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Protection by Sunghyangchungisan against
Hydrogen Peroxide-induced Increase in Endothelial Permeability

Dong-Uhn Lee, Young-Kyun Kim, Jeong-Nam Kwon
Department of Intemal Medicine, College of Oriental Medicine, Dongeui University

Objectives : Hindered barrier function of vascular endothelium has been implicated in the initiation and progression of
degenerative vascular diseases such as atherosclerosis. In this study, the effect of Sunghyangchungisan(SHCS) as a protectant
against oxidant-induced destruction of endothelial barrier function was assessed.

Methods : Toward this end, endothelial cells derived from the human umbilical vein were cultured as monolayers on
permeable membrane filters. Endothelial permeability was monitored by measuring transendothelial electrical resistance and
movement of low density lipoprotein (LDL) across the endothelial monolayer.

Results : Along with increased movement of LDL, H>Oz-induced increase in endothelial permeability was paralleled by a
decrease in transendothelial electrical resistance. The effect of H202 was mimicked by phorbol 12-myristate 13-acetate
(PMA), a potent activator of proteinkinase C. Calphostin-C, a protein kinase C inhibitor, effectively blocked the increase in
endothelial permeability induced by H202 or PMA, indicating that activation of protein kinase C is associated with the H202-
induced permeability change. SHCS effectively protected the endothelial monolayer against H20z2-induced increase in
permeability, whereas, it did not affect PMA-induced change. Forskolin, a potent activator of adenylyl cyclase, antagonized
H20:2 to increase endothelial permeability. In addition, in H202-treated cells, intracellular cAMP concentration was
significantly decreased, indicating that impaired cAMP production as well as activation of proteinkinase C is a mechanism
underlying H>O2-induced increase in endothelial permeability. SHCS was effective to interfere with H2O2 with regard to its
effect on intracellular cAMP content. However, SHCS itself did not affect resting cAMP concentration in endothelial cells.

Conclusions : These results snggest that SHCS might operate as an effective protectant against oxidant-induced destruction
of endothelial barrier function. The mechanism does not appear to involve direct interaction with protein kinase C- or cAMP-
associated signaling mechanism. (J Korean Oriental Med 2000;21(4):193-203)

Key Words: Hydrogen Peroxide(H202), Endothelium, Sunghyangchungisan(SHCS), Low density lipoprotein (LDL)
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Prescription of Sunghyangjunggisan

[ £ OB & & &(g)

# &  Herba Pogostemi 56.25

B ¥ Folium Perillae 37.50

B E Radix Angelicae Dahuricae 18.75

KIE K Pericarpium Arecae 18.75

B K Poria 18.75

B *  Cortex Magnoliae 18.75

B 7t Rhizoma Atractylodis Macrocephalae 18.75

Ff K Pericarpium Citri Nobilis 18.75

LE)  Tuber Pinelliae 18.75

¥ M8  Radix Plarycodi 18.75

HE(ER)  Radix Glycyrrhizae 18.75

% B Rhizoma Zingiberis 30.00

X B Fructus Zizyphi Jujubae 30.00

m R Rhizoma Arisaematis 37.50

x F Radix Saussurea 37.50

woE 3975

A A

= AT ARG Al e AFES] AW (umbil-
ical vein) 7] 2] WS M L& v]=2] American Type
Culture Collection (ATCC)ol|A] #3 wkola] ujjoks}
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A5 ujekel] 2 o3k ujokl 2 fetal bovine serum,
FAA 5& Gibco-BRLAKW]Z, Grand Island, NY),
forskolin @ hydrogen peroxide (H202)= SigmaiH(T|
=, St. Louis, MO), 1,1' dioctadecyl-1-1-3,3,3 ,3" -
tetramethyl-indocarbocyanine perchlorate (Dil-labeled
LDL)€ Molecular ProbesA}H(7] =, Eugene, OR),
phorbol 12-myristate 13-acetate (PMA), H-89 %
calphostin-CE CalbiochemA} (7)<, La Jolla, CA) #|

Yelal ALgeh

2. Algdhy

1) EHEREC extract?] ZA)

EFERAC 103 B3N 39758 52 &
od ¥ FRF 31E /M F 3L T A
g FAA 2 89.5 g9 extracts: &

2) Al 32e] ujek

g2 A ZTE 10% fetal bovine serum, S0IU/ml
penicillin G 2 50 g/ml streptomycin®] F 3 A EL
v 4l Medium-1195 o] &3t} Fepag A X vl
EehaAdA {4 wjkasich ME it 21
370C, 5% CO2, LI EFT FHH o™ o] & Thiy
A wjgdS ZdolFAh Al 27t Wi Sefa
23] 2 A2 0.05% trypsin-0.53mM EDTA £
Aoz Helsle] MEZE 223 T oF 149 AX Y
Z2 AEFot] #ARE (subculture)dtAch A3
o AF&317] g A2 #EEA Y F34 gE
(Snapwell; Costar, Cambridge, MA)°| 2x10° ¢ A=
D2 Fste] sttt

e #srE 8% Aol v)g] 1% Vitrogen 100
(Collagen, Palo Alto, CA) @ 1mg/ml human fibrone-
ctin (Collaborative Research, Bedford, MA) ©. &2 g}
3t T Ao deoM AzAZ] & AL83}
Aok
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A9 o]F Fe B W7 Fate] M7 A
82A 23519} o] Ussing chambers £ 20|
M A EZE v] %3t Snapwell filterE AA & &= =&
EWs) pgtd Aes O F2E Fg ld 1w &
A 8t T} Snapwellol| 4] Wl e Ao F
FEo2 FAE chamber Ao HA|stH o] 24
e 9 e WIAANEZTE Atold] T 2
23 9] 233 A SRS dfSo) ¢

l

A8 FEHA gtz chamberE A3 £33 £322
chamber?] 255 37CE A8l chamberje] 7t
2 FF ZAE A4 T 283 rtxe] FEY
chamber o] §o& dA 3 WFor AL cdat
A B0 AN fu SRR AED 9 E
22171 B-e AWE xdwlel 1,1 -dioctadecyl-1-
3,3,3,3 -tetramethyl- indocarbocyanine perchlorate
(Dil-labeled LDL)°] W3] 5-& 7124 2] dojuye= o]
& 573ttt Filterol] v g W34 E£F Ussing
cahmberdl] #2M3 1 Hanks balanced salt solution
(HBSS)ll A 302 &<+ B3 A7 & o2 A4 24
o] 4] Dil-labeled LDL 200 g/mlS luminal chambero]]
A7Vetd o W3 52 7t24 e o] Fdte LDLY ¢
£ "= Z abluminal cahmberd] YElY+& Dil-
labeled LDL®) H=& FFEMINZE o7 3%
553nm, W& 1A 578nmeoll A 2% 81, LDL2)
o] %2 | A& (clearance) 2 TAHato] UehNG] o0,
th&ol A& o] §3te] AAtetAch.

CLipL =Cacx Vac/CLc

mo

7] A

CLupL = clearance of LDL (uL)

Cac = concentration of LDL in abluminal chamber
Vac = volume of fluid in abluminal chamber

Crc = concentration of LDL in luminal chamber at t=0

Crce 48 713t &<t A9 ¥37t file LDL
of ool 4 A2 o) B4 F7 T HuHY
W3 E Boloh mekr] B AFdxe 2 Al A
Z7% % LDL Al A&-S LhrZ A4bete] Jehf ot

W3} Fegte) Aae] 24e agarKCl A o]
£ 3}o] luminal side &4 w2 (abluminal
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chamber) &9 Alo]o)| short circuitg o] &% 3}
Ath o] 3o DVC-1000 A3 A £ A 13|
(World Precision Instrument)E A2t A4d =&
getol 10mV A¢E 7Hstel & W vebe @A
2 (short circuit current)®] #3}E =33l Ohme
2o met A ALtetiich
4) N E AZEE (viability)e] =73

A E FZELL trypan blue exclusion assaytn ®Oo g
2434tk AEE A3 24 =27 F 0.05%
trypsin-0.53mM EDTA 802 A¥S £, 4
gk 2, 4% trypan blue7} F3E HBSS S04 15

2 ujokstanh AE A EE MAE AT 97 )
ato] GAEA AW APY A EE o] Aid d
"} wheba] Aol Gaio] # £ 33d
v 7 dollH dF AAtRS o] gt Mio] GAEH
AE AAER ke HZE Ao AE AEES
AR
5) AT cAMP e 27
U Expzel #sls daste Adddxis 2
z7A02 582 H2lg T UgdA 27t 2o e 3
] & # ethanol/HCI (20mM HCl in ethanol) 824 ©.
LA MAE S o] &38le] SnapwellZH-E filterE
BN 7| 259 Alxe 2715 o4t AlxE
g st A WEES 5T AE THNS
HA-Z 12,000 %‘E—ﬂyoﬂlﬂ 10 #3944
oo ¢ade d e 7 Azdg 5

Tris/ ImM EDTA (pH 7.5)°l] &3 )

#3144 thr) cyclic AMP (cAMP) &
Astach cAMP &2 c-AMP[H] kitE A}
vl Y (radioimmunoassay) &2 2% 3}
™ pmole/mg protein ©. 2 YER] AT}
=5 yglobuling EFC 2 3t Biorad
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1) ej<} 713l wE U3} g7t A3 2 LDL o
Fol Wz}

wjokdol whe} AgFo] Mzt Frlsted wiF 4L A
o] & 42.2-43.70hm cmo]] 25}A T} Wik 4L A o] F

2e 1027 E AFA7} SR ZThee A%
£ AT o FANAOL AL Aol ol
otk ol 2 A8 27N WP 7% 4de] HH
QoAEEe] S J154 £ 4 NRL
Uehle Az A4 & olok mebd olfe) 2

AY FolNE wF 6UdARH sUA Alole) W&
g At A THFig. 2).

Agel 233 st Ys) Frhee AE2A
AYE A (LDL)9] olF%e] WaEE S4std
Th. LDLY] o]5& A9 ¥sie} wi)2 wjek <

e x

Transweil

/insert

membrane >

~
adaptor

Fig. 1. Sectional diagram of modified Ussing- type diffusion
chamber. Transwell inserts containing cell mono-
layers cultured on permeable polycarbonate
membrane filters are mounted between two acrylic
half-chambers with the aid of O-ring. Transport
medium is circulated by O2/CO2 gas lift and flows in
the direction indicated by arrows parallel to the
surface of the monolayer. Temperature is main-
tained by water jacket connected to circulating water
bath.



ol5d o 29 : wj<} 3 = A Foll A Hydrogen Peroxided 93t %34 7l n|xe EFERES &3 @27

60—
50
40—
30+

TER(Q-cm?)

20—
10—

OIIIIIIT
0 2 4 6 8 10 12

Days after seeding

Fig. 2. Age-dependent changes of transendothelial
resistance in endothelial cell monolayers grown on
permeable polycarbonate membrane filters.
Transendothelial resistance (TER) was calculated
as the total resistance (filter, medium, and
endothelial sheet) minus the background resistance
(fiter and medium). Each point represents mean
S.E. of 9 monolayers.
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Fig. 4. Effects H202 on cell viability and transendothelial
resistance in cultured endothelial monolayers. Cells
were treated with 0.1 (O) and 0.5 (@) mM of H202
for indicated time periods, and cell viability and
transendothelial resistance (TER) was determined.
Each point represents mean+S.E. of 6 exper-
iments.
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Fig. 3. Age-dependent changes in flux of low density
lipoprotein across endothelial monolayers grown on
permeable polycarbonate membrane filters.
Transendothelial movement of low density
lipoprotein (LDL) for 3 hr was measured and
presenied as LDL clearance as described in
“Materials and Method". Each point represents
mean S.E. of 4 monolayers.

Gl et AAson W sl A4
of SREE o} 109AAA FAE RS FA
70U SRR O FAA Tk

501 IM FHEE FAH8 Wdsle £ XY
AJAFgHEH(Fig. 3).

2) H2020) 9) gk Yo} 7k #)ghe) wis}

B AT B3 $3hste H20:9 9}
Ael 717+e AYE7) 95t 0.1 2 0.5mMe] &
oA Al Alztel whet Ve A 2] AT
o] FH3t el sl A 239t} 0.5mM
o FEAME H2029] Az Azl wal yu]A %
o] Abg-gol A3 Z7keAth 18y 0.1mM9] &
TAME A A 4NAA R EBiE A E AV
&9 F7PF vGEhA gstth 2y o)) FAlol
S W3 FE A WA e ole o
Fde& Bl Fig. 49 ddte] Yeld AA
0.1mM9] LM T 0.SmMoM BT 1 HEs)
et ARt ARt wheh AR} hEte FEE
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BT ol H2029)] &4 AX Abgel 3t Wi g
2 o7t A7) olHdlE Wy FHAE e 7]
Foll AT Bzt g & USS YRt ©]
He 298 EQE B AdFodMe T AZ A}

< YA gouiM £l 75 &S
Pote Ao Bole 3 5, 0.1mMe] Fx9} 34]

b} A AZbS Aspd £4e) s)EeE Aol A

3) H202¢ o] W3] T2 Wslo)] mA= 2
ERAS 87

A7 8 BHEE S/ 7P A g
2 ezt F9] &7t protein kinase CS1H»v, E3]
H2020] 9% Ulg] Frize] ¥Wslex #oste 3
oz dfA 7] wfol", H00l 23 iw) T3t
% #3}ol protein kinase C&] Eo]a oA <okl
calphostin-C?7} vl = A& 3| Hakste] 1 &
HE vwstdtt. 2 A7 EFERES Img/mle]
x4 LDL o] 9 i3 4uzt Aoz &3
& g Fyxze] Wes dAs] JAsiden 1
F3E calphostin-C2] g3t} ¢ =4 Jelyt
(Fig. 5).

4)PMA©| oj& 3] Fax Halel BEEREC
i

Phorbol 12-myristate 13-acetate (PMA)& BHHAl S
el & phorbol ester?} &£ © & protein kinase CE
212) g4 5}A]# protein kinase Col] 2]} A ¥ 7|%
o] ¥igls A A F Je TTEAM FF A
o} Fig. 60l Uebd Aol Al B o] PMA (0.1 M)
£ 3212 H2ld M EofAl= LDL o) o] F7lsti
W3 Fate] A7t gadsien ol PMAZL
g F3EE S7HAS oulgitt 3 calphos-
tin-C EA stolAE oleldt Wa Faxel 77}
S35 AdEo] PMAC 93 Ulg Tz F7t
7} protein kinase Co] 84 3t9} 12s] Ayslo] 3
&% BoEd 1y EFERES PMAY &g
s Faxe S7HE aidebA] Zeisith

5) ¥ F3x ¥l ol A= forskolin®] &7

@9 Yy EfR=oe ¢olM g3 protein
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Fig. 5. Effects of Sunghyangchungisan and calphostin-C on
H202-induced change in endothelial permeability.
Endothelial monolayers were exposed to H202
{0.1mM) for 3 hr in the presence and absence of
Sunghyangchungisan (SHCS, 1mg/ml) and
calphostin-C (10«M), and movement of low density
lipoprotein (LDL) across endothelial monolayer and
transendothelial electrical resistance (TER) were
measured. Each bar represents mean S.E. of 5
monolayers. *P<0.01 vs. control.

kinase C9} 3| A XU nucleotideEol] 9J3iA 24
& =g, E3) cyclic AMP (cAMP)E W3] §3 &
& AaAle 8% AR & delA Ao AE
W cAMP B= & S7HA71= WH Lo R adenylyl
cyclase®] F 4 o}ehe] (catalytic subunit)ol] 23 24
gl olg Ao ZA AT cAMPY] A
& 2AA)7)= forskolinS AF&3tdth 2 AT
forskolin (1 M) )23t A Eoj A LDLY] o) Fo| 7}
adta, g FHzte] Aol fojatA Frtsted W
7 BAx Ak ) US5E U £ Qlrk o
e ATE HOE AHstyq Wy FA=E $7t
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Fig. 6. Effects of Sunghyangchungisan and calphostin-C on
phorbol 12-myristate 13-acetate-induced change in
endothelial permeability. Endothelial monolayers
were exposed to phorbol 12-myristate 13-acetate
(PMA, 0.14M) for 3 hr in the presence and absence
of Sunghyangchungisan (SHCS, 1mg/ml) and
calphostin-C (10¢M), and movement of fow density
lipoprotein (LDL) across endothelial monolayer and
transendothelial electrical resistance (TER) were
measured. Each bar represents mean S.E. of 5
monolayers. *P<0.01 vs. control.

+PMA

AR A EAA B S Fyle] vebd g Hol, Al E
CAMP %2 E F7H]71H H2020] 93 Wiv] E3}
2o 7L ATl ANt 2leS BoFEh
(Fig. 7).

6) A1 cAMP el vl X & H202 2 BEIER
e &9

H2022 A 2[3F A XM E A FW cAMP §eko]
A3 dasPon EFERS o2’ H029
BHE e Adsidth 28y BEERE O =
o2 AIZW cAMP & olfd a#E vehy

[ Control
5 OFSK
1 M FSK+H-89

LDL clearance(uL/hr)
*

60 —
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1] .
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30 1
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20 4

10
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-H202 +H202

Fig. 7. Effects of forskolin and H-89 on H202-induced
change in endothelial permeability. Endothelial
monolayers were exposed to H202 (0.1mM) for 3 hr
in the presence and absence of forskolin (FSK, 1zM)
and H-89 (10uM), and movement of low density
lipoprotein (LDL) across endothelial monolayer and
transendothelial electrical resistance (TER) were
measured. Each bar represents mean S.E. of 5
monolayers. #P<0.05, *P<0.01, vs. control.
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Fig. 8. Effects of Sunghyangchungisan and H202 on
inreacellular cAMP concentration in endothelial
monolayer. Endothelial monolayers were exposed to
HeO2 (0.1mM) for 3 hr in the presence and absence
of Sunghyangchungisan (SHCS, 1mg/ml), and
cAMP content was determined in cellular extracts.
Each bar represents mean S.E. of 6 monolayers.
*P<0.01 vs. control.
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A7 FR3he ZHoith vheF EEFEIFLHC] protein
kinase C2] 4318 AAghe AHAQ 28] sk
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yehfolof St Fig. 69 Z el vebd 1A
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