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Anti-inflammatory and Antioxidant Effects of Spiraea prunifolia Sieb. et
Zucc. var. simpliciflora Nakai in RAW 264.7 Cells

Mi-Ok Sim'", Hyun Joo Lee'!, Ji Hun Jang”, Hyo Eun Lee’, Ho-Kyung Jung', Tae-Muk Kim',
Jong hyun No', Jakyun Jung', Da Eun Jung' and Hyun-Woo Cho'*

'National Development Institute of Korean Medicine, Jangheung-gun 59338, Korea
2Korea Brain Research Institute, Daegu 41068, Korea

Abstract - Spiraea prunifolia Sieb. et Zucc. var. simpliciflora Nakai (SSN) has been used for the anti-inflammation in
traditional folk medicine. To compare water and methanol extracts of SSN, we analyzed major components using LC IT
TOF MS. The major components of hot water extract were identified as caffeic acid and p-coumaric acid, but methanol
extract was not well established. However, methanol extract was detected with less polarity compounds compared to hot
water extract. Next, we investigated the inhibitory effects of SSN water extract on the lipopolysaccharide (LPS)-induced
inflammatory response or H,O»-induced oxidative stress in Raw 264.7 macrophage cells. SSN strongly suppressed the
production of nitric oxide in LPS-induced inflammatory response without cytotoxcity. The SSN possessed free radical
scavenging activities such as DPPH (ICs;=320.2 pg/ml), ABTS (IC5=124.0 rg/ml), and superoxide anion radical (ICs;=122.6
1g/ml). The total phenol and flavonoid content of SSN was 56.7 mg/g, and 15.1 mg/g, respectively. Furthermore, SSN
decreased the H,0O»-induced cytotoxicity by enhancing the cell viability, and SSN significantly reduced the intracellular
reactive oxygen species (ROS) level. Therefore, SSN may be recommended as an effective strategy to prevent and/or treat

various inflammation and ROS-induced diseases.
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ZIMNEY Spiraea prunifolia Sieb, et Zucc, var, simpliciflora
Nakai) ©] 7-¢- -8 T=r0llA ojd oy I, H2lE o)k
A, A=A, G5 ABA D ASAZA L] ARgo] Harko] ¢l
o, feuElAEoH, 717, 32 59 ARAIZ o] 85
SItHRye et al, 2003; Bae et al., 2012), HZ& 2B 2=
=0 gtst 24 9 Y5 Aol et wdlo] HarEglon
(Choi et al, 2016), So et al, (1999)2 XU gt &5
of AT} 2 FUF) i o) Bashsiet. shAjet of
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Dulbecco’s modified Eagle’s medium (DMEM)3} fetal bovine
serum (FBS), penicillin—streptomycin (P/S), phosphate—buffered
saline (PBS)+= Gibco (Grand Island, NY, USA)oj|A] F-3}53 a1,
3—(4, 5—dimethylthiazol—2—y1) —5—(3—carboxymethoxyphenyl)
~2—(4-sulfophenyl)—2H—tetrazolium (MTS)%= CellTiter 96
AQueous one solution cell proliferation assay2} Griess reagent
system-> Promega (Madison, WI, USA)ol|4] 5-4J}3it}, HPLC
X of] AFR-St B} acetonitrileS HPLC grade® J.T. Baker
(Center Valley, PA, USA)ol|A] G+5}91a1, p—coumaric acid,
caffeic acid @ U X| A|2F2 Sigma Chemical Co, (St, Louis,
MO, USA)ollA F-5k3iTt.
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5 = syringe filter (0,2 m, Adventec,
Japan) o3l el 7% 0] oBIS4ck, 44 8412
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A= UFLC XR (Shimadzu, Kyoto, Japan)< ©]-83}%11, ESI
interfaceS E3f hybrid IT TOF mass spectrometer (Shimadzu
LCMS-IT-TOF, Kyoto, Japan)2 A3}t 4 &=
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ol B2 ARE5FIL, columne BEH Cyg (1.7 fm, 2,1X150 mn) S
ARS8 om, A Al column 2e+= 40 CRE ARSIt ©]
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¥ T2 Folin—Ciocalteau A|2FS 0]-85}o] Foliny}
Denis (1912) 9] W& U5 75t0] S50 s Al

o] Folin—Ciocalteu’s phenol A2k 22} 160 S A7}8t 5
Este] 37 Aol A HkS- Al71 T 10% NapCO; 8942 160

2 H74sl0] 1A1ZE 591 9 AT, <1 ¥ 10,000 rpm, 108
Sor AARsgLon A5 olgalel 150 m Tl
microplate reader (Infinite 200 pro, TECAN, Mannedorf,
Switzerland) S o} 4310} SRS 24T, LEZ | 2
FA 22 el gallic acidE ARSSHAT

S rolE F &4
% ZolH o) & 3RS 96 well plated] 1 AR 10 ulo]
10% aluminum nitrate®} 1 M potassium acetateS 242+ 4 1l
A methanol 82 WS A7} 5t T 4087F o4 vkS- 31 5 415
moj| A T4 =E 24519 21 (Infinite 200 pro), FZE-22]
Ao 2L 98] ruting ©]-&5FtHMoreno et al,, 2000).
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U 2] G 3520 RAW264.7 AEZofA Xl A 9 3

DPPH gtt]Z 2ARA S &

A 7E] AR} Fol%-8 Blois (1958) WHol| Ao 1,1-
diphenyl—2-picrylhydrazyl (DPPH)&] A4 f-2]7] 24 o] wh
2} 733t AJ& 100 10of] 0.2 mM DPPH -89 100 #0E 3
7151 Ak2of| A 3087t HES-A]7] 3 microplate reader (Infinite
200 pro)& ARE-8to] 517 oAl SF=E S5

ABTS 2tz A5 53

7 mM ABTS?} 2,45 mM potassium persulfateS &of o
ABTS )28 A A)717] 9Ja 1:1 v &2 41L& =] oFAlof 12
A7 LT, ABTS §942 1] FHE0.7-08
o) 2 3]at 7 Aol Agtct. ofe] HE9) Al 50
e} ABTS &4 100 wlE H7Fsto] 204 S0l 734 nmoj|A|
microplate reader (Infinite 200 pro)& AMESlo] 4 =S =
A3} T (Pellegrini et al,, 1999).
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SOD $AF A E 248 SOD assay kit—-WSTE o] 8-5f0] =
Attt ZF Al FEES 20 e} WST working solution
200 pl& 418 & t}A| Enzyme solution 20 ulS go] &3}st
% 37T incubatoro]| A 2087t BE-3-A|7] A1 microplate reader
(Infinite 200 pro)& ©]-8-5to] 450 oA SF=E SA st
ik

I EA R

TN 322 3)(KCLB 40071, Seoul, Korea) |4} RAW 264.7
AL Bopatol AR2-3514] 01 DMEMO] 10% FBS, 1% P/SE
715k v A v FH 0. & 37°C, 5% CO, 2710014 B FatiTt.

Az 54 37t

NEo] NIE 54 B71517] $15) MTS assay S A48
t}. 96 well plateo]] well 30,000 cells 2 H35}0] 244|171 ¢t
AXNZ HARE 2 A2sh 3 thA] 24471 viekstgic),
Well 10 102 MTS §-8] -2 A7zt 5 37°Coll A 3417k ufjok
3} & microplate reader (Infinite 200 pro)S ©]-&35}0] 490 nm
oA FHE=E SHsIIch

H0,00 &J3t N|2 9] £ o 2 RE HANZRS a7} &
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24A7E 51t vjeksto] QFESE AlFITh AlRE A2]slal 30 &
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LPSZ X% WA ZE A Nitric oxide (NO) ¥= &3

LPSE /51 RAW 264.7 cellof| A U He] G4 5
2% AR NO A IS 27517 9190 Hhopel 1)) nitrite
55 Griess W3- 018510 45191t} RAW 264.7 cell&
96 well plate®]] well I 30,000 cells2 E55}0] QHY3IA| 7]
NBE =T Aski LPSE 500 ng/ml SE& A2|at
H 24A]7F AJ3E BJ9F & griess reagent systemE ©]-851 NO
£ 24319}, 96 well plated] SF0] AE ufof AFs-oNat
griess reagent (1% sulfanilamide + 0,1% naphthylendiamine
dihydrochloride, 1:1)& Z3slo] Wi 1087+ HES A7 5
ELISA microplate reader (Infinite 200 pro)S ©|-8-8}] 540
oA FFEE S48 THJang et al., 2016),
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Ak} HESSlo] kg HhAksl= 2 7'—dichlorofluore —
sceindiacetate (DCF—DA)E- 0]8-5}0] A|3E Yjof|A] EA) =)= &
AJAA0] A5 GA)| EEAT 7| (Flow Cytometry, BD Biosciences,
Billerica, MA, USA)E o]&3}o] 75+

SAAY

2 AFoA o Ani= 33] whE Z24s10] Pof + BRHA}
(mean + 8. D)E YEFY 1, SPSS (Statistical Package for
Social Science Inc,, Chicago, IL, USA)E o]-8-3lo] U Hek
4 (one way ANOVA)E AA] g T Student 't t—test = #-A15}
o] 4182 pd0.05 42004 HEBIACH

F& 4o 4E PR B8N

R SejollA] das W ek 2529 18 AR Aol
H|1L5}7] 9f8ko] LCIT TOF MSE: °of-§-8to] £A41513it}, =1 2
I} G2 2250 29 3T E(retention time 10,75 min, 12,11
min, 14,79 min)ofA] ZFZ+ 383,13 [M+H]", 181,05 [M+H]",
165,05 [M+H]" 9] &A}gFo] HEE| It APAT A (Yean
et al , 2014)E EUY| = retention time 12,11 min, 14,79 min9]
1358 217} caffeic acid®} p—coumaric acid2 F45F%.0.

| retention time 10,75 mint= FA3}A] £}t EEET}
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retention time ¥ EAFS H| W 5}0] retention time 12,11
min, 14,79 min®] 73
< ERleklt, 2P e F5E
FFEEN UE FAS HloH, d4FE20A dEEA

A=A B2 E(retention time 15,91~22. 88 min)©] T

E-2 caffeic acid?} p—coumaric acid %

£-9] chromatogram< &
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9] 27} thALR YA TRt ek EARRE 7L 3

E)9lE2 OH 71E 7ML Qo] A A= 4 2tste
58 748, s} e 1, Seheico)= S0 BeEr)
sepuo|i el Felsls 3 Shi Aol Bl 4
ol def BxEo] glor, FHT, I, I, Pk &
Arel ATt 22 thokst Ale] 2L el Pandey and
Rizvi, 2009), Tf2bA] L] 2] Ao 2550l EA=
% Z2dlsy) St eolE & Z} gallic acid®} rutin
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Zo|ylEat St eolE fé. R0 717} 56,7 ng/g, 15,7 mg/g
o= et 2L Byun et a 016)94 Hio] =2 231
5] E]ulE 9 S o] = R 34,12 mg/g, 7.5 mg/g S
= Uegten, agre ?:EFJ s Sebiieo] = gk
2 912 mg/g, 66 mg/g L= XM IE|QTHChoi et al., 2016), &
Aol A U7 o] vlsf W& EelulEat S0t
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8kl §lom o]= FEFolu AL EA4of S A el I
= A AR AlRE
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Fig. 1. HPLC chromatogram of SSN (A) Hot water extract, (B) Methanol extract.
Table 1. Polyphenol and flavonoid contents and free radical scavenging activity of SSN*
Polyphenol Flavonoid 1Cso of DPPH ICso of ABTS ECsy of SOD
(mg/g) (mg/g) (1g/mt) (1g/mt) (1g/mt)
56.73 + 0.21 15.12 £ 1.23 320.23 + 5.31 124.02 + 1.28 49734 + 2.14

’Each value in the tables is represented as mean + S.D. (n=9).
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persulfate®} &7 B2l JEML u]= ABTS+- 2 A5}
o o] = T}2 Ao 22 B0| gAlstelo] o) et zo] 27

WA B2 AR AR sl S B eckHuang
etal, 2012) E Aol A Z2F 59| DPPHS} ABTS 2] 29|
50% AafleS Hole = 712} 320.2 ng/ml, 1240 pg/ml=
LERGTHTable 1),

SOD (superoxide dismutase)+«= AUjof] £Ael= A4S &

e 3 Sk, AU AVBHE 2439 €919 A feelzhnt wHe)
] hydrogen peroxide®} O, &= HEHA|7|+= G 40|}, T35t A
AL} et S TR AR SOD7E 2§ ek
Zo) A Ao et AE Ueh)7] wiio] 29449k SOD
(4] SO i 2] 491 opel 59 A A
(Kim et al, 2014), ZIHFRO| Ma] ejzaz2m0 50D A}
B2 500, 250, 125, 62,5, 31.3 ug/ml ST ol|A] 22} 56.7,
455, 34.4, 95.5, 16, 7%= LFERHITHTable 1), 21 A=Lo]l 4
w3} e 22E0] 1,95 mg/ml EEol|A] 16,4%] SOD QA &
A& 7Rtk A B a1 %]Q) 0 o (Park and Lee, 2013), ]S & A
3 et Bluge v 2T v &2l Blel =
& SOD fAF 845 Kol A o= 2RRIsHeIT), wheba] 23y
= DPPH, ABTSS-9] 2}U)ZrS 47311 SOD $A EAS =
o] LSS B Om ol ZHUE} 1 GarsHZA

o} 71%40] & AOR ARE,

H0,2 S5 RAW264,7 | A ZFUE
SE9 A3y 2EHA BT AT
MTS assay g ©|-8-6to] ZFUH2] B Q= 2EE0| u]X]
= RAW 264.7 A2Lo] tigh A|22EAS dobi 7] 918 RAW
2647 M|32o)| FEHE 25 Aot Al AEES 2RI
SFTHFig. 2), 2R 2555 AeloHA] g2 tizata v
WELGE o HE FEolA] 95% o o] Al AEES KL
SARCE §994 Sl Abo]7h I-E|A] oot QAT 5 =Sl
Aoz st
ROSE 45} AEH| A0 a3t Q1 5 ShE thatakg
ojuf Al W aazlgol| ol WEZHE P AL thk
g Q5 gane] oJsf) FAgEtt, Tedt ROS] A4S A
220 HEYS Yo 713- S S0l 0:11‘11 ARy o *‘@6‘
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Fig. 2. Effect of SSN on cell viability in RAW 264.7 cells.
RAW 264.7 cells were incubated for 24 hours in the presence
or absence of SSN at indicated dose. Cell viability was evaluated
by MTS assay as described in materials and methods. Data are
presented as the mean £ S.D. (n=9). Significant differences
between SSN treated groups were determined compared to the
SSN non-treated group using the Student’s t-test (p < 0.05).
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Fig. 3. Cytoprotection of SSN against H,O, in RAW 264.7
cells. Cells were pretreated with indicated concentrations of
GNE for 60 min then exposed to H,O, for 24h. Data are
presented as the mean + S.D. (n=9). "p < 0.05 compared with
the control group, “p < 0.05 compared with the H,O,-treated

group.
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Fig. 4. Effect of SSN on intracellular ROS accumulation in Raw 264.7 cells. Raw 264.7 were pre-treated with DCFH-DA for 30 min,
followed by the indicated concentration of SSN and 1 mM of H,O, treatment for 3h incubation. Levels of intracellular ROS were
measured by flow cytometry. (A) Unstaining, (B) Control, (C) only H,O,-treated cells, (D) H,O,-treated with SSN 62.5 pg/ml, (E)
HyOo-treated with SSN 125 pg/ml, (F) HyOx-treated with SSN 250 1g/m¢.
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Fig. 5. Effect of SSN on NO production in LPS-induced RAW
264.7 cells. RAW 264.7 cells were pretreated with SSN for
30 minutes and LPS (500 ng/m{) for 24 hours. Datas were
presneted Means + SD form triplicate separated experiments.
Significant differences between groups were determined by
the Student’s t-test. " 'p<0.01 compared with the control group.
9 <0.05, "p < 0.01 compared with the LPS-treated group.
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