic group included rateeiged intragastric almond oil at concentrationld mL / kg
body weight once daily [22].
Dimethylsulfoxide (DMSO) treated Diabetic grouptsraeceived intragastric DMSO1ml/kg body weight][23

Diosmin treated diabetic group: rats receivedraistric diosmin at concentration of 100 mg / kgh\bweight
dissolved in 0.6 % DMSO once daily [23].

Extraction of almond oil
The dried powdered almond seeds were extracted nwiitbxane in a soxhlet apparatus, the oil was oétaafter
evaporation of the solvent at 40°C under reducedsure on a rotavapour apparatus [24].

Extraction of diosmin from citrus peel
The dried, minced citrus lemon peels were extraatsithg organic solvents with increasing polarit{&her,
Chloroform, Ethyl acetate, and finally 70% metharnela soxhlet apparatus [25].

Biochemical Analysis

At the end of the experiment (two months) the aftémeere fasted 14-16 hours. Blood samples werednatlin
from the orbital vein using ether as general amtgthBlood samples were divided into three posiothe first
portion was collected in plan tube, and serum veasusated at 4000 rpm for 15 min. for estimatioelg of fasting
blood sugar, NOx, total cholesterol, triglycerideé)L-cholesterol, insulin and ICAM-1. A second port was
collected in heparinized tube for measure glutahiperoxidase, then plasma was separated for detgiom of
hydrogen peroxide. The third portion was colledatetube contained EDTA as anticoagulant to meapareent of
DNA damage using the comet assay.

Serum Glucose
It was performed according to the method of Pasaimg) Bablok [26], using kit supplied by Biocon Diagtic,
Germany.

Serum insulin
It was performed according to the method of Judisahiet al. [27] using kit provided by DRG, USA.

Lipid profile
Total cholesterol [28], triglycerides [29], HDL-alesterol [30] were determined using kits supplBdBiocon
Diagnostic, Germany. LDL-cholesterol was calculaedording to equation developed by Friedewald.[31]

LDL= total cholesterol- (HDL-cholesterol + triglydde)

5
Quantitative determination of GPX activity
It was assessed according to the method of Kradi$samthen [32].

Quantitative determination of serum H,0O,
It was assessed according to the method of Da8&s [

Quantitative determination of serum NOx
It was measured by the modified Griess method]f 34

Quantitative determination of serum ICAM-1
This was determined by ELISA using Kit providedRayBio [35].

Comet Assay
Comet assay has been developed to detect celllN& damage. It was performed according to Singhl§86]
with modifications according to Blasiak et al.[37].

Methodology of the comet assay

Lymphocytes were isolated by Ficoll-Hypaque dengiadient (Pharmacia LKB Biotechnology, Piscatawsy,
USA) and washed by phosphate-buffered saline (RB®H 7.4. Ten pl of the cells were suspended inul756f
0.5% low melting agarose for pipetted on microscagides with a layer of 1% agarose, spread usiogvarslip
and maintained on an ice-cold flat tray for Smirstdidify. After removal of the coverslip, the stislwere immersed
in cold lysis solution at 4C for 1 h, followed by electrophoresis at 25 V, 308, for 40 min at steady temperature.
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After electrophoresis, the slides were gently reeabfrom the tank and washed three times with nisitrg buffer
0.4 M Trisma base at pH 7.5 for 10 min. Twenkethidium bromide (1@ug/ml) was added to each slide.

Visualization and analysis of Comet Slides

The slides were examined at 40x magnification uaimgnverted fluorescence microscope (1X70; Olymgukyo,
Japan) equipped with an excitation filter of 549 amd a barrier filter of 590 nm, attached to digitamera
(Olympus). Damaged cells were visualized by tharfebappearance”, with a brightly fluorescent head a tail to
one side formed by the DNA containing strand brahks were drawn away during electrophoresis. Sasnplere
analyzed by counting the damaged cell out of 1018 per slide to calculate the percent of damage.

Statistical Analyses

Data entry and analysis were done using the statipackage for the social sciences (SPSS) pnagvarsion 16
and Microsoft Excel 2007. Data are presented meastmndard error (SE). The significance differebe¢ween
values was estimated using student’s t-test. A Ipevéess than 0.05 was considered to indicate tistitally
significant difference.

RESULTS AND DISCUSSION

Effects of almond oil and diosmin on FBS, insulin iad lipid profile

Mean concentration of FBS of diabetic groups resgiglmond oil and diosmin was found to be signifiyalow
compared to the diabetic group and diabetic grageived DMSO respectively. The mean FBS of diabgtiaip
received almond oil was significantly low compareddiabetic group received diosmin .The recordeldies of
serum insulin were significantly high in diabeticogps received almond oil and diosmin comparech¢odiabetic
group and diabetic group received DMSO respectivedn the other hand the mean of serum insuliniambetic
group received almond oil was significantly highhgmared to diabetic group received diosmin. Theltesf the
present study revealed that levels of cholesterigllyceride, LDL-cholesterol were significantlyvo and HDL-
cholesterol was significantly high in diabetic gpoveceived almond oil compared to diabetic groupeireed
diosmin (Table 1).

Table 1: Mean levels of fasting blood sugar, insuliand lipid profile in different studied groups.

Groups (ri'gB/a?) Insulin (ulU/mi) CT?LZ%T;O' TG (mg/dl) | LDL-C (mg/dl) '(*n'?g'-/ d‘;
Control 95.7 #.56] 14577 1220 99| 98622 548 081  49.8 4
Sinbetc 27588 40.923.7 18823 | 1629:32| 110084 | 37.4£0.90

P, < .00 P, < .00 P.<.00 | P<.00 P1<.00* | Pi<.00
o of dabete | L/78%72|  978%21 141x25 | 1275220 712078 | 45305
P, < .00 P, < .00 P,< 00 | Pp<.00 P,<.00* | P,<.00
DMSO diabetic | 277 £12.04] _ 41.2+38 18322 162+32 | 114+11 | 37.9+045
206+4.02 | 83.7 3.4 132611 | 1309+16| 80+1.09 | 42.2%0.59
Diosmin diabetic | Ps< .00 P; < .00 Pi< 00 | Ps<.00 | P3<.00* | P3<.00*
P< 0.013* P< .035 P<.026* | P,<.001* | P4<.027* | Pa< 015*

F.B.SFagting blood sugar TG Triglyceride
HDL-C High density lipoprotein Cholesterol
LDL-C Low density lipoprotein Cholesterol

Effects of almond oil and diosmin on NOx ,GPX actity, H,0O,and ICAM-1

The recorded values of NOx in diabetic group resgialmond oil were significantly high compared iabetic
group. Also it was significantly high in diabeticogip received diosmin when compared to diabetiagn@ceived
DMSO. The result showed that no significant défeze in mean of NOXx in diabetic group received aldoil and
diabetic group received diosmin .

GPX activity was significantly high and mean cortcation of plasma kD, was significantly low in diabetic group
received diosmin and diabetic group received almoitdcompared with diabetic group received DMSO and
diabetic group respectively. There is no significdifference in activity GPX and concentrationpdisma HO,
between diabetic group received almond oil andetialgroup received diosmin .

Mean of ICAM-1 concentration was significantly law diabetic group received almond oil and diabetioup
received diosmin when compared to diabetic group diabetic group received DMSO respectively. Ondifigs
showed that mean concentration of ICAM-1 was sigaiftly low in diabetic group received almond aingpared
to diabetic group received diosmin (Table2)
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Table2: Mean levels of NOx, GPX activity, HO, ICAM-1 and %DNA damage in different studied groups

Groups NOXx (umole/ml) | GPX activity (mU/mL) (J':AZC/)E) ICAM-1 (pg/ml) | % DNA damage
Control 144+ 4.8 765 #15.5 565 +4.2 94.4 +2.7 4.1 £0.37
Diabetic 79 2.§ 346.5 119.9 784 -_'-10*.7 94.4 12;7 67.5 il.k7

P, < .00 P: < .00 P, < .00 P: < .00 P:< .00
Almond ol diabetic 118 + 3.*6 660 illk.8 599 116*.3 137.9 ilk.6 355 J_rl.kB
P, < .00 P, < .00 P, < .00 P, < .00 P, < .00
DMSO diabetic 80+4.8 383 7.1 760 £10.9 212 +4.4 65.5+1.16
112+ 3.8 609 +11 592.5+ 10.7 147 £3.09 39 +0.6
Diosmin diabetic P;< .00° P;< .00° P;< .00 P;< .00" P;< .00°
P4< 3N P4< 0.12" P4< 0.685 P4 < .035* P,< .03

H,O, Hydrogen peroxide GPX Glutathione peroxidase
NOx Nitriteand nitrate ICAM-1 Intercellular adhesion molecule-1

Effects of almond oil and diosmin on DNA damage

The comet analysis showed that the control grogptha most compact DNA and maintained the circfden of a
normal nucleus, with no evidence of comet formatibtncontrast, cells from diabetic groups exhibititferent
degrees of a distorted appearance, diabetic gexgived almond oil showed the least distorted ¢Ekble?2)

Person's correlation coefficients

Results of the present study showed positive caioel between ICAMland FBS;B, and percent of DNA
damage (Figure 1,2,3), in addition negative coti@tawith NOx and GPX(Figure 4,5). As regard petcehDNA
damage the results revealed positive correlatiadh MBS and HO,(Figure 6,7 ), negative correlation was observed
with NOx and GPX(Figure 8,9).
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This study investigated the effect of almond oitl @xtracted diosmin on endothelial dysfunction iabetic rats.
The present findings showed that the mean serugosggulevel was significantly low and serum insuldivel was

significantly high in diabetic group treated almoniticompared to diabetic group. These resultsim@greement
with Wien et al.[38] who reported that intake alrdomas significantly associated with a reductiorfiasting blood
glucose, lower glycosylated hemoglobin value, anda@ced insulin sensitivity, suggested that thé luilgic acid
content in the almonds may improve beta-cell efficy through enhanced intestinal secretion of gjondike

peptide-1.As regard diabetic group received diosmé&an serum glucose levels was significantly low aerum
insulin levels was significantly high compared ¢ontrol diabetic group treated DMSO. These reisuitfgreement
with Srinivasan and Pari [23,19] who reportedt tie administration of diosmin to diabetic rag¢sulted in a
significant restoration of the plasma glucose, linsiglycosylated hemoglobin, and the activitiescafbohydrate
metabolic enzymes.

The management of diabetic dyslipidaemia, a welbgaized and modifiable risk factor, is a key elamia the
multifactorial approach to prevent atherosclerasisndividuals with diabetes [39]. In the presetidy level of
cholesterol, triglyceride, LDL-cholesterol was sfgrantly high and HDL-cholesterol was significantlow in

diabetic groups compared to control group. Thesaraagreement with finding of Otamere et al. [4@jo reported
that the most common lipid disorders associatett diabetes are increased level of cholesterollytiggide-rich
lipoproteins, low levels of HDL and the presenésmall dense as a result, more atherogenic LDLigles. After
diosmin supplementation, significant decreasemrllef cholesterol, triglyceride, LDL-cholesteraidgsignificantly
increase HDL-cholesterol in diabetic treated digspompared to diabetic group received DMSO.Theltesd the
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present study revealed significant low levels oblebkterol, triglyceride, LDL-cholesterol and sigo#nt high
HDL-cholesterol Ivel in diabetic group treated dios compared to diabetic group treated DMSO . Theselts are
in accordance with Mulero et al. [41] and Srinivasand Pari [42] who reported that the administratf diosmin
to diabetic animals stimulates insulin output thatild activate lecithin cholesterol acyl transferasnd lipoprotein
lipase there by increasing the HDL fraction, lowerithe intestinal absorption of cholesterol andaseing the
excretion of ingested cholesterol.As regard diabgtoup treated almond oil level of cholesteraglyceride, LDL-
cholesterol was significantly decreased and HDLUesterol was significantly increase compared teottiabetic
groups. These results are in agreement withtldl.[43] who reported that almond consumptioadsociated with
improvements lipid profile. Also Berrymaat al.[44] reported that total and LDL- cholesteradluction associated
with almond consumption, has been primarily attigluto the replacement of saturated fat with umastd fat
where the major fatty acids in almonds are oleid aad linoleic acid, accounting for 91-94% ofti¢al lipids. It
also rich phytosterols which may exert hypochaledemic effects via interactions with intracellulenzymes,
acyl-CoA: cholesterol acyltransferase and hydraxgthylglutaryl- CoA reductase, the rate limitingzgmes in
cholesterol synthesis as well as viscous fiberlimoad decreases LDL-cholesterol by disrupting eaftepatic
circulation, thus increasing bile acid and choledtexcretion and up regulating the LDL-cholestereceptor [44].
Diabetic group treated almond oil showed a sigaifichypocholesterololemic effect compared to diabgroup
treated diosmin .

The current study showed that mean GPx activity wigsificantly low and mean plasma,®} levels was
significantly high in diabetic group compareddontrol group. This results are in accordance wthger et
al.[45]who referred this observation to decreashiced glutathione (GSH) content reported in diabptitients,
since GSH is a substrate and cofactor for GPxefber GPx catalyzes the reduction of hydrogen pdeornd
organic hydroperoxides into,8 and molecular oxygen by using GSH. Yasim et @)].féported increase in GPX
activity by addition of diosmin—hesperidin combioatto the diet, indicating its antioxidant propest In the current
study, GPX activity was significantly high and,® was significantly low in diabetic group treatedogtnin
compared to diabetic groups treated DMSO. Theselteeare in agreement with Srinivasan and Parj yii%o
explained that, GPX activity were elevated in digberats treated with diosmin through increaselttesynthesis of
GSH and reduction of the oxidative stress as feskical scavenging ability of diosmin could exerbeneficial
effect against pathogenic alterations caused Byafd OH'. As regard diabetic group treated almoidsPX
activity was significantly high and 4@, was significantly low compared to diabetic groupkese results are in
agreement with Li et al. [47] who reported that oisgerols of almond such as b-sitosterol inducdnbeease in the
GSH/total glutathione ratio, induce the antioxidanzymes glutathione peroxidase and superoxideutiés®. No
significant difference in activity GPX and.8, between diabetic group treated almond oil and etiabgroup
treated diosmin was observed.

The accumulation of oxidative stress products auliliction of antioxidant defences, such as diminisiivity of
glutathione peroxidase, catalase and superoxide@ase damage to biological macromolecules asipsptipids
and DNA. In consequence, this may lead to oxidasitress-related diseases, including atherosclef8is The
current results revealed that the control group tii@dmost compact DNA and maintained the circutemf of a
normal nucleus, with no evidence of comet formationcontrast, cells from diabetic group exhibitedlistorted
appearance, indicating substantial DNA damage.@sults showed low percent of DNA comet assay ibetia
group treated diosmin compared to diabetic grdtgeted DMSO . These results are in agreement Wiilginia
et al.[49] who reported protective effect of degsalcontaining disomin and hesperidin against okidaDNA
damage of lymphocytes of chronic venous insufficiepatients, as both are good chelators of freeadbecause
of reactivity of their hydroxyl groups. Due to bing metal ions, they inhibit Fenton reaction andstfimit DNA
damage.In diabetic group received almond oil @erof DNA damage was significantly low comparedtber
diabetic groups as the antioxidant properties ofoaid flavonoid in protecting against LDL oxidaticas well as
enhancing resistance to €wvhich participate in generation hydroxyl radic@H’) that cause oxidative damage of
DNA So it can prevent lipid peroxidation and rest@®NA [50,51]. The percent of oxidative DNA damagas
significantly low in diabetic group treated almowiticompared to diabetic group treated diosmin.

According to our results serum NOx concentratiomswsignificantly low in  diabetic group comparedcontrol
group. These results are in agreement with findin§uresh and Undurti [52] who reported that diabetellitus is
associated with decreased nitric oxide productiomfendothelial cells, as high glucose level exaatms aldose
reductase activity leading to depletion of the NADRquired for the generation of nitric oxide frararginine by
nitric oxide synthase. The diabetic group treatéamsmdin showed low mean NOx concentration compared
diabetic group received DMSO. This result is inemgnent with Silambarasan and Raja [53] who tegdathat
treatment with diosmin elevated plasma nitrite aitcate levels, indicating its ability to protedtric oxide from
free radicals, thereby increasing its availabiliys regard diabetic group treated almond oil meama NOXx
concentration was significantly high compared theo diabetic groups, as it contains sizeable atsooh L-
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arginine, the precursor amino acid of the endogen@sodilator nitric oxide [54]. On the other haitds rich in
phenolic antioxidants angitocopherols which preserve bioavailability of imitoxide [55]. No significant difference
in mean NOXx level was observed in diabetic groepted almond oil compared to diabetic group trediesimin .

Hyperglycemia enhances activation of cytokineaglear factok-B (NF-«B) , TNF-o and IL-1 which lead to the
expression of adhesion molecule ICAM-1, that féaié monocyte adhesion to endothelial cells [56jur study
showed that ICAM-1 concentration was significartilgh in diabetic group compared to control groug.régard
diabetic group treated almond oil, ICAM-1 was sfigraintly low compared to other diabetic groups. Sééindings
coincident with previous studies of Lépez-Uriarteab and Damasceno et al.[57,58] as almond is incklUFA
which causes inhibition in RNA expression of TMAnessenger and also rich in vitamin E which inczsahe
resistance of LDL against oxidative modificatiomdanhibits LDL-induced adhesion of monocytes tal@helial
cells [59].Katherine and Caroline [60] reportedtthdéosmin significantly reduced plasma level of Alg-1 in
patients with chronic venous insufficiency. Thisutts is in accordance with our findings which destoated that
ICAM-1 concentration was significantly low in diaiiegroup treated diosmin compared to control di@bgroup
received DMSO. In present study mean of ICAM-1 @niation was significantly low in diabetic grougated
almond oil compared to diabetic group treatechio

CONCLUSION

Supplementation with almond oil and diosmin exetiagle an antihypercholesterolemic effect with aomation of
oxidative stress and glycemic status, along wittrelgsed percent of DNA damage in STZ inducedeti@lats,
these effects are more pronounced in almond @itdcegroup.

So administration of diosmin may be beneficial, @mond oil has more prophylactic effect in diabethdothelial
dysfunction.
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