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Effect of Sacchromyces cerevisiae-Fermented Sophorae Radix on
Production of Hydrogen Peroxide and Nitric Oxide from Macrophage
Treated with Nictoine

Wan Su Park*

Department of Pathology, College of Oriental Medicine, Kyungwon University

The effect of Sacchromyces cerevisiae-Fermented Sophorae Radix water extract (SFS) on production of
hydrogen peroxide and nitric oxide (NO) from mouse macrophage Raw 264.7 Cells treated with nicotine (1 mM) was
investigated through this study. SFS (0, 25, 50, 100, 200, 400 ug/mL) was simultaneously treated with nicotine (1 mM)
during culture of 4, 20, 24, 44, 48, 68, and 72 hr. And the intracellular productions of hydrogen peroxide were
measured by dihydrorhodamine 123 (DHR) assay. NO production after 24 hr treatement was measured with Griess
reagent assay. SFS restored the production of hydrogen peroxide and NO reduced by nicotine (1 mM) in Raw 264.7
Cells. These results suggests that SFS could be supposed to have the immunological activity concerned with
macrophage’s oxidative burst including hydrogen peroxide and NO.
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AR, macrophage)o]™ 41X Z & nitric oxide(NO) & 0}

2K Sophorae Radix)2 AP/He M2 (#)o] Zo) glal &olo] HEAZEE QIAE HEskl, BalZHE (phagocytosis)
(&) « SH(EWe 7L e 4, 78 9, i, a3 5 g o) ol BN Z(Eadh)ELE Brleny. 249 8
S8 HEELITL BEXRS(BRBR)GI NELEHRR T8 2K (hematopoiesis)of A1 TFEHA 741 & (promonocyte) 7}
2)5M olu(RIR)Y E55 7PAA Qul@Em), W (Em), & dyeo] ddoz g0t 5 d<¥ Wi (monocyte) 2 23
2 (FER ), AU REHT), S5 SU(eERE), &1 i Rt JaE AR LA RECE o]lFsle] EFT
(#B), SS(RE) T2 KL FEE), /IANS(FRiE) 52 2R A EZ ALY 28 A &M E (dendrite cell) 2 T
AEShE ROE @EA Aok S 2aslA S99 QFIsHE ZAvict Bao) gEie o 2%
FZ oloro] o g EHELL 59 SUE sk Skt 2ol YAIe whiz "2 A (histiocyte)’, HoflAT= B Z A £
A LF S THISH AT 7E 0] ROIX L QLo W Eloko] (alveolar macrophage)’, 7tollAlv= “F3| M Z(kupffer celly, o]
HAEM tat 3 wat Buga Qo Az EA A E (microglial  cell)y, AlFolAE ST
QIAZY 7ML Qe HARNA(REER)= ARZEH Y (mesangial cell)’, ol A= "ThZA] Z(osteoclast) S22 BF
She WEA (BRI ZRE e NAWE £38 988 gl N =)
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9] XFY Mty BHEGAM MES L2 MAsHE Aol

2 ddMe g §ETY 950
cerevisine . B GA|H S R F(SFS)7} nicotineo)] QJaiA] Fuly]
= T4 AIME Raw 264.7 cell ) hydrogen peroxideS}
nitric oxide 4§ A]5lol) IRl HEtS Lot 7] Q15K in vitro
AR s AL /YT ZHE Aol ool B Idk= HiolTh
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1. A8
1) Al 2 717)

B A8lo] AM2E A]2F & nicotine, dihydrorhodamine 123
(DHR) E& Sigmai}ST. Louis, MO, USA)ZE2E] Fol5kd A}
EoIATE 2 Alekg] EHE BAE §5 ol ASE lo A}
39T 2 dgd AMSE 7171 SZZE7|(Eyela, Japan),
freeze dryer (Eyela, Japan), ZA=2W&L(Revco, USA),
microplate reader (Bio-Rad, USA) Eolr}.

2) ok
2 Agol] AKEH o 14H7FZ ; Sophorae Radix)2 (F)
FUSEEHF, S=HERE T, A8 & A3 erd 2%

o Hé% ATt
2. 49

1) AIEY AR
1) A4 FEE HAZ

HE 50 g& [rIe7]o] 1A} &5 1,000 mLe} &4 &
2 H 1508 5¢t 718, FE019rt F280] Bd FH RE9E o
IEA(Advantec No.2, Japan)T Ztet st H, ojyjHg
rotary vacuum evaporatorZ O]&5ld Z&53IFC) 0] 55HE
SENRTE ol83lo] AXE H wag AIFE A83Iet &
2UE FEES 95 g5 2A2H FEL2 19%%rt
) ERTFEE I REE(SFS) Az
QoA WHER 2 EFEES 0|88k gETaYa I
HFEZ2(CFS)2 taH 2ol AUt
O 284 ZA : ZELAIQ 3 g a-herbzyme (SH=E 4, g
=Nl &7 100 mL & ~I5ka 37°CollA] 30827 F&sk o1}
A7l & 1 ANE ZFANOE AEBINTE
HeFECIH AT HE FEE(B0 g pH467)S screw
cap tubeo] B 1[E] FEF RZIAVE 22 mLE Hriskd 3
7ColA 2217t B4Rkt
@ FANEE & 95Tl 1087 AF6idrt
@ Sacchromyces cerevisise STV89E 9 B9 FEHEE0] 4%

&8l 30TolA] 447 BBt

M ZFE mouse macrophage(Raw 264.7 cell
line)o|m SF=24 £FL23)(KCLB, Korea)ollA] P&
3) AIE Wi

Raw 264.7 cells2 penicillin (100 U/mL), streptomycin (100
ug/mL)o] A71E DMEM miAI 2 A Zel 7|04l 37C, 5% CO,
o] ZA5k0] BUEIQC}. Cellso] 75 em® flask (Falcon, USA)oll
A SES| BAEH, A E FTH-E phosphate buffered saline
(Sigma, USA) EHOF HNoFE & 75 em’ flask & 3 mL9) 0.25
% typsinEDTARAIS Wi A8old 127 M@ o
trypsin2H S BHE]3L 37 TollA] 587 BHdle] MEE B3lo
o] Ath sieFsIict &2 A Z= 10 % FBS71 H 71 DMEM
Herel 10 mLo) BSAI7) THE AL BeFE710] §A4 1 29)
split ratioZ Althul F3IATH.
4) Dihydrorhodamine 123 (DHR) assay
Cell W}9)] hydrogen peroxide(H,Os) 4441 & Roesler £*°9]
2 28, dihydrorhodamine 123 (DHR) assayE A]510d
199}, &, DHR2 H|E ZEZ0]X¢t cell o4 hydrogen
peroxideol] 9J5lo] AlglElol =49 FBE wWilslke =2
rhodamine 123(R123)Z uFHA ®rh JI8EE o8 7IA
= SZEZ Q13 macrophage Wol
EHJ4 B (reactive oxygen species; ROS)
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oxidative reaction® 07|
A o R diliske
9] £#% dihydrorhodamine 123 assayZ 0183l SHE &
A= Aotk 2 AEolAE nicotined] FGHE tHAAMZE )
hydrogen peroxide A4S x ol thdl A5 HEE
96 well plateo] 1x10° cells/welld] EEZ EFHTE 1x10°
cells/mL2] cellg Z+ well & 100 X @1 37T, 5% CO:
incubatoroA] 24A]17HEQY BHQIE & HAAIE WE] AL QA E 3
M phosphate buffered saline (PBS) SHOF HAFERICE. A
EE HP)s) FHol 241 DHR(10 uM)o] ©71 wiAE 3087+ 2
welloll XHz2]gt 5 A& AMASIACE THELE mix]o] 5¢1 Al
F(0, 25, 50, 100, 200, 400 ug/mL)<} nicotine(l mM)S Z} well
o] XHEIBIAL 4, 20, 24, 44, 48, 68, 72X} BOF 37T, 5% CO,
incubatoro|A] Hl&FSH & microplate reader(Bio-Rad, CA, USA)
£ 018319 490 nmolA EEEE &FF, vl
5) Nitric oxide(NO) 44 &5

Mouse macrophage Raw 264.7 cellZ2 28] A4 T]&= nitric
oxide9] &2 ME B Fof EXNcHE NOE griess A|oFe
0|83k ZHIE AOE HUTE 9% well plateo] 1x10*
cells/welld] EEZ BEETE 1x10° cells/mLY) cell2 100 uf
A @il 37C, 5% CO; incubatoro]| Al 24A]7H5QE vRkSH & vl
ANE WElL YN T EWES phosphate buffered saline (PBS)
Ao Z NAFCL BiAIE A AS F nicotine(ImM) THE =
2 AlE(25, 50, 100, 200, 400 ug/mL)S} &7 wiRlol ©ob

7}
wello] RZ|5HL 24X17F B0 37°C, 5% CO» incubatorol| 4] vt

o
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AEEA2 Hdx] + FFEAKMean + SDYE LERNRL I,
EAE FYH BFHE ANOVA test@l Student t-testE 0] &5k
P<0.05 =&oilA] UG

1. Nicotineg 4A]ZF A2]gt Raw 2647 cell W hydrogen
peroxide 4841 H| o)) )&+ SFS ¢35k
Nicotine(ImM)& ™ E& SFS(0, 25, 50, 100, 200, 400
g/mL)2k A 44171 BiFSE & mouse macrophage Raw 264.7
cell W hydrogen peroxide 2442 Z83Er A1} Nicotineo] &3}
M ZEW hydrogen peroxide A-EZAZE 25 ug/mL 01419 =%
oAl HE 394 U (p<0.05) 3] =AZCHFig. 1),

*
*
*

Hy QO3 production
{% of control)

Nor Con 25 50 100 200 400
SFS Concentration (ug/mL)

<ugS/Fr§u 0 0 % 50 100 o0 400
chﬁﬁ? ) * * + + + +

Mean 10660 10000 15056 15478 11481 15604 15182
SD 190 5.31 6.20 6.66 365 5.04 4.26
Fig. 1. Effect of SFS on the intracellular production of hydrogen
peroxide (H20z) of Raw 264.7 cell treated with nicotine (1 mM). Cells
were incubated with SFS for 4 hr with nicotine. Resuss are represented as
mean £ 53 SFS : Water extract of Sophorae Radix fermenied with
Sacchromyces cerevisiae. Normal @ Not treated with nictoine, Cortrol = Treated with

nicotine only. * represents P < 0.05 compared 10 the control

2. NicotineE 20417} XZJgt Raw 2647 cell Wi hydrogen
peroxide AACIx ol Sl SFS Y&k

Nicotine(ImM)& ©= &2 SFS(0, 25, 50, 100, 200, 400 p
g/mL)e} B17 20417} HiQFSt & mouse macrophage Raw 264.7
cell W hydrogen peroxide 44 & &A% 2% Nicotineol] 98}
A2 hydrogen peroxide 484 ZFAE 25 ug/mL 01419] =%
oA EF R4 A (p<0.05) B =AZICKFg. 2).

3. Nicotinee 24A|7} 7‘:%3]61 Raw 264.7 cell W hydrogen
peroxide 22 O1A| 5} SFS 35k

of tgl
Nicotine(ImM)& 1= %g SFS(0, 25, 50, 100, 200, 400 n

1]

1

m
mlI.
=l
1
{}{x
iy
il
1©
02
ok

cell Wi hydrogen perox1de AMe =2F-3 2t Nlcotlneoﬂ A
AW hydrogen peroxide 2347
oAl BF FYY AA(p<0.05) 2 =AIZCHEg. 3).

[
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H20; production
{% of control)

Nor Con 25 50 100 200 400
SFS Concentration {ug/mL)

SFS : ;
(@l O 0 25 50 100 200 400
Nicotine N
4 ) + + + + +

Mean 10765 10000 16268 16378 11761 15885 15604
SO 277 3.35 531 553 350 54 380
Fig. 2. Effect of SFS on the intracellular production of hydrogen
peroxide (H:0,) of Raw 264.7 cell treated with nicotine (1 mM). Cels
were Incukated with S=S for 20 hr wih nicotine. Resuits are represented as
mean £ SD. SFS Water extract of Sophorae Radix fermented with
Sacchromyces cerevisiae. Normal = Not treated with nictoine. Contro: @ Treated with
nicotine oniy. * represents P { 005 compared 0 the control

Hy07 production
{% of control)

Mor Con 25 50 100 200 400
SFS Concentration (ug/mL)

SFS

(/ML) 0 0 25 50 100 200 400
Nicotine .
ey + + : + + +

Meen 10468 10000 15653 15015 11733 16135 15378
S0 2.16 3.60 5.78 4.74 346 4,74 3.85

Fig. 3. Effect of SFS on the intracellular production of hydrogen
peroxide (H.02) of Raw 264.7 cell treated with nicotine (1 M). Cells
were Incubatea with SFS for 24 hr with nicotine. Results are represenied as
mean £ S3. SFS Water extract of Sophorae Racix fermented w.in
Sacchromyces cerevisiae. Normal : Not freated with nictoine. Control © Treated with
nicotine only. * represents P < C.05 compared to the control.

4. NicotineS 44A]7+ A28+ Raw 2647 cell W hydrogen
peroxide 4B A o] th$k SFS FgF

Nicotine(1 mM)& &= Z& SFS(0, 25, 50, 100, 200, 400 u
g/mL)S} 31 44X17F v RSt & mouse macrophage Raw 264.7
S £Z3+ Z 3} Nicotineol] &8}k
7

cell W hydrogen peroxide 88 & &
A FE W hydrogen peroxide M4 ZAE 25 ug/mL 0]49 5%
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oA B fold QUA(p<0.05) B =AIZCHFg. 4).

250+ *
§ = 2004
g ‘g 150
2 4
28
& ‘s 100
o R
o
I 50
0_
Nor Con 25 50 100 200 400
SFS Concentration (ug/mL)
SFS
(/ML) 0 0 25 50 100 200 400
Nicotine
a4 m - + + + + + +

Mean 10674 10000 15477 15705 11588 16633 17192
SD 1.53 315 951 864 453 514 44.21
Fig. 4. Effect of SFS on the intracellular production of hydrogen
peroxide (Hz02) of Raw 264.7 cell treated with nicotine (1 mM). Cells
were incubated with SFS for 44 hr with nicotine. Results are represented as
mean £ SD. SFS @ Waler extract of Sophorae Radix fermented with
Sacchromyces cerevisiae. Normal : Not treated with nictoine. Control : Treated with

nicotine only. * represents P ¢ 005 compared to the control.

5. Nicotineg 48417} Az|dt Raw 2647 cell W hydrogen
peroxide 284 Ao ISl SFS Far

Nicotine(l1 mM)& ©E Z2 SFS(0, 25, 50, 100, 200, 400 n
g/mL)} 27 48417} B8 & mouse macrophage Raw 264.7
cell L] hydrogen peroxide 34 E &£83%} 2} Nicotineol _JQ}
M ZEW hydrogen peroxide A474AE 25 ug/mL 0]419] =
oM 2F 7o UA(p<0.05) 3|=AIZCHFig. 5).

250
200+
150

100

H;0; production
{% of control)

50

Nor Con 25 50 100 200 400
SFS Concentration {ug/mL)

SFS

(ug/mL) 0 0 25 50 100 200 400
(Nw‘c%ﬂn%e i * * + + + +

Mean 10725 10000 16360 16597 11925 167.92 17652
SD 187 356 6.73 549 5.16 522 54.00
Fig. 5. Effect of SFS on the intracellular production of hydrogen
peroxide (Hz02) of Raw 264.7 cell treated with nicotine (1 mM). Cells
were Incubated with SFS for 48 hr with nicotine. Results are represented as
mean = S.D. SFS : Water extract of Sophorae Radix fermented with Sacchromyces
cerevisiag. Normal = Not treaied with nictoine. Control : Treated with nicotine only.

* represents P ¢ 0.05 compared to the control.

6. Nicotinez 68A17} Xzldt Raw 2647 cell W hydrogen

&=
=3

peroxide Ao el SFS gk

Nicotine(l mM)& ©H& =& SFS(0, 25, 50, 100, 200, 400
g/mL)} B4 68417 Bi¥SH & mouse macrophage Raw 264.7
cell W hydrogen peroxide 84 & £H$+ Z 3% Nicotineol] _JQ_I-
M ZW hydrogen peroxide A347ZF4AE 25 ug/mL 01449 =

oAl BE 894 QA (p<0.05) 3)=A)ZCHFig. 6).

250+
2004
150+

100+

H;03 production
{% of control)

<
(=2
1

Mer Con 25 50 100 200 400
SFS Concentration {ug/mL)

SFS
(e/mL) 0 0 2 50 100 200 400

Nicotine
(1 mM)

Mean 10740 10000 16370 16452 12069 16726 20178
SD 329 333 7.36 543 467 498 6.00
Fig. 6. Effect of SFS on the intracellular production of hydrogen
peroxide (H202) of Raw 264.7 cell treated with nicotine (1 mM). Cells
were incubated with SFS for 68 hr with nicotine, Results are represented as
mean =+ SD. SFS : Water extract of Sophorae Radix fermented with
Sacchromyces cerevisiae. Normal : Not treated with nictoine. Control : Treated with

nicoting only. * represents P ( 0.05 compared to the control.

+ + + + + +

2501 *
200+
150+

100 4

H;07 production
{% of control)

Nor Con 25 50 100 200 400
SFS Concentration (ug/mL)

SrS
w0 0 % 5 10 20 40
’(\qc%l’\%e + + + + + +

Mean 10509 10000 16217 16620 12008 16616 20537
SD 3.09 2.55 6.73 5,72 442 499 7.00
Fig. 7. Effect of SFS on the intracellular production of hydrogen
peroxide (H:02) of Raw 264.7 cell treated with nicotine (1 mM). Cells
were incubated with SFS for 72 hr with nicotine. Results are represented as
mean + SD. SFS : Water extract of Sophorae Radix fermented with
Sacchromyces cerevisiae. Normal = Not treated with nictoine. Control : Treated with

nicotine only. * represents P ¢ 0.05 compared to the control,

7. Nicotineg 724|7} AEJ3} Raw 2647 cell W} hydrogen
peroxide 34 Ixo tEF SFS Hk

Nicotine(l mM)E THE &2 SFS(0, 25, 50, 100, 200, 400
g/mL)%} 8HA 7217} vl kSt & mouse macrophage Raw 264.7
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Nicotine Q2 88 thAJA)E9) hydrogen peroxide$} Nitric Oxide M AH ol thet GRALFIL FEES EE

cell W hydrogen peroxide 44 & &8¢ Z3 Nicotineol] 9Jgt
M ZW hydrogen peroxide M47ZHAE 25 ug/mL o]A9] =&
oA ZF 794 AA(p<0.05) 3HAIZCHFig. 7).

8. Nicotineg 24417t AE|8F Raw 264.7 cell@] NO YA AH ol
thel SFS FeF

Nicotine(1 mM)& ©& Z& SFS(0, 25, 50, 100, 200, 400 u
g/mL)&} 17 24A17F wiQFSE & mouse macrophage Raw 264.7
celld] NO 44g &836t A3 Nicotineol] &8 NO YMZIAE
25 ug/mlL 0]3Ql srolA BF Fo4 A (p<0.05) S1=AIZ
CHFig. 8).

NO production
{% of control)

Nor Con 25 50 100 200 400
SFS8 Concentration (ug/mL)

SFS
(/ML) 0 0 25 50 100 200 400
Nicotine
(1 m) - + + + + + +

Mean 15287 10000 32286 33988 34048 24471 14925
SD 1523 1042 32.37 3421 3447 24.21 15.41
Fig. 8. Effect of SFS on nitric oxide(NO) production of Raw 264.7
cell treated with nicotine (1 mM). Cells were incubated with SFS for 24 hr
with nicotine. Resulits are represented as mean £ SD. SFS : Water extract of
Sophorae Radix fermented with Sacchromyces cerevisiae. Normal © Not treated with

nictoine. Control : Treated with nicoting only. * represents P ¢ 005 compared to
the control.

i
AMFES) = A5 59 alkaloidsyt +a3F o] J=H],
T4 EE matrine, oxymatrine, N-oxy-sophocarpine, sophoranol

N-oxide, supanine, anagyrine =01, LA thEE 22
9 FZE= & =%] 14to] BV2 microglial censow ERKE
&3¢ TNF-alpha 44 oA g5 VEMICHT 81991, 0]
2 dusikion, 4 g¥e %3;5@ &

oA ENER )= Z£E0]
XO/HXell Slst MEREMR &82 dolche ol tishkd
BUsL, o] BPe Jlé;}o streptococcus mutansol] Y&}

sl g7t 9
QIA WA Aol Slot 88 AeE BEths tiAHZE
AEEelgdt dEsie 22 Mz IRkiEkes
(hydroperoxide; H-0O;) 847 FolE| A #EEN L&
AEE DY FLokHol B rks o)
3 o

\__,

O

UOm, EFF thAlH Eo] 918 NO BB ZAaE 95 WA
Bl iEREE A4S (o] Q= ZoR wEA . IHEE

olrt & &
o NEksHe ZEY & Ut

HT gl B2 SIS whEae okl OFEM S EolT
59 ZUE AT NER SFEE WEGE TS a7
So] gaE1 QI

2 @A ko] BEAE B8 AN E B HY
A Z2A NLS Y VEETE FRIUINY FSE

Nicotine(1 mM)© Z Raw 264.7 A Z W H.0; MELAAE &
2)51, SFS(25, 50, 100, 200, 400 pg/mL)E 317 Rk 44]
ZHEQY nikal A3 2+ 150.56, 154.78, 114.61, 156.04, 151.82%
2 80)(P<0.05)51H &71A171 L(Fig. 1), 20A17HE010] wieket 2
TofAl= Z+7F 162.68, 163.78, 117.61, 158.85, 156.04%E F9]
P<0.05)5HA &71A173 S (Fig. 2), 24A17+& 0 vl S Z ol A
= 747} 15653, 159.15, 117.33, 161.35, 153.78% 2 F-9] (P<0.05)5}+

A E7WIIZ2ri(Fig. 3), MAI7FSCE mieRst ZioiAs 22
154.77, 157.05, 115.88, 16633, 171.92% 2 S:9](P<0.05)8}A &7}
AZAIL(Fig. 4), 48A17HECHY] wiQFSE AjolAls Z17h 163.60,
165.97, 119.25, 167.92, 17852% % =(P<0.05)31H E7IX1712
o (Fig. 5), 68A17FEQt WS AelAls 242} 16370, 164.52,
120.69, 167.26, 201.78% % S:9|(P<0.05)5+4 Z7A174 1L (Fig. 6),
T2N7FEQE uiekst AdolAE ZHE 16217, 16520, 120.08,
166.16, 20537% % S£O(P<0.05)81A E7IA%TkFig. 7). o1&
SFS7} <2438 ThAlM 29| ROS M EE JEAZLLEN FHiE]
s BENN 22 AIEALBY S0 522 F 5 UL
g gmje,

3} nicotine(l mM)QZ Raw 2647 AlZU NO 4474
£ 9ui5a, SFS(25, 50, 100, 200, 400 pg/mL)E A A5k
24A17VEQY wRQESE A ZHZF 32296, 339.88, 34048, 244.71,
14925% 2 2:0)(P<0.05)3M4 ZS7MIZCHFig. 8). ol Zol
nicotined!] 98} A ZS NO AHARSHAE SFS7} 3] =A4]
7= A8 A SFS7} nicotined] &8 U715 THEAE 7N
AMAE 4 lgg drleitt

ool AME QO5IH 14KSophorae Radix)E &
(Sacchromyces cerevisige STV89)OE wIFAIA &2 EF
(SFSYo| =289 nicotine(l mM)ol] &JaiA] Fale]= ol
Z 9] hydrogen peroxide®} nitric oxide BELAE F5HA
=7 E 24g 7T 92H hydrogen peroxide A4 E7}
g E3 AREEEs Z471H0lU NO 4EE7HE &3 ¢

71E84EE 5l A8 & flge dvishs Aot

=l

/\

|
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Ncotine(1 mM)QE DIRA tHAIAEZ Raw 2647 AlZu
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