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Effects of Saengjihwangeum-ja Extracts on the Expression of
Inflammatroy Response in Human Monocyte Cells Induced by
Advanced Glycation End Product

Kwang Gyu Lee, Ung Han, Han Sol Jeong*

Department of Pathology, College of Oriental Medicine, Woosuk University

Saengjihwangeum-ja (SJHEJ) was recorded in DongEuiBoGam as being able to be used for treatment of Sogal
whose concept had been applied to Diabetes Mellitus (DM). Modification of proteins by long term circulation of glucose
leads to the formation of advanced glycation end product(AGE). Recent immunological studies demonstrated that
ligation of AGE play an important role in the development of diabetic complications including atherosclerosis, which
includes activation, adhesion, and migration of monocytes. Also, AGE and Maillard reaction product(MRP) could
augment monocyte inflammatory responses via ligation of AGE receptor. In this study, the effects of SUIHEJ extracts
on the expression of inflammatory response-related genes such as tumor necrosis factor-a, monocyte chemoattractant
protein-1, interferon-g-inducible protein-10, and cyclooxygenase-2 in the human monocyte cell line, THP-1 cells.
Reverse transcriptase-polymerase chain reaction revealed that SJHEJ had inhibitory effects on the expression of the
TNF-a, MCP-1, IP-10, COX2, IL-1b genes in MRP-induced THP-1 cells. Treatment with SJHEJ had reduced reactive
oxygen production in THP-1 cells stimulated by MRP. These inhibitory effects might be exerted via prevention of
oxidative stress in activated monocytes. In addition, radical scavenging activity of SJHEJ was increased. These results
suggest that SUHEJ has a beneficial effects for improve diabetic vascular complication.

Key words : AGE, maillard reaction product
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1. AlZuj e

A
Human monocyte cell lineQl THP-1 A X 5(KCNB40202)=
B% ArFegozry Eous. AEuYel Asd

RPMI1640 medium¥} fetal bovine serum(FBS), penicillin %
streptomycine Gibco BRL(Grand Island, NY)AI & A3
o Aol AFES THP-1 AEF+= 10 % FBS, 100 unit/mL<]
penicillin 2 EFole] X<y
T F71zAdA wdstda. ME F FA3% AEE tryphan
blueZ @A3}al M| ZA 4 7](Hematocytometry, German)E ©]-&
ato] A E(viable cell)Z 7A15=8k]" AIEYUE 2x10° cell/mL ]
=A 3kl 6 well plate o B %3St}

streptomycing E 3t v Ao

2. Aok 87T

A AR AlF> RPMIT640 media,
serum(FBS), ampicillin, streptomycin 5-& Gibco BRL(GRAND
Island, NY, USA) < A&} 3-
(4,5-dimethythiazol-2-yl1)-2,5,-diphenyl-tetrazolium
bromide(MTT) A1} % phosphate buffered saline(PBS), tryphan
bluet Sigma(St. Louis, MO, USA), tryphan blue, disodium
TEMED, Taq DNA polymerase, M-MLV reverse transcriptase,
Oligo(dT), dNTP
Pharmarcia), prestained SDS-PAGE standard, sodium dodecyl
sulfate(Bio-Rad) & A3t Gt} 7€} A%k EFAIoF 3 Al 2|
kg AlkS ALREFTE AR 7| TEE culture flask, 96 well

microplate(Nunc),

fetal bovine

PCR  marker(Promega), set(Amersham

micrometer(Mitutoyo), inverted
microscope(Zeiss), ELISA  reader(VERSAmax,
Devices, USA), centrifuge (VS-15000CF), CO, incubator(Shellab,

USA), freeze dryer 5 (Vision Scientific Co)& AM&-3F%th.
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Table 1. Contents of Saengjihwangeum-ja(SJHEJ)

Herbal weight(g)

Ginseng Radix 4
Rehmanniae Radix
Rehmanniae Radix Preparat
Astragali Radix
Asparagi Radix
Liriopis Tuber
Aurantii Fructus
Dendrobii Herba
Eriobotryae Folium
Alismatis Rhizoma
Glycyrrhizae Radix

DA DMDSDMD

S

Total weight
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4. AZEATE ZA

Uehll= MTT
colorimetric reduction assay g 433t ¥ ol A-&-3 SJHE]7}
Ao A& HX= E3E Mosmanno] R 3 W u}e}
2439, THP-IAEE 96 well plateol] well B 3 1x10° cells
UEE £3% ¥ gHEE g $%E(0, 25, 5, 10 mg/mL)
2 Agsle] 37C, 5% CO, G5 100% v F71 oA 2447 Hj %k
3}93‘4 HFe AZE N2E MAZ wdste] 447 St &

Mitochondrial dehydrogenase activity &

gt & PBSell &3¢t MTT(1 mg/mL)&< 50 uL/mLE 7 well
of ¥i 3A7F it 2™ the sjdds wEya
dimethylsulfoxide(DMSO) & 200 uL/well¥ Yol

MTT-formazang &3]3l microplate reader® 540 nmol Al
B s 245 AEXEAS A3 AT

5. Advanced glycation end products(AGE)

MELY PHEULES
product(AGE)2 @3 o}rlx=
el
dd

gA

Advanced  glycation end

WY ARuge) RuER Y

Bt

9} L-Lysmea %%’co 2 500 mM©o]

3 7HE WA Aol AFNER AT 2AS P 2

Aoz MEEAS AT F e, o5 AME Hd pH
8.00. 8 B30] 0.45 pm membrane filter2 & #}3}o] A& o /\}*‘l

3tk AGE ¥HS-ES MRPE AIZHY, 5588 A st ¢

o HEHAAE HAAAEAE AHoNo] A AR,

6. RT-PCR
THP-1 M| E3E MRPZ 433 4259 2 SJHE[A A
FE < pasteur pipetS ©]-&3to] FoHOoZ Fof Y4E s}
F5as Wy MEE FF3ATE Total RNAFZS
Trizol reagentE& ©|-&3tow Ax3|ALe] W] F3HAh
cDNAE AMV reverse transcriptase®} oligo(dT)&
43t 3493193, Tag DNA polymeraseS ©]-83}4 Perkin
Elmer 2400 thermocycler"ﬂ A1 30 cycle <t S&3ATh 247t
cycle 94 CellA 30 %7t denaturation A1Zl ¥, primere] we}
52~56C4lA 30 3, 72CAA 45 %3+
extensionA] A . PCR product= 1% agarose geldl A H7195
3193, ethidium bromideZ G4S & & Gel Doc(Bio-Rad,
USA)S Abgate] Baatgdk). PCRO AHEE primers Table
28} 2t

2 K

primerZ o]

%3t annealing A]7]

7. AEW ROS BA =3
AEZ ) ROSE 8% EAA2] DCFH-DAE AM&3td 24
319tk DCFH-DA= €A1 AXuhs 3 AX ¢toz g4ty o

Zul
=0

HER FRE 93U e

a3

Al <te] o el gtotAdl ol e

o
513, o F ROS7H EAE BRI Ee Y B DCFE
w24 Asldth A DCFY 83 Z5E AE kel ROSS

F3} wgdeh ¢4 AEE 1x10° cells/ml9) F=E PBSG(1 g
Glucose/ 1L PBS)l FA1A 96-well plated] #3319

SHHEE s=dZ A1, 25 5 10 mg/mhs F 3083t
incubationd}$1 1, MRP$} DCFH-DAE Z+7; 10 mM, 125 mM &)
F=2 AHYsdth DCF ¥¥E=E=  Wallac 1420 VICTOR3
multilabel counter(Perkin-Elmer Life Science, Turku, Finland)&
=439 excitation &S 485 nm, emission &S 530 nm

Z sisith

Table 2. Sequence of primer used for RT-PCR.

Target gene PCR primer sequence PCR product (bp)

TNF-a sense  5'-CCAAACGATGTTGTACCCGA-3' 699
antisense  5-CAGTTGGAGGAGAGACGGTA-3

IL-18 sense  5-CTCTCTCACCTCTCCTACTCAC-3 807
antisense  5'-ACACTGCTACTTCTTGCCCC-3'

MCP-1 sense 5'-CAAACTGAAGCTCGCACTC-3' 239
antisense 5'-CATTTCCACAATAATATTTTAG-3'

IP-10 sense  5-TGAAAAAGAAGGGTGAGAAGAG-3 413
antisense  5'-GGAAGATGGGAAAGGTGAGG-3'

COX-2 sense  5'-ATCTACCCTCCTCAAGCTCC-3' 708
antisense  5'-TACCAGAAGGGCAGGATACA-3'

8. G415 B4

2
=4

/Hi
SJHEJ9] a3l &4e Bloise WH?<& wdste DPPH
g0z 2AFeZ FHAY. F8 2z o a-diphenyl-B
-picrylhydrazyl (DPPH)EHZo] #A43dte J=2 HHHo=
AlEe tstdAds AT de-g 3 mLel DPPH 800
L(O4 mM /EtOH)E 713t & SJHEJS S =¥ 200 uLA 2
3lo] vortexdt 10 £7F WAg 3 517 nmolA FF=E =F

st g ZAATES A .
2 DPPH& 800 uLol oﬂ €8 3~4
$9]| SJHEJ 200 uL¥ DPPH& ¥ 80

aRkakal 10+ Aheste] Hh-g-A

(=}

Hl o
==

~
o

9. EAA =

AY AREL SPSS T2 AW (v, 9.0)S o] &5t EAAE
sttt 33 wHESH AE AR P RFLAR RAASL, &
ARHo g 948 HAAEH, a=0.05 FF)4 ANOVAES A
Alste] EA st

4 3

1. NE AEE vAE a7

AE FAE T 4FA gHEE Z47 25 5 10
mg/mLe] TEZ 24A17F X3 F MTT assays 53 Al Z A

2

£8¢ 399 27 vA 2 v2s)

& ™ ZH7he} STHE]
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Fig. 1. Treatment with Saengjihwangeum-ja(SJHEJ) resulted in no
significant effect of viability on THP-1 human monocyte cells. Cells
were treated with 2.5-10 mg/mL SJHEJ for 24 h. Cell viability was measured by
MTT assay.

RPZ =¥ THP-1 AlZ9 TNF-a mRNA & nX&=

% =z

2,
4

MRPE A&dte] FANETS TEUIL, o7]e 242 25,
10 mg/mLe] SJHEJE 2417t A 2] 3 F RT-PCRS A3 81t}
I A3 8%4 cytokine$l TNF-a mRNAS] 2&o] 10 mg/mL
o] SJHEJAH el A #94 A a3k thFig. 2).

150 ¢

Relative densitom etric units

i L
SJHEJ(mg/mL) -

MRPs  (SmM)
Fig. 2. Effects of Saengjihwangeum-ja (SJHEJ) on the expression of
pro-inflammatory TNF-a mRNA in THP-1 cells induced by Maillard
reaction product. Cells were cocultured with the indicated SJHEJ (255, 5
mg/mL) and Maillard reaction product (5 mM) for 2 h. The figure shows ethidium
bromide-stained agarose gels of RT-PCR products.

TNF-a

GAPDH

3. MRPZ =¥ THP-1 A2 IL-18 mRNA Z&d] v|X]&=
o35
%

MRPE A gste] FAo 2T 1, o7)e) ztz}t 25,
5 mg/mLe| SJHEJE 2412t A2] & § RT-PCRE A3t 3ich
2 A3} g% A4 cytokined) IL-18 mRNAS] && o] 5 mg/mL]

STHEJA & 2ol A o4 A #ast S thFig. 3).

1=
=}

4. MRPZ F=% THP-1 A9 MCP-1 mRNA &do] v|X+=

MRPE AHEste dAUzTS HEAJL, 974 247} 25,
5 mg/mL¢| SJHEJE 241zt A2] & F RT-PCRS Al 5%ich

2 A% 4F5A cytokined! MCP-1 mRNA9] #d o] 5 mg/mL
o} SJHEJA 2ol A ol Al 7233t (Fig. 4).

150

100

Relativ e densitom etric units
»

SJHEJ (mg/mL) - - 2.5 5
MRPs (SmM) - + + +

Fig. 3. Effects of Saengjihwangeum-ja (SJHEJ) on the expression of
pro-inflammatory IL-18 mRNA in THP-1 cells induced by Maillard
reaction products. Cells were cocultured with the indicated SUHEJ (2.5, 5
mg/mL) and Maillard reaction product (5 mM) for 2 h. The figure shows ethidium
bromide-stained agarose gels of RT-PCR products.

150

100

Relative densitometrie units

.

SJHEJ (mg/mL) - -
MRPs (SmM) - + + +

MCP-1

GAPDH

Fig. 4. Effects of Saengjihwangeum-ja(SJHEJ) on the expression of
pro-inflammatory MCP-1 mRNA in THP-1 cells induced by Maillard
reaction product. Cells were cocultured with the indicated SJHEJ (2.5, 5
mg/mL) and Maillard reaction product (5 mM) for 2 h. The figure shows ethidium
bromide-stained agarose gels of RT-PCR products.

. MRPEZ =% THP-1 X< IP-10 mRNA Zdo| v]X&

5
EE

MRPE Aelste] FAETS WS, A7)0 747} 25,
5 mg/mL9] SJHEJE 2417k A2 3 & RT-PCRE A3 st3oh
I A3 9354 cytokine?! IP-10 mRNAS] Z&o] 5 mg/mLo|

SJHE) Azl A o4 A sk ATk Fg. 5)
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150

100

Relative densitom etrie units

.

SJHEJ (mg/mL) - - 25
MRPs (SmM) - + + +
[P-lo _

Fig. 5. Effects of Saengjihwangeum-ja(SJHEJ) on the expression of
pro-inflammatory IP-10 mRNA in THP-1 cells induced by Maillard
reaction product. Cells were cocultured with the indicated SJHEJ (255, 5
mg/mL) and Maillard reaction products (5 mM) for 2 h. The figure shows ethidium
bromide-stained agarose gels of RT-PCR products.

6.

%

=

RPZ # 5% THP-1 A|£¢ COX-2 mRNA W&o nx&

oft

MRPE sty dAFUzTS THEUJL, 974 217 25,
5 mg/mLe| SJHEJE 2412t #2] & F RT-PCRE A3 3ich
I 43 EE SJHE] ATl EFA cytokinedl COX-2
mRNAS] Eo] o4 UA 2438 ATH(Fig. 6).

o -

SJHEJ (mg/mL)
MRPs (5mM)

Relative densitom etric units
=

COX-2

Fig. 6. Effects of Saengjihwangeum-ja(SJHEJ) on the expression of
pro-inflammatory COX-2 mRNA in THP-1 cells induced by Maillard
reaction product. Cells were cocultured with the indicated SJHEJ (255, 5
mg/mL) and Maillard reaction product (5mM) for 2 h. The figure shows ethidium
bromide-stained agarose gels of RT-PCR products.

7. MRPE =% THP-1 A2 ROS dAel viX= Q3

MRPE Aegte] Fgdoizas WeL, A7]d 474 1,
25, 5,10 mg/mLe] SJHEJZ 158 g & & AﬂELH ROSY &
A4S AHEgt O 23 ZE A FA AXd ROSY wE
o] fro4d A Histe s #EY F AA(Fig. 7).

THEE frd ¢

OEN
%
2
o
A"
i
foi
o

ROS production(®%)
= I
= o
N

3
=)

0

MRPs(SmM) — + + + +
SJHEJ(mg/ml) — — 1 25 5 10

Fig. 7. Effects of Saengjihwangeum-ja(SJHEJ) on intercellular ROS
generation. Treatment with MRP in THP-1 cells after 15 min induced an increase
of ROS indicated by DCF fluorescence. The fluorescence intensities in normal
dlucose treatment cells are expressed as 100%. However, a significant reduction of
ROS was observed after the treatment with SJHEJ at a concentration of 1, 2.5, 5,
10 mg/mL(p<0.01).

8. &t d 27 &
SJHEJ¢] 23} @290 tisl] LolE 12} DPPH radical '
Hol Fste] AFANAA BZ £ASE S8tk SJHE]
£ 5,10, 25, 50 mg/mL =& Ag|3to] DPPH ett|Z-9] 7t
Aol 24EE JE2 FBY 275E A F °l<}it}
(Fig. 8). 10 mg/mL 559 AgFolA 57 %2 gtz 27%
B, 50 mg/mL =M= 89 %< gz 2AFE A
o, Ags et /bl wet ks FHE SUske AS

3% 4 A9

%

e Iom

T TANE/
.J
o120 ¢ B W
&
£ 100 -
Z
= 80 r
&L
£
[ L
Z 60
-
3 40
E 20
=
&
0
0 5 10 50 100
Concentration(mg/mL)

Fig. 8. Antioxidant effect of Saengjihwangeum-ja(SJHEJ) by DPPH
radical scavenging assay. DPPH radical was significantly erased by treatment
of SUHEJ in a dose dependant manner. This experiment has been repeated three
times with similar observations.

al z

2003 IDF(international Diabetes Federation) X319 <]3}
A A AA gl B2 Fe AY 294 e AR F
et 9o, w3 Gl NEZEAAT TFT AZALNA
2005-2006'd B 7|Z2SAAT TFT $3F Bato] ot ¢
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“Glycation” %= “Maillard reaction” 2.2 ¢#% 42 3
Aol ot i Fde) vgd WA o3 thekst ¥ A
Ao Boste Aoz &ex JAtF". Maillard reactione 2

Zoq B3 gl A3l GS s A HE 2L w5y
EF RE FUE A Hol tdd AFAeA FARY

of &&sojAstt. 2vrt 40 od AHFH ]2E Maillard
reaction®} FAFSH GlycationZgo] A oA A=
Aoz dAom 58 YudAdA Yo} ¥F ARIY
Glycation® /g ©] 7k elgg 9o wkgAES
AGEs(advanced glycation end products, AGEs)Z ™3}l o]
3k ATE BudIPd. 27194 9 Glycation® ZFE ¢
& Ay WA AA HelA rl7FG A }HJ%% de
717 1 %2 A&Ho =z AP o] whgied] FHo| FUtd
A¥, HEZ34HE, AGEs(advanced glycation end products)E
g AP, o] HELIHIEL Gy Qﬁr"‘é}‘ﬂ—z—g %l
o7l Fo3 B4R RudAt”. 37 2
SHY HlENY e E e ol %?851”1,
el s AXH AGEsE A8 ®rh

ES
=
=7

o

RAGE(receptor for
mesangial cell, 2B X, F&THE
AEZ EHe] RAGES} 435 2835} /‘1]4_
o713 #e71e BAsE xefste] WA J
u}”) Fude] BYAAE AGES) FE7} Folun,
&, 28, AFEIAE, AT AE Sl AGES]

AGE)E

qee
ZemY, AGEsE FA Feguie) F4o) W 28 o
T she oz A4En”

MR E wEELS] JHRES] fild &at= djolth. (RRY -
W) oA “HEIEEZ Il L ARE R EMLIED K

FANE B E AT SO R RO e st 18
A SAL AF ol wmiiol Ata 7|&do M kKol
EHAS AL 712§ o wmind AE AHS Y @i A
B e Bk R AOR EAYE SO JlEel An. (W
K & FA0Z I gMSdE mRETd dBE B3, 3
9, §7] 2 AwE 5o 3 A&l Aoz Yo} itk &
Wil MEEOR (MR - ) o “MIRAT WS A
WIS s dolet st dalsda BAE 7)&o] glon,

PRI SIME “HoiR i 4 S LA BRI AR S | I
SR BB o gt she] BGETE Kol MEE o]
ARG Y, (CFELR) NME TR ME S
FETMASR I R P UL ) BB I 56 K 11 26 SR ILPI I 35
U 2 TS 2R e ste] KT LR 9 R
ko] F71% shar, WHE k7t Jliae] HES BHHS #EA
7171% 8ty o] A& Jio] vRste] ol ##3h AolZkal syl
CEBETE) o MRy distmds (EmE) o Wes 9l

&3ke] “ifmmic]l v e g JtEA & o wEA] [y
S3o] 7)1, & WX 3 ol ke AT 1 54

A5

O, go)ets FAnEe 5o mRe 2529 Tl fA
e, Hwe) fiEe G BAPHETOR B 5 o

ol & dAFollAE (HEETE) o 7A€ SJHE7F B
o] F&4- 7he-w sl TR A s Sl oW FFS vA=
A E A sHH T 4 AGEY] W FEAE 7R gloH
AGEZ 1% F97335t5 o] T83 928 ste Aoz &
A el A 7]—% d THP-1 Al i sl SJHEJS
THP-1 cello] ®ia s=z A2 23, & AgdA A
25, 5,10 mg/mL & oﬂ 1% A MEFAS el A Fodtt
(Fig. 1). THP-1 celle]l AGEs ®H8-4H=<l Maillard Reaction
Products(MRPs)E A& ¢ 23 F%573 cytokine?! TNF-a} IL-1
Bel mRNA 2&o] #A3] S7tste AS dEst] A dxT
©2 Aeti(Fig 2, 3). SHEJE

A

=

=

0] =
AT

b H:l r

223k /\?j?'oﬂ/\‘]‘_ MRPs=
3 cytokineQl TNF-a¢} IL-139] mRNA & 2] 9|
, 53 5 mg/mlﬂl’\iv‘:— %4/‘49‘ sk ct
A4 &1k
A2 = MCP-147-&
z7le|om, 2
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MRPsZ A 2| %A g2 A %94*3 A
FFoME 5 mg/mLe] ol A A tHFig. 4).
IP-10& ‘45“*1]_:_9} gHo] HEZA X )3 chemokinel &
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