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Anti-inflammatory effects of the
ethanol fraction of Spiraea prunifolia
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ABSTRACT

Purpose: Natural medicinal plant extracts have recently attracted attention as health
beneficial foods and potential therapeutic agents for prevention of various diseases. This
study was undertaken to measure the anti-inflammatory effect of the ethanol-water fraction
obtained from the above-ground portion of Spiraea prunifolia var. simpliciflora, a wild-growing
plant in Korea. The final fraction used in this study was the H,O-EtOH (40:60) fraction
(SP60), which had the highest antioxidant activity, as determined in previous studies.
Methods: The amounts of nitric oxide (NO), tumor necrosis factor (TNF)-a, interleukin (IL)-6
and IL-1B production were measured in lipopolysaccharide (LPS)-stimulated RAW 264.7 cells
exposed to SP60. Western blot was performed to measure the expressions of inducible nitric
oxide synthase (iNOS), cyclooxygenase (COX)-2, and the activation of nuclear factor (NF)-«B.
Results: SP60 exerted no cytotoxicity up to concentrations of 125 pg/mL. The levels of
inflammatory cytokines, such as NO, TNF-a, IL-6, and IL-1f3, were significantly decreased in
LPS-stimulated RAW264.7 cells exposed to SP60. In addition, the expression levels of iNOS,
COX-2, and phosphorylated p65 showed a concentration-dependent decrease subsequent

to SP6O treatment. These results indicate that SP60 inhibits the LPS-induced production of
inflammatory cytokines, iNOS, and COX-2, by inhibiting the activation of NF-kB, which is
responsible for the expression of inflammatory mediators.

Conclusion: The results presented in this study indicate that the H,O-EtOH (40:60) fraction
(SP60) extracted from the above-ground portion of Spiraea prunifolia var. simpliciflora has
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the potential to be developed as a medicine or healthcare food and functional material
possessing anti-inflammatory effects. However, it is necessary to first confirm the anti-
inflammatory effects of SPGO in in vivo models.

Keywords: Spiraea; anti-inflammatory agents; macrophages
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RAW 264.7 M= i S MZ5d 53

2 Aol AFE-E A= RAW 264.7 THA M| 25 2 A Sk A I 52288 (Korea Cell Line Bank,
Seoul, Korea)Ol| A] £ tro} ARE-5} tF. RAW 264.7 A 2E.2] B FH-2 10% fetal bovine serum
(FBS; Hyclone, Mordialloc, Victoria, Australia)2+1% penicillin-streptomycin (Gibco, GrandIsland,
NY, USA)E 7}t Dulbecco’s modified Eagle’s medium (DMEM; Gibco)S AHE-5F O,
37°C, 5% CO, 271 2] B ¥~ (BB15, Thermo Fisher Scientific)°l| 4] Bl FsFRA Tt SP60 FE=2]
HN|2E 548 Lol 7] 9510 water soluble tetrazolium salts (WST) assay= M| X JZ2ES =
3T RAW 264.7 A ZEE-1 % 10° cells/mL2] ‘5= =2 96 well plate©]] 100 pLA] B335} 244
7H 5 Hje & 2258 & ¥ (31.25, 62.5, 125, 250, 500, 1,000 pg/mL) 2 2] 2] 5}F0] 24A]
7+ v Fat STt Hi ¥ & EZ-Cytox Cytotoxicity Assay Kit (DoGenBio, Seoul, Korea) 10 uLS &7}
5ol 3A1Z7F &, ELISA reader= 450 nmOl| Al F =5 S5t A MEZ P2&2of
Z-0] A A EE tiH] %= UER ]l T
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RAW 264.7 M| ZE- 10° cells/mL2] ‘5= 2 96-well plate©l] 100 pLA] 3510 24A| 7F B S &
X ¥ FEE (31.25, 62.5, 125, 250, 500, 1,000 pg/mL) 2} 1 pg/mL 5 =2] LPS (Sigma-Aldrich,
St. Louis, MO, USA) S x| 2] 5}0] 24A| 7k v oF ol T, A o] AlaufFel-& 50 uL st &
9] Griess reagent (Promega, Madison, WI, USA)2} 231510 HH-2-A] 71 & ELISA readerZ® 550
nmo A SF =S SA5Ach A Z 2 HE A H NO2| SHF-2 sodium nitrite (NaNO,) S A}
&5to] 25t EE A S o] 8-5to] A&k

HEM AtO|EFlQl (TNF-a, IL-6, IL-1P) X
RAW264.7 M| ZLE- 105 cells/mL2] 5= 2 96-well plate©]] 100 pL2] 5501 24A| 7F vl S+
X FEE (15.625, 31.25, 62.5, 125, 250, 500, 1,000 pg/mL)Z}+ LPS (1 pg/mL)E %] o}OE] 24
Al ZF Bl FSERA Tt M2 2] TNF-a2} IL-69] A3/ -2 mouse ELISA kit (BD Biosciences, San Di-
ego, CA, USA)E ©]-8-510], IL-1p2] A /d 2 mouse ELISA kit (R&D Systems, Minneapolis, MN,
USA)E 0| -&5}o] #A| Al H 1 of w}2} 2] 2] 8} O, ELISA reader® 450 nmol| A 4 =5 =
goto] 2t B3 S U OB A5/ Afol EFRRI ] S AFE 5]l

Western blot analysis (iNOS, COX2, NF-kB &3ig 54

A4 W iNos, cox-29] W&ol spe0°] Pl xl= FFe LotE 7| 215t western bloter A
A5 Th RAW 264.7 A ZEE 2.5 x 10° cells/mL2] %5 £ 2 6-well plate©]] 2 mL#] 23F5}0] 244
PG & 5= 255 (125, 250, 500, 1,000 pg/mL)T} LPS (1 pg/mL)S x| 2] 5+ 24A] 71 HY
IS}, vl o] B RAW 264.7 Al 22 9] -3 H 7] 93l cold-phosphate buffered saline
(PBS; iNtRON Biotechnology, Seongnam, Korea)= 33] A2 5} 1L protease inhibitor (Roche,
Mannheim, Germany)2} phosphatase inhibitor (Roche)”} 2 & lysis buffer (Thermo Fisher Sci-
entific, Rockford, IL, USA) 2 lysis AZ! & 15,000 rpmOl| Al 2027F YA B2 sto] Dl g =
=313t} Bradford reagent (Sigma-Aldrich) S AF-8-5to] T2 XJ&F & Jysate©l| sample buffer
(Elpisbiotech, Daejeon, Korea)S 211 95°COll A 1027 E&/d s} Al ZTh &l A 50 pg& 10%
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)Z 22| 5}al, & H
143270 mA°l 4] polyvinylidene difluoride (PVDF) membrane (Bio-Rad, Hercules, CA, USA)©]|
1A]ZF 30 ZF transferstal 5% skim milkol] %7 /201l A] 1At &<F blocking 5H3ATF. iNOS,
COX-29] Hr=F 2012 9|5l 12 A 2 anti-rabbit iNOS, COX-2, NE-kB(p65) (Cell Signaling
Technology, Beverly, MA, USA)E- 1/1,0002 5] AJ5}0] 4°Col| A 12A]7F %] S & Tris buffered
saline Tween-20 (TBS-T) = 5827t 38] A& 513 th. 22} &A|+= horseradish peroxidase”} A3
anti-rabbit IgG (Cell Signaling Technology)E-1/2,0002 5] A 5}0] AF-2-0f| 4] 1A]7HHEZ-A] 7]
TBS-TE 5827t 33] A4 51t} 0] & membrane©l| Ez WestLumi-plus (ATTO, Tokyo, Japan)S #]
2] 5}of Tl Ml =5 chemi-doc (LuminoGraphll, ATTO) S AH&-3f 7FA 5F5H3A T,

SHXZ|

A A T= spSs/Windows 26.0 (Statistical Package for the Social Science; IBM Corp., Armonk,
NY, UsA) o= AR S stlor, A A= Hdt + ZEHUAE YetUiglh JHul]
BEAFRA (one-way ANOVA) O 2 B ZALo] 7} - 70| w4t 2}o| & S-S & Duncan’s
multiple range test= ¥l ko] 2}o] & HAZsIH o, A 7242 o= 0.05 FFOl| A
ASskAT
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Table 1. Yield of 70% ethanol extract and 60% ethanol fraction (SP60) of Spiraea prunifolia var. simpliciflora

Material Weight (kg) Dried weight (kg) Yield (%)
Spiraea prunifolia var. simpliciflora
70% ethanol extract 6.8 0.253 3.72
SP60 0.23 0.002 0.87

SP60, 60% ethanol-water fraction from 70% ethanol extract of Spiraea prunifolia var. simpliciflora.

21t
EHLIT 70% ethanol &2} ZHLIT 2229 +2
ZHUE70% Ol eHe 2 EE-0] &1 B35 5p602] 482 717}3.729%2} 0.87% A T (Table 1).

L} 2222 X2 RAW 264.7 N Z2| YEE

U FE 20l RAW 204.7 M| 2 A EE ol Bl A| = FFS Lot7] i MlE=d 4
Aot
AN

. RAW 264.7 Al| Z0]| SP60S 5= HZ (15.625-1,000 pg/mL) 24A| 7+ St
A3 Al o] M3 A (15]9F 5L 51HA] 250 pg/mLE-E Al 5445 UEld&
™ (Fig. 1) ©] 235 BIE O 2 RAW 264.7 At FAE/d 7= 125 pg/mL
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sP602] T G5S &RIst7] 9l LpsE 2 23t RAW 264.7 A 20| A NO BAHFE =
A7} 15.625 pg/mL & EO| A FE] NO B TS F-2lnlotA AAISHAT (Fig. 2). & 5=<!
125 pg/mL ©l| A= NO A/d o] 15.07 uyMZE LPS T 2] 2]+ 38.81 uMol| H Bl 9F 61.2% 74
ShAt.

ZELIR B22lgo| EM AO|EFLQ! (TNF-a, IL-6, IL-1B) MM 2AXls

TNE-a A3/ 24A17HE3E Lps THE- 0 2 X 2| st 749 ATt f-olsHA S71st3 o
SP60= A 2|3t 7ol A 15.625 pg/mL ©]/F2] BE s LA f-2o5H7| 5k o] EA 0 & A=
ATH (Fig. 3A). IL-6+= LPS T5 2] 2] 7ol A A/ B o} 3-2] 51HA| Z715H Al spe0S %] 2] 513

120 -
100
80
60

40 -

Cell viability (%)

20

04
Sample (ug/mL) - - 15.625 31.25 62.5 125 250

LPS (1 pg/mL) - + + + + + +
Fig. 1. Effect of the SP60 on cell viability of LPS-induced RAW 264.7 cells.
Cells were treated with SP60 (15.625, 31.25, 62.5, 125 pg/mL) then with or without LPS (1 pg/mL) for 24 hours.
Each bar represents the mean + SD of three replicate determinations (n = 3).

SP60, Spiraea prunifolia var. simpliciflora 60% ethanol fraction; LPS, lipopolysaccharide.
Compared with control group: “"p < 0.001.
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Fig. 2. Effect of SP60 on the production of NO in LPS-induced RAW 267.4 cells.

Cells were treated with SP60 (15.625, 31.25, 62.5, 125 pg/mL) then with or without LPS (1 pg/mL) for 24 hours. The
culture supernatant of the treated cells were used to measure NO level. Levels of NO were determined by Griess
reagent. Each bar represents the mean = SD of three replicate determinations (n = 3).

SP60, Spiraea prunifolia var. simpliciflora 60% ethanol fraction; NO, nitric oxide; LPS, lipopolysaccharide.
Compared with control group: “p < 0.01, “p < 0.001.
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2,000 304

0 T T T = 0 T T T T T -_|
Sample (ug/mL) - - 15.625  31.25 62.5 125 Sample (ug/mL) - - 15.625  31.25 62.5 125
LPS (1 pg/mL) - + + + + + LPS (1 pg/mL) - + + + + +
C
100
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- *xx Hkx
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o
&
o 40 .
2
) _J l
0 I T T T T T
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LPS (1 pg/mL) - + + + + +

Fig. 3. Effect of SP60 on the production of TNF-a (A), IL-6 (B), IL-18 (C) in LPS-induced RAW 267.4 cells.

Cells were treated with SP60 (15.625, 31.25, 62.5, 125 pg/mL) then with or without LPS (1 pg/mL) for 24 hours. The levels of pro-inflammatory cytokines in the cell
culture supernatant were determined by ELISA. Each bar represents the mean + SD of three replicate determinations (n = 3).

SP60, Spiraea prunifolia var. simpliciflora 60% ethanol fraction; TNF-a, tumor necrosis factor-a; IL, interleukin; LPS, lipopolysaccharide.

Compared with control group: 'p < 0.05, “p < 0.01, “'p < 0.001.
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S 79 625 pg/mL 5 EHE] 5 E O] 2 0 & ZFASIAT} (Fig. 38). TS ILB BATE HA
ool H|5}to] Lps T A 2] ol A 525t S715E 2™ speoS 2] 8] §h 2 15.625 pg/mL
o]fe] BE wEolA fou|stA Ag/ddol AU (Fig. 3¢). WEHA] SP60°| TNF-a2}
IL1B2] AYAT L 15.625 pg/mL S E5E | IL-6 A4S 62.5 pg/mL =2 E -§-2|5HA] 2 #|5}o
T a5l dEPES gl 4= AU

ZohR 221829 iNOS, COX-2 W3 N5

LPS A}=+of| 2] 3l Y ZHE-g-0] 7= RAW 264.7 THA] M| Z 0| A SP60°] iNOS, COX-2 & of| 1]

2= FFS ot 7] 215H0] western blots 3 3H A xt A Adwtol| H|Sto] Lps T A 2+t

o] A iNOset cox-22] Hrd7fo] A 5| Z71skth (Fig. 4). SP60Xt LPSE- &7 7<1 2|3t 7%

iNOS®} COX-2 B TFO] 15.625 pg/mL °]/de] BE oA 5= &2 02 Zr4she 7
TS IS 4 AU o]2FF it 2HUF FE50] iNOseF COX-2 HAHS A

7ANO 2 P34 Ato] 7119 A & Aot & 52 UBtul= 2oz & 4 QU

O

TELIR 2220 NF-kB 24 A5

sP60°] B35 M7HE2 2] 49l F-A Ak NF-kB2] subunit?! p652] Q14Fste] v] 2] = ke Lot
B 7] 2]5to] western blot-Z 43851 Tk 57 A2} 7 4d=Hol| vl sl LPS T& A 2] ol A= p65

9] E/4 5 Q13 ppos] W o] F7H5H3L L sPe0} Lps S FA ol A2 S wf 5 o 27
O g Ztashe S BT (Fig. 5).

Sample (pg/mL) - - 15.625  31.25 62.5 125
LPS (1 ug/mL) - + + + + +
iNOS ‘ 0.12 _1:02 8_ 65_ 0.82 0.56 0.71

002 100 071 071 014 0.3
Cox-2 ‘ _—

Fig. 4. Effect of SP60 on iNOS and COX-2 protein expression in LPS-induced RAW 267.4 cells.

Cells were treated with SP60 (15.625, 31.25, 62.5, 125 pg/mL), then with or without LPS (1 ug/mL) for 24 hours. Cell
lysates were used for western blot analysis. The levels of protein expression in iNOS and COX-2 were normalized to
the B-actin signals. The relative band intensities are indicated on the band of each treatment.

SP60, Spiraea prunifolia var. simpliciflora 60% ethanol fraction; iNOS, inducible nitric oxide synthase; COX,
cyclooxygenase; LPS, lipopolyssacharide.

Sample (pg/mL) - - 15.625  31.25 62.5 125
LPS (1 ug/mL) - + + + + +
PPGS ‘ 0.12 1.00 _0.82 0.56 0.71 0.37 ‘

1.00 1.08 0.79 1.04 0.65‘

Pé5 il T —

Fig. 5. Effect of SP60 on P65 protein expression in LPS-induced RAW 267.4 cells.

Cells were treated with SP60 (15.625, 31.25, 62.5, 125 pg/mL), then with or without LPS (1 pg/mL) for 24 hours. Cell
lysates were used for western blot analysis. The levels of protein expression in p65 was normalized to the pp65
signal. The relative band intensities are indicated above each band.

SP60, Spiraea prunifolia var. simpliciflora 60% ethanol fraction; LPS, lipopolyssacharide.
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2 Aol A= AR A [15]014 FAatet &50] 7H =7 vehd 28U 70% ol e &
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