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* According to Ministry of Health and Welfare report, among

top ten causes of death in Taiwan in 2019, pneumonia is not
only the third leading cause for the second consecutive
years, but also 1ts mortality increases year after year.
Moreover, lung cancer is the first leading cause of cancer-—
related cause in Taiwan. The causes of pneumonia and lung
cancer are associated with exposure of air pollution,
smoking and passive smoking. Therefore, the issue of
protecting lung injury or decrease in pneumonia and lung
cancer 1s very important. Among the issues, there have many
studies on the protective effects of natural products and
their derived compounds against human diseases.

Djulis (Chenopodium formosanum) is a particular grain
crop. Djulis showed significantly biological effects, in
vitro and in vivo. However, the mechanism action of djulis
against PM2. 5-induced oxidative stress in Ab49, a human
lung adenocarcinoma cell line, remains unclear. To reveal
these uncertainties, the aim of this project is to
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investigate the djulis and its bioactive compounds inhibit
PM2. 5-i1nduced oxidative stress in human epithelial A549
cells and the mechanism action.

The results show that WECF in the range from 50-300 ug/ml
does not affect A549 cell viability and is not cytotoxicity
to A549 cells. PM2.5 at 400 ug/ml significantly decreased
cell viability, while treatment of A549 cells with
different concentrations of WECF, the cell viability was up
to 8b%, compared to the cells treated with PM2.5 alone
(68.48%), indicating that WECF protected cells against

PM2. 5-induced cytotoxicity. WECF-inhibited cytotoxicity by
PM2. 5 was associated with decrease in PM2. 5-i1nduced ROS
generation, TBARS formation and activity of caspase-3, and
increase in SOD activity and GSH contents. Western blot
analysis showed that PM2.5 negatively regrulated the
protein expression of Nrf2 and HO-1, however, WECF
significantly raised the protein expression of Nrf2 and HO-
1, as compared with cells treated with PM2.5. In addition,
WECF protects A549 cells from PM2. 5-induced oxidative
stress injury by upregulating Nrf2 and HO-1 protein
expression via activation of the JNK and the ERK signaling
pathways.

According to the HPLC-DAD and HPLC-MS/MS analysis, rutin,
quercetin and another twelve compounds were present in
WECF. Rutin and quercetin at 1 and 5 uM significantly
protected cells against PM2. 5-induced cytotoxicity. Rutin
and quercetin inhibited ROS generation, TBARS levels,
activity of caspase-3 induced by PM2.5. In addiotion, rutin
and quercetin significantly improved SOD activity and GSH
levels in PM2.5-induced Ab49 cells, compared to the cells
trated with PM2.5 alone. Moreover, rutin positively
regulated the protein expression of Nrf2 and HO-1 as
compared with cells treated with PM2.5, however, quercetin
did not affect the protein expression of Nrf2 and HO-1.
Taken together, WECF showed a significantly cytoprotective
effect against PM2. 5-induced oxidative damage of A549
cells, which may be most likely because of the bioactive
compounds in WECF.

Djulis (Chenopodiun formosanum), rutin, quercetin, Ab49, a
human lung adenocarcinoma cell line, oxidative damage,
particulate matter, signaling pathway.
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According to Ministry of Health and Welfare report, among top ten causes of
death in Taiwan in 2019, pneumonia is not only the third leading cause for the second
consecutive years, but also its mortality increases year after year. Moreover, lung cancer
is the first leading cause of cancer-related cause in Taiwan. The causes of pneumonia
and lung cancer are associated with exposure of air pollution, smoking and passive
smoking. Therefore, the issue of protecting lung injury or decrease in pneumonia and
lung cancer is very important. Among the issues, there have many studies on the
protective effects of natural products and their derived compounds against human
diseases.

Djulis (Chenopodium formosanum) is a particular grain crop. Djulis showed
significantly biological effects, in vitro and in vivo. However, the mechanism action of
djulis against PM2.5-induced oxidative stress in A549, a human lung adenocarcinoma
cell line, remains unclear. To reveal these uncertainties, the aim of this project is to
investigate the djulis and its bioactive compounds inhibit PM2.5-induced oxidative
stress in human epithelial A549 cells and the mechanism action.

The results show that WECEF in the range from 50-300 pg/ml does not affect A549
cell viability and is not cytotoxicity to A549 cells. PM2.5 at 400 pg/ml significantly
decreased cell viability, while treatment of A549 cells with different concentrations of
WECEF, the cell viability was up to 85%, compared to the cells treated with PM2.5 alone
(68.48%), indicating that WECF protected cells against PM2.5-induced cytotoxicity.
WECF-inhibited cytotoxicity by PM2.5 was associated with decrease in PM2.5-
induced ROS generation, TBARS formation and activity of caspase-3, and increase in
SOD activity and GSH contents. Western blot analysis showed that PM2.5 negatively
regrulated the protein expression of Nrf2 and HO-1, however, WECF significantly
raised the protein expression of Nrf2 and HO-1, as compared with cells treated with
PM2.5. In addition, WECF protects A549 cells from PM2.5-induced oxidative stress
injury by upregulating Nrf2 and HO-1 protein expression via activation of the JNK and
the ERK signaling pathways.

According to the HPLC-DAD and HPLC-MS/MS analysis, rutin, quercetin and
another twelve compounds were present in WECF. Rutin and quercetin at 1 and 5 uM
significantly protected cells against PM2.5-induced cytotoxicity. Rutin and quercetin
inhibited ROS generation, TBARS levels, activity of caspase-3 induced by PM2.5. In
addiotion, rutin and quercetin significantly improved SOD activity and GSH levels in
PM2.5-induced A549 cells, compared to the cells trated with PM2.5 alone. Moreover,
rutin positively regulated the protein expression of Nrf2 and HO-1 as compared with
cells treated with PM2.5, however, quercetin did not affect the protein expression of
Nrf2 and HO-1. Taken together, WECF showed a significantly cytoprotective effect
against PM2.5-induced oxidative damage of A549 cells, which may be most likely
because of the bioactive compounds in WECF.

Keywords: Djulis (Chenopodiun formosanum), rutin, quercetin, A549, a human lung
adenocarcinoma cell line, oxidative damage, particulate matter, signaling pathway.
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¥ (polycyclic aromatic hydrocarbon, PAHS) ~ polychlorlnated dibenzo-p-dioxin
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WL e PM25 > A F A AP} ROS 2 4 =& 5 3.3 PM25 € £
o Bd4eFe~Cu~Vn 2 Mn %7 3% 2 & Fenton reaction » i& @ 22 % 4p
f% % mﬁu e g H > d PM25 #rd fgf L F fplwie 977) & ihg L R4 AW
#4 ROS 2 RNS- ; o} ,PM25 PP Ly I e 350 My b
frZeni 2 g v 2427 & % # i o ™ nuclear factor erythroid -2-related
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d BT N2 AFIA P B PM2S S5 A B IE i 480 ¥ b fmie -
@ PM25- H k%2 § it p¥ % B e plasma paradox myeloperoxidase
heme oxygenase (HO) % /E R4 B ¥ o i 2k 4 ¥ fs(HO-1)m 7 » H
Bfpme p A E R Ltz - A F Ry CfEEF o HO-1 chicd
7R gg it F B2 (ARE)B i @ 0t ARE 3437 SR Nrf2 22 75 i 8% 5
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4@11% v P RS TEd &8 84 § (disel exhaust particulate mixture) #7352 (g i5-Hi
#2(SRM1650b)iR. 5 PM2.5 (Yang et al., 2015) » F4* it 5 fm%s § i i % 4l & 4 2
PruflFEmef o PSR RE G P ERE A R E o
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= % 1}. s b i Bois o Zz*;"?rv"lf% @ 7t J\ﬁlei - T &FT,L CEE
i f El d ka4 2oy 50 M k(Tsaietal, 2006) » ¥ ¢ » gz 4 & &
*‘“ 102 104 £ 105-108 = #f = = &£ crfl BNt F -2 BRF L H 2 HE L
(rutin, kaempferol, betanin) £ 3 #r4|m* ¥ i* & 4 (Chyau et al., 2015) - ;‘;%BJ—*;:K%
(Chu et al., 2016; Chen et al., 2018) e SE Fn 9k kn P2 A5 = (Chyau et al., 2018) ~ *% n
/& (Chenetal., 2019)#2 # 3+ (Chu et al., 2020)5 it o %ﬁ TEFE G RFOLFE
Brtis o d e F2 B AN A D X AHMIEF Y ¢ S E A2 ERE
B3 il ~ R G B R EF A BB AR o BRE A
TR PERFREAN GRS Y “‘/F”"J”Jyﬂ 2 € B -ﬂ'& 3 BRI
& T H A" 7 e (National Institute of Standard & Technology, NIST) = T
(urban dust) ﬁl B = & ¥ et (particulate matter) 0 H & %5{ % Standard Reference
Material1649b (SRM1649b) ; i SRM1649b 2. ‘e % > Ha b 7 5 1t £ 8
G ESS g —%‘ PSR AME 8 #ﬂ(polycychc aromatlc compounds,
PAHs) 2% SR> AHMI & F(nitro-PAHs)~ % % 7% F (polychlorinated biphenyl,
PCB) ~ % # P % (chlorinated pesticides) - /8. = ¥ @ (decabromodiphenyl ether) ~
R (dloxme)zii;’ﬁ LERE A (S A # B3 4&(cadmium) ~ & (mercury) » {r{?(lead);ti &
Bo4 B PM25 e 2 5 > 122 SRMI649b 5 % 7 =4 ikt » & 4
F,Qég_\’fﬂ_gw AP A3 F 2 SRM1649b (FE 7 F T —’LJ%!M#I L SRM1649b

P RLD AR PM2S RIFHR (I VHRERTRER L AR FO0
AT N eFLPERT Ao B T g Fls A,\ s 2 ,u g
2R R AR A S PM25 S R AS49 ey T 2R
Fo ffrir B i s o
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1. ¥

AP E TR CHHE BRATEEONT R EE L - BB ii;ﬂﬂ'%)%
Ptk AS49 mPe PRER & & ;‘i@fgpm GAPFREGERT P o B 2
FORGFEORAD 5 Y E EAriF2 £ RR IR TR 7 2 (National
Institute of standard, and Technology NIST)) “r@l & = 5% 5 7 % A8 R Tk
#2. SRM1649b (standard reference material 1649b) » 4= f 5 PM2.5 -

2. $58 PM25S W

(1) =% kxePz @14

G AR T 10 4ok A 20 A4 @;‘/,a%;s CRGEE 110k E A 20 A
B0 - K2Rk TRRIE: 1}1‘35@? P 5 iz 3K 378~ 4 (water extract of djulis
WECF) -



(2) PM2.5 % #
P~ 50 £ 5. PM2.5 #e » 1 % = 51 DMSO (dimethyl sulfoxide) 425 it R %
ARk T R 2L P, 5 13000 g 4o 30 A 4B E R HER 0 Tk i
w5 PM2.5 Rifik o Bt 20T E# o

s

3.HPLC/ESI-MS-MS B 2 5 B ¥7 5 B8 &
HPLC% 74 * - +.Symmetry C18 analysis column (2.1 x 100 mm; 1.8 pm particle
size, Waters) ¥2 precolumn [SceurityGuard C18 (ODS) 2.1 mm x 2.0 mm, sub-2 um,
Phenomenex Inc., Torrance, CA, U.S.A.] - # #4p A :water (z 0.1% formicacid) »
B : acetonitrile (z 0.1 % formicacid) > 7 5 0.3mL/min> ;F &% 535°C - The
binary gradient elution 3 0-3 min (2-5% B) » 3-15 min (5-30% B) > 15-20 min (30-
95% B) > 20-28 min (95% B)#228-30 min (95-2% B) - i# * PDA 1§ B B &R 2 4 &
210-600 nm » % 12254 > 280 » 325 > 375 nm &4k ©

g % kg 4mP 7 #e P B (phtotdiode array detector, PDA) # ] > /& & 210-600
nm > # B 3 = £ 2 & F # & [Agilent 6420 Triple Quadrupole Mass
Spectrometer equipped with Mass Hunter software (version:B.01.04) (Agilent
Technologies, Santa Clara, CA, USA)] » & i & f T 2 T L4+ it (electrospray
ionization, ESI) #5447 » RBiFE: § § (Ge%k 4 M), HEEFXR T4 10
L/min; nebulising gas: 30 psi. ¥z% # %88 & = 325 °C; potential: 3500 V. &4 %
& (fragmentor voltage) : 115V, zi4i & /& ( collision voltage): 15V - ] * ESI-MS
ESI-MS/MS »* i 2 {5 8 & s L G A BT L o F - A A F R T
methoxyflavanone # 7 &% .12 7_§ (Chu et al., 2016) -

4. $amre s G2 B
(1) ‘Pz 32 %

d i g F B0 AB49 wmrefRilig ey 37°C-kip ¢ wif > Kwrefa~ 100-
mm petri dishes 2 & x ¢ > 4c » i§ £ 32 % £ ( 90% Ham's F12K medium with 2
mM L-glutamine adjusted to contain 1.5 g/L sodium bicarbonate + 10% fetal bovine
serum ) » %% 37°C » 5% COz incubator 32 % » & & X { & - KB KX % -

(2) wre iz iEREkE (MTT)

AR AN Fmrr g By 23t R R 34,5
dimethylthiazol-2)-3diphenyltetra zolium bromide (MTT) 2 = % ¢ & # (formazan) -

FRERF AT R GREA S FF TR e ALy e B R T

Fiied mEERP ek ki PR 96 well plates @ 4e ~ 20 pl 0.1% MTT
A F O 2hr i8 0 # Kfj ;% 4~ 100 ul DMSO i & &% % 74 91> 12 microplate
reader B ¥_540 nm T 2_+x sk @& (Dirsch et al.,1998) -

(3) ‘w2 % iR 2P|

AR P R - 4R P97 7 2 lactose dehydrogenase(LDH) #-7% i & ‘w2
‘b FipliF e ok LDH B H4c 0 & 7 e 74 TR % 3 4o o Bl 23 % & Gebhardt %
(1994 ) #if » 12 B2k 2512 (7 2Bk 1 520w £ 12 % F s 30 A 4815 4r » PM2.5
FRpig £ PEm s 19 & LDH Kit &% ¢ LDH 2 & el %o B~ 10 pl % ¢ 4
"2 5 4 ;% (extracellular fluid) © 96 well plate 4c » 100 pl & BEH>F R TR F B
30 ~ 455 » 2 ELISA reader 3 P~ 450 nm % sk {E o # {8 12 Cytotoxicity (%)%
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{Test Sampla-Low Control)

® 100
(High Control-Low Control)

Cytotoxicity (%) =

SHH e § 1R B

(1) dm®e b 42 § 24 e

H k32 5 DCFH-DA(2', 7 -dichlorofluorescin diacetate) s: B d b i i e i X3
fin f# fi¥ (esterase) ¥ * = DCFH » @ DCFH i - # % 3l®e p HO, § 1+ &
DCF(dichlorofluorescin) » 12 # & & % 450-490 nm 3 > % 515-550 nm * ¢ % b4
I T R o R e e T
®F 30 248004 » PM25 F i B??P“%;: ’ﬁ%"fr‘ medium- 4 » 0.5ml PBS( %
+ DCFH-DA50 uM) F fis 30 4 475 » £ 12 Sk Ripl 2% ) 7B 1§ enip 3£ (Wu
et al., 2005) -

(2) e i ISR

fi = ff(malondialdehyde, MDA): *3 B i ¥TA 2 ch- %A d > § %P i
S LT EF R gRAFF L2 S MDA B PFRIT MDA 2 A EF
Fpdiigph g VAR o« PIT D Z2HET o BRERSEmTERRF K304
6o der PM2.S F i PR 1S > 4o » BHA(B# R R 5 lmM) Bl bt R
ik > #22 TCA{- TBAR & » 3t k¢ K Ji 10 min > 12 ¥ € K p]| MDA 2
£ (Ex: 530 nm, Em: 560 nm) (Chirico et al., 1993) -

O p g LT RRY CEHRBELEE

(1)¥2 b glutathioine (GSH) 7 £ 2. §4 %8

BlE it T > RHRE S S e AR 530 A 415 0 4~ PM2.5 F kil
£ F‘*F'& (s %%“ﬁ? medium © 4 » 0.5mIPBS (% 3 CMF-DA5uM) & J& 30 ~ 481 -
F gk ik e GSH 2 £ (Ex: 485 nm, Em: 528 nm) (Wu et al., 2005) -

(2)¥t7z 0 superoxide dismutase (SOD)i#& 1+ 2. ip] 2_

g * % & SODassaykit /p| 2 SOD &1+ 0 Bl2 > 2 @ it4c™ > FE%ik 8 e X
i%%’?); B30 24818 0 4c » PM2.5 K @i?ﬂ*ﬁw » Fme 2 INL| TS ';l-,—»—,f‘:m’?é’
FLFE > 7 10000 rpm & 10 A > B~ i 10 pl o 4e » SOD F ik - A %
kR R A 0-10 2 480 A £ 405 nm Bk B2 g o

7. @ * Bb & /2 (Western blot assay)

#-'m?z ]\ 2_ protein A 3! > 12 SOS-PAGE #-4 + € 7 Ip 2 }ﬁ Al S8
IFRAEE oI R - - BPRMERF D TRe 1Y Ry B
Z s P - BB L > b % ;ﬁrf;}r_ft - @qmg 2T EREE T
TR Y A e E FRAREZ IR o AT R E 47 Tripathi
%(2009) 73t -

L 36 R

running buffer & » /A ? & &% - B3tk ¢ 4v » proteinmarker > 12 iF L Fv &
FEZHEY > HXRAIL S N ERARRY LEAE Y o B R
stacking » @ {$ i {7 J-v R AZ AT o

2. Fv WakF



P~— Hfrgel -] £ 7 % 2 nitrocellulose membrane > % ;& ** transfer buffer » >
#-gel B2 ko> ¥~ fEF % (transfer cassette ) * » % Z nitrocellulose membrane »
Reg ik, &b ﬁ?}% % (transfer cassette ) » £ #-H x> 45 # ¢ » ® » Transfer
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HF A9 e T E A2 ,z ERE Parerf@w 50~150 £2 300 pg/ml 2. WECF>
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Figure 1. Effects of different concentrations of PM2.5 on A549 cell viability. The cells
were treated with PM2.5 for 24 h. Data are presented by means + SD (n=3).
* (p <0.05) compared with the control group.
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Figure 2. Effects of different concentrations of water extract of djulis (WECF) on
AS549 cell viability. The cells were treated with WECF for 24 h. Data are presented
by means + SD (n=3). * (p < 0.05) compared with the control group.
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Figure 3. Effects of water extract of djulis (WECF) on PM2.5-induced A549 cell
viability. The cells were treated with WECF and exposure to 400 ng/ml PM2.5 for 24
h. Data are presented by means + SD (n=3). # (p < 0.05) compared with the control

group, and *(p < 0.05) compared with 400 pg/ml PM2.5-induced cells alone.
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Figure 4. Effects of water extracts of djulis (WECF) on LDH leakage in 400 pg/ml
PM2.5-induced A549 cells. The cells were treated with WECF and exposure to 400
png/ml PM2.5 for 24 h. Data are presented by means + SD (n=3). # (p < 0.05)
compared with the control group, and *(p < 0.05) compared with 400 pg/ml PM2.5-
induced cells alone.
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Figure 5. Effects of water extracts of djulis (WECF) on PM2.5-induced intercellular
ROS generation in A549 cells. The cells were treated with WECFand exposure to 400
pg/ml PM2.5 for 2 h. Data are presented by means + SD (n=3). # (p < 0.05) compared
with the control group and *(p < 0.05) compared with 400 pg/ml PM2.5-induced cells
alone.
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Figure 6. Effects of water extracts of djulis (WECF) on PM2.5-induced intercellular
TBARS formation in A549 cells. The cells were treated with WECFand exposure to
400 pg/ml PM2.5 for 2 h. Data are presented by means = SD (n=3). # (p < 0.05)
compared with the control group and *(p < 0.05) compared with 400 png/ml PM2.5-
induced cells alone.

17



$ 1201 PM2.5 400 pg/ml

N

c #

o

S 100 A il

O

3 *

S &0 T

S

2 *

O 60 -

4 T

o *

(7))

c I

O 40 -

S

o

=

6 20 4

(&)

@

S

E 0 —!— T T T T
control PM2.5 50 150 300

Concentration (ug/ml)

Bl= ~ =¥ kE P44 PM2.5 5% AS549 'm¥e caspase-3 7% 142 48

Figure 7. Effects of water extracts of djulis (WECF) on PM2.5-induced caspase 3
activity in A549 cells. The cells were treated with WECF and exposure to 400 pg/ml
PM2.5 for 20 h. Data are presented by means = SD (n=3). # (p < 0.05) compared with
the control group and *(p < 0.05) compared with 400 pg/ml PM2.5-induced cells
alone.
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Figure 8. Effects of water extracts of djulis (WECF) on PM2.5-induced SOD activity
in A549 cells. The cells were treated with WECF and exposure to 400 pg/ml PM2.5
for 24 h. Data are presented by means = SD (n=3). # (p < 0.05) compared with the
control group and *(p < 0.05) compared with 400 pg/ml PM2.5-induced cells alone.
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Figure 9. Effects of water extracts of djulis (WECF) on PM2.5-induced GSH contents
in A549 cells. The cells were treated with WECF and exposure to 400 pg/ml PM2.5
for 20 h. Data are presented by means = SD (n=3). # (p < 0.05) compared with the
control group and *(p < 0.05) compared with 400 pg/ml PM2.5-induced cells alone.

20



C _PM25 50 150 300 (ug/ml)
Nrf2 S G s A WNE

B-actin —_— T

3.0 7 PM2.5 400 pg/ml

2.5 A

—|>(.

2.0 A

—|*

1.5 4

—*

Nrf2 (fold)

1.0 4

0.5 A

00 T T T T T
control PM2.5 50 150 300

Concentration (ug/ml)
Bl ~ 2 FRE B4 PM2.5 348 AS49 'mve Nrf2 -6 % 2§ 58
Figure 10. Effects of water extracts of djulis (WECF) on PM2.5-induced expression
of Nrf2 in A549 cells. The cells were treated with WECF and exposure to 400 pg/ml
PM2.5 for 12 h. Data are presented by means = SD (n=3). # (p < 0.05) compared with
the control group and *(p < 0.05) compared with 400 pg/ml PM2.5-induced cells
alone.
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Figure 11. Effects of water extracts of djulis (WECF) on PM2.5-induced HO-1
activity in A549 cells. The cells were treated with WECF and exposure to 400 pg/ml
PM2.5 for 15 h. Data are presented by means = SD (n=3). # (p < 0.05) compared with
the control group and *(p < 0.05) compared with 400 pg/ml PM2.5-induced cells
alone.
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Figure 12. Effects of p38 inhibitor (SB203580, SB), JNK inhibitor (SP600125, SP)
and ERK inhibitor (U-0126, U) on water extracts of djulis (WECF)-induced Nrf2
protein expression in PM2.5-treated A549 cells. Control, cultured with medium alone
for 12 h; PM2.5, incubated with PM2.5 400 pg/ml for 12 h; P+W, incubated with
WECF and PM2.5 for 12 h (WECF was added 30 min before PM2.5); SB+W+P,
SP+W+P and U+W+P, treated as described for P+W except that the p38 MAPK
inhibitor SB203580, the JNK inhibitor SP600125 or the ERK inhibitor U-0126,
respectively, was added to the medium before WECF. Data are presented by means +
SD (n=3). # (p < 0.05) compared with the control group and *(p < 0.05) compared
with WECF+ 400 pg/ml PM2.5-induced cells.
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Figure 13. Effects of p38 inhibitor (SB203580, SB), JNK inhibitor (SP600125, SP)
and ERK inhibitor (U-0126, U) on water extracts of djulis (WECF)-induced HO-1
protein expression in PM2.5-treated A549 cells. Control, cultured with medium alone
for 15 h; PM2.5, incubated with PM2.5 400 pg/ml for 15 h; P+W, incubated with
WECF and PM2.5 for 15 h (WECF was added 30 min before PM2.5); SB+W+P,
SP+W-+P and U+W+P, treated as described for P+W except that the p38 MAPK
inhibitor SB203580, the JNK inhibitor SP600125 or the ERK inhibitor U-0126,
respectively, was added to the medium before WECF. Data are presented by means +
SD (n=3). # (p < 0.05) compared with the control group and *(p < 0.05) compared
with WECF+ 400 pg/ml PM2.5-induced cells.
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Figure 14. High performance liquid chromatograms detected at a full UV-Vis

spectrum of 210-600 nm (top) and UV 530 nm (middle), and the total ion
chromatogram of negative ionization mass spectrometry (bottom) from water extracts

of djulis (WECF).
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Table 1. HPLC-DAD-ESI-MS/MS analysis on the chromatographic and spectroscopic characteristics and content of water extract of djulis

LR REI S A2 LHA

Peak RT Compound name Ao [M+H]+ I MS/MSS Content
No.  (min) (nm) [M—H], m/z (n9/0)
m/z

1 1.51  Unknown 266 1367/134 - 778.8 + 83.9

2 4.43  Phenylacetic acid derivative* 234,262 285/283 151 1961.1 £ 126.6

3 5.73 Amaranthin 268, 536 727/ 389 189.9 +82.9

4 6.42 Isoamaranthin 264, 530 727/ 389 411.1 +61.8

5 6.70  Betanin 260, 290sh, 538 551/ 389 589.4 +76.9

6 6.99  Isodopaxanthin 260, 472 391/389 255, 150, 345, 347 178.6 + 48.9

7 7.34 Isobetanin 268, 290sh, 532 551/ 389 417.0 + 38.8

8 10.82  Quercetin derivative* 256, 352 889/887 741, 446, 300 305.6 £49.4

9 11.54 %l;(re:r:]e(’)tsiirl(;g-o-rutinoside-?-O- 254, 352 7571755 609, 447, 301 4739 + 53.6
10 11.94 Quercetin-3-O-trisaccharide 228,254,322 743/741 303 1260.0 + 133.8
11 1253  Quercetin 3-0-(2, 6-di-O-rhamnosyl- 256, 352 757/755 300, 301, 151 609.4 + 170.5

glucoside)
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12
13
14
15

12.77

13.15
13.75
20.49

Rutin'
20-Hydroxyecdysone

Kaempferol 3-O-B-rutinoside

Internal standard "

254,352

246,316,422
228,266,316
220,272,312

611/609

481
595/593
255/

301

165,371, 301, 173
287
151, 131, 103, 209

2219.7+342.4

839.7 £ 96.8

212.5+22.9
100

’ Compound identification by comparison with authentic standards.
® Values in bold indicates the molecular ion for MS/MS fragmentation.

“MS/MS fragment ions are shown with decreasing order according to their signal intensity.

*tentatively identified. Internal standard: 7-methoxyflavanone.

27



1M
1201 3 sum
—~ PM2.5 400 pg/ml
o
=100 A m—
c
S X * *
‘S 80 - "
o
S
>, 60 A
=
._g
= 40
>
©
O 201
0
control PM2.5 rutin quercetin  betanin kaempferol
Sample

B ~2F 52w AL PM2S #8 AS40 iz 4 £ 2 5
Figure 15. Effects of rutin, quercetin, kaempferol and betanin on PM2.5-induced
A549 cell viability. The cells were treated with rutin, quercetin, kaempferol or betanin
and exposure to 400 pg/ml PM2.5 for 24 h. Data are presented by means + SD (n=3).
# (p <0.05) compared with the control group, and *(p < 0.05) compared with 400
png/ml PM2.5-induced cells alone.
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Figure 16. Effects of rutin and quercetin on PM2.5-induced intercellular ROS
production in A549 cells. The cells were treated with rutin and quercetin and exposure
to 400 pug/ml PM2.5 for 2 h. Data are presented by means = SD (n=3). # (p < 0.05)
compared with the control group, and *(p < 0.05) compared with 400 pg/ml PM2.5-
induced cells alone.
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Figure 17. Effects of rutin and quercetin on PM2.5-induced intercellular TBARS
formation in A549 cells. The cells were treated with rutin and quercetin and exposure
to 400 pug/ml PM2.5 for 2 h. Data are presented by means = SD (n=3). # (p < 0.05)

compared with the control group, and *(p < 0.05) compared with 400 pg/ml PM2.5-
induced cells alone.
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Figure 18. Effects of rutin and quercetin on PM2.5-induced caspase-3 activity in A549
cells. The cells were treated with rutin and quercetin and exposure to 400 pg/ml
PM2.5 for 20 h. Data are presented by means = SD (n=3). # (p < 0.05) compared with
the control group, and *(p < 0.05) compared with 400 pg/ml PM2.5-induced cells

alone.
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Figure 19. Effects of rutin and quercetin on PM2.5-induced SOD activity in A549
cells. The cells were treated with rutin and quercetin and exposure to 400 pg/ml
PM2.5 for 24 h. Data are presented by means = SD (n=3). # (p < 0.05) compared with
the control group, and *(p < 0.05) compared with 400 pg/ml PM2.5-induced cells
alone.
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Figure 20. Effects of rutin and quercetin on PM2.5-induced GSH contents in A549
cells. The cells were treated with rutin and quercetin and exposure to 400 pg/ml
PM2.5 for 20 h. Data are presented by means = SD (n=3). # (p < 0.05) compared with
the control group, and *(p < 0.05) compared with 400 ng/ml PM2.5-induced cells
alone.
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Figure 21. Effects of rutin and quercetin on PM2.5-induced expression of Nrf2 in
A549 cells. The cells were treated with rutin and quercetin and exposure to 400
png/ml PM2.5 for 12 h. Data are presented by means + SD (n=3). # (p < 0.05)
compared with the control group and *(p < 0.05) compared with 400 png/ml PM2.5-
induced cells alone.
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Figure 22. Effects of rutin and quercetin on PM2.5-induced HO-1 activity in A549 cells.
The cells were treated with rutin and quercetin and exposure to 400 pg/ml PM2.5 for
15 h. Data are presented by means + SD (n=3). # (p < 0.05) compared with the control

group.
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