Food Eng. Prog.

Vol. 26, No. 4. pp. 217~227 (2022.11)

DOI https://doi.org/10.13050/foodengprog.2022.26.4.217
ISSN 1226-4768 (print), ISSN 2288-1247 (online)

|n-|t|-

s

Food Engineering Progress

= L = =
ST LT 7153 sk Aloje} 22T IsAlEe ofet
AFe - wpsg
GFIFED ARAEATL, WY st 2 E ety

Association of Vascular Endothelial Cell with Aging: The Role of Dietary
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Abstract

The endothelium, a continuous monolayer of cells that surrounds blood vessels, has a variety of physiological roles.
Chronic exposure to psychological and physical stress, oxidative stress, and inflammation activates the endothelial
signaling cascade, resulting in vascular dysfunction such as vasospasm, thrombosis, and abnormal vascular prolifer-
ation. Aging is also a significant factor in vascular dysfunction, mainly developing structural and functional changes
in the endothelium. The molecules involved in endothelial dysfunction are typically angiopoietin-1 (Ang-1), Tie2,
and tight junction proteins. Ang-1, an oligomeric-secreted glycoprotein, is required for the correct organization and
maturation of newly-formed vessels. Ang-1 binding to tyrosine kinase receptors Tie-2 leads to the phosphorylation
and activation of multiple signaling pathways related to vascular permeability. Endothelial junctions are another vital
target of Tie-2 activation. Nutrition and food are closely connected with vascular dysfunction and permeability. The
caloric restriction prevents age-related declines in endothelial function. Dietary patterns that prioritize moderate
intake of fruits and vegetables, whole grains, low-fat dairy products, and lean meats improve endothelial function
in the elderly. Natural products such as Centella asiatica, Pueraria montana, and Piper retrofractum have also been
shown to help inhibit endothelial dysfunction. This review provides an update on aging-related vascular dysfunction

and the role of food and nutrition.
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Hu} ol F2 FHoA A3}
o=z Aug F

A

S A 3 Fale
(Majno et al., 1961). @ 2732 FHRT} IA| 7k
o] FAE E4 9F/] wjFol(Nathaniel et al., 2009),
WMz 7150l gs F8sitt & ¢ ok 3 WA
xo] 24 75 ol EA A BAERAANE 23 1+
Aol A=t FFo] BT F o, o= A4
55 48e faste] 24 48 2 4 I th(Oakely
& Tharakan, 2014; Claesson-Welsh, 2015). @3 Wy 7%
o] 24 o mA EelA BT 7HsAdel U woH
(Oakely & Tharakan, 2014), o] 2 <18 WA sl= mAdH
A% FF 9 I3 714 28 o2 Qs 2oz
b A Aol], kst 2E A St BAEHe] Ao
2Fe 59 F2do] BE S th(Behroozian & Beckman,
2020).
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ATk A WIAAE 75 ol 2 A L5 3
o] 7Fsslthe AT =i(Hurley et al., 2019)0] A%
u, Aolsiglo|y 717754 E E3 WeMxE s
ool that AR ES A E AFE ofF] =3 Aol
mEbA] B Aol 3 HIAE 75 #ofste o
# Qlzte} wslole] ARAS Awr i, Aojseoy A
715 aEe] 71E AolE 2EE F A=A s A
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g Wy 752 WA EE AgHes 45 ¥
= W3 A+ A 3E(endothelial progenitor cell, EPC)<} Wl
F A Zof A EH] = 28 Ax(nitric oxide, NO), I Al 3
oF A Alo]lE Adste MEHZ 241 T s 24y
o, o]5of o3 A W AlaAde) J3S v x]A "ot

EPCE €9 8] FYuo] 54 B oA A2 P
13}t 5 Qe Al Eo|tHArjmand et al., 2021). Khakoo
& Finkel (2005)¢] 17tol] wk=2™ EPC ¢} 7]%5-S Wy
Az B4 2 71 el et B B Ee] Q7] wiiol
g3 Tl FFS FIAA HAL delM 3 s
ANEHA A APE Fole AR BAEUTH

WA= NOE Adste Wo Astd 4 A as
(endothelial nitric oxide synthase, eNOS)E A 7|H,
eNOSell 2Jsl] A== Nodl o= & W] 750l F
2 zA9rKSeals et al., 2011). NOE 3% HE2 o]l
oy @Adste] oA ¢ Ulm g9l tist 2 (Loscalzo,
2001), Akl E7FQl B Al F-2F bl o4 3 2d

(Hossain et al., 2012), EPC 7|5 HEE S X 3o shA

| = WaAME HEH
T/J Flth(Reglero-Real et
. 21¢] A A e E A )
3L AE 7R AE AES 2-ske ME 7 HEZF F9 o]
Th(Knights et al., 2012). Y2 A2 3] Axete] Aot
F 949 o EA131H, A | = claudin®} occlusion
o] EAfsl™ o]& A A|stal U= zonular occludens (ZO)
oF HEle M el $Xgh(Knights et al., 2012). &
Z A xze] 4 FE DE Ay dWEL occludin
claudin-501H, ©= A ¥XZ9] o] JaAS wHA =
Ch(Saker et al, 2014). §2 HIFoA = E-cadherin
(epithelial cadherin)}2 A3 7F Az H3ke] F2 74 Q2
Z~o]m(Vila Cuenca et al., 2019), VE-cadherin (vascular
endothelial cadherin)S WA Zo|X F2 WAATH A X
o= a- B B-catenine XS EEA| 7 EA)51H,
oA H& B4 2 VE-cadhering T2 w4 Uy
7s& 2% H 2% 95 ITHChilds et al,
2007; Childs et al., 2008; Kumar et al., 2009).

Angiopoietin 1-4 (Angl-4)= B3 5o|8d A7 AAlo|H,
|24 714 $8A1Q Tie-1 2 Tie-22 E3] &AJo] vl
NE tH(Davis et al., 1996). Angl3} Ang2E EIFHA| X
(pericytes)2} WA 2o 2l8] Z+zt AA =™ (Davis et al.,
1996), Angl-Tie2 A3 A4t3HGaengel et al., 2009)S
3 2 E FEsty @3 W9 75S 2483k v Al
3 Ag A2 A3 E F =3 KBrindle et al., 2006;
Augustin et al., 2009). Ang-19] 2]+ Tie-2 842 2=
S AxE AsAY A22] AkE B3 eNOS 84S f =
SH}al Augustin et al. (2009)ZF Babaei et al. (2003)°] X
1992 ™, Alfieri et al. (2014)2 eNOS<2} VE-cadherin
Jo] F3ll eNOS 2743t 4 wAEd Wy 7lss 24
LAY oA
u] A ) A (microparticle, MP)= Ths f3 <] Al H]
32, davt 2 Bd-hHEe] Alx AME, 95 €43 ¢
E 2Ed 2 Aol A el Eo] L& 2lx}o|tBoulanger
et al., 2006). W3] v]A Y AH(endothelial microparticle, EMP)
E 0.1 pmolA 1 um 3719] A|EolM A E LFXZA
g3 Jd A, dE, e A Ax E 7TE Uy
Aael e 34 Alxel HPgHor Fs g
(Carmona et al., 2017; Favretto et al., 2019; Ryu et al.,
2019), %3 AlE W 2zdY 25 APHoz A3}
Al71E 98-S FrhRyu et al,, 2019).

H AN e AlX 25 dE HAE F caspase3 &
do] Ex mAEd AFHEE Fddhe 78 VIHeR
BRI 9 OW(Childs et al., 2008; Tharakan et al.,
2008; Tharakan et al., 2012), ol A|EZ2 At} A
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e Aoz BRIHT thSteinhusen et al., 2000; Wu et
al., 2014). Caspase-3 €42 WIA| ZAA AH2E-AE 2
o] a4 98-S 3} VE-cadherin-B-catenin 2-3H| S v}
S} 3L(Childs et al.,, 2007). VE-cadherin-B-catenin &3+ 2]
42 vAEd FEREES s B rk(Steinhusen et
al., 2000; Tharakan et al., 2012).

T g 23HY 42 5 Sirtuin-1 (SIRT-1)S oA
HE Y 2EYX A ARE A8 AR F shel
o} Al Z oA SIRT-1-> eNOSE 23 golA e s}sle]
NO F4< S7M171= 98-S 3™ (Mattagajasingh et al.,
2007), SIRT-1 A3l A] F@HA NO w7} da 42 7+
&A7)= Ao 2 YEFt(Mattagajasingh et al., 2007,
Donato et al., 2011). 3o|A SIRT-12] &AI3l= NO T4
A 2 NO &3l A iAol f2 ddS 24g¢e
2A FAHSZ NO A o] &&E F7HZITHOlmos et
al., 2013; Xia et al., 2013).

2t U 7| szt 5t

Wy A7 A2 wdte I3 w3 A A AP
< 7EItK(Table 1). 7743 7HR1] EPC & Yol7F EHA]
7z

A S
ofgAsH, T 95 AElE st ol tAl EPC
71eS A He ofedt +2E THETH(Csiszar et

al., 2003). Thum et al. (2007)2 AANAIHE Sa w=0lolA
o] EPC 47} 43} EPC 7]%5(EPC &8, #3t H=
3}

%o] 4] BPC 7150] B4EL B89

2 FASE FELE I HAIT|E 2 0E st
T o $EAE AFoME =3to we} EPC 715 A8}
9} eNOS &A4o] A== Aoz YEFStHZhu et al,
2009). AAHEAH AFAAM = =3ke} EPC Aol o
3 ojg] W Eo] 9tk Keymel et al. (2008)2] AF-ollx =
=3}ol| we} intima-media thickness (IMT) 7= 57181,
EPC migration> A3 €2 2333tk Heiss et al. (2005)
o] AFAAME =sfo] me} EPC Frolle F3e] fley
EPC 715 A#lE R385, flow-mediated dilation (FMD)
+ EPC migration?} &3} H =} W e Aol AT
w2ba w=3lo] wel EPC 7|50 HaEe A
ol GEFs WA, AdAA A3 PEEE =0l A
2 JekE

NO AA| o] 852 NO 3l 7k 2 jg]ef €]g NO
G 7o AFRE sl wep oA oA o] A g o]
FCH(Csiszar et al., 2003; Seals et al., 2011). o]&= &
F g 7l HeE A2 " t(rani, 2000; Seals et al.,
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2011). HUVEC (Human umbilical vein endothelial cell) A
3ol =315 fFieste] 15 A, A7HEH] e S
of #Ast= W 7 #HH =do] AsiHe] HAEAL
(FAN et al., 2022) Yoon et al. (2010)2] X370l HUVEC
oA NO Ak Al E stol] what IA] Zasislon, Al
F w=stol] met eNOS T d o] W Zlo = gy
Atk Ser-1177(243)9141 2] eNOS <14Fsl= A E doubling
o] AHLFE HUAOE HAEHAAL, Thr-495(H] 2440l
A12] eNOS Q1Atsh= w3t Al zoA 7ttt st
e Absld ~E 2 T8 NO A4 7Hae] 7des &
24 SITh(Seals et al., 2011). JAe}E2] 52 NO9
2A wkgate] 224 A 2t <l Bakstold 4k (ONOO-)
< I8t NOSJ A ol &&ES AT st 2Ed
2o 5 718 Ert. AitstobE kel =EH eNOS
= eNOS dimerg ESHE3t AlFo2X &5 SJEH R
eNOSe] &Ao] Aajxles Aoz oY tHChen et al.,
2010).

& Wf SIRT-1 842 dubxom wste} 37 2t
3L eNOS &4 74 2 WA X =3t F7HE 53
7% ool 7]od3tHDonato et al., 2011; Bai et al., 2014).
HUVECE o] &3 M2 A s} whe} SIRT-1 43
o] 7+4%to] B A E A (He et al, 2015), Donato et al.
(2011) A-FolAM = oM EstE eNOSe 42 =31 <]
oA F2 DA eNOS &4 ste] A wpARl
eNOS <14Fs} 7Has 9 NO AA| o] && 7Hdol JaFS v
0 HIsAT FEAFET oy AA A E
SIRT-19] &2 HaL A7eE Ag<lel nlsf =12 oA
XoA o ¥e& Ao F HIE|(Donato et al., 2011) 3
FHo®, ksto] WE WY 75 eNOS LA}
NO Aol BWHsA Aol glow SIRT-1 Hd 2 &4
o] kAt wstoll e d@ Wy 7l AoldA T
A& o Uvke AS om| gt

Krouwer et al. (2012)2 Al =3}of| ulz} B2+ 3ol
deHoll daFs mAIHA d)
BEQS EPIE Aew st =3} Al
AE @3 A Tee EXHA, HYE vud
W3} 2 occludin B claudin-5 2] a7}t FA
o Fol= % th(Krouwer et al., 2012). =3} A] AA|ZH
A Angl/Tie-22] W8] 723} S ™ (Figueiredo et al.,
2011), sEAHANME Ang29] WAL o7l | F <} ]
oS o 1271 LER e Felgh FarE #2E A TH(Cordeiro
et al., 2010). Ats}d ~EH X AEo] =Z3F HaCaT AlE
oA =Z Al7bo]| wEl CLDN1¢] BerdA S frdte] ¥
A AR e g7 FeE, ol AlxE AFEIHHe
2 1= A tHKobayashi et al., 2020). o] WIAEZ =
a7t AERFER Q) GFL 1], WAL T
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Table 1. Endothelial cell dysfunction and aging

Object of study Biomarker Results with aging Reference
- Nitrtite level - Nitrtite level i l
Aged HUVECs - eNOS expression - eNOS le;xp;ﬁsmn Yoon et al.,
Cell - eNOS regulatory protein B Ca\l/(eo lm_ 2010
(Caveolin-1, pAkt, Hsp90) J ﬁ/:p; ol
- NOS - NOS level |
UV-exposure . . . . Kobayash et al.,
HaCaIT) cell - Claudin-1 expression - Claudin-1 expression | 2020
- TER - TER 1
- eNOS - eNOS (NS)
Old and young - peNOS - peNOS | Donato et al.,
mice - SIRT-1 Expression - SIRT-1 | 2011
- Ac-eNOS - Ac-eNOS 1
Older and young - ACh-induced forearm EDD - ACh-induced forearm EDD | Donato et al.,
healthy humans - SIRT-1 expression - SIRT-1 expression | 2011

Senescent and

VE-Cadherin

VE-Cadherin (NS)

non-senescent - 201 - 2011 Krouwer et al,
HUVECS - Occludin - Occludin | 2012
- Claudin-5 - Claudin-5 |
. . - Angl/Tie-2 - Angl/Tie-2 (NS) Cordeiro et al.,
Rat during aging - Ang2/Tie-2 - Ang2/Tie2 | 2010
- eNOS expression - eNOS expression | Rippe et al.,
Mouse aortas - NO dependent dilation - NO dependent dilation | 2010
Middle-aged and - EPC number - EPC number ! Thum et al.,
elderly subjects (male) - EPC function - EPC function | 2007
- eNOS expression - eNOS expression |
Old and young - EPC number - EPC number (NS) Heiss et al
healthy - EPC function - EPC function | 2005
individuals - FMD - FMD |
Old and young - IMT - IMT |
healthy - EPC number - EPC number (NS) Keyme etal.
individuals - EPC migration - EPC migration |
- EPC migration - EPC migration |
Young and aged - EPC proliferation - EPC proliferation | Zhu et al,,
rats - EPC differentiation - EPC differentiation | 2009
- eNOS activity - eNOS activity |
Wildtype mice - Cleavage caspase 3 - Cleavage caspase 3 1 Piekarz et al.,
during aging - Vascular permeability - Vascular permeability 1 2020
g e Dt T ek
aged (24 months) mice g - Intracerebral hemorrhage 2015

MMP activation

MMP activation 1

h;(l);g/giil(li(ijv?gzgls - Angl/Tie-2 ratio . - Angl/Tie-2 ratio | Figueiredo et al.,
(ex Vivo) - Ang2, VEGF expression - Ang2 1, VEGF 1 expression 2011
- Endothelial function (FMD) - Endothelial function (FMD) |
Healthy subjects - Blood pressure - Blood pressure T Hoeftken et al.,
(22-75 years) - PWV - PWV | 2017
- EMP - EMP 1

TER: Transepidermal electrical resistance; peNOS:eNOS phosphorylated at serine 1177; EPC: endothelial progenitor cell; FMD: flow-mediated dilation;

IMT: intima-media thickness; MMP: Matrix metalloproteinases; PWV: pulse wave velocity; EMP: endothelial microparticle; NS: non-significant

WA X st WA E AbEo] 7ot Aol 1o AdaA 2k g w2 SkAjo A Al APERE Qg
), ol WHAZ =319 3E 58 AT, o= EMP FX7F S7H== Zo] 4#A o™ (Baron et al,
Aaadge] A= FIHAT7IA Erk(dAlessio, 2004;  2012), EMP7} & F3E97sts, thadAdsts, A
Brandes et al., 2005). 8% AF A2t d= A 2 5 T 9548 € 75 Aol Al A w2l d3
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Table 2. Endothelial cell dysfunction and nutrition

Nutrition Object of study Dietary intervention Mechanisms Reference
Caloric . Calorie restriction: - eNOS 1 Nisoli et al.,
restriction Male mice 3 or 12 months - SIRT1 1 2005
Caloric Wild-type mice 65% CR: - eNOS Kondo et al.,
restriction eNOS-deficient mice 4 weeks hosphorylation 1 2009
Adiponectin-deficient mice phosphorylation
- Blood pressure |
-PWV |
- EDD |
Caloric B6D2F1 mice 40% CR -NO 1 Donato et al.,
restriction (30-31 months) ? - eNOS 1 2013
- SoD 1
- Catalase 1
- SIRT-1 1
Overweight or obese
Caloric (25<BMI<40 kg/m?) 33% CR: - FMD ? Pierce et al.,
restriction nondiabetic subjects 12 weeks -NO? 2008
(21-69 years)
- GSH content !
Caloric Primary human coronary 40% CR - SIRT-1 expression 1 Csiszar et al.,
restriction artery endothelial cells 0 - Apoptotic cell | 2009
- Caspase3/7 activity |
Caloric CR in aging: - SIRT-11 Rippe et al.,
restriction Mouse aortas 8 weeks - eNOS 1 2010
Human umbilical SFAdiet .
MedDiet endothelial cells from CHO-ALA diet - ROHS ll is | Marzlglezt al,
healthy elderly subjects MedDiet - Cellular apoptosis
Human umbilical SFAdiet - Total MP | Marin et al
MedDiet endothelial cells from CHO-ALA diet - Apoptotic EMP | 2011 ”
healthy elderly subjects MedDiet - EPC % 1
Basic diet:
High fat Newborn suckling mice C:P:F=82%:6%:2% - MDATT de Aquino et al.,
diet g High fat diet: - RIOS s | 2019
C:P:F=21%:18%:60% - Claudin-5
0, .
High fat Adult male Wistar rats :3 % l(i)ef deger%;i/t- - Angl expression lT Tomada et al.,
diet (8 weeks old) pp Y at - Ang2 expression 2011

8 or 16 weeks

Tie-2 expression 1

MedDiet: mediterranean diet; CR: calorie restriction; BMI: body mass index; SFA: saturated fatty acids; CHO-ALA diet: carbohydrate alanine diet;
C:P:F: carbohydrate:protein:fat; PWV: pulse wave velocity; EDD: endothelium-dependent dilation; FMD: flow-mediated dilation; MP: microparticle;

EPC: endothelial progenitor cell; MDA: malondialdehyde

WA EZo] &4 nlo] e 24 Z-8 53 JTH(Deng et
al., 2017; Shantsila, 2009). ¥wtH o= AE ApE 2
Caspase-3 59 @42 w3t = 2d AlxoX F7HE
TH(Chen & Goligorsky, 2006). &R =3} wh
g} H oA 2] caspase-39] HHEIT Fold o7 Fkon,
39 EHRAE =& Ao Z YEtH(Piekarz et al.,
2020). 2702 wslo] wE M EZAHEAL 9 caspase-3
A= W &4 2 APES 7HESAI71A

gk
e
N
oIr
0
2
a
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o

2
02,'!

W3 75 Aol 7t o]l Arh(Zuchi et al, 2010;
Klonizakis et al., 2013; Ungvari et al., 2018, Table 2).

gdF Agte FE2] =32 d(Nisoli et al.,, 2005; Kondo
et al, 2009) 2 =2l(Pierce et al, 2008)%1A] eNOSE 4
F 2dsta s RN g Vs AlE A=
Aoz vetgdth ¢, $WHF7, pulse wave velocity”}
A2EH, NO @8-S S7H171H FAlo gitst Al 2dlS
23N 71 3, SIRT-1 & vdd 71dE S U9 7s
=315 WA she 202 YERTE Donato et al. (2013)€]
AT M= 40%9] dF AghS A AR FEANAM=
NO AA| o] &&S FAstd A7 sl Wy 7|5
o] =315 WX, T Atst 2EH A W AF N
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(Csiszar et al., 2009; Donato et al., 2013)°] =&& F+
Aoz YeETE 53] @ Ak =3} FERY ] 59
W eNOS @i IS ofd 2 FEoE ST

]

|
= 2oz ®IEAtHDonato et al., 2013). 3 A|3lo
eNOS &4& S7H117]14, SIRT-1 23S S7H71= A
o8 A& B3 BIE I I (Nisoli et al., 2005; Kondo
et al, 2009), Rippe et al. (2010)¢] AAFN %= 85719
g Ao Z SIRT-10] EdstE A7 dls oA
eNOS ©z o] F7hshs B gt Q1A A EAIH
A 125 TR D] 33%E o] A9 Ak, FMD7}
S7Fetal NO A 7ol F7tele AL 13 th(Pierce
e al., 2008) webd G Age ouA A As AR
31l SIRT-1 2 2 NO P4l e Fof o
HM 7150l #ofshs Ao E vote

AN AT A, obdl, 3L, FFE, 3

S
dS FFsHA E3et= 2ol dHoltt =218 o
gk Aol WEW A FE A AwS A3 Al 23
Zgk Aoy, A erstE 2] Hls| NO A
|&o] FT7lete] AzA o= WA E 7]5o] /HdEQ
(Marin et al., 2011; Marin et al., 2012). 53] A|Z3]4]
< FA 717 = S €} $ HUVECE Wy
A3 AE W ROS Ao WAL Al AEAL o]
0 H, apoptotic EMP2] 458 7+4&}al, EPC H| &2
7kt th. ole AFal Ade] TR WA 52
FokE 2ol vla] WA EE Heste AL ov]sial
G4k Aol e Ao E votHTh
TERIS o]§ste] dntao|e} A kA o] ] Bl A
A2l o] 2 A3 Ad oA XA ZLEE-2] YA o]
F7Fstal BAAAF ] o] Eoldlth HE] Mx 7H
claudin-5 FH =7t Zaste AS9=2 UESTHde Aquino
et al., 2019). Tomada et al. (2012)9] AFANAE= IR 2]
o|(BTFE] 45%)= Angl o] TAEAS U Ang2 HE
= 7k e, Tie2 ¥ S7kshe A4S Bt

o 3

oL o>

£Hul~o
lo bk (L 2 02 fo |z

0_%03%&

¢

H

gt
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oIr
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g3 715 Bololl 1471548 A7 miAle FEFel o
A ot LAlEel disl] A=l $ktk(Table 3). ©
H(Salvia miltiorrhiza Bunge)e Z=9A] “Danshen” 2. 2%
G A Jom T dEo| FEIIT) Thake] Bl e
=71, 271 4 42 T AT ofgelM vdd AW, &
3] AdaA Ags A 5sk= ol AFEEO] $ItK(Su et al,
2015). w2 2 oA 2 95 24 2 9 A4
F3ro =M mA| &gk

oot 9 stk T R T} A-bste] AkslA
2EF 2 Wt oy} TNF-o0 23] fase Uy 2%

S BFEE0] As)een, 53] VE-cadherin®

J[m

(Ding et al., 2005). 2L lﬂ& Ahs Hel WA dAlE F
zdojA Tl BE2 eNOS LE S 4% 24kl NO
FEH|Z S/ THLI et al, 2013). @4 5 dl®3 7%
JH-91 salvianolic acid B2l A$-+= EPC #3}= 313813,

(
AN

eNOS % VE-cadherin®] ¥d-& 713814, caspase-3 &&
< Asliste] 3 WIAE 7% A =38 FTH(Tang
et al., 2014).

Puerarin® 52 Radix puerariae ()4 LAEE o]
AZTE F SUE LPS fE 3 UIHE FEAAe
ZHE B33 TNF-a 2 IL-1B2F 22 HAS4 Akl
E7}1e] ZF7}7F VE-cadherin®] od-E AHSA A,
puerarin®] ©]& THA| 3| EA7]= A ZAH AA7F AA =
o, LPSZE F=% TAHEZ F34d 0] puerarindl] <]
3 A == o2 YEFSETHDeng et al., 2019).

XS (Vitis vinifera L.y= "M 83 23S oiste 5o
2 4 A drHAgarwal et al, 2004; Lin et al, 2016),
TAHOZE= NO IS S7HA W9 o3 g3 o<t
S 73} (Carrizo et al, 2013), 23] 5& RdojA X
EFE=°] NF«B AZE dAgte] NO 84S 53471
3, ‘]-/\]—‘31_ ]/\E-]]__O_ 7]—§1_/\]7]}: 7—1 oz Elﬂ q_
(Zolfaghari et al., 2015).  ths2 2 & s WA
E(BAEC)AA Mz w3} & EgAAF AARS Als)

R, FEAHAA resveratrol LA 2] ]E FEE &
AAaE ] RS AsES gelst 7R R =
SIRTI/NADPH 2t3tg4 ARE AA] 0}93\11]—(Tang et al.,
2012). E3 I=FE= ] Fa AYgA sdE
resveratrolS 6F <t ¥ E3F - FMD7} 23% <713
AF7F AA A A Foll A RIE A TH(Wong et al., 2011).

rlo

H
e B35 @A Adste] 23 (Ginkgo biloba L) W
[e]

S MM eNOSS| HHL

FTE gEHOR Z7NFIT
Ly Gagel 442 Adll Az
oxLDLE =% 43} 2EHAE A sla, Al XATE 74

2, 53] caspase-3 82 AT (Ou et al., 2009). &
ERdoA ] T o] FAAS Asfishe A7MA &
o] Fom, JAAALEAIF NN = AT 41 TxE Y
< Y3ty EPCO AEE AW Ax, 2YAFEES
A2 st A5 telomerase 43S T7HAA EPCE x=3l&
a7l Aol BAlE A tH(Dong et al., 2007).

W Z(Centella asiatica)*| X i€ % triterpenoid saponing!
madecassoside= AFs} A2EHAZEE YIMEIE B35
t}(Bian et al., 2012). Madecassosidex= W3] 4|32 2] &Hxts}
24 FEE S/, HOR F5E A=
TS A ‘330% A EAEALRE 9F3IA1A caspase-
3¢] 243} A ela, HUVECE REd 5 S-S A4}
ST WEY TEEFFEES o83 Seo et al. (2021)
9] AFol|A = vascular permeability modelllA E5S A

oZ:
mlo
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Table 3. Endothelial cell dysfunction and herbal extracts
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Herbal extract Object of study Intervention status Mechanisms Reference
1 . - ROS |
Salvia High concentration - Catalase, SOD 1 Qian et al.,
miltiorrhiza HMEC-1 cell of glucose - eNOS 1 2011
- VEGF |
Salvia L - Monolayer permeability | Ding et al.,
miltiorrhiza HUVECs TNF-a induced cell - VE-cadherin | 2005
Salvia Sprague-Dawley rats . . - Nitrate 1 Lietal.,
miltiorrhiza (female, ovariectomized rat) High fat diet - eNOS 1 2013
- VE-cadherin 1
Salvia Human BM-EPCs from H,0,-induced cell - eNOS 1 Tang et al.,
miltiorrhiza healthy volunteers damage. - EPC proliferation 1 2014
- Cleaved caspase 3 |
. - Caspase 3 activity | |
Centella - Apoptotic cell death | Bian et al,,
asiatica HUVEC H,O, treated cell - MDA | 2012
- GSH 1
Centella asiatica + Rat induced CE-VVE mixture - Edema é'l' £ peri | Seo et al.,
Vitis vinifera leaf (carrageenan-induce (400 mg/kg) - Permeabi ity of peritoneal 2021
paw edema model) or ear veins |
Centella Human study 120 mg/day: - Microcirculation | de Sanctis et al.,
asiatica Diabetic microangiopathy 6 months - Capillary permeability 1 2001
Ginko biloba Ovarian hyperstimulation Intraperitoneal - Ovarian mass index | Zhang et al.,
syndrome rat model injection - Vascular permeability | 2022
24% ginkgo flavone - eNOS 1 .
Ginko biloba HUVECs glycoside+6% - ROS preduction L nl Oy etal.
terpenlactones - Apoptotic cell deat
- Caspase 3 activity |
- EPC number 1
. . PBMC from health D 1.
Ginko biloba humaﬁ Vr()ol?;nteeear; g Extract 10-50 mg/L - Telomerase Activity T Og%g; -
- PI3K/Akt Cascade 1
- Mean arterial |
- SBP and DBP | :
Lo Adult male 150 or 300 mg/kg/day Zolfaghari et al.,
Vitis vinifera Wistar rats 4 weeks - MDA v 2015
- Nitrite 1
- SOD 1
. - Angl 1
. Rat VEGEF (50 ng/site) + gl .. .
Mucopolysaccharide (VEGF-induced MPS (2.5, 5, 10, or - ClapdlnS ) Fujiwara-suniyashy
polysulfate vascular permeability) 20 pg/site) - p-Tie-2 i etal, 2021
- Vascular permeability |
] High fat diet + - AorticNO 1 G
L Male Wistar rats . Vijayakumar &
Piperine (hyperlipidemic rats) 40 mg/ kg body weight - Plasma NO 1 T;'Ia}llini 2006
piperine - SOD, catalase, GSH 1 ’
Male Sprague-Dawley rats Piperine .
Piperine (Streptozotocin-induced (10, 20, 40 mg/kg): - Bax/Bel2 I‘atI.O.l | Warzl%ze('; al,
diabetic cardiomyopathy) 28 days - Caspase 3 acitivty
: - Monolayer permeability |
Puerarin HUVECs (szss gop‘fg%aﬁlﬁ/[) - TNF-o, IL-1p | De‘}% f’;al"
»T - VE-cadherin 1
Overweight/obese Resveratrol
2
Resveratrol (BMI 2535 ke/m ) (30,90 and 270 mg) * - FMD 1 Wong et al.,
post-menopausal 6 capsule 2011
women with hypertension P
Patients with hypertension Acetylcholine Carrizzo et al.,
Resveratrol and dyslipidemia Ach+Res - peNOS 1 2013
Adult male High fat/sucrose diet + - SIRT 1 Tang et al.,
Resveratrol Wistar rats treat - ROS production | 2012

EPC: endothelial progenitor cell; MDA: malondialdehyde; peNOS:eNOS phosphorylated at serine 1177
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>

A THde Sanctis et al., 2001).

2F8LE 3= (Piper retrofractum)= Q1= 2 Hl= 5 2]t
oA thFet Aol AFAR AREEHJOH, ikt
9 Al o] 7kl st A A, A zA e a3
2 7= Ae=Z d#A AthDuangjai et al, 2011;
Neamsuvan et al., 2018) Au}¢5 dwje] T4 7|54 E
Ql piperines ©]83t] TEAFTE Y3t AFAM = L-
NAMEE Fo3te] eNOS IS JAIg =S AME-5H3
o, eNOS o] AAE Zdo|A piperineS 457F B
FIE 75 eNOS Talo] S7hE A, ZHAH A NO 474
o] AR 3EHE B th(Vijayakumar & Nalini,
2006). I s 5 & Utéoﬂj\—l 1:]—1_0131- EEodS o].Q.g],
of HA ol FHE FET F AZAEA ARE &
235t A3} piperine®] 73-9-= Bax/Bcl2 ratios 7<1 “6‘H
caspase-3 &/4& A8t At dufje] A9
g 7]-e] #Hste] WIAE 7] O]H}X]’s}‘“
1 375 tH(Wang et al., 2020).
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