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Macrophage Cell.
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Abstract

The oxidative modification of low density lipoprotein(LDL) has been implicated in the
development of atherosclerosis. Oxidized LDL(oxLDL) are found in macrophage foam cell,
and it can induce an macrophage proliferation in atherosclerotic plaque. In this study,
we investigated the hypothesis that Tokhwalkisaengtang(TK) may reduce atherosclerosis
by lowering the oxidizability of LDL, To achieve this goal, we examined the effect of TK
on LDL oxidation, nitric oxide production in murine macrophage cell line, and the effect
of TK on cupuric sulfate-induced cytotoxicity, LDH release, and macrophage activity. TK
inhibited the generation of oxLDL from native LDL in macrophage cell culture, and
decreased the release of LDH from cupric sulfate-stimulated macrophage. In other
experiments, TK activated macrophage cell, and increased the survival rate, and
enhanced nitric oxide production in macrophage.

Key words: Tokhwalkisaengtang(TK), oxLDL, atherosclerosis. macrophage

.4 & 51, gado] vFA dEYS FLE 3

2 MEF ASRA, AR ESe Y

A8WA Age F2 U5 A4S, H44 7t dukdeg xEF ¢ nIE2HEY
ToE A S FBF AMTE 19E VS8 T 1Y FASL TS 30 AFAA=
AT, olF FWANSE W ApPEol A Z g2y slen, 53 aX¥FF LDL(low

Kor. J. Oriental Preventive Medical Society Vol. 4(2)



206 Gwi Seo Hwang - Ji Yeon Song

density lipoprotein)e] HDL(high density
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71&9] €23 F9As} A2t g Afel=
WA A" § glon, FHAs AESE
Y ¥ e THE AARE IRAIZEHUS
EAH3). 22, FAZste] F8 Hdl
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264.7 Cell& Mgttt A EF28)o)|A] Faofuk
o} AMgslth M Fuf2 DMEM(Dulbecco’s
modified Eagle’s medium, Gibco)ol 0.37%
sodium bicarbonate, 10%FBS, 100U/ml
penicillin, 100¢g/ml streptomycin 4713t 6l
A& 0.22um membrane filter2 A7 0 A}
431929, 37C, 5% CO2 incubatoroiA vl
st wiF 2-3 A o & mBs) FUeH, A
d WiFA e WA E AAG F trypsin-EDTA(X
10)& 7tslx, 37TCAA 1083 WX|std B34
AEE Felsidth. 484 AME AlZe 5X

10 Scells/meE 24wellel seedingdldm, AX
7} videl] 4 RS E wjoRict

(2) HAAZS) LDL whubbsiel wlke 33
a3
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3o A=E A fd 7€ I

EFdt whgo 2 24wellol vige A EE PBSE
23] AHF & lug/ml 10ue/md FES] TKE
vjx]ol] 7k & 37T, CO2 incubatorelA 84]
et vttt AA7lel 200py/mt wEe
LDL(Sigma Chemical Co.)& 718 ¥ 9071t
B¢ A wieksit. 4 7o NEE plate2F
B Htn 232 Axwe N7 ¥
482nmolN FB=E 38T

(3) XA} LDL A3Akstell wlzl= 3%
]

A M Xl 2%t oxLDL A4A vehbs X3
3ol FTE EHsIA (2)dAM Zedt vt
2ol woFdt Zt AETE plate2HE Fald 2
o2 AEE B3 T, A 200u) 5%
ol 20% TCA(in 0.6M HCD) €43 0.1M
TBA(In 0.26M Tris buffer) &% 40045 ¥
o] 95TelM 2082 weAZct W FEAF
2000golA 58zt fAEestn 45dg 3l
550nmely FBEE FH

(4) HAAIES] Nitric Oxide A4%5l w)x
< 9% 24

Aol 71 A T UyYe= LDLE ¥
o3t & 90AIZF wioksta ATl wiAl A
Ag F3Igith NaNO2 £o] ddzl 8x
& WEo] HFETIt 0.05 M HEE 246t
Aek HA A AFE widdzt NaNO2 A
o] $39] Greiss reagent solution® 21, 15
7 A2 X3 o 540nmod FFEE
ey

(5) HANE WSS vl 4§ 24

RAW 264.7 A¥E 24 wellol ¥Fdtn 5A
T % gt ERAA F lug/ml,
10ug/ml %9 TKE H7istdct 7A)7F vk
3 kg 5uM CuSO4el 20417 x=ZA|HT)
PBSE 3|4g MTTEY 50uE A7lsln oA
4AIZE oIt SRS AASIZ 50
DMSOE #7I% o5 650nmels F2Eg =
et

(6) LDH #-2lell vjal= 48 24

LDLE H7I tYHEE 5p¢M CuSO4d)
2087 =27 TS, WA A5 sl )
A2 ¥2¥ LDH %% LDH kit(LDH/LD,
Sigma No .500)2 A3t Ao &
A= LDH 42 lysis  buffer(50mM
Tris/5mM EDTA)E 500u ¥ %2838 A}
£t Azuhg 434120 o2 LDH kitE A
&3l 24s9ct. LDH kitel ¥¢ s o
<3 2t}

lactic acid+NAD'—pyruvic acid+NADH+ H'
i
LDH

g E2Yy f2id LDHY &8s o
9] 32 AMaled AR

Release (%)= LDH activity in medium
X 100/(LDH activityy in medium+LDH
activity in cell lysate)
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(1) HANE A3}l vjxle % 34

gAAEe] sl RE Golrr] sl
Suzuki £ (20)9] whel we} @431 diAl
¥exe Pulsles acid phosphatased] /4%
=33t Al 2 AgE PBS &4 (pH
7.2). 0.02 M p-nitrophenyl phosphate/ 0.1
M citrate buffer (pH 5.0) 0.1 M citrate
acid® 0.1 M sodium citrate® < 1:1.5
(v/WE E¥std pH 5.022 2T =
p-nitrophenyl phosphate (Sigma Chemical
Co.. U.S.AE 0.02 M 95 7leilen, 0.2
M borate buffer (pH 9.8)¥ 0.2 M sodium
borated] 0.2 M NaOHZ 7I3l pH 9.82 %34
st ol FU3 we® 5uM CuSO4
o 20A7 =3A7 Tk, ASAE Hstd A4
9k, 0.1% Triton X-100& 100u4E 71
t}e 0.02 M p-nitrophenyl phosphatase/
0.1 M citrate buffer (pH 5.00& 0.5 m¢ 7}
& 37C, 5% CO2 wiekrlalA 1A1zF ¥gAIZ
% 1500 rpmelA 583 44 AR A
ol cold 0.2 M borate buffer (pH 9.8) 1mé
AL 7bsld we-g ZFAAZ F 405 nmelM &
Feg ZHsPon gia Axe B4 oS 4
o g} ATt
Acid phosphatase activity (p-nitrophenyl

phosphatase #mol/ 10 ®macrophage/60
mins)= 1.15X0.D. at 405 nm

3. EAlx=
2E $3E meantS.DE Jehiew &
ol #AAL zZt7ol| thsl] student’s t-test®
sl et
1. 4% #=
1. BAME LDL =P3Akslel) w)xje 38k

tha M EAA oxLDL 44441 b=  LDL

o AAFAE AES dr19ek, 1pe/md 10/
n 559 TK A8E vlg] F93% o2, 904
7b ¢t LDL3 3 wijokste] @793t tialA|
¥ 93} nLDLEYH oxLDLE 3AdH= &A%
oA Uehte LDLe Azt A=g 4719
sl MDAZ =43ttt RAW264.74] TK
okg slekA] ¥3 LDLE #Avisk] wjodkdt diz
o Me oxLDL BAe] fiEATt. 1ug/me 10
g/t %o TK AT tizze H|si MDA
528 7AaAA oxLDL #4& ARG
(Fig.1).

MDA formation{O.D. §50nm)

Control TK1 ™10

Fig 1. Effects of TK on oxLDL
formation in macrophge cells.

MDA was measured in RAW 264.7 cells
incubated with native LDL for 90hrs.

Control: Vehicle

TK1: 1ug/ml of TK treated group

TK10: 10ug/ml of TK treated group

* p¢ 0.01 vs Control

2. dAAME LDL @zl vixe 4%

A EAA oxLDL BAA vehte 9
Balo] AeE 2asbr] sl 1pg/mt 10/
e ¥x9 TK AI8E vlg] T3 o, 904
7+ B2k LDLE 37 wioksied @dshd diAAl
Fof| 93] nLDLERH oxLDLZ =T 37
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dd Uor 9wy Bi g Fsion,
A3 482nmolld EHE HUAE VTR ¢
olgle WAoo e FAsIYt RAW264.790
TK Aleke 71k 3 LDLY 37lsk] wigst
UzFol e oxLDL #/de] SI=HATH Jd3%
2% A/ 4879 39 10ug/ml FEoAA
oxLDL #4& AAsIitH(Fig.2).

09

remainad LOL contents{O.D. 482nm)

Controt TK1 K10

Fig 2. Effect of TK on oxidized LDL
formation in macrophage cells.

Remained protein in LDL was measured in
RAW 264.7 cells incubated with native LDL for
90hrs.

Control: Vehicle

TK1: lug/ml of TK treated group

TK10: 10ug/m] of TK treated group

*p( 0.01 vs Control

3. YWAMXE Nitric Oxide 4%l vl
33

LDLY 34 543 & TK Al87t diHE
9] nitric oxide ¥¥loj ojwig P WA EA
dol £ A7 TK lpg/mlE 78] F9% AEF
offte] 7%, Wizl vlel nitric oxided A4
o] st ch(Fig.3).
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Fig 3. Effects of TK on nitric oxide
synthesis in macrophage cells.

RAW 264.7 cells were incubated with native
LDL for 90hrs.

Control: Vehicle

TK1: lug/ml of TK treated group

TK10: 10ug/ml of TK treated group

* p( 0.01 vs Control

4. PAAE AES v|A= A

RAW 264.7 M ¥ lug/ml, 10ug/ml %
9 TKE #A7IgF F CuSO4= 20413 AlE3s)
£ fslgon], MIAMEEE MIT assay2
Hrrtaet, 48249, ug/ml, 10ug/ml F=9
TKAE AT 25 AX AEES S7HA
MEZEFE JATE BcH(Table 1).

Table I. The survival rate of RAW
264 cell from different groups
incubated with CuSO4 for 20hrs

0.D value(650nm) Survival rate(%)

Control 1.00 £ 0.09 100.0
TK 1 1.13 £ 0.01* 113.2 £ 1.72
TK 10 1.16 £ 0.02* 1158 £ 3.32

The value are expressed as mean £S.D (n=8)
Control: Vehicle

TK1: lug/m! of TK treated group

TK10: 10ug/ml of TK treated group

* p( 0.01 vs Control
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5. oxLDLZ 2|8 daA¥e4 LDHFE
o)) ulAE J3F

LDLE #H71gh tiRlAEE CuSO4dl 2041zF
=2AA wgsln, Fede o &4E AX
23g wjxg ¥%¥ LDHE 348t 239
A%, lug/ml, 10ug/ml ¥=o TKARE BF
&9 HME=¥E LDH #%& dAsKIH
(Fig.4).

2 —

LDH release (%)
2

3

19 4

Control ™1 TK10

Fig 4. Effects of TK on CuSO4-induced
LDH release from macrophage
“cells
Murine macrophage-like RAW 264.7 cells were
incubated with 1, 10 pg/m of TK in the
presence of 5 M CuSO4.
Control: 5#M CuS04 + Vehicle
TK1: 54M CuSO4 + lug/ml of TK
TK10: 54M CuSO4 + 10ug/m! of TK
* p{ 0.01 vs Control

6. NAAE gzl v|XE 2 FA

A ES  BBRE  YolBr] Y5l
Suzuki $(20)9) uhdol w2l St A
¥22E Bu|gE acid phosphatased] 842
233519t} CuSO4& Y8t RAW 264.7 cell
off &AM 71 Aol AEe] B2 A o
ARy, 2 vlwsld 1pe/mt TK AlS

£ acid phosphatase@d& 83| F7MAIZH.
o)A TK A&7} Lpg/mt oM st 712
2 &49 AxY 842 5800 A 9
IH(Fig.5).

Control ™1 TK19

Fig 5. Effects of TK on acid
phosphatase activity in
macrophage cells.

Murine macrophage-like RAW 264.7 cells were

incubated with 1, 10 pg/mt of TK in the

presence of 5 M CuS04.

Control: 5¢M CuSO4 + Vehicle

TK1: 54M CuS04 + lug/ml of TK

TK10: 5¢M CuS04 + 10ug/mi of TK

* p¢ 0.01 vs Control

EuAskEe Fudddo] niFsixn duy
o ARl HAE o ¥¥Ae] AHR A=
HEZ, ATAA ARATY Azd AdHA
A2 g = gl Tk ddeRe
IAEE 2 nF2HEYT, 2¥L TRNTF
o] &#A slew, &3 nA¥FF LDLlow
density lipoprotein)e]l HDL(high density
lipoprotein)ell Blal] duid oz «-4g AxZ
@A = (hyperlipoproteinemia)ol e B3
swdg 2 Z/3EA33Hatherosclerosis) ©l

Kor. J. Oriental Preventive Medical Society Vol. 4(2)



Effects of Tokhwalkisaengtang on LDL Oxidation in Macrophage Cell 211

ggo] ul$ & Ao g AUck(1.2). =&}
A, TN dEAY A EE] Hitd EF
FZY 2SS dAlstn HEE4ed LDLAIE B
F7] 4% A7t Bl YU,

2o A7 ostd, FAFHAsEE A
Z(fatty streak)d) Z7|9AQ AEME(foam
cell)] o2 HE AFdvn d2F Ut} o
A, AFAXE 85 dUA E(monocyte)d] F
I 2HE FAEolx ] Fud AFel gAgE
29| #3} 9 AXAY FFE B3l FAHI] Al
zZpgic}, o] Aol LDLS &9 AslEbgol
23=o sledl, A S Bl #49€ oxLDL
o oj3l] A7} o] matshA g

LDL& tha A X Egtole} TS X, d3
HEZAE, Y750 oM E oxLDLE vl
F 9k, o] FHole AriA BAR e HEL
2 zgo] Fodshed)|, ceruloplasmin- bound
copper, superoxide, NOx, lipoxygenase,
myeloperoxidase 5°] %83 Qx=2 z2}gs
d9o. ddAHEY F3uajd R o3 A"
oxLDL2 diAXe] Azl ZgsEE woln
PKC(protein kinase C)8 848 F7MA7le=s
Al GM-CSF(granulocyte macrophage colony
stimulating factor) & Azt AN z2 R
8 fEld GM-CSF& tiMTE S2A14 o &
< oxLDLE Asld ¥dy A%4E 330
(9,10). =3 GM-CSF+ d¥higA Y o g3
BED AXY] F2& AF38ke oxLDLY Y
AT A Ao v F3E fLstA g ol
7 o A EelA B9 oxLDLE A7t
FA7F AR Hate W B dSukeE
sl o) B8 £ glon, o3 A
& A7k wZo = oglen

LDLe] copper iond} =&HW LDLZ®
apoprotein®] Ats} 9 £3l, AAAH 2HE
A g A3t 9 E3l7b 24z dojdr, o]
23t W3l LDLo] oA TV giaA 2
Mgt w3 ez Attt LDLO 4ts)
o= Apolipoprotein B9 fragmentation,
cross-linking, ofnlx4t 4Hglel f=A A
o 9Fe] Atz g2 Bt xEHE,

3t 2 E&#ASE tyrosine, nitrotyrosine,

_chlorotyrosine, hydroxyleucine® 19| o]

AATE sl kg = JAck(17, 18). &
APollMe dAHEE wigsRIM LDLE 37t
ato] AJAdslE oxLDLYE &3] A% whie
2 ABlele] RelEn g duARS S5
o 4841 TKe diAE oxLDL 4423
oM dojvhe DA 4188 AX3 AAe 2
IE Jeh iU (Fig.2).

T, A E oxLDL %S 239 wria
oz DLW dAAY 4gl 9 #8iE &
gaton, AFEIA APkl Fda AgEe
MDAE 333t 4843, TKe LDLE #
7kt gz ERE AAdEE oxLDLY ABES
A adstE A AT (Fig.1).

w2t TKE A 29 oxLDL A2
Ajsle] o) AZAQ2 9 7@ v)F3), WA
A FhoE Jehvbe 4598 A3 fide
FAAE5E A g + 3lE Aoz A
Nitric oxide(NO)€ endothelial celiojyt
neuronal cell, macrophage cellolX nitric
oxide synthetase(NOS)ol| 2l&f AA€t o
AHEE endotoxin, LPS, % cytokine A
o o3 f=¥€ NOE #alAzlth o] NOE
Hwd AN 72 AEA PHelMe
LDLZ A £ giok 28y, diaA Xy 8
FHAAEZAS B superoxidest WM
peroxynitrite® Y 4 gloy, o] WgAo)
=2 Ax3Eo] LDLESH oxLDL AL
Z213H, M X9 scavanger receptorol 2
8 oxLDLe| IAHx FHA @19, 20).
ojz{gt d&e] #HS F3l € cholesterol
WA X o8] FHHv prostaglandin A
AE XY GFwE, AZAEY &4
atherosclerosis®l & FRsh=u] T[T}
olgle gl FBUHIAZAAM AAsEE NOE
vascular smooth muscle®] ol¢td} iy S
s 94, EFHTAM T B <A
9 HIAEFY AHEs JAlrlsS Jeld
£ Qo6 (13, 14), cGMP E#3a4a9
phosphodiesterase®] A& &2l fibroblast,
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lymphocyte 2 smooth muscle cell $4& 9
Agcin BuEAcH(15, 16). Atherosclerosis
APY 2 gl cholesterol s Ao} Azt
HSu iR F2oz @y uFr} dojuyt
£ H3e I wex, oAl
Fdid NOE atherosclerosis?] 28-S A}
v Aoz <eiA 9ok Nitrite % nitrates
nitic oxide(NO)9] WAMFEE  endothelial
cellelv}  macrophage cell25¥8H AdEE
nitric oxide®] A4 parameter24 ZFEch
(17). 4843 TKe LDLS Mg di2A 2
A nitrited) $=F A3 M Aoz
Ueltth(Fig. 3)

ol TK7t LDL& AT iAol o3 4
AHE oxLDLel 93] ¥h-go] AFHE
NOS(nitric oxide synthetase)e] 843& S7t
Al A2 BRI, olgg Adke TKWel i
AXE AFE F e 54 cytokineo] EAE
7Fe/d & AALeHH, o] REo dig dFe o 2
g jojol & Ao},

LDHE AE&E4A Fado) F7id A¥ehe
ol MEXEHE FEsc AXWe A4F
LDHY 33L& Alx&ide 3 Byshke 7l
o] fc}l. A Ze] didt oxLDLE “d3lizt-42
A82 LDH R3S ol8sld 33 A
TKE CuS0s4 2 F%8 oxLDel 9. tiiA
¥ LDH %8& dAske 535 Jehlid
(Fig.4).

oldel AL TK A7t dlalA| xS 715S
AAG s FslE-S el TS
Ar Fo ol bede ERIsl st
WA 2] 715848 nlle 9438 CuSO4
o <% AN EY HEES FHsAY. 48F
7 TKe HAAMEZY YEFs APA 9%
S FA E3en, 23y uiHRe 7% &
A2 #Q acid phosphatased] 42 F7MA
HFig.5).

wpebd, TKe oxLDL A4 A8 Al
T A FAAE B3 FEL ofd Aes &
leael= 3

ojde] dpAz TKE tiaMEel oxLDL 3

3

& 59 U4sE wag a2 A2 o
29 71540 Sltkn ARSI

v.a &

B A oMe FekzRE gEasiaste
e S Alske A9 dfe® =
YA RH(TK) = °]&3td diAE ARUAE
et G3EE HrisiET o8 Hste] iAol
A oxLDL A4l vl 93, nitric oxide A
Aol vlAe 4, AT BAsle] mlR|=
Je-S Wrlsld A S dig 84
< HE3IN 4849, S¥IARHTK S o
AHE oxLDL A4zgoA dojve & A
e A3 Al 28E Jehidioh =3
M Ee] oxLDL A3 NA A= AR
Ao 23l 9 BHE sk AEY AFAFIE
g A3 A webd, TKe 4429
oxLDL A4%%< sl dagld] Ao 33
sta ol vF3l HAERA PAHFToE e

= ESNMSoE Q3 FHAYFES AAY
Ae Aee F2HU ol Ayt TK AHA
o] AR 715994 ZIRIA Fe FAsRHE
< 53 aIRIA Iy A3 HdAH, TKe
E4E giAHEe AESE APAI IS
F2] Zaigen, e3lg daAREe 7 37
E9! acid phosphatased] 8432 7N AH.

ol4e] dxdz, EFNB(TK)S HaAx
9] oxLDL #4& 5% F9Ass ¢ o4
g z)8d] o] 8d 7FsAe] ltta AlEHAUTH
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