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ABSTRACT

The recent global spread of COVID-19 has resulted in high levels of morbidity
and mortality. Since then, as it has been found that lowering immunity affects
the spread of COVID-19, the importance of immunity is getting more attention.
Therefore, many researchers are developing natural products that have an
excellent effect on regulating the immune function of the body or strengthening
the immune system. In this study, papaya leaf water extract (PLW) and okra
leaf water extract (OLW) were found to significantly increase the levels of nitric
oxide (NO) and prostaglandin E, (PGE.) by upregulating inducible nitric oxide
synthase (GNOS) and cyclo-oxygenase—2 (COX-2) activity, respectively.
Additionally, PLW and OLW increased the production of tumor necrosis factor
(TNF)-a and interleukin (IL)-18 in RAW 264.7 cells. Furthermore, PLW and
OLW activated the expression of c-Jun N-terminal kinase (JNK), p38
mitogen—activated protein kinase and extracellular signal-regulated kinase (ERK).
These results indicate that PLW and OLW increased the production of NO, PGE,
and pro—inflammatory cytokines by activating the JNK, p38 and ERK pathways in
RAW 2647 macrophages, thus demonstrating immunomodulatory properties.
Finally, several metabolites such as flavonoid, alkaloid present in PLW and OLW
also were analyzed through UPLC-Q-TOF MS in this study. Taken together, this
study shows that PLW and OLW can act as immunoactive factors that stimulate
and activate RAW 2647 cells. In addition, it was finally confirmed that the
MAPK and NF-kB signaling pathways are involved in this immune activity
enhancing effect. Therefore, it is judged that PLW and OLW can be developed as
natural materials with immune activation effects.

Key words: Abelmoschus esculentus, Carica papaya, immunomodulation,

macophage RAW 264.7, okra, pappya
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necrosis factor (TNF)-a¢} 22 &3t 9S54 (pro-inflammatory) cytokine
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of AAISFAL T}t cytokinee] #HIE E T MxEe B AlX (B celDE &3}

Lipopolysaccharide (LPS)E IS4 (Gram-—negative bacteria)®] <]H9}2]
Fo HAAE T sUE, W94 (immune system)E #HHS B AEHHo=E
o o] LIPS ==%tH10). LPS+= Al 32 Toll-like receptor 4
(TLR4)E A=3}o] mitogen—activated protein kinase (MAPK) A& g ZH =
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o3stS 3y, MAPK3= Extracellular signal-regulated kinase (ERK), c—Jun
N-terminal kinase (JNK) % p38 Mitogen—-Activated Protein Kinase (p38)% Al
ZEAZE o sAle] e Sy ow SAdstd 4 vH11-13]
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Figure 1. The possible molecular mechanisms of immunomodulatory

activity of LPS.



A F&w8l (Global warming)® 3] $glvete] HF 71Lo] 10w}t 0.2
TCH F7Feta Adnt 7SS o] dojuwA SElvete] A EES F
A A (right land) & 7I§AZ="ole W37 dojuvbar dh f2fvhetel A A )
7] o (Y ofE ) (subtropic) F=E°] AFA Y 2L HFots FAHORE F
Feta AH O FR7F ks AoH17-19] 1ela AlFA o] F g
HeEdATa7F =7F obddl Z= Aol BREs FESER ofdd 2= Al
4

g S48t U ojdo] @ midEe] Qu AFEAAAEELT| L AL 715

=

A

sho SEA] AFA] ol A3}t ofdd AES =9, AuiEr] g AFAAES F
Zlekar QleH20].

Carica papaya (papaya, 3}3}ob)&= @Azl dn] HH7F A= Ao ¥
ofdd] A FolA A= F& AE T shtolrh. Fhufopite] st Sl (leaf),
¥ (root), B4 (fruit), ¥ (flower) 5 98 F= W& ogo|A A§5 o]
gom % vaes #A At o8 dFTHEAT2122] o] A, kst

(antioxidant), &<  (anticancer)[23], &3t  (antibacterial)[24,25], &<

i

(anti-inflammatory)[26], &9 7] < (anti-dengue)[27], 33 (anti-diabetic)[28],
vl ¥ <=4 (photodamage) H.3& & ¥H29]7F 9t} 3 saponin, flavonoid,
alkaloid, tannin¥} #-2 t}h3k 31gtEo A7 93 A A vH30-32].

Abelmoschus esculentus (okra, QA 2h)E o}L-Fo] &Kol Fow A 2 of
Ao A GoA ol AufETH33] el uolo A A HAF o, 2047 %
o A=A FxoE FYPHAT. AR oAl (diuretic), ¢3hAl, 4
(hepatitis), &Y (colitis) % 3< (jaundice) | Z o AFE3}%1[34,35] &=
[36,37], @&4FsH38] &a7F dvkar g duk Fed= oAt EAs= A
dadELL oy dFE S & dHA Ut 2% Yol & tannin, mineral,
flavonol glycoside”} 38k o ) tH[39,40].
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o Az 2 49

L A& 2 A

B Ao AF8¥  Dulbecco’'s Modified FEagle’'s Medium (DMEM),
penicillin-streptomycin  (P/S), BCA protein assay kiti= Thermo Fisher
Scientific (Walthman, MA, USA)ol A G438t} Fetal bovine serum< Merck
Millipore (Burlington, MA, United States), skim milki= BD Difco (Sparks,
MD, USA)dA FY3FAt}l.  Lipopolysaccharide (LPS), griess reagent,
protease/phosphatase inhibitor cocktail< Sigma-Aldrich (St. Louis, MO, USA)
oA 439t Dimethyl sulfoxide (DMSO), sodium dodecyl sulfate (SDS),
tris—buffered saline (TBS), phosphate buffered saline (PBS),
radioimmunoprecipitation assay (RIPA) buffer, enhanced chemiluminescence
(ECL)  kit, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium  bromide
(MTT)+= Biosesang (Sungnam, Gyeonggi—-do, Korea)oll 4 T3t th. Tween
207} 2x Laemmli sample buffer= Bio-rad (Hercules, CA, USA)o4 F+Y3IA
t}. 12+ &A% p-ERK, ERK, p-JNK, JNK, p-p38, p38, iNOS, COX-2, p-IxB-
a, IkB-a, p65, B-actin®} 22} A< anti-mouse, anti-rabbit antibodiest Cell
Signaling Technology (Danvers, MA, USA)°lA 433t Enzyme-linked
immunosorbent assay (ELISA) kit= R&D systems Inc. (St, Louis, MO, USA),
BD Biosciences (San Diego, CA, USA) % Abcam (Cambridge,
Cambridgeshire, UK)ell Al <] 3} th.
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22. AX WY

St A EF238 (KCLB; Seoul, Korea)ollAl w929 th2AlE£F2 RAW
2647 AEE EFwol ARESIATE 10% fetal bovine serum (FBS)¥ 1%
penicillin-streptomycin  (P/S)e] % 7}%¥l Dulbecco’s Modified Eagle's Medium
(DMEM) HjA]| & Al&3ke] 37T, 5% CO, Z71olA 2 Aoz Ad)a] s
=3
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23. AE AEE &4

vlo} FZE (PLW), 238 %% (OLW)°o] RAW 264.7 A|E¢] MFEo| n]

)

A= 9FS 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium bromide
MTT) & W& ol&sto] Ax BE&S SASAT. RAW 2647 A&
15 x 10° cells/well®] F== 24-well platedl] FF3ko] 24417+ Feb 2 w3t
H PLW, OLWE FL=d2 At 5, vhA] 24430 Sob wjgsiint. o+
MTT &<1& 0.2 mg/mLo] H=5 7bshar 443k vk A8tk MTT &9 &7
A A s DMSOE Yol dAE formazan Z2AHS &A1 #H k. 96-well plated]
100 uLA %7 o} microplate readerE ©]&3lo] 570 nmolA FFE=E F435}

A,

_14_



24. NO B4 ZF 54

FF3kal 24

RAW 2647 MEZE 24-well plateo] 1.5 x 10° cells/well®] * %

AlZE s A ok o s E PLW, OLW= A gt 24X 7k o

&ttt 96-well plateel ko] FZel} Griess A 9FS 100 pL® A 7hato]

%, microplate readerg ©]-&3ko] 540 nmolA FFEE

_
0%

03 wheAIZ

—
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2.5. Prostaglandin E; (PGE;) ¥ HA ¥ %A cytokine (TNF-q, IL-1B8) &4
F =4

A agd el PGE, TNF-a % IL-189 AAZEFS iAW gdzdy
(Enzyme-linked immunosorbent assay, ELISA) W& o]&3tdtt. 24-w
plated] RAW 2647 AIZZ 15 x 10° cells/well®] s%& EF3aL 244 37F FoF
A gt PLW, OLWE w=¥E Aed F 24430 o wjgsialth
15000 rpm 22 20 sk dAEgste] AFAs 5

ZAbe] A wpgel wek 4wk

_’Ié_



2.6. Western blot

¢}

RAW 2647 AZE 60 mm culture dishol]l 6 x 10° cells/dish®] TE=2 &

bl

=
I 24417 soF wigstA . PLW, OLWE sl 2 20204 24A1 H7hA] okl
2 od Azbel wel Adsidith. A S AlAska 1x PBSE 13] AlHTE F
protease/phosphatase inhibitor cocktaile] 1% % 7}¥ RIPA bufferE 7}sle] 4T
o A 203 AIEZE E3|A AT 15000 rpmel A 20 &<t YA EE s S
S Ak ®Ee @A) FXi= bovine serum albumin (BSA)E #3}3h
BCA protein assay kitE ©|-&3to] Attt 30 pgel @MW 2x Laemmli

sample buffer® FZHO = o] 100ToA 58 Fo EdAsAZ7 & 10% SDS

’

polyacrylamide gelol H7]gs stdith. E2ld @@ polyvinylidene
difluoride (PVDF) membrane2. 2 transfer &%) 5% skim milkel 1A]7F 302 &
ot blocking 3}t Membranes 0.1% Tween-20°©] H7F¥  Tris-buffered
saline buffer (1x TBS-T)Z 104 6¥ AlZ 33 1:20000.% 848k 12} &A
2 4TCoA overnight AZHT. A the 1x TBS-TZE 1084 6WH A&
1:20000. %  3A g 23 FAE HA2A 24 FF WREAFT A 1x
TBS-TZ 1084 6W A& 3 % enhanced chemiluminescence (ECL) kitZ o]
243}o] Chemidoc (Fusion solo 6S.WL, VILBER LOURMAT, France)& &3l

EEERCIEE R DL
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2.7. UPLC-Q-TOF MS #4]

EolAM~E Ed PLWS OLWeO thitit=< &4l UPLC-Q-TOF
MS Al 2~®l(Vion, Waters, Milford, MA, USA)< AF&3}le] Table 13 £ =4
o2 B9 4 Columne Acquity UPLC BEH C18 column (2.1 mm x
100 mm, 1.7 um; Waters)<S AF&3dom {452 035 mlL/min= %3} ).
LC/MS =4 &4 UNIFI version 1.9.2.045 Chemspider database, Metlin
database, human metabolome database, EZmass database, authentic standards

g 4839

=
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Table 1. Conditions for UPLC-Q-TOF MS analysis of PLW and OLW.

LC condition

Inject volume

1 uL

Acquity UPLC BEH CI18 column

Column

(2.1 mm x 100 mm, 1.7 yum; Waters)

A : water with 0.1% formic acid (FA)
Solvent . .

B : acetonitrile (ACN) with 0.1 FA
Flow rate 0.35 mL/min

MS condition

ESI-positive mode

ESI-negative mode

Capillary voltage | 3 kV Capillary voltage | 2.5 kV
Sample cone voltage | 30 V Sample cone voltage | 20 V
Desolvation gas flow | 800 L/h Desolvation gas flow | 900 L/h

Leucine-enkephalin

Leucine—enkephalin

Lock mass Lock mass
(556.2771 Da) (554.2615 Da)
Cone gas flow |30 L/h
Desolvation .
400C
temperature
Ion source .
100TC
temperature

Data collection

m/z 50-1,500 range with a scan time of 0.2 s

MS/MS condition

Collision energy ramp from 10-30 eV (m/z 50-1,500)

_19_



3. BAAE
e Aies Al WY A¥E Adste] Het £ SD (EFHAHE EASHAT
28 Azt 3 EA A8+ student’s t-testES ARSI "p<0.05, p<0.01,

“p<0.001%2 E A p-valueZ} 0.05 T A F93 Ao g IFFEES T

aih

d
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ANE AEES =AY 98 MTT assay= o] €3ttt MTT tetrazolium<
EEAS mE 8 BEAZA Mol HXd e nEE=gole] g4
gAazgo o weke] HlF=8AQl formazane ® U E T P AW formazan

of F2 Aol AlZe ol mlEsiH, o= formazans 718wl &A1

T BEAAEAR =AHE = grH41,42]. MTT assay® Z3 Al¥ AELS do}
B Ay AY3 RE FEolA RAW 2647 AXEo Ao AFS m A &gk
o} (Figure. 2). ©r&k4] PLW+ 400 pg/mL, OWL-2 200 pg/mL ©]8}e] & XA
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(a)
120

100

=]
(=]

P
<

[
=

Cell viability (% of control)
N
<

I

LPS (1 pg/mL) - - - - - - -
PLW (ug/mL) - - 125 25 50 100 200 400

(b)

p— p—

= [ d

<> <>
1

(=]
<>

S
<>

[
<>

Cell viability (% of control)
N
S

<>

50 100 200

LPS (1 pg/mL) - + - - -
OLW (ugml) - - 625 125 25

Figure 2. Effect of (a) PLW, (b) OLW on cell viability of RAW 264.7
cells using the MTT assay. RAW 2647 cells(1.5 x 10° cells/well) were
incubated for 24 h, and then treated with (a) PLW (12.5-400 ng/mL), (b)
OLW (6.25-200 pg/mL) for 24 h. Cell viability was evaluated using the MTT
assay. The results are presented as the mean * SD from three independent

experiments.
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2. NO B4 ZF =4

PLWelA LPS (1 pg/mL)E A g & FATREY 559 ¢ €2 NOE

2= NO9 <o] F7tetdrh. Hi ¥
T¢l 400 pg/mLoll A FAgareh 268 v 2SS NOZ A #h(Figure 3(a)).
OLW 7%, LPSE A3 ol NO7F 558 o A=At AAE NOY
Fol v YEHoRE Frtetlon, Hi Fx< 200 ng/mLet FA e NO
o] oke 14u] zo] drh(Figure 3(b)). RAW 2647 AlF<] AEo] J3Fe 1 x|
BE TEoA NO9 F7he AE7E B34 WY §kg-S YEha gltk= A

ET?\}]\
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(a)

w N N
S S S
S S =]
T T 1
*
*
*
X
*

[ ]

(=4

(=]
T

Nitrite production (%)

[y
S
<

T
*
.
*
.

*
i
(i

*
*

A

*
*

0 Lm-—

LPS (1 pg/mL) - + -
PLW (ug/mL) - - 125 25 50 100 200 400

(b)

300 r

N
(4]
(=]

Nitrite production (%)
%
(=]

LPS (1 pg/mL) - +

OLW (ug/mL) - - 625 125 25 50 100 200

Figure 3. Effect of (a) PLW, (b) OLW on production of nitric oxide in
RAW 264.7 cells using the Griess assay. RAW 264.7 cells (15 x 10°
cells/well) were incubated for 24 h, and then treated with (a) PLW (12.5-400
ng/mL), (b) OLW (6.25-200 ug/mL) for 24 h. Nitrite in the medium was
determined by the Griess assay. The results are presented as the mean + SD

from three independent experiments. ~~p< 0.001, “p< 0.01 and “p< 0.05

compared with control group.
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3. Prostaglandin E; (PGEy) BA % =3

PLW, OLWE thge w22 A 2dte] RAW 264.7 Ao A PGE, A/l d

3t g2 =AU (Figure 4). LPSE 2] 3k Lol A PGE,e] AA LS gt

9.3, 598 Z7}skeith. PLW (125-400 pg/mL) 2 OLW

(6.25-200 png/mL) Zt7he] A FolAE & oEA 2o & PGES Ao +

7hatd ek 538 FA Rt aE=e] PLW (400 pg/mL)olA oF 82w, OLW
(200 pg/mL)oll A oF 548 2 PGE»2] “§4d o] ebyk

_25_



(a)
120

100
S
= 80
=
g 60
3
2 40
=)
© 2
0
LPS (1 pg/mL) - + - - - - - -
PLW (pg/mL) - - 125 25 50 100 200 400
(b)
120
100
S
= 8
=
2 60
=
£
& 40
=)
© 2
0
LPS (1 pg/mL) - + - - - - - -
OLW (pg/mL) - - 625 125 25 50 100 200

Figure 4. Effect of (a) PLW, (b) OLW on PGE; production in RAW
264.7 cells. RAW 264.7 cells (1.5 x 10° cells/well) were incubated for 24 h,
and then treated with (a) PLW (12.5-400 pg/mL), (b) OLW (6.25-200 pg/mL)
for 24 h. The culture supernatant was collected and analyzed for levels of
PGE,. The results are presented as the mean = SD from three independent

experiments. ~ p< 0.001, “p< 0.01 and “p< 0.05 compared with control group.

_26_



4. 19354 cytokine (TNF-q, IL-18) A% =34

Cytokine2 A Zto] HAHE %

)
vy
o

=
S uj7fA] 9GS 3l Cytokines WA E2] EHA
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4.1. TNF-a BA % =A

RAW 264.7 AlZ+& LPSel 98] TNF-a A #o] zkzh oF 14.0u), oF 22.74)
7R e =3 PLW (125-400 pg/mL) ¥ OLW (6.25-200 pg/mL) Z+7}+e]
Ae] FZolA TNF-a A Fo] & oJEX R Frtste 3oz FRlskarh
FA el vlastel PLW, OLW #Hial wXo A <F 11.08, ¢F 20.0v1¢] A4 &
I}E YERY I tH(Figure 5).
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Figure 5. Effect of (a) PLW, (b) OLW on TNF-a production in RAW
264.7 cells. RAW 264.7 cells (1.5 x 10° cells/well) were incubated for 24 h,
and then treated with (a) PLW (12.5-400 pg/mL), (b) OLW (6.25-200 pg/mL)
for 24 h. The culture supernatant was collected and analyzed for levels of
TNF-a. The results are presented as the mean * SD from three independent

experiments. ~ p< 0.001, “p< 0.01 and “p< 0.05 compared with control group.
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4.2. IL-18 BAHF =H

RAW 264.7 M3+ LPSo &) IL-18 AA Zo] oF 6.7v) Z=7}stgdch -
3 vluste] PLW, OLWE H1 S ZolA oF 220 oF 36uje] WA 72
Uetiglon, Z+zte]l Ae oA IL-18 A ZFo] & JEH R Zrtste

Aoz gls A tHFigure 6).

BT )
(-
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Figure 6. Effect of (a) PLW, (b) OLW on IL-1B production in RAW
264.7 cells. RAW 264.7 cells (1.5 x 10° cells/well) were incubated for 24 h,
and then treated with (a) PLW (12.5-400 pg/mL), (b) OLW (6.25-200 pg/mL)
for 24 h. The culture supernatant was collected and analyzed for levels of
IL-1B8. The results are presented as the mean * SD from three independent

experiments. ~“p< 0.01 and “p< 0.05 compared with control group.
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5. Western blot

5.1. PLW¢ OLW¢] iNOS 2@ "X & &4

RAW 264.7 Al3ZolA PLW, OLW7} NO A4S S7HA 7t ASs &Rlsta
NO9| S FxsteE @l INOS TdES western bloto = gRl1&}5 ).
iINOS Y| &2 FAgatdd vls] LPSE A& gk oA PLWE 208], OLW+ 10
vl =9kth PLW, OLW Z+7Zte] A ol INOSe| wdo] sk o&Ho
2 Z71ednh Fa sEo A PLWE 128, OLW= 158 =7Fglth(Figure 7).
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Figure 7. Effect of (a) PLW, (b) OLW on protein expression of iNOS in

RAW 264.7 cells.

g/mL) for 24 h. The protein expression of iINOS was determined by western
blotting. B-actin expression is shown as a loading control. The density values

of INOS are expressed as ratios relative to that of B-actin. **p< 0.001, “p<

130 kDa

P B S S e S | 43 kDa
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RAW 264.7 cells (6.0 x 10° cells/well) were incubated for
24 h, and then treated with (a) PLW (50-400 pg/mL), (b) OLW (25-200 n

0.01 and “p< 0.05 compared with control group.
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5.2. PLW¢ OLWY COX-2 &3 mx&= &3

RAW 2647 M ZA PLW, OLW7} PGE, A& Z7HA71th=
St PGE,= COX-2 wuldo] wdo] s FAdFH=Z COX-29

3t7] Y&l Western blotS 33t COX-2¢] &3S g to) v]s] LPS

= A g3 oA PLW++ 508, OLWE 118 =9kth PLW, OLW Z
FTLo A= COX-29 Wdo] vk oJ&EHo=r Frlslqrt Hia %
= 2549, OLW+ 334 5713 th(Figure 8).
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Figure 8. Effect of (a) PLW, (b) OLW on protein expression of COX-2
in RAW 264.7 cells. RAW 264.7 cells (6.0 x 10° cells/well) were incubated
for 24 h, and then treated with (a) PLW (50-400 pg/mL), (b) OLW (25-200 n
g/mL) for 24 h. The protein expression of COX-2 was determined by
western blotting. B-actin expression is shown as a loading control. The
density values of COX-2 are expressed as ratios relative to that of B-actin.

“p< 0.001, “p< 0.01 and “p< 0.05 compared with control group.
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5.3. PLW¢ OLW<¢ MAPK 2389 nx= 53

PLW, OLW A& ¢& MAPK A% Hgd ZHze Wiz sy 94
Extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK)
2 p38 Mitogen—Activated Protein Kinase (p38) ©¥l & o] & =33 3913519

t}. ERK, JNK, p389] <l4itst AxE =543 2y PLW & OLWE A &gt
}_

A% 7t7tel Agl wEoA BE SE4ow ERK, INK, p38 BF A4s7 5
7Fstdth. OLW+ ERK, JNK, p38 R Z3tA A4tsts (Figure 9) ¥H4, PLW

i JNK, p383 ®lalste] ERK7F AshAl <143} s 1tk (Figure 10).
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Figure 9. Effect of PLW on protein expression of MAPK
phosphorylationin RAW 264.7 cells. RAW 264.7 cells (6.0 x 10° cells/well)
were incubated and then treated with PLW (50-400 pg/mL) for 15 min. (a)
The phosphorylation and total protein levels of MAPK ((b) ERK, (c) JNK
and (d) p38) were determined by western blotting. ““p< 0.001, “p< 0.01 and

*p< 0.05 compared with control group.
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Figure 10. Effect of OLW on protein expression of MAPK
phosphorylationin RAW 264.7 cells. RAW 264.7 cells (6.0 x 10° cells/well)
were incubated and then treated with OLW (50-200 png/mL) for 15 min. (a)
The phosphorylation and total protein levels of MAPK ((b) ERK, (c) JNK
and (d) p38) were determined by western blotting. ““p< 0.001, “p< 0.01 and

"p< 0.05 compared with control group.
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5.4. PLW$ OLWe NF-xB @389 nmx& g3

PLW, OLW g 98] 57}5+= cytokineE59 A3 NF-kB 213 A9 74
zZeoto] #AE AT LPSE As el kB-a #3l7F FA 7
Hlalsle] Fglo]l yElgth PLW, OLWY A3 oM 5 T5 oFEH o
2 IkB-a #3837} Yebwth oledt A¥i= PLW, OLW7F NF-kBe &438 &5 &

NI = AS FFeE 5 A vh(Figure 11).

At Azd guds Boste 5 ofrae] @
Ak BF LPSE A3 ol NF-xB p6be] wHdo] Axdelr 7h4sta 9
oA F7bsldeh. =3 PLW (125-400 pg/mL) 2 OLW (6.25-200 pg/mL) 7
Zte] A sEAME FRoEHOR AMEAAA Hista oA FrretAh
LPS 2 PLW, OLW gl o3& NF-kBe| 3 u o]Fo] o]Fojx s & &
A tH(Figure 12, 13).
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Figure 11. Effect of (a) PLW, (b) OLW on protein expression of IxB-a
in RAW 264.7 cells. RAW 264.7 cells (6.0 x 10° cells/well) were incubated
and then treated with (a) PLW (50-400 pg/mL), (b) OLW (25-200 ng/mL) for
15 min. The protein levels of IkB-a was determined by western blotting. {3
—actin expression is shown as a loading control. The density values of IkB-a
are expressed as ratios relative to that of B—actin. The results are presented
as the mean * SD from three independent experiments. ““p< 0.001, “p< 0.01

and “p< 0.05 compared with control group.
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Figure 12. Effect of PLW on protein expression of NF-kB in RAW
264.7 cells. RAW 264.7 cells (6.0 x 10° cells/well) were incubated and then
treated with PLW (50-400 pg/mL) for 15 min. The (b) nuclear and (c)
cytoplasmic protein levels of NF-kB were determined by western blotting. B
—actin and Lamin Bl expression is shown as a loading control. The density
values of p65 are expressed as ratios relative to that of B-actin and Lamin
Bl. The results are presented as the mean +* SD from three independent

experiments. “p< 0.01 and “p< 0.05 compared with control group.
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Figure 13. Effect of OLW on protein expression of NF-kB in RAW
264.7 cells. RAW 264.7 cells (6.0 x 10° cells/well) were incubated and then
treated with OLW (25-200 pg/mL) for 15 min. The (b) nuclear and (c)
cytoplasmic protein levels of NF-kB were determined by western blotting. B
—actin and Lamin Bl expression is shown as a loading control. The density
values of p65 are expressed as ratios relative to that of B-actin and Lamin
Bl. The results are presented as the mean +* SD from three independent

experiments. “p< 0.01 and “p< 0.05 compared with control group.
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6. ARLE £4

A ¥ A} Figure 143} Table 2014 H. o] PLWi= 18F°] &% S positi
ve ion modeoll 4] 13%, negative ion modeol| 4] 5Fo] £ % A=At OLW
= 4F0°] FAE o™ positive ion modedl 4] 3%, negative ion modeo| A 1F

o] 2] ¥ HZEY A (Figure 15, Table 3).
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Figure 14. The total ion chromatograms of the PLW by UPLC-Q-TOF

MS in (a) positive- and (b) negative-ion modes.
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Table 2. Mass data of the nineteen analytes from PLW by
UPLC-Q-TOF MS.

Observed Mass
. Observed
Metabolites neutral mass error Mode
m/z
(Da) (ppm)

3-acetyl-2-(2,6-dimethyl

—

239.1877 240.195 -3.2 | Positive

-5-heptenyl)oxazolidine

1

2 2 | BOC-PHENYLALANINOL 478.3766 479.3838 -1 Positive
3 3 | Robinin / clitorin 239.1882 240.1955 -14 Positive
4 4 | N,N-Dicyclohexylglycine 251.1517 252.159 -1.7 Positive
5 5 | Carpaine 740.2148 741.2221 -2.1 Positive
6 6 | araguspongine L 494.3709 495.3782 -2.1 Positive

N-(1-Benzyl-4-piperidinyl)-2
7 7 | ~{4-[2-0x0-2-(1-pyrrolidinyl) 276.2084 277.2157 -1.8 Positive
ethyl]-1-piperazinyl}acetamide
2-Methyl-2-propanyl
(172)-14-isobutyl-9-(2-metho
8 8 | xyethyl)-8,13-diox0-3,9,12-tri 276.2084 277.2157 -1.8 Positive

azaspiro[6.12Jnonadec-17-ene-

3-carboxylate

9 9 | 12-Phenyldodecanoic acid 4217.2926 428.2999 -49 Positive
10 | 10 | Stearidonic acid 608.2632 609.2704 -05 Positive
11 | 11 | Harderoporphyrin 592.2682 593.2755 -0.6 Positive
12 | 12 | Pheophorbide A 507.3662 508.3735 -2.1 Positive
13 | 13 | Erucamide 337.3345 338.3417 0 Positive
14 | 1 | Stachyose hydrate 684.2306 683.2233 | -1.8 | Negative
15 | 2 | Barlerin 448.1573 44715 -0.8 | Negative
(10E,157)-9,12,13- Trihydroxy .
16 | 3 1015~ octadecadicnoic acid 328.2242 327.2169 0.8 | Negative
17 | 4 | 9(S)-HpOTrE 310.2136 309.2063 -0.8 | Negative
18 | 5 | 9(S)-HpOTrE 310.2134 309.2061 -1 Negative
19 | 6 | A-12(13)-EpODE 294.2186 293.2113 -0.9 | Negative
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Figure 15. The total ion chromatograms of the OLW by UPLC-Q-TOF

MS in (a) positive- and (b) negative-ion modes.
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Table 3. Mass data of the four analytes from OLW by UPLC-Q-TOF

MS.
Observed Mass
. Observed
Metabolites neutral mass error Mode
m/z
(Da) (ppm)
1 1 | Riboflavin 376.1381 377.1453 -0.6 Positive
4-hydroxyheptanophenone /
2 2 | p—tert-Butylphenyl glycidyl 206.1307 207.1380 0.3 Positive
ether
3 3 | Cannabisin F / heliotropamide 624.2464 625.2537 -1.2 Positive
4 1 | Aspicilin 328.2242 327.2170 -2.2 | Negative
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A5 2 BAxe #3het dHE IL-18, TNF-a9h 22
A5 cytokine®] AAE X 3ghri[44,45].
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S35 W 4ol disiAe obA ATH whr gtk oo A E AR S0
o Ao wA= AP gk FUHHA A7 Hestrha AbsEh
ARAHo 7 B Ao PLWE OLW7F RAW 264.7 A5 A=&te] 24
A7) WY g4 AR A8 F dnks S vk WPe s FHet

o, olgdt WogAd T3 gyo] MAPK ¥ NF-«kB A& A A=

<
sttt (Figure 16, 17). 2828 PLWE OLW7} W gdAd =g axns 7}

Y,
o|N

A AdAnAz o] 7bed Aoz Abdt
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