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Abstract

In this study, 11 plant extracts from Bangladesh were used to evaluate the total phenolic and flavonoid content, in vitro
antioxidant activities using 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azinobis-(3-ethylbenzthiazolin-6-sulfonic acid)
(ABTS), and ferric reducing antioxidant power (FRAP) assay. Also, the inhibitory effect of nitric oxide (NO) production in
RAW 264.7 macrophage cell line and the neuroprotective effect on HyO,-induced PC12 cells were tested. Our results
revealed that Piper betle L. showed the highest total phenolic content (162.2 mg GAE/g extract) among the 11 plants from
Bangladesh. Most plants showed strong radical scavenging effects and ferric reducing antioxidant power. Besides, Piper
betle L. protected PC12 neuronal cells against H,O, related oxidative stress in LPS-induced PC12 cells. Regarding the anti-
inflammatory effect, Piper betle L. significantly inhibited NO accumulation in LPS-induced RAW 264.7 cells. Our results
provide evidence that Piper betle L. could be useful for the development of functional health foods.
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k2= (Reactive Oxygen Species, ROS)Z 3= A ) o
A8 J31E PHAS 7KL JBkNho et al. 2018). S
AF22= superoxide anion radical, hydroxy radical singlet

oxygen 3 Hy0, §°] o, o]59] 733k 1lstg o= AA|
o] AHe}A 2EFAE opr|sle] AME, 23 &4 whalE
9 DNAS] W3S 4o ¥ ot Alx W dF f <l
2+ &3t AlA xﬂLH AE5S Ydoitk(Park et al. 2011;
Nho et al. 2018). ¢l AbslER 3} AR A 7 FE8 S o)
Fol A < w?q skal =t 9] oy agl=ol
ojste] FEFEIZE AAA HH kst 2E#H 27 dojuA|
o} oF, THgs), I, HaA A3 5 FEe il
dojubAl ArkKim et al. 2012).
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et al. 2011). tH2JA| 3 (macrophage)= ©]2]3F HIWH-3-S
Fa=tl, 952 FXI8= cytokineo| Lt lipopolysaccharlde
(LPS)$F 72 Ap=oll o5t &3t th(Lee et al. 2017).
Ad3tE M EE 954 cytokineS FH|5HA =],
cyclooxygenase-2 (COX)e] S =3t HSRESS i
7| 2 7K53A It Yang et al. 2019). =3 NOE HHSA]
o] ol Tz W x|Ho] FAEE YoA HE EAS &
=shetl, ROSSH sl s™ vt whgrdo] 3t 3
A=, & A7 A7AAM| ol £44S doZitia By
ATHKim et al. 2007). wehA] Aol @y gl 7S
Astz] st FAksiAle] HEo] Fastttr & 4= Sl
A7 gastAl o] g Ae LHFRE o] FofA &
o, g} AAARI o|fFE FE AMEHI e AoEe
BHA (butylated hydroxy anisole), BHT (butylated hydroxy
toluene) 5 2 FAARISAI7E ATt Y, HZ QA
S5 Fakgol ik 1A kAol Al71|el wet &7t
AL e FAo] E]-(ij et al. 2000; Song et al.
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]~E.—°1 A3 2 E‘r(Eo et al 2020).

PRl obd] 7190l &l Afoprol 57} F
ohﬁr?a AlA AETIRY AR E dER wE FR3E ok
2= olE o]&3 thdgt RIZFAaWEC] BRIHATH
(Chowdhury et al. 2010). Sarcochlamys pulcherrima Gaudich.
< ES gy 7S gslslet ARgol =1L, Macrosolen
cohmchmensm Tieght 322 X &3}2/(Rahman et al. 2007),
Saraca thaipingensis Cantley = 7]%#] Z(Prachayasittikul
et al. 2012), Albizia odoratissima Benth. 42 F-F& m5
Ao AREEE S(Kumar et al. 2011), FA7A = Sthe]
3}8F x18eko] ol APAYAE-S o]L3 AE X FekS o]&
3L A U]—-l% AA AEAYS o] &3l TheFs Wzt
S0 Bl E, o]59] FAHS 7153 23 4 v
YUZdl digk A= vvgk A% o]th(Rahman et al. 2008;
Rahmatullah et al. 2009). Wb £ AolA = WA
A AEe] 7154 aFel tigk tlolgulol s PS5
o7 WUFEHA] AE 1159 He 2 ZelEkol= ek
Me 3 &g} 7 &} AL Hrlsle] Ao d-esly 9]
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£ Ao AHEE 1159 HaetA AEFEES 39
A& 2| AE(IBMRC;  International  Biological Material
Research Center, Dagjeon, Korea)Z2F-F YRkl A8-31%
o, <Table 1>l AASIATE AL 1152 A= F=
EE2 200 mg/mLe] F=Z dimethyl sulfoxide (DMSO)°l|
Balate] stockdt T, —70°Co| Bsh H3ol ARSI

2. A =

Folin-ciocalteau  reagent, 1-1-diphenyl-2-picrylhydrazyl
(DPPH), 2.2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid
(ABTS), potassium persulfate, ferric chloride (FeCl;), 4,
6-tripyridyltriazine 2! griess reagent, - Sigma-Aldrich
Co. (St. Louis, MO, USA)IIA FYsISith. Al vkl AF
43 Dulbecco’s modified Eagle’s medium (DMEM),
RPMI 1640, phosphate buffered saline (PBS), fetal bovine
serum (FBS), 0.25% trypsin-EDTA % penicillin/streptomycin
£ WellGENE (Daegu, Korea)oll A +¢J5ke] ARE-3FSIT.
3.5 Bz B 5

= A7 & dw FE2 4 FE=° 2N Folin-
Ciocalteu €47} 2% Na,CO; €4S 1:1:12 &35k 14

<Table 1> The list of plants from Bangladesh used in this study

No. Scientific name Part
1 Piper betle L. leaf
2 Getonia floribunda Roxb. leaf
3 Sarcochlamys pulcherrima Gaudich. leaf
4 Macaranga denticulata Mull. Arg. leaf and stem
5 Saraca thaipingensis Cantley ex King bark
6 Bruguiera sexangula Poir. bark
7 Macrosolen cohinchinensis Tiegh. leaf and stem
8  Albizia odoratissima Benth. bark
9 Saraca declinata Miq. bark
10  Dipterocarpus turbinatus Gaertn. bark

Ju—
j—

Rotala rotundifolia Koehne leaf and stem

v Aol wkgAIZl H, UV-Vis spectrophotometer
(SpectraMax M2, Molecular Decives, USA)Z 760 nm®]| 4]
THEE St T w9 EF=E2 gallic acid
(Sigma-Aldrich Co.)& ZHJst RFH P34 0 2 RE AH=E3)
At

4. & Eef2 0| g =Y

Ao T Speol= JHkS 7 355l diethylenglycol
7 1IN NaOHE 1:10:12 E8ste] 1A]7F 5<F 37°CelA]
HESAZ] H | UVVIS spectrophotometeri 420 nmol| A &%
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g A=siait
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5. DPPH ZiC|& 2s &8

7} F#Z59° DPPH &z &7 AL Ramos et al.
(2003)¢] WS £ A5 2A wPste] ZGsnt. 74 F
ZE% 02mM DPPH 892 304 5t WHgAIZl & 517
nmmollA EFEE Z2A5IATE EFE2-E ascorbic acidE Ab
8319100, DPPH 22 47 B4 ofele] 4 o83t
of ALkt

DPPH 2ttZ 2275(%)=(A-B)/Ax100

A: Absorbance of the control
B: Absorbance of the sample

6. ABTS 2iC|Z s £F

ABTS 2102 27 48 Re et al. (1999)9] WS =
Algol g wHEstel 24t 7.4 mM ABTSS} 2.6
mM potassium persulfateS EFF3Fe] 24417+ F<QF Ao
vk 3ked stock solutions A& 3}91‘4 °]% PBS (pH 7.4)
Z 3X35lo] ABTS reagentd] FEES 7fsle] 5E7F WA



gk Z, 72mmollAd SEEE SN Y. aEEde
ascorbic acidE ARESISHo™, ABTS 2|z &7 &AL of
o] 2] o]gsted ALkttt

ABTS 2tz 2715 (%)= A-B)/Ax100

A: Absorbance of the control
B: Absorbance of the sample

24 =X
1912]-& Benzie & Strain (1996)2] FRAPHS 2 A&
o A WSt S73IUTE. FRAP reagents A|*xst7]
3led 300 mM acetate buffer (pH 3.6)5 37914 7F3F ],
40 mM HCIol| £3l18F 10 mM 2,4,6-tris(2-pyridyl)-S-triazine
(TPTZ)*} 20 mM ferric sulfate (FeSO,¥S 7}3Fed #2313
t}. A|Z3F FRAP reagentol] 7 AxH FEHES 7151
37°CoNA 1087 ¥HeA17l 3 593 nmeol|A] =4 =8 =43}
At} FPHe FFEZHQ FeSO,E A4 FF40 of

sl HeEpARIT
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8. M|z H{et

Aol ALE3F h2AEFEQ] RAW 264.7 A2} A4
< PCI2 ME= $=A 2723 (KCLB; Seoul, Korea)©ll
A EF wrol ARE-EEATE RAW 264.7 AIE WS 5k
10% FBS®} 1% penicillin/streptomycin®] 5% DMEM
WX S AFR-E o™, 37°C, 5% CO, incubator (MCO-
15AC, SANYO, Osaka, Japan)ollA w3ttt PCI2+=
10% FBS$} 1% penicillin/streptomycin®] &% RPMIS
o]&3t 37°C, 5% CO°IA1 confluent JEN7} S =5 vl
stolom, Alx= 2¢dntct Al vl skt

0. NZ=EA =X

1152] A& F2E9 AX 54 482 MTT assays ©|
&35t =431 Th MTT solutionS 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromides 5 mg/mL2] %—Ei
PBSOl =] ARESIRITE. RAW 264.7 A|XZ<} PC12 A3
717k 1.0x10° cells/well B 1.0x10* cells/well F=2 96
well platec]] £F3FaL 24417 <t wigsh & +, FEES
A2 0}04 2417k FRF vttt v ¥, MTT &<
A71eE & 5% CO, incubatorol| Al 4A17F BRFAIA 570 nm
oM FHEE SHSIUTE AEEAS FE2E 7 T

HA7kre] $4% Aols wMr gz Yehlich

10. NO ¥’ Mol =& &8

RAW 264.7 MEZZHE A% Nitric oxide (NO)2| ¥
Griess A 2FS- o]-&3lo] =431t RAW64.7 A EE 1x10°
cellwell?] TE=F 96 well plated] EF3td 37°C, 5%
CO, incubatorol| A 24 hr W F3FA ). vl st M| o) 525

YZeMdA AlE FE20| Sitet & oF st A 607

< Agste] 4rZF E<F wjSS F, LPSE 1 pg/mL H7hst
o] 20417+ v E} A ok*o%ﬂ 100 L= 3]53F ¥,
Z3F0] Griess A EFale] Lo 108 E9t UheA

2 3 540 nmolN FHES Z4e NO A TS 73

TRE Y] e 7S WEEE Yehislh

N

1. MSIAEY| A0 CHE MBME ES ST

ABAEd 2ol ek AAAE BEEIE MTTHS o)
sl =243 PC12 AlEE 1x10* cellsiwell FEF
96well plates?l] B3I 24717 vj&Fsi o, 72t FE2ES
A 2late] 24A17F S F7F vl A Z T vl -, 350 pM
H,0,5 3AIZF &%t Agjete] ASEEYAE skt
=, ZF wellell MTT &85 718l 4217 < v sl
™, 570 nmol|M FF=S SHsIAT

12. EAIXE|

BE A9 33 vHE AAEI S meantSDE LFERAR]
t}. A2 E SPSS EAZE I (ver. 18.0, SPSS Inc.,
USA)S AME-3F39S™, One-way analysis of variance

(ANOVA)E AAIgt &, Duncan’s multiple testS E3|

p<0.05 <ol AT AAsksiH.
. 2= 3 24
1.5 0z ¥ E2lE0|= &t

Hs4d sihES A=A 4 E’-iﬂoi A= 23 WAL
AHEe] SR Thekgh et EAES 7HITH(Kang et al.
2002). B4 31522 Benzene 1T :rLzoﬂ hydroxyl”] 7}
2 ghE o] Zofle F2E A e, 9 g9 7g
Al BA=T gA A¥skeE 5740°] 2™, hydroxyl”]<]
A 2 9Rol| wet 2t7] st e 3 A% 33 59
okl Ae]gAd8 YeERdthByun et al. 2018; Kim et al.
2018).

1159] W2 A& F259 T ds 2 <Figure
>3 7} F dlE S 44.1-162.2 mg GAE/ge] M9=
AA Ha 1026 mg GAE/g extract UERATE 2%
Piper betle L. (1622 mg/g extract), Sarcochlamys pulcherrima
Gaudich. (122.6 mg/g extract) ZL2|3L Bruguiera sexangula
Poir. (121.6 mg/g extract) =02 H4t o]Ae] dHE i3
S YERNRITE Kim et al. (2018)2] #91E sﬂwﬁrgq =
Shake- BRIk ATtollA 100 mg/g ©139] e =S L]'E]'
A lah oA FHold st 24 UEk “htﬂ
Toll AHE A E FEE ~°l Al A 22 100 mg/ge} HlA
AU H =2 s ]%‘5 ES Ui Aow Hol 93k A
S veERd A *E”Elﬂr

FHHo|E=E C6-C3-CoS 712 ZALR sk #HE
siEe B0, A& BE 790 FE dor 7
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<Figure 1> Total phenolic contents.
All values are expressed as the meanstSD of tiplicate analyses.
Different superscript letters on the bars show significant differences
among groups (p<0.05). "GAE: gallic acid equivalent.
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<Figure 2> Total flavonoid contents.
All values are expressed as the meanstSD of tiplicate analyses.
Different superscript letters on the bars show significant differences
among groups (p<0.05). "NE: naringin equivalent.

I Agst widA JejE ZAA ] de] 2= oA THKim
et al. 2012). TR o= XA 84 HAS BF
23S & Jdom {8719 4kt AHE-S v sk
Oz &7 248 7 vl B EYTHKIm et al.
2014; Kim et al. 2018). A& A3}, <Figure 2> At
Hpel Zro] F ZEhH ol RS 20.1-71.3mg NE/g
extract?] W92 HA| HE 40.1 mg NE/g extractS LERY
Aot & ZEHol= &S Bruguiera sexangula Poir.
(713mg NE/g extract)3} Albizia odoratissima Benth.
(69.2 mg NE/g extract) =22 =4 Yeho] dHE &}
e 7S JERST olEg AAE 58 Bt .
Aol ALgE AE FEEEC] IFslaL e dsd &
A5 T STHolE7t &7 Sy o] o, SEtH e
= E A 2dE50] v FEe] s AL
2 AzFE) o283t AF+= Jeong et al. (20072)2] W]

o

5 o]83 A3 Jeon et al. (2012)2] &1 HFH 23
FEES o835l dE ¢ SR olE SRS BEAS 4

2. DPPH 2iC|Z 215

DPPH= -2 Hepg w= HwA QIS free radicalZ,
A, S ol Sl o AAE AV SlEE
AR} Fofsol oste] Gor DAL=, HAZH] &
Ak S-S Ejlsket] Bol o]&o] HiL drk(Kang et al.
2002).

1159] W=aeiA] 2E 252 100 pg/mle] $E2 3
Aste] SAsI e, A3 A= <Figure 3(Ay>oll LERA
Atk 1% A& FZ559] DPPH 2lt]zd AASAL 35.2-
57.6 mg ascorbic acid equivalent (ASCE)/g extract®] H$]
Nom, Hi 44.6 mg ASCE/g extract® 1=} 2 5,
Bruguiera sexangula Poir., Albizia odoratissima Benth. 2
Sarcochlamys pulcherrima Gaudich.”7} H3}L o349 =&
DPPH 24 2AES B9Y. WA, Saraca thaipingensis
Cantley ex King®} Macrosolen cochinchinensis Tiegh.-2
352 ¥ 358 mg ASCE/g extract®] %2 DPPH AAEIS
BT 71E oy dFE0lA Hle 9SSk ool dHkd
gt 27so] BT AAIE kAl BAES] oM (Lee et
al. 2005; Byun et al. 2018), o]&{3F A& 2] &0 {3}
3 de HiEwA EEo] gHE A FE 7HE 3 AL
2 Atg¥r)h 3HH Kim et al. (2012)2 A4 &3 Aok
=5 Wes de 9 Sehiole bt st £45
sRRlstHom, A AESq Tt HE gzt DPPH &4
50| AR AES Hole AlEEo] e, el AE
Eo| d#HA k2 TS BAh olyg Ao vzt
Kim et al. (2012)2 2= $-& o2 #H= sg=E 5 5
A o] FEle AelgdS vell7] wielzt Barst
At

3. ABTS z2it|Zh &=

ABTSE potassium persulfate2} W31 J=29] 2]z
< s, itk 22 el gAlo] e dYE ol&
ste tst B8 S8 sk W olth(You & Kim 2018).

1159] W=2gur] A8 F252 100 pg/mLe] 52 3]
Aate] S50, 4 A= <Figure 3(B)>oll HERH
Atk 115 28 559 ABTS iz 242 140.8-
196.8 mg ascorbic acid equivalent ASCE/g extract®] ¥ ¢
Aom, Het 186.6 mg ASCE/gE 1w ch. T Ht
ool =2 ABTS #Z 2484 vehlio] DPPH
gz 2AGE R 453 B2 A3E 1A, olHd
Aol thale] Lee et al. (2005)> XA 2 A4 4k
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<Figure 3> Antioxidant activities of 11 plants from Bangladesh.
(A) DPPH radical scavenging activity (B) ABTS radical scavenging
activity (C) Ferric reducing antioxidant power. All values are
expressed as the meanstSD of tiplicate analyses. Different
superscript letters on the bars show significant differences among
groups (p<0.05). "ASAE: ascorbic acid equivalent.

st =23 Wh-Sh= ABTS A9fe] SAwEoletal Basiel
th. SWA, Saraca thaipingensis Cantley ex King2} Macrosolen
cochinchinensis Tiegh.2] ABTS & &£ASL 747
140.8 712]3L 171.2 mg ASCE/g extractZ UE FEEE9
Hlgte] gt &S B, ol#fst &2 ¢4 DPPH =
tz 2759 A#ete FAFsIET, Ku et al. (2009)
F5H Ade] st s gk dAtollA DPPH %
ABTS @413t 37F d3do] 79 Fol BHAAAE 2

54
#e)

LI 2O Al FE=9| gitet & &Y s A 609
otk waste] B AAss A5t

4. Ferric reducing antioxidant power (FRAP)
FRAPHS  o]29] eSS SA4sl= WPos ilst
A9} WES-3 ferric tripyridyltriazine (Fe**-TPTZ) &3 7}
ferrous tripytidyl triazine (Fe**-TPTZ)S.2 3k%lo] o] F
EMo 7 e = Y5 o83 WHORE FEAM Y
Aro wet SAEE 1T 4 UTHYou & Kim 2013).
1159] WAl A& FE552 100 pg/mLe] =2 84
sto] Ssk o, 49 A= <Figure 3(C)>oll HERARA
o} 115 A& FE82 ABTS 7 &AL 42.1-484
mg FeSOy/g extract®] MR S™, H++ 44.0 mg FeSOy/g
extract® A=A 2 T, Plper betle L.°] 48.4mg
FeSO,/g extract® 2 7P £& 482 e Slth Kim
et al. (2019)8] B}AA ATAEE o Lajo] FPALE B4
S vk ATolA 40 mg FeSO4/g o|4fe] TS UE
W oAz AdeM BF Ee 2 d e % *}3?}
S eI 2 ATea= A AR
FZEE50°] 40 mg FeSO,/g extract ©]42] =&
UrE}LH?i—t— o], Kim et al. (2019)¢] A& A7}
2
al

AP F
do do i

o

H:I
o M

=

!
p

2 J

138}

}11
ofr

rulo
N

u
HE FE2EE0] 53 itz &4

xg 7} 1:}

]_

2

o] A17A 2] lel” FIFS ERlsH|
9ste] 7t FE2ES 100 pg/mL FEE PCI2 A3l 244
7k zialaﬁigtﬂ, MTT assayS % 3}9o)

N

=

Bot] MxE AEE
3 ZA3}<Figure 4A)>, 1152 2&E F2ES A
gk oAl B 90% o] AlE AEES B PCI2 Al
2ol thek 5442 SRIEA Foth 11T A& F2E9 A
3z IH W@} FHE Folaly] Yske] PC12 AAM X 2t
FEE-2 2407 B9t AEldk H, 350 uM H,0,% 3A17F &

ﬂ}\EHV\E freste] AR gAE Slsigint A
7ﬂ-v]—<F1gure 4(B)>, H,0,Z ASIAEHAE 25 o

= FA4E7(100%) Y] 56.2%2] AlE AEES BT
11F2] W2edA] A& F258 A2t 234, Piper betle
L. & Bruguiera sexangula Poir7} ZFZ} oF 114.6% —12]3L
101.4%2] 73 A2 YL WBof Ast e 2 g
AARAE B gas gRIT 4 A A, 1159 A&
ol Hlaa W2 s o s @S B

-1 R

0 dlo

=

&AN

3: i) r_,d

== =

FEEE T
AW Saraca thaipingensis Cantley ex King % Macrosolen
cochinchinensis Tiegh. 2 48} 2Eg 2o tjsh 217dRsF
F JA] w2 FAE YERIT
¥ 222 gALE QI8 Ak o]go] Erlushy, EAAF
off thet akstasrt te 2o Hlsie] #of ROS
ZZolt}, whEbA] AksHA| o] AT AFAIES] &4
< JAE] el =23 Byun et al. 2020). 7]
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<Figure 4> Neuroprotection of 11 plants from Bangladesh in H,O,-
induced PC12 cells.

(A) Viability of PC12 cells treated with 11 plants from Bangladesh.

(B) Neuroprotection of 11 plants from Bangladesh in HO,-induced

PC12 cells. All values are expressed as the means+SD of tiplicate

analyses. Different superscript letters on the bars show significant

differences among groups (p<0.05). ns: not significant

o s 9 e A% GasAlel 284 4o o
@ Hojh AN E WS A7} wgol] wel(ang & Kim
2016), 2 Aro] wrgEHA] A8 FE2EE9 ASAEY A
o tg AT B Eae AEel THaL i %
3 SIgEe] kst gl 7IQlgk Ao R Als T

6. NO ] x| gzt
ROS= }_3} g_l ;ﬂ]ﬁ 2=X}FO c o7 ]U:] ]

X e S W 9= A
£ sty Ry E A tH(Lee et al. 2017). Nitric oxide
(NOY= L-arginine2 -6 AQEE =& w4 717 214
)R, A& e AEAY, ol 2L AlxE H
oAuke 7he AlH o] ARl 7)o =838 9L s},
Zefuf, M NO7E JJMO} | =2

= guan d=ule 5 5

ol IS A E]E’i ’1‘:‘@474] 2y AskS fuke 4=
ATHJeong et al. 2007b; Lee et al. 2018; Eo et al
2020). |8t 2kl d ~EHAS A A YeiME dats)
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<Figure 5> NO inhibition of 11 plants from Bangladesh in LPS-
induced RAW 264.7 cells.

(A) Viability of RAW 264.7 cells treated with 11 plants from Bangladesh.

(B) NO inhibition of 11 plants from Bangladesh in LPS-induced

RAW 264.7 cells. All values are expressed as the meanstSD of

tiplicate analyses. Different superscript letters on the bars show

significant differences among groups (p<0.05). ns: not significant
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