Grape seed extract induced nitric oxide mediated endothelial dependent relaxation through
AKT/PI3 kinase pathway
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Grape seed extracts caused phosphorylation of AKT and eNOS in-vitro in HUVECS

We tested the hypothesis that grape seed extract caused an endothelium dependent relaxation

Oral administration of grape seed extract (Meganatural®-BF Fatent pending) { G5E) lowered the blood pressure in

human subjects with the metabolic syndrome . VWe tested the hypothesis that GSE caused an endothelium Control GSE (10¢mol)
dependent relaxation (EDR) in aortic rings from MNew Zealand YWhite rabbis. The rings were suspended in organ
haths containing oxygenated kKrebs buffer at 37C. EDR evoked by acetylcholine (Ac) and GSE were measured after p-AKT \55E )
pre-contracting the rings with 10-5 M noradrenalin. The tissues were also tested after removing the endothelium and (Serd73) —— A -— 60 KD Endothelial Celf
after incubation with L-MNAME  Wotmannin (Wot) and LY 284002 (Ly') and SUS416 (SU) to examine the mechanism
involved in the relaxation. VYWe also investigated the phosphorylation of e-NOS (Ser-1177) by GSE in- wilro in
HUVECs. AKT — e S — 60 KD
Agonist Relaxation (%) _ _ _ _ L _
Ac (10-5 M) 64 + 1 Grape seed extracts caused a dose dependent relaxation Vasodilatory effect of grape seed extracts in rabbit aortic rings is p-eNOS 40 KD
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GSE {10-3 M) 72%1 in rabbit aortic rings an endothelium dependent mechanism (Ser 1177)
Wot (10-7 M) followed by GSE (10-3 M) 7x1
LY {10-4 M) followed by GSE (10-3 M) 61 eNOS s —  — 140 KD S'm[':;]thd usclel relax ation
SUfollowed by GSE (10-3 M) 46 10 0- Vasodilatory effect induced by both Ac and GSE is absent in de-endothelialized tissues 1 HIOOEAESSER
Felaxation to G3E was abolished in de-endothelialized and L-MNAME treated tissues. The EDF was inhibited by P13 20- 100 Endo.(-) Lo Endo. (-) 90 % confluent HUVECs were treated with either PBS or GSE {104 mol) for
kinase inhibitors (Wot and Ly) but not by SU (VEGFREZ inhibitor). Involvement of e-NOS was confirmed by ' 10 min.
phosphorylation of e-NOS (Ser-1177) In HUYECs after exposure to GSE . It 1s concluded that GSE caused EDE by c 20 BO 1
activation of the AKT/P13 kinase pathway via a mechanism which does naot involve VEGFRZ. o 404 3 Endo.(+)
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801 20 1 20 1 sGrape seed extract shows dose dependent vasodilatory effect in rabbit aortic rings.
100 - 0 - *Relaxation to GS5E was abolished in de-endothelialized and L-NAME treated tissues suggesting the involvement
T T T T !
Ac (105moll) Ac (104 moll)  Hitro (10 mol/ Ac (105 moli)  Ac (105 moll} Hiro (102 moll) of endothelium and eNOS,
o | .y | | & Ac (M) 107 105 10-° 10-4 . N : — :
=everal epidemiological studies have indicated that regular intake of vegetahles, fruit, and beverages such as red + GSE induced EDR was inhibited by PI3 kinase inhibitors (Wortmannin and Ly 29002) but not by YEGFR2
wine and green tea, is associated with a decreased global mortality due to a reduced number of cardiovascular A GSE M) 107 10F 10+ 104 inhibitor (SU5416) suggesting the direct activation of P13 kinase pathway.
diseases. Grape seed extracts are rich in polyphenolic substances and these compounds are known vasodilators.
2ur preliminary investigations revealed that administration of GSE significantly reduced the blood pressures in sinvolvement of AKT and e-NOS5 was confirmed by phospheorylation of AKT (Ser 473) and eNOS (Ser-1177) in
patients with metabolic syndrome and therefore this study was done to investigate the vasodilatory effect of GSE in cultured HUYECs after the cells were exposed to GSE for 10 min.
an in-witro system,
Vasodilatory effect of GSE is dependent on endothelial Grape seed extracts induced eNOS through PI3 kinasef AKT
nitric oxide synthase (eNOS] in rabbit aortic rings Pathway in rabbit aortic rings
Wortmannin (P13 kinase inhibitor) inhibits G5E induced vasodilatation
L-NAME inhibits Acetylcholine induced vasodilatation
Grape Seed Extract The grape seed extract used in these studies is a water extract prepared by Folyphenolic Inc., 100 — - g e - : - .
Madera California (Meganatural B P.®, Patent pending). The extract is made up of polymers of catechin and has an 100 oilufed ik Hoineubation Incubated with ‘Grape s_eed_extraci:'s elucidated a nitric oxide mediated endothelial dependent relaxation
average degree of polymerization of 2.6. The grape seed extract was dissolved in Krebs Henseleit buffer and the - < el Wort (30nmabl} mechanism in rabbit aorta.
concentrations of the solution were based on a nominal molecular weight of 1000, - a0 o
o 1 _ L p ¥ y
_ _ o _ = Incubated with L-NAME % 60 - ‘The activation of eNOS is a PI3 kinase/AKT dependent mechanism
Endothelial Dependent Relazation (EDR) . Thoracotomy was performed inwhite New Zealand rabbits and the 3 B0 (10 mold) %
descending thoracic aorta excised carefully. The aorta was segmented into rings (2 mim length) and the rings were T .. =
mounted in standard 12 ml organ baths containing oxygenated (95 % oxygen and & % carbon dioxide) Krehs $ 40 5=
Henseleit buffer (In mmol/t NaCl 118, KCI &4, MgCl, 1.2, CaCl, 2.5, NaHCO, 22, NaH. PO, 1.2 and glucose 10.1) = |
maintained at 37/C A pre-load of B gwas applied tothe rings. The tissues were allowed to equilibrate for B0 min. The 0 e =
transducerwas connected to a computerized Gould -24005 recaorder system and the changes in tensions were
monitared using a Windag computer program. 0 — 0 = Ac  GSE Ac  GSE Ac Ac
AL AL Sodium Mitroprusside (104 mold) (10+molf) (10¢ mold) (10+moly  (10°moll (10 mold)

After incubating for 1 hr, the aortic rings were pre-contracted with noradrenalin (10-% mold). In each amimal, all tissues 10%rmald 105 maldl 102 mold _ _ _ . o _
were initially tested with 10-% mal/l acetylcholine. After demonstration of the EDR evoked by acetylchaline, the rings Ring 1 Ring 2 Ring 3 1. Anselm E, Chataigneau M,Ndiaye M, Chataigneau T, Schini-Kerth VB, Grape juice causes endothelium-
were treated with increasing concentrations of an agueous extract of acetylcholine or grape seeds (107°-10% malf1) . L.NAME inhibits GSE induced vasodilatation dE_PE"dE_"t N o _ _
De-endothelialized tissues were used to demanstrate the endothelial dependent nature of the relaxation. L-NAME , a LY 94002 (P13 kinase inhibitor) inhibits GSE induced vasodilatation relaxatlm:l via a redox-sensitive Src- and Akt-dependent activation of eNOS, Cardiovasc Res. 2007 15;
non competitive eMNOS inhibitor was used to demonstrate the invalverment of eNOS. We also used the culture human - 73(2):404-13.
umbilical wvein endothelial cells (HUYECs) to demonstrate the GES induced phosphaorylation of ARKT and eMNOS. 100 — BT s

2. Cishek MB, Galloway MT, Karim M, German JB, Kappagoda CT. Effect of red wine on endothelium-dependent

phosphorylated AKT and eMO5 were assessed using immunoblotting technigues in GSE treated HUVEC extracts.

Incubated with
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YEGFR2Z inhihitor (5U5416) was used to see the possible invalvement of VEGFR 2 receptor on GSE induced EDR = neubated with L NAME _ B0 LY (30umollL) LY (30pmoliL) relaxation in rabbits, Clin Sci (Lond). 1997 ; 93(6):507-11
mechanism. - (102 mald] o

® g -
=ince previous studies have shown that the EDE evoked by certain polyphenolic compounds was abolished by _E E
compounds which block the AK T phosphatidylinositokd (F13) kinase pathway, the responses elicited by grape seed E 40 & - _
extracts were examined after incubating the tissues with YWortmannin and LyY84002 which have been previously AL | 8
shown to block the P13 kinase. In these experiments rings were first tested with acetylcholine and then re-tested after v 4 T 20—
J0min incubation with the blocker with either acetylcholine or grape seed extract. 8 —

_ P _ o _ . A = 5E =odium nitroprusside 0 - e GRE i e _ _
All the experiments shown are the means of at l[east & individual experiments done in different animals. 10%mal] 10*malf] 10 mald] (10 rnuIJl[; (10 mold) (10° "D::ﬂl' (10 mol/l) (10-¢ p:ﬁ} {fﬁE i This study was supported by Polyphenolics Inc, Madera, CA, USA
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