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Abstract

Liver fibrosis is the excessive accumulation of extracellular matrix (ECM) proteins in
the liver. Common causes include fatty liver disease and hepatitis C virus infection. Delayed or
inaccurate diagnosis of liver fibrosis may elevate the risk of developing cirrhosis and liver cancer.
Currently, there are no definitive pharmacological therapies for the treatment of liver fibrosis.
Several studies have shown the anti-inflammatory effects of Moringa oleifera Lam. (MO) leaf
extracts. In this study, we aimed to investigate the anti-fibrotic effect of two bioactive compounds
identified in MO leaf crude extracts: 7-octenoic acid and 1-phenyl-2-pentanol. Hepatic stellate
cells (HSCs) were treated with the active compounds, and cytokine levels were measured
by using sandwich ELISA. In addition, protein expression in HSCs was analyzed by using
proteomic technique. Proteomic analysis showed that 440 and 98 proteins were significantly
upregulated and downregulated, respectively, in the 7-octenoic acid and 1-phenyl-2-pentanol-
treated cells (p < 0.05). Additionally, there were decreases in expression of casein kinase II
subunit alpha (CSNK2A 1), guanine nucleotide-binding protein G(I)/G(S)/G(T) subunit beta-2
(GNB2), and low-density lipoprotein receptor-related protein 5 (LRPS5), which are proteins
related to the NF-KB, PI3K/Akt, and mTOR signaling pathways. TNF-Ol secretion was also
suppressed by treatments with 7-octenoic acid and 1-phenyl-2-pentanol. In conclusion, these
active compounds showed potent inhibitory activity on TGF—Bl—induced HSCs and are

promising candidates for anti-hepatic fibrosis drug research.
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Table 1 The ICS, IC 0 and IC50 values for treatments of LX-2 cells with 7-octenoic acid, 1-phenyl-

2-pentanol, and crude extract (MO).

IC IC IC
Compound 5 10 50
(vg/mL) (ng/mL) (ng/mL)
7-octenoic acid 118.91 153.42 324.60
1-phenyl-2-pentanal 130.44 173.05 397.40
Crude extract (MO) 37.07 65.86 357.00
(A) (B)
Cytotoxicity test of 7-Octenoic acid Cytotoxicity test of 1-Phenyl-2-pentanol
120+ 120
100+ $ 1004———= —
L 2N\® ICyo =153.42 < . 8¢ 1Cy0 =173.05
< 804 LR * 3 8
é 60~ ' ' é 60~ :
g 40+ s ; 401 o
20+ * 20+
0 1 2 3 4 0 1 2 3 s

Log Conc. ( ng/mL )

Log Conc. ( ng/mL )

(C)
Cytotoxicity test of crude MO
1201
100+ L — °
s — . ICqo = 65.86
—~ 804 .
S . .
2 60+ o\,
£ .4 ..
20+ °
L]
L] ] Ll 1
0 1 2 3 4

Log Conc. ( ng/mL )

Fig. 1 The dose-response curve and IC10 value for treatment of the LX-2 cells with 7-octenoic acid

(A), 1-phenyl-2-pentanol (B), and crude extract (MO) (C).
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Fig. 2 Effects of 7-octenoic acid (7-OCT), 1-phenyl-2-pentanol (1-PHE), and crude MO extracts
on TNF-d levels in the LX-2 cells. Cells were cultured in complete D-MEM
medium (Control), stimulated with TGF-B1 (10 ng/mL; Model), or treated with TGF-B1 plus
7-OCT, 1-PHE, or crude MO extracts. TNF-Q levels were quantified. Data are presented as
mean + SEM. *p < 0.0021, ***p < 0.0001 compared to the Model group.
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Fig. 3 The protein-protein interaction (PPI) network analysis of the LX-2 cells from both 7-octenoic acid

(A) and 1-phenyl-2-pentanol (B) treatment groups by using STRING database.
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Fig. 4 The signaling pathway analysis of the proteomics profiling in 7-octenoic acid-treated LX-2 cells

by using KEGG Mapper tool. The majority of proteins were categorized in PIBK-Akt (A) and NF-KB

signaling pathways (B). Proteins exhibiting upregulation are depicted in red, while those exhibiting

downregulation are depicted in green. Abbreviations: TRIM25, tripartite motif containing 25; P65,

transcription factor p65; LAMC3, laminin subunit gamma 3; GRB2, growth factor receptor bound

protein 2; GNB5, G protein subunit beta 5; YWHAQ, tyrosine 3-monooxygenase/tryptophan

5-monooxygenase activation protein theta; NFKB1, nuclear factor kappa B subunit 1.



RAYBIE1300NgNG 7-octenoic acid uas 1-phenyl-2-pentanol ﬁnn?uu:;ﬂ
Aoivaanvyila hepatic stellate cells Tulmaamsinanainlusduluvasanaaas

9179

v o [FEE—y

GATURE) |3 1R
, sz 0 —
e Skpt
[casre]
— - sfer
T S

Awis [smas]
i Toaay]
=
+n
! ¥
AMIK
AMP i }\Q\_\\
[T
L ‘\N‘\.\
2
b
=l v e
T T
o
f

I
JSLe] ol

MAFK .
sigualing paibvay MK
Pi

11111

— N
| signaiag paor|

w0 Tl
fe) Kanckizn Laborwaries

4
ra
- o
e | R
T [T e g i

EEN

.
" /
e
E— S e o (R
i ETE i o cwemmton | sk Speskelean |
T i VT P oy TR
Lol orca g > el i

Fig. 5 The signaling pathway analysis of the proteomics profiling in 1-phenyl-2-pentanol treated X-2

cells by using KEGG Mapper tool. The majority of proteins were categorized mTOR signaling

pathway. Abbreviations: LRP5/6, low-density lipoprotein receptor-related protein 5/6.
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Fig. 6 The PPI network analysis of selected proteins; guanine nucleotide-binding protein G(1)/G(S)/G(T)
subunit beta-2 (GNB2) (A), casein kinase Il subunit alpha (CSNK2A1) (B), and low-density
lipoprotein receptor-related protein 5 (LRP5) (C), by using STRING database. Abbreviations:

GNAS, neuroendocrine secretory protein 55; CDKS5, cyclin-dependent kinase 5; TP53, cellular

tumor antigen p53; PPP2R5E, serine/threonine-protein phosphatase 2A 56 kDa regulatory

subunit epsilon isoform.



9180

a 4
P13
YA o =R $% o A s
AnziITefnynalnmamuisnaludy
Y 5 v .
dwanseengnannlunzy ldun 7-octenoic
acid uaz 1-phenyl-2-pentanol foiwad LX-2
nganszduite TGF-P1 Tagiaszdumsiaia
59AU09LTA8 JAszAumsuanseanvedlwlalail
TNE-O Jianzvinaldsalefing uazinszsing
NRFISTAUNA
NnAaramsanAanzianuiuiyve
MsanauAazsind1875 Resazurin assay WU
\ Yy v oA A oy 1 & A ¢
FranuIntundenly hiianuiuisdevad
LX-2 (Fig.
s PN SR v v
MIMYUVDAUBAA LX-2 1N lotwuanadadu

1) usegalsfimn nansInwy

vosansanaliaudeszaunily 1$u aseangnd

7-octenoic acid NATUNZTH WUMITAEVDA
iwad LX-2 i IC Ao 153.42 'lulasnu/
Haaans mman‘l%mmwmuw 25, 50 uag
100 lulasnu/fiaaans lumsnadevdu q dely

namsiaszdvlalalaialroinadia
sandwich ELISA wum msaaﬂqw‘é 1-phenyl-

]
a

2-pentanol @13N3AAAMIHAINEY TNF-OL i
ANty 80 lulasniu/diadans lawamas
pgadidedfymaand (p < 0.05) Ty
nduvedLEadiléFy 7-octenoic acid #i 25
waz 50 lulasnSu/dianans dszdvuves TNE-OL
flanasedaiiioddameana Wenlfeuiioy
AUNGuAILANULLAY usiwun THm LA
Y9a3dy TNF-OL iheiimaiiuanuduiiuea
7-octenoic acid aufe 100 lulasniu/daaans
NNNAAING mmmzﬁ?%&%&amﬁgm’h ez

25 939813 7-octenoic

(AN biphasic effect
acid Aewwad LX-2 Tuannziiil TGF- Bl Tavi

7-octenoic acid ﬁ'l?J'liﬂ'fJi’)ﬂf]“ﬂﬁVNfJ‘]JENLLaw

a '
yming lyedszine uazams

AszuMIae TNF-O lwwad LX-2 fiums
nﬁzéjuﬁaﬁugamsdaﬁnumunmmﬂ‘luwaé Tnogns
mﬁm1m:§ua§jﬁm:ﬁummL%J’w‘ifumaami
pgnalsAanu Lﬁmmﬂ%y‘amm 7-octenoic acid
fon15a31e TNF-0L fadllsiineana 39254
msAny3FoifiaAudana biphasic effect Vo4
3 7-octenoic acid AeMIFAATIZH TNF-OL
luwad HSCs AlF3umanszduiie TGF-PI
Wiefgailauufgiuidiuda
ansafaneunnlunzguananms
wdawes TNF-OL fianudiudu 20 waz 40
Tulasniu/iadans TavanasegaddodiAma
AR FadenndaefNLATeuea Armando UazAaL
Tl aa 1992 wuhasadevenunnluszy
dusaaan1sontaunazan acetylcholine

(26)

Tudldnynaaedla NUITYved Jimenez

wazaaz lul a.d. 2017 sansaaamsdnlaulas

fudamsnanuves NF-KB pathway*”

NI
v94 Sharifudin wazaaz il a.¢. 2013 91AM3
= X 4 . Ly e .

Anriatgedunnnynlasuansadannluuzx
WUIIANHTUUTIKATNITAnANNder ey

A% L

mmuumiaﬂaaammusmﬂmmmﬂm
mmiaﬂiz@!umiwawaa TNE-0L fianudad
10 lulasn3u/iadans fiuduedhaiitioddey
maana

NaMIIATILH pathway @19 KEGG
Mapper wuhluwadiuildsy 7-octenoic acid
LﬁaLﬂ‘%ﬂmﬁﬂuﬁuﬂdumuqmmmu N CSNK2A1
hulsAufitAeadosiy NE-KB pathway uas
i GNB2 dhwlsAuiifadiesiiu PI3K-Akt
signaling pathway Fedeandoafunifoves
Mittal wazdsdonndesiunuiIToves Yang Yang

wazaaz Tt 2023 nuhasafan Macleaya



RAYBIE1380NgNG 7-octenoic acid uas 1-phenyl-2-pentanol ﬁnn?ymgm

9181

4 o o a . a o A a
dowwaaauwila hepatic stellate cells Tulunamananisinlusivluvasanaasd

cordata @13NsnaAMIUAAILAEY GNB2 lu
NF-KB uaz PI3K/Akt signaling pathways 'la
annanuNszdvves TNF- O, IL-1[ uaz IL-6
anaseenaiiisdhAymadaa i C57BL/6 mice™
X ~ L ..

va¥msignsilu anti-inflammatory was
anti-liver fibrosis #31U33AAN 7-octenoic acid
nesoanmsuaadesnvadllsau GNB2 la
=2 = é’:.’ .. . .
algnsu anti-inflammatory waz anti-liver
fibrosis uanaAtaInndilinuanuiIselan
FYNUNAMIANEIVDIANS 7-octenoic acid 1u
Tunzguiiasnsnanmsudnteanvessy CSNK2A 1
wazdanalriszavlslalaindunisluameves
mMstnaRanaludvanadld daiuanuIdetla
Wumsdunungy CSNK241 aradhuthnine
Iniivesns 7-octenoic acid NAlunzgnlums
1Y) Y o ' o Ay Vo
muNanaludy wazludruvessaddunlasy
1-phenyl-2-pentanol tiatIouinsuiungs
AuANuuUay § LRP5/6 (fulilsaunifeides
fiu mTOR signaling pathway Fdoanansriy
MHIdeved Li wazane 1l a.a. 2023 wuhans
TpenaaluluFuanmsudnivoanusddy LRP6
WIUMIMNUYBY mTOR signaling pathway
Tngvhl#szdy TNF-OL, IL-1P waz IL-6 anaq
pg1allodAeyn19dnAly germinal center
B-cell (GCB) te¥msignslumsmunziSalu

G0 azdenndeafiuay

isaduz SR vans
399909 Huang wazamz Wil a.d. 2023 wuh
Dysphania ambrosioides (L.) Mosyakin &
Clemants @n5adufamsauwes mTOR
signaling pathway 1#lu SMMC-7721 cell®”

¥
S}

a S .. 2 o
‘1J<1"15ﬂﬁ§Jt]‘1/lﬁL‘1J11 anti-liver cancer 89ANIYY

doandpafunITeved Li uazane luil a.¢. 2019
NUINMILEAPBNUBIEY LRP6 anad diana
Wimsvhauwes mTOR signaling pathway

62 §atiusemain 1-phenyl-2-

AnAUBULAYINY
pentanol NANINTAAAMIUAAIINVDIBY LRPS
= A < .. .
Jaugndiu anti-inflammatory uas anti-
liver fibrosis M4iAITHAMINATRUINDEUTUNA
vosdseangndna 2 vialuwad LX-2 e
msudaasesnvaallsautihvanefomalinou q
A a ' A A o
WNNLAN ¥ western blot tWetdumstudu

wamsanyae 1

asd

Q
Y o

anan1sIfearsnsaasydladn
7-octenoic acid mnﬁlm\lﬁu 21981130
a A o S dl
Wanaludy Tagaamsudaseanvedldsaungn
duanedandu CSNK2A1 waz GNB2 %4
ianuineIdesiu NF-KB uaz PI3K/Akt
signaling pathways v 1-phenyl-2-pentanol
Nnlunzgn vansamuiaialudulaganms
wanseenveslsAungnduanzinndu LRPS
FaddIUANYIe9AU mTOR signaling pathway
Tngtia 3 pathways HANMABITOIAURINATUAD
anNadanu 7-octenoic acid wag 1-phenyl-
2-pentanol @NINAAMINAIEY TNF-0L 18
pgnadiduchAgmeddd (p < 0.05) aatiuded
anuivllldhansesngnine 2 sila (Fums
d‘ 1 4‘ == 1 a o A s
nhaulaweAndeluluaanmsinaianaludy
U 9 Ay 15U dainaaes tietelu

= Yy v <4 o <

maAnmAuaNmaseangnanetaian i

(2 o A o 1
grlumsinvianaludusely



9182

) a
fAnanssulszma
VDYDUNIZAN J09A1AAI19158
1 a o’d’ =
AT.N1YINT ggITTiN 8191597
a a (d‘ % % o o Y a I
Ineniwusnldianug muuzhuazdedaiiu
e 9 lumahmadeanlaenaen veveUNI=AM
599MNEATINTS A3, unndvajenFaonay Twsnuus
IINAAIBIAFYINGT AUTUNNYAIAAS
a s S 1 d‘ k% < 4
wvinInedeFealni Nlianueyanzitrad
LX-2 n1Hlumsiidelunsadl srudavdszana
afuayumsmideainamzanisaidns
NAINFOULIAIT Fevensiuveunszfauily

4
2613g9 11 o Temalil

LONA1501994

1. Bataller R, Brenner DA. Liver fibrosis.
J Clin Invest 2005; 115: 209-18.

2.  Menggensilimu, Yuan H, Zhao C, et al.
Anti-liver fibrosis effect of total flavonoids
from Scabiosa comosa Fisch. ex Roem.
et Schult. on liver fibrosis in rat models
and its proteomics analysis. Ann Palliat
Med 2020; 9: 272-85.

3. Sarin SK, Kumar M, Eslam M, et al.
Liver diseases in the Asia-Pacific region:
a Lancet Gastroenterology & Hepatology
Commission. Lancet Gastroenterol Hepa-
tol 2020; 5: 167-228.

4. Poynard T, Lebray P, Ingiliz P, et al.
Prevalence of liver fibrosis and risk factors
in a general population using non-invasive
biomarkers (FibroTest). BMC Gastroen-
terol 2010; 10: 1-13.

10.

11.

a '
yming lyedszine uazams

Khanam A, Saleeb PG, Kottilil S. Patho-
physiology and treatment options for
hepatic fibrosis: can it be completely
cured? Cells 2021; 10: 1097.

Yang YM, Seki E. TNFoc in liver
fibrosis. Curr Pathobiol Rep 2015; 3:
253-61.

Zelova H, Hosek J. TNF-alpha signalling
and inflammation: interactions between
old acquaintances. Inflamm Res 2013;
62: 641-51.

TanZ, Sun H, Xue T, et al. Liver fibrosis:
therapeutic targets and advances in drug
therapy. Front Cell Dev Biol 2021; 9:
730176.

Camellia Seed Oil and Other Plant Oil Product
Research and Development Center. (MOR-
INGA) Chiang Rai, Thailand: [Available
from: https://www.camelliaoilcenter.com
/%E0%B8%A1%E0%B8%B0%E0%BS8
% A3%E0%B8%B8%E0%B8%A1-mor-
inga/.

Kou X, Li B, Olayanju JB, Drake JM, Chen
N. Nutraceutical or pharmacological
potential of Moringa oleifera Lam.
Nutrients 2018; 10: 343.

Wisitpongpun P, Suphrom N, Potup P,
etal. Invitro bioassay-guided identification
of anticancer properties from Moringa
oleifera Lam. leaf against the MDA-
MB-231 cell line. Pharmaceuticals 2020;
13: 464.



RAYBIE1380NgNG 7-octenoic acid uas 1-phenyl-2-pentanol ﬁnn?ymgm

9183

4 o o a . a o A a
dowwaaauwila hepatic stellate cells Tulunamananisinlusivluvasanaasd

12.

13.

14.

15.

16.

17.

Yu J, Hu Y, Gao Y, etr al. Kindlin-2
regulates hepatic stellate cells activation
and liver fibrogenesis. Cell Death
Discovery 2018; 4: 93.

XuZ,LiT,LiM, et al. eRF3b-37 inhibits
the TGF-[3 1-induced activation of hepatic
stellate cells by regulating cell proliferation,
GO0/G1 arrest, apoptosis and migration. Int
J Mol Med 2018; 42: 3602-12.

Wei S, Wang Q, Zhou H, et al. miR-455-
3p alleviates hepatic stellate cell activation
and liver fibrosis by suppressing HSF1
expression. Mol Ther Nucleic Acids 2019;
16: 758-69.

Wang Y, Wu C, Zhou J, Fang H, Wang J.
Overexpression of estrogen receptor B
inhibits cellular functions of human
hepatic stellate cells and promotes the
anti-fibrosis effect of calycosin via
inhibiting STAT3 phosphorylation. BMC
Pharmacol Toxicol 2022; 23: 77.

Kang H, Seo E, Oh YS, Jun H-S. TGF-[3
activates NLRP3 inflammasome by an
autocrine production of TGF—B in LX-2
human hepatic stellate cells. Mol Cell
Biochem 2022; 477: 1329-38.

Buakaew W, Krobthong S, Yingchutrakul
Y, et al. Investigating the antifibrotic
effects of B-Citronellol on a TGF—B
1-stimulated LX-2 hepatic stellate
cell Model. Biomolecules 2024; 14:
800.

18.

19.

20.

21.

22.

23.

24.

25.

Szklarczyk D, Franceschini A, Wyder S,
et al. STRING v10: protein—protein
interaction networks, integrated over the
tree of life. Nucleic Acids Res 2015; 43:
447-52.

Chen EY, Tan CM, Kou Y, et al. Enrichr:
interactive and collaborative HTMLS5 gene
list enrichment analysis tool. BMC Bioin-
formatics 2013; 14: 128.

Kuleshov MV, Jones MR, Rouillard AD,
et al. Enrichr: a comprehensive gene set
enrichment analysis web server 2016
update. Nucleic Acids Res 2016; 44:
90-7.

Xie Z, Bailey A, Kuleshov MV, et al. Gene
set knowledge discovery with Enrichr.
Current Protocols 2021; 1: 90.

Kanehisa M, Goto S. KEGG: Kyoto
encyclopedia of genes and genomes.
Nucleic Acids Res 2000; 28: 27-30.
Kanehisa M. Toward understanding the
origin and evolution of cellular organisms.
Protein Science 2019; 28: 1947-51.
Kanehisa M, Furumichi M, Sato Y,
Kawashima M, Ishiguro-Watanabe M.
KEGG for taxonomy-based analysis of
pathways and genomes. Nucleic Acids Res
2023; 51: 587-92.

Jodynis-Liebert J, Kujawska M. Biphasic
dose-response induced by phytochemicals:
experimental evidence. J Clin Med
2020; 9: 718.



9184

26.

27.

28.

29.

Armando Ciiceresa’b AS, Sofia Rizzoa,
Lorena Zabalaa, Edy De Leonb and
Federico Naveb. Pharmacologic properties
of Moringa oleifera. 2 : screening for
antispasmodic, antiinflammatory and
diuretic activity. J Ethnopharmacol 1992;
36: 233-7.

Vergara-Jimenez M, Almatrafi MM,
Fernandez ML. Bioactive components in
Moringa Oleifera leaves protect against
chronic disease. Antioxidants (Basel).
2017; 6: 91.

Sharifudin SA, Fakurazi S, Hidayat MT,
et al. Therapeutic potential of Moringa
oleifera extracts against acetaminophen-
induced hepatotoxicity in rats. Pharm Biol
2013; 51: 279-88.

Yang Y, Ding T, Xiao G, et al. Anti-
Inflammatory Effects of allocryptopine
via the target on the CX3CL1-CX3CR1
axis/GNBS5/AKT/NF-kappaB/apoptosis
in dextran sulfate-induced mice.

Biomedicines 2023; 11: 464.

30.

31.

32.

a '
yming lyedszine uazams

Li L, Zeng P, Yu L, et al. Salinomycin
sodium exerts anti diffuse large B-cell
Ilymphoma activity through inhibition of
LRP6-mediated Wnt/B—catenin and
mTORCT signaling. Leukemia & Lym-
phoma 2023; 64: 1151-60.

Huang J, Hao J, Nie J, et al. Possible
Mechanism of Dysphania ambrosioides
(L.) Mosyakin & Clemants Seed Extract
Suppresses the Migration and Invasion of
Human Hepatocellular Carcinoma Cells
SMMC-7721. Chem Biodivers 2023;
20: €202200768.

Li L, Xue J, Wan J, et al. LRP6 Knock-
down ameliorates insulin resistance via
modulation of autophagy by regulating
GSK3beta signaling in human LO2
hepatocytes. Front Endocrinol (Lausanne)
2019; 10: 73.



