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Comparative study of antioxidant and anti-neuroinflammatory activity of
leaf extracts of three different species of Bamboos in different extraction
solvents containing caffeic acid, p-coumaric acid and tricin
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Abstract The antioxidant and anti-neuroinflammatory activities of water, 30, 70, and 100% ethanol extracts of leaves of
three different species of bamboo (Phyllostachys nigra, P. bambusoides, and Sasa borealis) were investigated. The levels
of total polyphenol and flavonoid were measured, and antioxidant activity was evaluated using various antioxidant assays
(DPPH, ABTS, and FRAP). Lipopolysaccharide (LPS)-induced BV2 microglial cell activation was used to evaluate the
anti-neuroinflammatory properties of the bamboo leaf extracts. Treatment with both aqueous and ethanolic extracts showed
no cytotoxicity in BV-2 microglial cells. Pre-treatment of BV-2 cells with bamboo leaf extracts significantly inhibited LPS-
induced excessive production of nitric oxide in a dose-dependent manner. Moreover, phytochemical analysis based on the
extraction solvent showed that caffeic acid, p-coumaric acid, and tricin are the principal constituents of all three bamboo
leaf extracts. Therefore, our findings suggest that bamboo leaf extract contains potent antioxidants and anti-neuroinflammatory
compounds that can be used as potential therapeutic agents for the treat neuroinflammatory diseases.
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Z(Phyllostachys nigray> AR, S0t W 0=
gomrHE HywH AEOFE orentin, vitexin, isoorientin,
tricin,  luteolin-6-C-(6"-Otrans-caffeoylglucoside), vattariflavone,
trans-coniferyl alcohol, p-coumaric acid, n-feruloyl serotonin,
caffeic acid ethyl ether, coumaryl alcohol, coumaric acid
ethyl ether % ferulic acid ethyl ether’} UTHKim 5, 2009;
Kim %, 2012; Shang 5, 2014). ) (Phyllostachys bambusoides)
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gAJo] $<=3F homoorientin® FE313. 2™ (Lee2} Um, 2008),
ferulic acid, vanillin, coniferaldehyde, coniferyl alcohol, conifer-
aldehyde, 2,6-dimethoxy-p-benzoquinone, p-methoxycinnamic acid,
(+)-balanophonin, 6-methoxychromanones £2] 3l tHKim 5,
2011). eyl A 7P &3 v S/ 5 il 235
W(Sasa boredlisy= ThE ©l8o2E A=, AF, 2F, U4F
So7 Har 23 &7|9F Y= acetic acid, cirtic acid,
succinic acid, oxalic acid, tartaric acid, formic acid, malic
acid ¥ fumaric acid 5°] HAZHACH, F7|HT} o] F7]
ko] Eo] FEo] A2 (Ko, 2008) syringaresinol3} tricin,
tricin  7-0--D-glucopyranoside, luteolin 6-C-o-L-arabinopyranoside
(isoorientin), isoorientin 2-O-o-L-rhamnoside, apigenin 6-C-f-
D-xylopyranosyl-8-C-D-glucopyranoside 5-°] %o d©
J_E]Oii‘r(Jeong S, 2007; Park ‘5, 2007; Yoon &, 2000).
2 dTe S99 TR FEEH ferE} ksl 24 Gl
ARAFe] B5 vlast AR =5 HF 20S Q"J
stk il em, 3k 990 23he %‘Ek | B3 712 a7
£ 55t 5“’3—E~°] Fsithal ARl E2Q caffeic
acid, p-coumaic acid ¢} tricing X BFAEOZ 3lo] T3
FEol wE kel Aolrk JEA Elstarat sk
Weh 2 rt gelue thit $F 3 M duag)
359] Hh @, 280, 03 ol8ele] 72 Sulol
& ZPE, ST olE S Atst &4 Bl o
BV2 Al ZE o83l LPSE f=d H=dt A4
oA s Hrrelen, dHs 2o Fa A% A
caffeic acid, p-coumaic acid ¢} tricin®] -2 IS}
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E. /\16—]0“ A].Q.a‘]- tHL]_ _%0 20201{:1 8% HH_(P_/\(ﬁ
(Gyeongsan, Gyeongbuk, Korea)oﬂ/ﬂ TYsted AT A
&ol] A3} 1,1-diphenyl-2-picrylhydrazyl (DPPH), gallic acid,
Folin-Ciocalteu’s reagent, lipopolysaccharide (LPS), 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic  acid) (ABTS), catechin,
ferric chloride (FeCly), 4,6-tripyridyl-S-triazine (TPTZ), caffeic
acid, p-coumaric acid ¥ ftricin A% Sigma-Aldrich Ltd.
(St. Louis, MO, USA)Z%-E TYsInon, 1 9o AL&H

Ao ALgH U 33, 23, 25)°] Al
T F=3 30, 70, 100% T4 F= vl 7FA] HHo=E
AT G5 FE22 I(106.5 g), ZBH(90 g), 2F(52
A5 7+ 20LE F71ste] 60°ColA] 16417 B9t Hq
o] o33t & 7RME=71(EYELA, Tokyo, Japan)Z 7+
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%—%ﬂﬁﬂ%‘— &5k Folin-DenisH (Gutfinger, 1981y <F7F W

ol 2As19om, A& 200 puLel 1.0N Folin-Ciocalteau A]
oF w0 20% Na,CO, 8918 7+ 10mLA Az Pe oo 4
oA 308 WHSAIZl F EFF=A|(Thermo Scientific
Multiskan GO, Thermo Fisher Scientific, Waltham, MA, USA)
£ o]&sted 700 oA FHE=E AU Gallic acidE
EFEAE ARt vy FEES TETHE S 4
Z3I9 3L gallic acid equivalents (mg GAE/g extract)Z LER

L

FTETR 0= T Jia 5(1999)0] WS oF wiPet
o FAsIoH, Al 025 mLe SFF 125mLE &3t
5% sodium nitrite 75 pL F7}3F & 9—01]7\1 SEZF W-SAIZ
. 10% aluminum chloride 0.15mLE F7}3t & A4 6
E7F 92171 TS 1.0 M sodium hydrox1de 0.5mLe} 75
275 L% 2R Frlske] £33 & 510 nmol| A fute
=339t} Cateching EFEZEE AMEslo] BF7 qu% =
Aalgon, EFHEAoaRE U FE2E0] I
o|= S AXFEIU I ZAIE catechin equivalents (mg CE/
g extract)= ERAATEH

DPPH 2iC|& A7{Et &F

DPPH &tz 27% 242 Bloise] WH(1958) %7 ®
H3le] v} 728 wpHo g 831ttt Blanks o€ 100
uL, controbe oghE 50 L& 2mM DPPH &9 50 uL, DPPH
o} Ag WSS oekS 40 uL, DPPH &9 50 uLot A& 10
uLE ¥, AR 29 FREFS ofleke oo uLst AlE 1
pLE B F AdolA 3087 vRSAIZL T 515 nmellA &
FEE 545t DPPH &z &7 848 SAsle &

’3& ofefiet 3ol At
DPPH radical scavenging activity (%)=(1-(C-D/B-A))x100

(e}

A: Blank %%‘rl,:_

B: Control %%

C: DPPHS} /\]E Whgole] FHy
D: A8 A9 4=
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Ferric reducing antioxidant power (FRAP)Z O]
ey 539

FRAP Z7%< Benzie2} Strain(1999)¢] HFel w2} 300 mM
acetate buffer (pH 3.6), 40mM HCIo| 91 10mM TPTZ
2 20mM FeCly-6H,05 ZHz}F 10:1:1 (vivv)e] v &2 &3}
3te] FRAP Al2FS A|Z3IATh AlE 0.15mL3 3.0mLe
FRAP A|¢FS &E3t3te] 37°ColA] 5E7F whA1Z1 & 593 nm
AN FREE Fsen T FAISELS FeSO, 5 REE
A2 ARS8l mM FeSO, equivalent/mg extract® WER ST

ABTS ZiC|ZE 0|88t & &5y 53

ABTS #tZ-& o]&3 & aitstE o] 542 Re 5(1999)
o] e 23 #gste] ARSIt 74 mM ABTS &<z
24 mM potassium persulfates EFHate] ofF2 3LollAl 12~16
AIZE 9 WEEAIA ABTS 2elZs Adsisith. 44 ABTS
gzt 3%t 734mmelA 157 HEE SHFEE 34
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(A) Caffeic acid
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(B) p-coumaric acid

(C) Tricin

OH O

Fig. 1. The structure of caffeic acid, p-coumaric acid and tricin.

F 30mLE FH3L AE 1L0mLE ¥e F AL 10
2k RESAIA 734 nmelM F3=E 5788l 2= Trolox
ETEEE AHE3F mM Trolox equivalent/mg extract=
LERH AT

i Ho e

Nitric oxide (NO)X MIZ MZEE =3

Mouse microglia A3 BV2 MEE 5% fetal bovine serum
I+ 1% penicillin-streptomycin®] 3 7} Dulbecco’s modified
Eagle’s medium ¥IAE ARE3le] 5% CO.LF 37°C 271ellA] Hl
It BV2 AZE 1x10%welle] FE2 24-well plated] ¥
Falx oo A8Z 147 AAE F, LPS (200 ng/mL)
£ Agste] 2047 FF AAAFT S FEsiTh A=
i o] A5 100 uLE F8ted Griess Aok WA &
550 nmeA FFEE 783t NOS AP HS AU
Ails 2FEZQ sodium nitrate (NaNO,) 84S A3l
NO®| S FASIRT. ] A& MTT e ©]
&3t AT NO S4Y ek 22 27122 BV2 A
ol A7 Bl LPSE A F 2447 & MTT & $aL 2
AIZE O ikttt wiAlE WElal DMSOS Yol MTT=
@F4% formazans =% F 540 nmolAM FEEE S50
o} FX2]2¢] controls 100% 71522 Ao HE8S A
Ahstsiet.

High performance liquid chromatography (HPLC) £44

HPLC 4] AH&-3 §rf ® o] &2 2% HPLCHO =
Duksan Pure chemical (Ansan, Gyeonggi, Korea)A} #|5&2 A}
L3ttt B Ao Algd BFEFQ caffeic acid, p-
coumaric acid ¥ tricin (Fig. 1) of|gh=20l] =] HFgNO
2 AR&Edth HPLCE ©]&%F caffeic acid, tricin % p-
coumaric acid®] A F #4418 C18 ZHE o831 oM, 0.1%
ZAF g3} acetonitriles ©] 5 E ARSI ) 0.8 mL/min
o] 0= 7]87] & (gradient elution) WHS o] &35t =
Ao, 320nm g HEF 93 WAHS o] 85t
AFAE AAdste] AT E40l AHEgE Al 5 =
FEES 10mgmLe] T2 &4 59 045um=E ¥ &
AEE ARSI, olehE: FEES 10mgmLe] FEE o
g2 o] Y F A8 A5t HPLCE Ultimate
3000 (ThermoFisher Scientific, Waltham, MA, USA) A|&<
A3, AHL Thermo scientificAl ##21 Syncronis C18
(250x4.6 mm) AFEBFROH Table 29 S FAC R caffeic
acid, tricin 2 p-coumaric acid &S 43T

SH=EA
A A= 7t 50wt FFA+EFH2HSD)E ot
o, 7+ #7F f24d9] 758 GraphPad Prism 5.0 version

Table 1. Extraction yields, total polyphenol, flavonoid contents, FRAP and TEAC values of the various bamboo leaf extracts

Extraction Extr.action Total polyphenol Total flavonoid FRAP TEAC
Sample solvent yield content content (mM FeSO, eq./ (mM Trolox eq./
(% wiw) (mg GAE/g extract) (mg CE/g extract) mg extract) mg extract)
Water 5.91 31.969+0.206" 3.593+1.697* 0.337+0.010"¢ 0.379+0.037"
30% ethanol 6.24 34.546+1.148° 8.037+0.641°¢ 0.399+0.005°¢ 0.4760.030¢
Pbambusoides

70% ethanol 6.21 31.419+1.194° 8.407+1.697¢ 0.402:0.007°¢ 0.426+0.025%

100% ethanol 4.96 30.491+0.297° 13.963+0.641¢ 0.394+0.008°¢ 0.38620.009°

Water 6.69 64.993+0.833¢ 27.296+0.641¢ 0.978+0.024¢ 0.655+0.021%"

Prigra 30% ethanol 7.23 69.736+2.282" 37.296+3.394" 1.110+0.020%" 0.692+0.021"

70% ethanol 7.39 68.911+1.491° 37.296+1.283" 1.152+0.020° 0.688+0.013f

100% ethanol 6.21 60.113+0.676° 37.667+1.111° 1.042+0.011°¢ 0.609+0.007¢
Water 6.92 25.852+0.297° 2.852+0.641* 0.266+0.004* 0.347+0.014*°

S borealis 30% ethanol 7.28 31.213+0.586" 3.593+0.641° 0.367+0.014¢ 0.408+0.025°

70% ethanol 7.47 31.797+1.229° 6.185+1.283° 0.378+0.009° 0.403+0.027°

100% ethanol 6.44 24.718+0.487* 6.926+1.697° 0.266+0.005* 0.301+0.021*

BHT - - - 0.456+0.011¢ 0.791+0.013¢

GAE (gallic acid equivalents), CE (catechin equivalents), FRAP (Ferric reducing antioxidant power), TEAC (Trolox equivalent antioxidant
capacity). Values represent meanstSD (#=3). Different letters (a-g) represent statistically significant differences (p<0.05).
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Table 2. Analytical conditions of HPLC for various bamboo leaf
extracts

Description Condition
HPLC model = Thermo scientific (Ultimate 3000)
Column Syncronis C18 (250x4.6 mm, 5 pm)
A: water (0.1% Acetic acid)
B: 100% Acetonitrile
Time (min) %A %B
0 100 0
Mobile phase 5 80 20
Gradient 15 65 35
20 40 60
30 25 75
35 0 100
Flow rate 0.8 mL/min
Detection UV detector 320 nm
Inject volume 20 uL

(GraphPad Software, La Jolla, CA, USA)E ©
way ANOVA = 7353ted pgro] 0.05 P|9Hs
vharai.
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e 33, 28, 23)0 =4 =9
Hlwek A3E Table 19 JeERISY. Y] EFEE, 30%
FAFEE, 0% F2E, 100% TP5E2E9] F82

591, 624, 621, 496%°]Jom Zlthe] &
HAFEE, 10% FHFEE, 100% F73
6.92, 7.28, 747, 6.44%°|Att. =2 E52E 30% FAHF
25, 710% FIFEE, 100% FIFEE] 8 247 6.69,
723, 739, 621%2 U 3% 5 =
=A Ueisoy & Aole YEhA] &9kt S diuF 3
Z BT 100% FRHOE FE3 FEE| F89)
6.44, 621%% T2 Sl FEIPS Rt o7 Lgke
Z Aol UERA] gt

ey 229 ZEded SR ot s gt AEE
oA AR low, 3pitsl, A, vt T TS AL
A Uitk B2 A+ d3E0] €4EA At Ohe} Yoon,
2017). v 32 SR FE31 A2 12%9] AR
FEYAEY FEGECIE TS 54 AIE Table 19
UeRfih gule] 45250 2 IS 31.969
+0.206 mg GAFE/g extract®] 1, 30% FHFZ2E 34.546+1.148
mg GAE/g extract, 70% THFE52 31.419£1.194 mg GAE/
g extract, 100% FFEE2 30491+0.297 mg GAE/g extract
Z Yehidt o133 die A 5(2018)2] ATl A
sk g <] Eglde g9 Aol ARRE g1l
o 23 FE2E9] FEodE IdFS A A3, EFE
£, 30% TAFEE, 10% TH4F=E, 100% THFEE] 7t
Z} 25.852+0.297, 31.213+0.586, 31.797+1.129, 24.718+0.487
mg GAE/g extracts YERUTE 259 EFFEE9 T2
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HE SHkS 64.993+0.833 mg GAE/g extracto]3l, 30% F45
ZE2 69.736+2.282 mg GAE/g extract, 70% FHFEES
68.911+1.491 mg GAE/g extract, 100% FHFEEL 60.113+
0.676 mg GAE/g extracts WEPHI O F5FE0] vt
R EY FEHE g3 =T

goje] FEeEo|E TS dF FEEC] 3.593+1.697
mg CE/g extract®] 3L, 30% THFEE2 8.037+0.641 mg CE/
g extract, 70% FTAHFEEL 8407+£1.697mg CE/g extract,
100% FAHFEEL 13.963+0.641 mg CE/g extractS LERHRY
o 2B & EFPHieolE S dF FEE0] 2852+
0.641 mg CE/g extracto] 3, 30% FAFEEL 3.593+0.641
mg CE/g extract, 70% THFEEL 6.185:1.283 mg CE/g
extract, 100% FHFZES 6.926+1.697 mg CE/g extracts
ERARITE @50 FETtHo|E e G FEE] 2729
+£0.641 mg CE/g extract®] 3, 30% FAHAFEELS 37.296+3.394
mg CE/g extract, 70% TR3FEES 37.296+1.283 mg CE/g
extract, 100% FHFEEL 37.667£1.111 mg CE/g extracts
et oo F2ehieo|s o 3 TEEs
Fol At Akl vk 28 Boh 12 AS <8t
Atk

DPPH 2iC|Z 27 &M

329 UFY F5E9 DPPH o)zt &4 4L Fig 2
of Jemiith 4zt = AE7} DPPH &t]Zd &4 &3
7} QAEA elshr] 98k, 100-1,000 pg/mLe] Fx <]
A FAs e ARe] st g &4 zlolE v|ws)
ATk Yo FE2EE ANEE FEHE A2sS w DPPH
Hog &4 L BT T gEHoz JUleITh 1y
U dole] EFEE, 30% TRFEE, 10% THFEE, 100%
FAFEES 1,000 ugmLe] FECA  ZFzF 15.05+1.55,
20.5442.63, 20.89+2.41, 24.10+1.54%% DPPH #}t|Z &£A &
ol wgkth, & X3 EFEE, 30% TAHAFEE, 710%
FAFEE, 100% T8FEE 1,000 pgmLe] FZo)A 2zt
11.10£1.95, 18.0942.26, 22.10+1.00, 16.26+1.94%2] DPPH 2}
UzS AAs, 9 FEE v 43S el
a8y F FEE9 FEEY DPPH ZHZ &7 84S
24 A3, EFEE, 30% FHFEE, 0% THIFEE,
100% FHFZ2S 1,000 pg/mLe] F=olA 212t 50.71x1.24,
53474122, 58.25+1.56, 53.0043.25%% 3% U FEE
% 9% FEE9] DPPH ZUZ &AZA ] 7 $53k3th
ol 59 FEYvE FF ¥ FEHEEolE o] 3T
o Y FEE T 7Y Bd A fAls o, &
i FEE] FEYNE I ¥ FEHRLol= e
DPPH #}t|Z A} A Es] ARsA = LUt

0f0
2E
O

FRAP (Ferric reducing antioxidant power)f& O]
e

FRAP HE ARgste] tiviel F&5E9 sl S =
Ag AHRE Table 1] YEPHATE Foie] EFEEL
0.337+0.010mM FeSO, eq./mg extract, 30% FZFZEL
0.399+0.005mM FeSO, eq/mg extract, 70% FHFEE
0.402+0.007 mM FeSO, eq/mg extract, 100% FHFEE
0.394£0.008 mM FeSO, eq/mg extractZ YERfSI oM F43
F50] EFEE By o =2 kS YJEgA T &

zfol= QUATE 0Fe] EFEES 0.978+0.024 mM FeSO, eq./
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(©)

s | S. boresalis

<
&
z
=z aar O water
E 030% ethanol
%n @70% ethanol
% BT W100% ethanol
g
-
s
<
2 B f
s ef
= e
<
-
z 18 c,d cd
B c
=
=) c ¢
5t a,b a,b
a ab a ab
Tl 200 500 1000
5
< a Concentration (pg/mL)

mg extract, 30% FHFEF-S 1.110+0.020 mM FeSO, eq./mg
extract, 70% FHFEEL 1.152+0.020mM FeSO, eq./mg
extract, 100% THFEES 1.042£0.011mM FeSO, eq./mg
extracts UERIATE 239 2FFE2 0.266+0.004 mM

FeSO, eq/mg extract, 30% FTHFEFE-2 0367+0.014 mM
FeSO, eq/mg extract, 70% FZFEEL 0.378+0.009 mM
FeSO, eq/mg extract, 100% FZFEE-L 0.266+0.005 mM

FeSO, eq./mg extracts WERHSIth @5 FZE°] DPPH #t
Uz 2AEd Aot AR gy 2EY FEE B
o 2R AR % *&E}?ﬂ S UERNITK(Table 1), T3 A O
Z BHTE 7% 0.456£0.011 mM FeSO, eq./mg extractt
= ‘/PE}LH AL, ol 25 FEE] ISRl BHTREY ¢
T AAES TEE T3 dsiEe] des eSS ¢
W}E]'.

|-)||

ABTS EIC|ZE 0|28 & &t

ABTS gt &A5S o83ty drtsld e =4
= Table 19 YERJSISH, TroloxE XFEZZ A S
FslES TEAC (mM Trolox eq./mg extract) %AL_E YehH
Aok Y] EFEE s 0.379+0.037 mM Trolox

|

X

g
o

eq/mg extract, 30% FAFEELS 04760.037mM Trolox
eq/mg extract, 70% FAFEES 0426+0.025mM Trolox
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(B) L
P. nigra e e

3 e L
o - -
-
‘E 45 O water
g 030% ethanol
; B70% ethanol cd
£ 35 W100% ethanol c c
: [
>
=
<
225
=
=
=]
=
S
=18 [ b b b
a
= a,b

a
5t oa | | | i’
100 200 500 1000
5

Concentration (pg/mL)

Fig. 2. Effect of bamboo leaves extracts (A) Pbambusoides, (B)
Pnigra, (C) S.borealis) on DPPH radical scavenging activity.
Different letters (a-f) represent statistically significant differences
(p<0.05).

eq/mg extract, 100% TAHFZE- 0.386+0.009mM Trolox
eq/mg extract® FHFEEC] EFEE Ho F3iIs|Eo] <&
7F =R & Aole Ytk F0] EFEEC] dksty
< 0.655+0.021 mM Trolox eq./mg extract, 30% THFE=EL
0.692+0.021 mM Trolox eq/mg extract, 70% FTAFZELS
0.688+0.013 mM Trolox eq./mg extractS YERN .01, AAITh
ZOe 2 ARE-gE BHT (0.791+0.013 mM Trolox eq./mg extract)
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Fig. 3. Effect of bamboo leaves extracts on NO production in LPS-stimulated BV2 cells. The BV2 cells were treated with samples at various
concentrations (25, 50, 100, and 200 pg/mL) with or without LPS (200 ng/mL) for 20 h. The nitrite in the culture supernatant was evaluated
using Griess reagent. Data are presented as the meantSD (n=3) for three independent experiments. “*p<0.001 versus control, ***p<0.001
versus LPS are significantly different as analyzed by one-way ANOVA followed by Tukey’s test.
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Table 3. Tricin, p-coumaric acid and caffeic acid contents of various bamboo leaf extracts

Sample Extraction solvent Caffeic acid (ug/mg) p-coumaric acid (ug/mg) Tricin (ug/mg)
Water - 1.557+0.340° 0.325+0.034°

30% ethanol 0.077+0.060* 6.799+0.392° 2.627+1.423¢

P.bambusoides

70% ethanol 0.084+0.001" 7.345+0.502¢ 3.094+0.578¢

100% ethanol 0.232+0.007° 9.168+1.480¢ 4.856+1.426"

Water 6.247+0.049 1.968+0.340" 0.412+0.019°

P 30% ethanol 0.889+0.064¢ 6.944+1.054°¢ 1.149+0.087°

nigra

& 70% ethanol 1.48140.162° 10.931+1.467° 5.233+2.698¢
100% ethanol 2.586+0.036" 9.374+1.140° 3.094+0.875¢

Water - 1.37140.067* 0.298+0.031°

30% ethanol 0.09240.073* 6.502+0.232" 2.538+0.177¢

S.borealis

70% ethanol 0.113+0.011° 6.774+0.865° 4.458+1.511°

100% ethanol 0.118+0.023" 6.496+0.949" 4.276+1.488°

Different letters (a-g) represent statistically significant differences (p<0.05).
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