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Inflammation contributes heavily to the pathogenesis of liver fibrosis, cirrhosis, and even
hepatocellular carcinoma. Inflammation is probably a promising target for treatment of
liver diseases. The natural products are considered as the potential source of new drug
discovery and their pharmacological effects on hepatic inflammation have been widely
reported. In this review, the natural products with anti-hepatic inflammatory properties are
summarized based on their pharmacological effects and mechanisms, which are related
to the suppression on the inflammation mediators including cytokines and chemokines,
pattern recognition receptors, the activated transcriptional factors, and the potential
regulatory factors. The clinical evidence is also summarized.

Keywords: hepatic inflammation, cytokine, chemokine, inflammasome, toll like receptor, nuclear factor-kappa B,
mitogen-activated protein kinases, reactive oxygen species

INTRODUCTION

Hepatic inflammation can be triggered by microbial infection, metabolic disorders, or exposure
to drugs and toxic substances (Strazzabosco et al., 2005) and almost exists in every form of liver
diseases. The acute hepatitis is usually short and self-limited, while the chronic is characterized
with continuing inflammation, tissue injury, and healing. During chronic hepatitis, hepatic stellate
cells (HSCs), the fibrogenic cells in the liver, are activated and initiate collagen deposition, which
ultimately cause liver fibrosis and cirrhosis. Hence, targeting hepatic inflammation is an important
strategy to block the progression to the end state of liver disease.

The anti-inflammatory effects of natural products are widely reported, which mostly target the
inflammatory mediators including cytokines, chemokines, the receptors of cytokine or chemokine,
the activated transcription factors, and the additional regulatory factors such as adhesion molecules,
nitric oxide, carbon monoxide, and hydrogen sulfide (Kmie¢, 2001; Anuar et al., 2006). In this
review, the natural compounds with anti-hepatic inflammatory properties are summarized based
on their pharmacological mechanisms and described according to their chemical classification
(Table 1,Figures 1,2). On the other hand, the clinical evidence from randomized controlled trials
(RCTs) (Tables 2, 3) is also presented to visualize the entire profile of the studies on anti-hepatic
inflammatory natural products.
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SUPPRESSION OF
CYTOKINES/CHEMOKINES SECRETION
AND LEUKOCYTES INFILTRATION

The cytokines and chemokines are produced by the hepatic
macrophages (Kupffer cells, KCs), natural killer (NK) cells, and
NKT cells. KCs can release tumor necrosis factor alpha (TNEF-
a), interleukin (IL)-6, IL-1B, or leukotrienes, which attract T
cells and induce apoptosis of hepatocytes and activation of HSCs
(Bilzer et al., 2006). NK cells produce interferon gamma (IFN-vy),
IL-8 and apoptosis-inducing TNF-related apoptosis ligand and
even directly promote hepatocyte death (Dunn et al., 2007). NKT
cells are activated by the glycolipid antigens from bacteria (Kinjo
et al.,, 2005) and involved in antiviral defense mechanisms in
hepatitis B (Kakimi et al., 2000).

Recruitment of leukocytes consists of rolling on endothelium
mediated by selectins, firm attachment to endothelium mediated
by integrins, and migration through interendothelial spaces.
TNF-a and IL-1 promote the expression of selectins and
integrin ligands on endothelium. Chemokines produced by tissue
macrophages increase the avidity of integrins for their ligands
and promote directional migration of leukocytes. Monocytes
are the largest type of leukocytes. Grl (hi) monocytes express
high levels of C-C chemokine receptor type 2 (CCR2) but lack
CX3C chemokine receptor 1 (CX3CR1). In inflammation, Grl
(hi) monocytes actively enter inflamed tissue and are considered
as the precursors for macrophages and dendritic cells. Grl (lo)
monocytes lack CCR2 but express high levels of CX3CR1 existing
in non-inflamed tissues, representing steady-state precursor cells
for tissue macrophages (Tacke et al, 2007). CCR2 mediates
entry of Grl (hi) monocytes into the inflamed tissues (Boring
et al,, 1997). Enhanced hepatic expression of C-C chemokine
ligand 2 (CCL2) contributes to the formation and maintenance
of inflammatory infiltration during chronic liver disease (Marra
etal., 1998).

Matrine, a kind of alkaloid, was reported to ameliorate the
hepatic infiltration of Grl (hi) monocytes and the expression

Abbreviations: HSC, hepatic stellate cell; RCT, randomized controlled trial;
KC, Kupffer cell; NK, natural killer cell; TNF-a, tumor necrosis factor alpha;
IL, interleukin; IFN-y, interferon gamma; CCR2, C-C chemokine receptor type
2; CX3CR1, CX3C chemokine receptor 1; CCL2, C-C chemokine ligand 2;
Con A, concanavalin A; CCly, tetrachloride; LPS, lipopolysaccharide; ICAM-
1, intercellular adhesion molecule-1; CXCL10, C-X-C motif chemokine 10; D-
GalN, D-galactosamine; PAMP, pathogen-associated molecular pattern; DAMP,
damage-associated molecular pattern; TLR, Toll-like receptor; NLR, NOD-like
receptor; ASC, apoptosis associated spec-like protein containing CARD; NLRP3,
NOD-like receptor protein 3; NASH, non-alcoholic steatohepatitis; HMGBI, high
mobility group box 1; NF-kB, nuclear factor kB; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; NAFLD, non-alcoholic fatty liver disease; I/R,
ischemia/reperfusion; LBP, lipopolysaccharide binding protein; STAT3, signal
transducer and activator of transcription 3; MyD88, myeloid differentiation
primary response gene 88; IRAK, interleukin-1-receptor associated kinase;
TRAF6, TNF-receptor associated factor 6; MAPK, mitogen-activated protein
kinases; ERK1/2, extracellular signal-regulated kinases 1/2; JNK, c-Jun N-terminal
kinase; ROCK, Rho kinase; ROS, Reactive oxygen species; SOD, superoxide
dismutase; GPx, glutathione peroxidase; GSH, glutathione; Nrf2, nuclear factor
(erythroid-derived 2)-like 2; MDA, malondialdehyde; MPO, myeloperoxidase;
iNOS, inducible nitric oxide synthase; GST, glutathione S-transferases; HO-1,
heme oxygenase-1; CYP2D6, cytochrome P450 2D6.

of CCL2 in carbon tetrachloride (CCly)-induced liver injury
in mouse and directly inhibited the chemotactic activity and
production of CCL2 in HSCs in vivo (Shi et al., 2013).

The flavonoids, baicalein and wogonin, were reported to
reduce cytokines and chemokines in experimental liver injury, as
well as monocytes infiltration. Baicalein suppressed serum TNE-
a, IFN-vy, hepatic infiltration of monocytes, and up-regulated the
apoptosis of monocytes in the liver in concanavalin A (Con A)-
induced hepatitis (Zhang Y. et al., 2013). Baicalein and wogonin
were both found to attenuate lipopolysaccharide (LPS)-induced
liver sinusoidal endothelial cells activation and HSCs migration
by down-regulating CCL2 expression (Chen et al., 2013).

The polyphenolic compounds, curcumin and honokiol, were
reported to decrease the cytokines, chemokines and infiltration
of T cells. Curcumin suppressed the production of TNF-a, IFN-
v, and IL-4, infiltration of CD4 (+) T cells and the expression of
intercellular adhesion molecule-1 (ICAM-1) and the interferon-
inducible chemokine, C-X-C motif chemokine 10 (CXCL10),
in hepatic tissue (Tu et al., 2011). Honokiol ameliorated liver
damage and levels of IL-1f, IL-6, and TNF-a in serum or liver
tissue in LPS or LPS combined with D-galactosamine (LPS/D-
GalN) challenged mice (Sulakhiya et al., 2015).

Ginsenoside Rgl, a kind of saponin, was reported to suppress
pro-inflammatory cytokines, the expression of ICAM-1 and
CXCL10 in hepatic tissue in Con A-induced hepatitis (Cao et al.,
2013).

ACTION ON PATTERN RECOGNITION
RECEPTORS PATHWAYS

The pathogen-associated molecular patterns (PAMPs) and
damage-associated molecular patterns (DAMPs) are recognized
by pattern recognition receptors expressed on the target cells
including phagocytes, dendritic cells, epithelial cells, and many
other cells. Inflammasomes and Toll-like receptors (TLRs) are the
two most important pattern recognition receptor families.

Inactivation of Inflammasome Pathway
Inflammasome is a cytoplasmic complex composed of NOD-
like receptor (NLR), the adapter, apoptosis associated spec-
like protein containing CARD (ASC), and the effecter, caspase-
1 protein (Martinon et al, 2002). Several members of
inflammasomes family have been identified (Negash and Gale,
2015). NOD-like receptor protein 3 (NLRP3) is the most
thoroughly studied to date.

Inflammasome activation requires priming and assembly
activating steps to mediate both IL-18 and IL-18 production.
The priming step triggered by PAMP or DAMP recognition,
up-regulates NLR protein and initiates inactive proIL-1p
and prolL-18 production. The assembly activating step
drives inflammasome components to associate and form
a macromolecular complex that mediates active caspase-1
production and subsequent maturation and secretion of IL-1f
and IL-18. Inflammasomes can be induced and activated in
hepatocytes, HSCs (Masumoto et al., 2001; Watanabe et al,
2009), the sinusoidal endothelial cells (Masumoto et al., 2001;

Frontiers in Pharmacology | www.frontiersin.org

June 2018 | Volume 9 | Article 455


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Anti-hepatic Inflammatory Natural Products

Peng

(penupuo)
(croz L
“[e 1o ung) yeu ur Anfur yy| oedeH VUL gr-4N pIo. ojuojnseueYieoUILE-Z auune| pIoe oulwy -Ge-201 9
2UaBI9POP-GE
‘(1e)Lz'sz'(eelve’(ee)ee'og sk
‘L1'6'(re)8'g'e-eIuooBUIEXS 00
220" 18" 120 a1 pi b g
‘gh'9'g2 ¢ 9 gelopAorideyezeip
(800Z “fe 10 -0£'GL-Bx0p-g2* Z-Ayiewip 3
BusyD) ssnow ur Anfur 4| oredaH SSOAS OAEPIXO -0€'G L-Axoylewenel-Gz' 1 2'02'6 auupuens| splofeMly -7E-81G S
au0-g-uedspelday
(€102 " 1° 1uS) [;,'g10", 20"} L Llophoenerezeiq 3
8SNOW Ul SISOIq J8AI| PEoNpUI-7I00 uolpes}ipul S1A00UOIN -€1/-(S.1'S6'de'd L) SuLBI SplofeMly -20-61G 14
910z “le1e jant
Buez) sd1Ad perenwins (90 ZO aulosewiue|ju| suizesAdiAylewenal -9'G'e‘z auizensnbi splofey A e
(010Z “re 19 US)
syel ul Aunful JeAl| 01|04ooe dluUoIyD
(110Z “1e 10 N
Siel Ul 14N paonput 1a1p Jej-ybiH PHIL
(1102 “Te 10 N\
Syel Ul 14N peonpul 1a1p yej-ybiH gr-dN
(L10Z “re 1 N .
syel Ul 14N peonpul 1eip 1ej-ybiH LEONH sjejeoe(Awniuezefyiewy)-z aureieg splofeMly -€1-201 z
(9102 “e 10 oA
SII90 2 79ZMVYH UMOPX0OOUN-/XZd
(9102 “[e 18 oA
Sd1Ad peyeinuls s|I90 /' ¥9ZMVY
910z “[e 1@ joAp) @snow ul ebewep
JaA]| paonpul-usydouiweeoy
910z “le1e
IOAIA) 8SNOW Ul HSYN Paonpul-1aip
JUBIDIBP-BUII0YO PUE SUIUOIYIBIA
winijA-g |-usejo0
6LLL'SL'eL'e @ (Lot
-esoouaul, 7' 10'g";0'g
(Sloz Aemuyred /xzd ‘1'70°0'8" | HlopAoeuedeze 1-€8
“[e }o Busyg) yed ur Anfur 4| oredaH ‘SUIOSBWIWEU| ‘SS8.IS BNEPIXO - € L-BX0Ip-/'G-Axoyleowip-£ L ‘gl suuscIeg SplofeMly -9802 L
‘'ON
S|apouwl [[2)/S|epow jewliuy suwisiueyoaw pajeley saweu O_um50~w>w MUCSOQEOO suoneouisse|n [\ 0] "ON

*selpadoid Aloyewwelur oieday-iue yim syonpold feinjeu Jo siebiel [eoibojooeulieyd | | 379VL

June 2018 | Volume 9 | Article 455

Frontiers in Pharmacology | www.frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Anti-hepatic Inflammatory Natural Products

Peng

(penunuoD)

SUO-7-UBWOIYD[IA
-Z-uexo(AyewAxolpAy)

(€roz “rew -9-AxoipAyuy
Buad) je1p IleDag-190817 Ag peonpul -G'v'e-(d9'SS dy'de'sell-8 0-66
yed ur Aunfur Jsni 21j0yoo[e oIuoIyD 71Q0 ‘w'edL ~(AusydAxoipAy-)-g-Ax01pAy-, uuelend Splouone| -189¢ Gl
(S10Z “e 10 Buenp) asnow QuUO-f-uswoiydjAusyd g
ur Aunfur Jani peonpul-Ne9-a/Sd 4L ‘2HN -g-Axoyrew-9-AxoipAyip-2 ‘s V UliAx010 Splouonel -L1-08% 14
auo
-{-UBWOIYO0IPAYIP-£‘Z-AXO[IA-2
-UeXO[|Ay1WAXO(|A-g-uexojAyew
-9-Ax0IpAYUI-G' 7 €)]-9-Ax0IpAyLY
(9Loz “re1e -§'p'el-L-(AusydAxoyew €
ILIN0Y) syed ul Aunful JeAl| peonpul-Sd SS8.1S OAIePIXO -7-AX0IPAY-€)-g-Ax0IpAY-G uipLedseH SPIOUOAB|H -92-02S ol
(7102 “e 39 ury) esnow
ur siiredsy peonpul-Ne9-a/Sdl
(€102 “e 1o Buenn) QUO-f7-UaWoIyd(|AuaydAxoipAy 0
Sied Ul sIsoIql Jenl| PeONPUI-|0YOOY g7-dN -p)-g-AxoIpAuIg-2'S uiBisiuey splouone ~cL-9vy ch
pioe
|AX0QUED-Z-2UBXOAXOIPAYLY
-G'y‘e-Ax0o(/A- -uewoiyojhusyd
(2002 “[e 10 NI -g-0X0--Ax0IpAuIp 6+
asnow Ul siiiyedey peonpui-y/ UoD SS841S BAIBPIXO -9'G)-9-(S9'HS'St'SE'S?) uljeoreg SplouoAe| -L96l¢ L
(€roz e
usyD) ¥eu ut Anfur Jeny peonpul-Sd]
(102 “1e 1@ ‘M Bueyy) QuUO-f-uswoiydjhusyd o]
asnow ul siireday paonpul-y UuoD UO[JeJ}|ijul SSIAD0UOI {SBUINOIAD -Z-Ax0UpAyuL-2‘9‘G uiefeoreg SPIOUOAE| -/9- L6V oI}
(7 1L0Z ‘e 1@ oyD) asnowl BUO-f7-UsoIyo(jAusydAxoyiew ¥
ut Anfur Jeny peonpul-NIvVO-0/Sd A-4N MdVIN -)-g-AxoIpAyip-2's uneoedy SplouoAe| -i-08Y 6
(G102 “e1e enx) v uoD Aq
paleinwins s|18d 19 pue L'¥9gMvd
(S1ozZ “fe @ oeny) QuoIp-0 | ‘g-susdelyiue/Ayew auouinbelyue L
asnow Ul siiiyeday peonpul-yy Uoo *-4N MdVIN -9-AxoipAym-g'e’ | uipow3 —8uouino -¢8-8IS 8
QUO-B-UsdBIYIUR
-HO 1-[1A-g-uexo(|AurewAxoipAy)
-9-Ax0IpAyu
(710Z e 19 1nD) -G'y'€]-0 L-(AuewAX0IpAY) auouinbeJyjue 0-19
asnow Ul Anfu Jol| Oljoyoofe dluoIyD $S811S OAIBPIXO ‘¥ 1AD ‘PH L -g-Ax0IpAyIp-8‘ | uloly —auounp -G08 /
‘ON
s|apow ||99/s[epow [ewiuy swis|ueyoaw pajejay saweu olewolsis spunodwo) Luoneoyisse|n (N7 ‘ON

panunuoD | 1 378vL

June 2018 | Volume 9 | Article 455

Frontiers in Pharmacology | www.frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Anti-hepatic Inflammatory Natural Products

Peng

(penupuo)

91eous-g
-doud(jAusydAxolpAuip-1'€)-e-(3)
[IA-g-uexo[|AyrewAxofjA-g
-UexojAy1eW-9-AXoIpAYU-G'v'e

~(S9'4S dr'de Hell-g-AxoipAuip 9pIsO0AIB
(G10z “'[e 19 Ued) snow -G'p-[Axoure(iAusydAxoipAuip v ploueyisifusyd k=21
ul Aanfur feny peonpul—Ne9D-a/Sd1 g@%-4N ‘gHN -7'€)-2l-9-(H9'dS "y 'se de)] opiselyifsio —sopIsoon| -9166. ze
QUO-17-UBWOIYD0IPAYIP-£°2
(510z e 10 -Ax0[|A-g-uexo(|Ay1eWAX0IpAY) apIsoon|B
0BD) 18Ip IleDe-1eger] Ag peonpul -9-Ax0IpAUm-G'7'e-(SS'St'S2)] -g-9-0-2 S-ev
1eJ ul Anfur Jal| Oljoyoofe dluoIyD $S8.1S ONIBPIXO - /-lAusyd-z-Ax0IpAy-G-(S2) -uugquIsdould S9PISOON|D) -628G/ 12
(9roz “re e
oel) esnow ul Anfur y / | oiredeH SS8.1S ONIBPIXO
(SLoz e 10 "W usyQ) uoneUl 81£005Na 1A-(H2)e |
asnow Ul siiiteday peonpul-y UuoD {SOUMOWBYD/SBUMOIAD -uslejuad(po)engojokoexolp
(S10Z e 18 "N Usy)) -p'g-H}-oueyew
asnow Ul siiiredey peonpul-y/ U0 -G‘Z-IAyBW-Z-AX0IpAY-G
(9102 -oJpAyensy(Aylew(Axojfozuaq))
“[e 18 BIN) ¥el Ul HSYN paonpul—3alp -05-(SAG'Heg g Hee 'de'sel) 9-/G
1e4-ybly pue |osese|oyo-ybiH gr-4N ‘apisouelAdoonH-g-eieq upojluosed SOPISOON|D) -081€2 0z
(Qroz
“le 10 oe]) esnow ul Aunful 4/| onedsH $S8.1S OAIBPIXO
910z “[e 10 0OED) BSNOW Ul SWOSBWWENU| BUO-7-UBWOIYD-Hi-[Ausyd 0-v¥
Anful Jo| 8Inoe peonpul-NeD-a/Sd1 “CHN -Ssauis en1epIXO -g-Axoyrew-g-AxoipAuig-2's BPISOUOBOMN SplouoAe -6S01S 6}
(c1Loz “lew BUO-{-uswolydjAusyd 6
uayD) yed ur Anful Jeny peonpul-Sd uonel|ul 9IA00UON -g-Axoylew-g-AxoIpAyIp- ‘g uluoBop SpIOUOAE|S -G8-2¢9 8k
proe
OlAXOQLBD-Z-8UBXOAXOIPAYL
-G'y'€-AXO[|A- 2 -UBUIOIYOOXO-1
(2002 “[e 10 uel) ~(1AusydAxoupAu-1)-z-AxoipAyip 8-10
asnow Ul siiiiedey peonpul-y/ U0 SS8.1S BAIBPIXO -9'6]-9-(S9'HS'St'S€E'S?) ule||eInog SplouoAe| -0v.lle L
(0102 e 18 N) joueyle 8UO-1-UBLUOIYDAXOIPAYLY S
AQg pareinuwis e14003eday Awrend 1ey $S8.1S ONBPIXO -1'G‘e-(AuaydAxoipAyip-°¢)-2 und2JIeNy SPIOUOAE|H -6S-L11 9l
'ON
s[opouwl [|[9D/s[opow [ewiuy swisjueyoaw pajejdy sawieu oijewalsAs spunodwo) Luoneoyisse|n SV ‘ON

panunuoD | 1 37aVL

June 2018 | Volume 9 | Article 455

Frontiers in Pharmacology | www.frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Anti-hepatic Inflammatory Natural Products

Peng

(penupuoD)

(r1oz

“'[e 18 $9J0|4-Z8UsLLIr) esnow gp/dp gr-4N
(9102 “e 18 Buoyz)
9SNOW Ul ain|ley} JoAl| PeoNpul-Sd] MAdVIN
(cloz “lee
n1) @snow Ui siiyedey peonpul-y/ U0y 6V ‘ed1L
(SLoz “re1e
no) asnowl ul Aunful JeAl| peonpul-
Seuoe WNL8oeqIuUoIdold 81ndy
(210z e 18 Buepn)
asnow ui sijiredsy peoNpUL-Y U0D LEOINH
auoip-g'e
(Lroz “e1e -oualp-9° | -ejday(|AusydAxoyiew )
N|) esnow ut siiyeday peonpui-yy uod SBUMOWBYD/SBUNOIAD -g-AxoipAy-y)sia-2*1-(39'3 1) uInoINg lousydAjod -/€-85¥ 62
(8002 e 1
webnwueys) sd1 Aq parenwins
sebeydoioew pue efoloiw sulny SS8l1S aAIepIXO
BUO-1-UBWOIYD0IPAYID
-€'¢-[IA-9-uixopozuag
- L-0IpAYIP-£*Z-(AUIoWAXIPAU)
(€002 “'[e 1© uuewnNyos) -2-(lAusydAxoyiew-g sueuBijouone)y 9-0/
asnow i sijiredsy peonpul-y U0D gr-dN -Ax01pAy-)-g]-z-Ax0IpAyul-2‘G'e uIgAis —spiouedoidiAusyd -888¢¢ 82
(Sroz “re1w BUO-g-UsWOoIydAXOyI8WIP upewnod [¢]
NI7) 801w Ut Aunful Jeny| peonpul-Sd MdVIN ‘gH-4N -8'9-Ax0IpAy-/ UIpIXeHOS| —plouedoidiAusyd -lg-98% rd
(c1Loz “re auszuaq(jhusdoid L
0yD) esnowl ut Ainfur g/ oredaH GH-4N MV P TL LEDINH -1)-p-Axoyrew- L -suely ajoyeuy spiouedoidjfusyd 9101 9
1oz au0-g-uelAd(Aouejuad|Aylow 8-9G
“[€ 18 [7) 80IW Ul %00ys OIX0}0pu3 MV G-dN -¥)-g-IAyrew-9-AxoIpAy-1 auojsobod SeuU0joe] -008€2 o1
a1ejAxoqen
--uesAd[o]eyuadojohooipAyeiey
-e'g'ey'L
-Ax0[|A-z-uexo(|AyrewAxoIpAy)
-9-AxoIpAyuy SOPISOOA|B
(e1oz -G'p'e-(H9'SG 'Sy 'de se)] plopLl 8-€9
“[e 18 Wiy @snowl ut Ainfu 4| oiredeH Ssalls 8AllepIXO - L-(AyrewAxolpAy)-2-(S 1) IAuew episodiuen) —S8pISOoN| -2lShe e
[0L-G'Y'e
-auexo[Axouyie(jAusydAxoipAy OpISOOAIB
(r10Z e 1o NH) go-4N ‘uoe|ul 9}A003NeT -)-2l-9-(IAurewAxoipAy) ploueyisifusyd 6-15
asnow ui sijiredsy peonpul-y U0D 'SBUINOWBYO/SUNOMD -2-(49°'Hg'SY'Se'de) apisoiplfes —S9pIsoon| -86€01 €2
'ON
S|apouwl [[2)/S|epow jewliuy suwisiueyoaw pajeley saweu O_um_.:wnw>w m_o::Oa_F_OO suoneaouyisse|n SvYo ‘ON

panunuoD | 1 31avL

June 2018 | Volume 9 | Article 455

Frontiers in Pharmacology | www.frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Anti-hepatic Inflammatory Natural Products

Peng

(penupuoD)

proe

ollAxoqJeo
-Z-0ueX0AX0IPAYLI-G ‘1 S-AXO[IA
-£-UBXOAXOIPAYIP-G - [AXO(IA
-g-us21d-H | -04pAyedspop
-ey|'egl2L'0L'6'8'2'9'g"BY'e'e
-0X0-17 | -JAyrewelday

(6002 “'le 10 BoNINS]) -aylL‘L1L'eg a9 e9'v'y €-98
asnow Ul siineday peonpul-y uoD $S8.1S ONIBPIXO -Axoqueo-| |)]-g-Axoqueo-g)-9 UIZIYLADAID suluodes -GOv | %
[ou-G'y'e
-0UeXO(JAYIBWAX0IPAY)-9-[AXO[IA
-9-uaiyjueusydleleiuadojoho
-H |-0IpAyEed8pPOP
-LL9LSLEL gL LB L'9'G'ee
-[A-g-us-g-1deyAxo[|A
-Z-uexo(AyewAxolpAy)
-9-Ax0IpAyu
-G'v'e-(d9'SS 'SP 'de STl
-z-IAgrew-9-(s2)]
-/ L-Auewrelued- L'0 L8 'y
-AxoIpAyIp-g L e-(SLL'dr L 'ge L
(€10g “[e 10 0eQ) ‘Hek'doH'H6'd8's9'dg selll [ReS] 0-6€
asnow Ul siiyedey peonpul-y/ U0 SaUOWBYD/SBUNOIAD -¢-(49'SS'St'de de) episoussul suiuodes -lgvee (%3
710z e 18 Bueyz) esnow
ur Anfur Jeay peonpul-NIVO-0/Sd SSauIs OAEPIXO
ulueBeooe|o1iyd
(rLoz “le1e [IAsouesAdolfx-a-q v 9-20
Bueuz) #1090 Aq pereinwis sjjed zO MdVIN ‘g-dIN -(v'1)-iAsoueshdoon|b-g-al-0-¢ apIsojue|nosy suluodes -/6v59 ze
[oIp-g*L
(9102 ‘e 10 Nxyossay) -auazuaq[lAusyia(jAusydAxoipAy 0
Sd1Ad peonpul esnow Ul HSYN ¥71d0 -v)-¢-Q)-s |0esonsey lousydAjod -9e-10S Le
(G102 “[e 10 eAILMEINS) Jousyd|Aus-g-doid-p-(Ausydihus 9/
asnow ul Anful JaAl| paonpul-Sd SS8.IS AIIBPIXO {SOU0ILD -g-doud-g-Ax0IpAy-1)-2 |OMOUOH jouaydAjod -¥GEGe 0g
(9102 “[e 1o Buoyz)
8SNoW Ul ain|ie} JoAl] peonpul-Sd] 2HN
910z “[e 10 Buoyz)
8SNOW Ul ain|ie} JoAl| peonpul-Sd]
‘ON
s|opouw [[9D/S[epow [ewiuy swisjueyoaw pajejey sawieu onewalsAs spunodwo) Luoneouysse|n SVo "'ON

penunuoD | | 318VL

June 2018 | Volume 9 | Article 455

Frontiers in Pharmacology | www.frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Anti-hepatic Inflammatory Natural Products

Peng

Aue s,ai8U) J1 PapIA0Id S| UOHBLLIOJUI SSE[O-GNS 8] "8Seqejep punoduwo) WayOgng Uo PaULIJUOD 8lem SpUNOdLIOD JO SSLBU JJJBWSISAS 8L/ "UOHBILISSEIO JO JPIO [eO8qRYCE Ul PAZLUBLULINS 8le Spunodwo

(71,02 “*[e 12 Wiy) @snow ul
ainjre} oeday PEONPU-NIVD-A/Sd T

(e1oz
“[e 10 W) asnow ul Anfur Y/| onedeH

(Lrog
“[e 18 NAN) @snow Ul Aunful 4/) onedeH

(crozg “le 1@ Ius)
asnow uj siyedsy peonpul-y Uuo)

10-6
-uasAuyo[elelusdoloAooipAyeospexay
-qgl'egl'elch
‘LL'LL'oL'e'BLL'9'G e L
-|A-g-ue- | -doud

- | -JAylewexay

-e| 1'g'g'agegeg

-(dagl'geel'dal L'yel |

1L 'S6'de . 'das HeS ‘gee dL)
a1elAxoqueo-1
-uesAd[o]eyuadojohooipAyediey
-e/'g'ep'|

-(IAyreWAX0IPAY)

- /-Ax0IpAy

-L-(Ses'ser'dl)

SSOIIS BABPIXO Ayrew
auo-/ L-ue-(8 L)y

-s00l[{gL v 1O {116} ,0

RVACIVOR CRANVeRTArA VN WAIRE|
ojoAoeydayexoenel

-9L'oL'9'e

-()A-z-uedoud)- 2

-lAyieW- | -Ax0UpAy

-8-(SeL'Shi

g7-dN 'S6'd8'd.'SS'SK'Se 'S
auo

-Z-UejloxoAxoIpAy

-p-[ouspliAyiefiA

- L-useyydeu

-H L-0JpAyexay

-8'L'9BY'v'e

-auspliAyisw

-Z-Auewip-eg‘g

-(IAyreWIAX0IPAY)

-G-Ax0IpAy-9

-(Seg'do'dg'ser ' dl)]

SSUIS BAEPIXO -¢l-e-(st'3g)

joadn

uidiue

oploydu|

apljoydelboipuy

plouadieyly
—splouadis]

piopul
—splouadia|

apixodaly
—splouadia]

plouadisyp
—splouadia|

-Ly-9¥S 8¢

8-11
-¢069 VA,

(4%
-8¥/8¢€ 9€

1-8G
-8099 ge

s|epow ||99/s|epow [ewiuy

saweu
swisiueyoaw pajejey onewslsis

spunodwo?)

sUoneoyIsse|y

‘ON
SVO "ON

penuiuoD | | 319VL

June 2018 | Volume 9 | Article 455

Frontiers in Pharmacology | www.frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Peng

Anti-hepatic Inflammatory Natural Products

Circulation

CCR2 Monocyte

S
-$
o

4,10,18,20,23

CCL2

Leukocyte

Adhesion <
molecules

Firm adhesion

? Transmigration

Rolling

® o o e

© TNF-a
()
()
..

D,
-G
4

Liver tissue

10,20,23,29,30,33

o P 0({/‘7

Cytokines / Chemokines

Endothelial cells

o-

Kupffer cell

FIGURE 1 | Natural compounds suppressing cytokines/chemokines and leukocytes infiltration. The number indicates compounds described in Table 1. CCR2, C-C
chemokine receptor 2; CCL2, C-C chemokine ligand 2; TNF-a, tumor necrosis factor alpha.

Imaeda et al., 2009), and fibroblasts (Rawat et al., 2010). KCs
robustly activate the NLRP3 inflammasome to produce high
levels of IL-18 (Negash et al., 2013).

The alkaloids, berberine and ligustrazine, were found to
inhibit the NLRP3 inflammasome. Berberine inhibited hepatic
necroinflammation, IL-18, and NLRP3 inflammasome in non-
alcoholic steatohepatitis (NASH) induced by methionine and
choline - deficient diet in mouse, which based on interference
with activation of P2x7, a purinergic receptor involved in
inflammasome activation (Vivoli et al., 2016). Ligustrazine was
found to reduce NLRP3 and cleaved-caspase-1, to decrease IL-
1B cleavage, and IL-1P secretion in human LO2 hepatocytes
stimulated by LPS (Zhang et al., 2016).

The flavonoid, wogonoside, inhibited liver injury and the
expression of hepatic NLRP3, ASC, caspase-1, and IL-1f induced
by LPS/D-GalN in mice (Gao et al., 2016).

Inhibition of TLRs Pathway

Prevention on HMGB1 Release

High mobility group box 1 (HMGBI1) is one of the first
identified members of the DAMP molecular family (Yang
et al, 2015). HMGBI release occurs during tissue injury
or microbial invasion via passive and active ways. Passive
release is nearly instantaneous, which occurs in the context
of necrotic cell death. The active HMGBI1 secretion depends
on acetylation of nuclear localization sequences sites, which
prevents the continuous bidirectional shuttle of HMGB1 between

the cytoplasm and the nucleus, and leads to cytoplasmic
accumulation of hyperacetylated HMGBI1. Caspase-1 activated
by the inflammasome system is required in pyroptosis, a
gradual induction of programmed, proinflammatory cell death,
which allows cytoplasmic HMGBI to reach the extracellular
space (Lamkanfi et al, 2010; Lu et al., 2012). HMGBI1 can
interact with TLR2, TLR4, TLRY, and the receptor for advanced
glycation endproducts, in which, TLR4 is the dominant one
(Andersson and Tracey, 2011). HMGBI1 binds to TLR4 and
activates macrophages (Yang et al., 2010) through nuclear factor
kB (NF-«kB) pathway (Park et al, 2004). HMGBI is critical
for neutrophil recruitment, injury amplification, and lethal liver
injury (Huebener et al.,, 2015).

The alkaloid, betaine, decreased serum levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and
histological scores for steatosis, inflammation, and necrosis, as
well as serum and hepatic HMGBL1 in non-alcoholic fatty liver
disease (NAFLD) induced by high-fat diet in rats (Zhang W. et al.,
2013).

Anethole, a compound of phenylpropanoids, was found to
attenuate liver injury and pro-inflammatory cytokines secretion
in hepatic ischemia/reperfusion (I/R) mouse, and to inhibit
the release of HMGBI1 by prevention on nuclear translocation
of interferon regulatory factor and interaction to histone
acetyltransferase p300 (Cho et al., 2013).

The polyphenolic compound, curcumin, was reported to
decrease serum ALT, TNF-a, IFN-y, and hepatic necrosis
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and apoptosis in propionibacterium acnes-induced liver injury 3 (STAT3) signaling in KCs, resulting in enhanced responsivity
(Gu et al, 2015) and Con A-induced hepatitis (Wang et al.,  against low-dose LPS in the liver (Imajo et al., 2012), which
2012), which related to its inhibition on HMGBI1 cytoplasmic  contributes to the progression of NAFLD.

translocation and expression by down-regulation of acetylation The alkaloid, betaine, resulted in significant amelioration of
of lysine. serum ALT, AST, endotoxin, TNF-a, IFN-y, and IL-18 and

histology in liver, as well as down-regulation of the expression of
Down-Regulation of TLR4 and CD14 Expression hepatic TLR4 mRNA and protein in chronic alcoholic liver injury

TLRs, especially TLR4, are receptors of LPS, the component of  induced by high fat diet plus ethanol and fish oil in rats (Shi et al.,
outer membrane of Gram-negative bacteria. The gut-derived LPS ~ 2010).

is involved in the pathogenesis of inflammation in several kinds The flavonoids, oroxylin A and puerarin, were found to
of liver diseases, such as NAFLD and alcoholic liver disease. ~ down-regulate the expression of TLR4 and CD14. Oroxylin A
LPS is recognized by the complex of CD14, TLR4, and myeloid  inhibited hepatic TLR4 expression and the downstream NF-kB
differentiated protein-2 (Fujihara et al, 2003). A serum LPS  activation in LPS/D-GalN-induced liver injury (Huang et al,
binding protein (LBP) transfers LPS to CD14. CD14 concentrates ~ 2015). Puerarin decreased hepatic inflammation in chronic
LPS and presents it to TLR4 to activate the down-stream signaling  alcohol-intake rats, and inhibited the protein expression of CD14,
cascade and ultimately initiate transcription of pro-inflammatory ~ TLR2, and TLR4 (Peng et al., 2013).

factors. Leptin was recently found to induce CD14 expression The polyphenolic compounds, resveratrol and curcumin
via activation of signal transducer and activator of transcription =~ were reported to be effective on CD14 and TLR4. Resveratrol
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dramatically inhibited inflammation in a low-dose LPS-induced
model of NASH through inhibition of the STAT3-CD14 pathway
in KCs (Kessoku et al., 2016). Curcumin also reduced hepatic
TLR2, TLR4, and TLRY in Con A-stimulated liver tissues in
mouse (Tu et al., 2012).

Aloin, a compound of anthraquinone, reduced liver injury in
alcoholic hepatitis mice, and simultaneously, decreased serum
LPS and the protein expression of hepatic TNF-a, TLR4, and
MyD88 (Cui et al., 2014).

Inactivation of TLR4-Downstream Signaling

The downstream signaling of TLR4 involves myeloid
differentiation primary response gene 88 (MyD88)-dependent
and MyD88-independent pathway. In MyD88-dependent
pathway, MyD88 associates with TLR and IL-1 receptor and
recruits interleukin-1-receptor associated kinase (IRAK) to
the receptor complex. IRAKs are subsequently phosphorylated
and dissociated from the receptor complex and interact with

TABLE 2 | Clinical evidence of natural compounds.

Compounds Liver diseases Research type

Berberine NAFLD (Yan et al., 2015) RCT

Curcumin NAFLD (Rahmani et al., 2016; Panahi RCT
etal., 2017)

Glycyrrhizin Hepatitis C (van Rossum et al., 1999;  RCT
lino et al., 2001)
Hepatitis B (Zhang and Wang, 2002) RCT
Hepatocellular carcinoma related to Retrospective study
hepatitis C (Arase et al., 1997)

Matrine Hepatitis B (Wang et al., 2017) RCT

Quercetin Safety (up to 5g daily) (Lu et al., 2016) A phase | dose
Potential antiviral activity in hepatitis C ~ escalation study
(Luetal., 2016)

Resveratrol Hepatitis C (Pennisi et al., 2017) RCT

Silybin Alcoholic or viral hepatitis (Vailati RCT
etal., 1993)
NASH (Chan et al., 2017) RCT

Taurine Hepatitis C (Hu et al., 2008) RCT

TNF-receptor associated factor 6 (TRAF6) (Li and Verma, 2002).
TRAF6 activates mitogen-activated protein kinases (MAPK)
and NF-kB pathway, and initiates pro-inflammatory genes
expression.

The alkaloid, betaine, ameliorated hepatitis and decreased
hepatic mRNA and protein levels of TLR4 and NF-kB in NAFLD
rats induced by high-fat diet (Zhang W. et al., 2013).

The flavonoid, acacetin, attenuated serum TNF-o and IL-
6 levels, and down-regulated protein expression of TLR4,
activation of p38 MAPK/JNK and NF-kB nuclear translocation
in D-GalIN-challenged mice (Cho et al., 2014).

Pogostone, a compound of lactones, reduced liver injury
and mortality induced by LPS in mice by inhibition on
phosphorylation of p38 MAPK and NF-kB (Li et al., 2014).

The phenylpropanoids, anethole and isofraxidin, were found
to inactivate the TLR4-downstream signaling. Anethole
attenuated liver inflammation in hepatic I/R mice and
down-regulate the protein expression of TLR4, MyD88,
and activation of MAPK and NF-kB (Cho et al, 2013).
Isofraxidin, a compound of coumarin, reduced LPS-induced
hepatic injury, phosphorylation of extracellular signal-regulated
kinases 1/2 (ERK1/2), c-Jun N-terminal kinase (JNK) and
p38 MAPKs, and NF-kB activation simultaneously (Liu et al,
2015).

The polyphenolic compound, curcumin, was reported to
inhibit the activation of p38 MAPK/JNK cascade, which
correlated to its amelioration on LPS-induced liver injury (Zhong
et al., 2016).

The anthraquinone, emodin, decreased Con A-induced
hepatic necrosis, pro-inflammatory cytokines and chemokines,
and CD4 (+4) and F4/80 (+) cells infiltration in the liver,
accompanied with the inactivation of p38 MAPK and NF-kB
in vivo and in vitro (Xue et al., 2015).

Esculentoside A, a compound of saponins, reduced liver
injury, F4/80 (4) and CD11b (+) cells infiltration and activation
of NF-kB and MAPK in the liver stimulated by CCly (Zhang et al.,
2014).

The terpenoid, lupeol, reduced liver injury, the protein
expression of TLR4, MyD88, IRAK-1 and TRAF6, and NF-kB
nuclear translocation in LPS/D-GaIN-induced fulminant hepatic
failure in mice (Kim et al., 2014).

TABLE 3 | Clinical evidence from the traditional Chinese medicine formulas.

Traditional Chinese Containing compounds Clinical use Research type
medicine formula
Xiao Chai Hu Tang Baicalein Hepatitis B (Tajiri et al., 1991) RCT
Baicalin
Oroxylin A
Scutellarin
Wogonin
Ginsenoside Rg1
Yin chen hao tang Emodin Improve liver function and fibrosis in RCT
Geniposide postoperative biliary atresia (Kobayashi
Genipin et al., 2001; Tamura et al., 2007)
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INACTIVATION OF NF-«kB

Besides TLRs signal, NF-kB activation is also mediated by TNF-
a, T-cell receptor signaling (Li and Verma, 2002), and RhoA/Rho
kinase (ROCK) (Perona et al., 1997).

IRAK-4, a member of the IRAK family, functions upstream
of the other IRAKs and involves in signaling of innate immune
responses from TLRs and T-cell receptors.

Taurine, a sulfur-containing PB-amino acid, the major
constituent of bile, protected against hepatic I/R injury and
inhibited TNF-a expression in KCs partially by down-regulation
of IRAK-4 and the downstream NF-kB activation (Sun et al,,
2012).

The flavonoid, genistein, decreased levels of inflammation
mediators, including IL-6, TNF-a by inactivation of NF-kB in
alcohol-induced liver fibrosis in rats (Huang et al., 2013; Chen
S. R. et al.,, 2015) and LPS/D-GalN-induced hepatitis in mouse
(Lin et al., 2014).

The glucosides, paeoniflorin and salidroside, were found
to inactivate NF-kB. Paeoniflorin ameliorated liver injury and
inhibited serum TNF-o in NASH in rats and simultaneously
inhibited the activity of ROCK and activation of NF-kB in liver
(Ma et al., 2016). Paeoniflorin was also reported to inhibit the
activation of NF-kB in liver tissue in Con A-induced hepatitis
(Chen M. et al., 2015). Salidroside (Hu et al., 2014) inhibited
Con A-induced hepatits, proinflammatory cytokines, hepatic
infiltration of CD4 (+), CD8 (+) by regulating interferon-
inducible CXCL10 and NF-kB activation in liver tissue (Hu et al.,
2014).

The polyphenol, curcumin, down-regulated the protein
expression of NF-kB in the liver of db/db mouse (Jiménez-Flores
etal., 2014).

Silybin, a compound of flavonolignans, reduced plasma
levels of transaminases and liver content of pro-inflammatory
cytokines, inhibited hepatic NF-kB activation, and increased
plasma and tissue levels of IL-10 in hepatitis induced by Con A in
mouse (Schiimann et al., 2003).

The terpenoid, triptolide suppressed neutrophil infiltration,
pro-inflammatory cytokine level and NF-kB activation in I/R
liver in mice (Wu et al.,, 2011).

INHIBITION OF ROS PRODUCTION

Reactive oxygen species (ROS) induces chronic inflammation
by the induction of cyclooxygenase-2, inflammatory cytokines
(TNF-a, IL-1, IL-6), chemokines (IL-8, chemokine receptor
type 4), and pro-inflammatory transcription factors (NF-kB)
(Gupta et al,, 2012). The widely studied and understood ROS
family includes the superoxide anion, hydroxyl radical, hydrogen
peroxide, and hypochlorous acid (Thannickal and Fanburg,
2000). ROS can rapidly combine with nitric oxide to form
reactive nitrogen species (Beckman, 1996), which induces
nitrosative stress and contributes to the pro-inflammatory
burden of ROS. Superoxide dismutase (SOD), catalase,
glutathione peroxidase (GPx), and peroxiredoxins are important
enzymes involved in antioxidant reactions (Mittal et al., 2014).
Glutathione (GSH) is a very powerful endogenous antioxidant.

Synthesis of GSH is regulated by catalytic and modifier subunit
of glutamate-cysteine ligase, which are characteristic target genes
of nuclear factor (erythroid-derived 2)-like 2 (Nrf2) (Solis et al.,
2002).

The alkaloids, berberine and tetrandrine, were reported
to target the production of ROS. Berberine dramatically
attenuated the hepatic histopathologic damage, restored the
liver function, and decreased the oxidative stress level in
I/R liver in rat (Sheng et al, 2015). Tetrandrine ameliorated
I/R liver injury by suppressing oxidative stress, including
decreasing malondialdehyde (MDA), myeloperoxidase (MPO),
and increasing SOD (Cheng et al., 2008).

The flavonoids, including scutellarin, baicalin, hesperidin,
quercetin, wogonoside, and oroxylin A, were reported to inhibit
ROS. Scutellarin (Tan et al,, 2007) decreased the production
of ROS and the expression of inducible nitric oxide synthase
(iNOS) in Con A-induced hepatitis. Baicalin (Liu et al., 2007)
reduced MPO activity and lipid peroxidation, and increased the
anti-oxidative SOD expression in liver tissue in Con A-injected
mice. Hesperidin down-regulated the expression of nitric oxide,
hydroperoxides, and thiobarbituric acid reactive substances, and
increased GSH, glutathione reductase, GPx and glutathione S-
transferases (GST) in the liver of rats treated with LPS (Rotimi
et al.,, 2016). Quercetin reduced secretion of AST, MDA, and
increased levels of GSH and SOD in rat primary hepatocytes
stimulated by ethanol (Liu et al., 2010). Wogonoside (Gao
et al., 2016) decreased inflammatory factors accompanied with
inhibition on the production of MDA by activating Nrf2 and
increasing heme oxygenase-1 (HO-1) and catalytic subunit of
glutamate-cysteine ligase in LPS/D-GalN-induced liver injury.

Silybin, a compound of flavonolignans, attenuated iNOS and
TNF-o expression in macrophages induced by LPS in vitro
(Shanmugam et al., 2008).

The glucosides including paeoniflorin, geniposide,
pinocembrin-7-O-B-D-glucoside and forsythiaside A, were
found to inhibit ROS. Paeoniflorin (Tao et al., 2016) ameliorated
I/R liver injury by decreasing MDA content and enhancement
of the activities of hepatic SOD, GSH, and GPx. Geniposide
(Kim et al.,, 2013) ameliorated I / R liver injury by decreasing
MDA and increasing the ratio of GSH / glutathione disulfide
and the protein expression of HO-1 in liver. In chronic ethanol-
challenged mouse, pinocembrin-7-O-B-D-glucoside significantly
reduced hepatic ROS and MDA, and restored the activity of
GSH, SOD, and GPx and increased the hepatic expression of
Nrf2 and the downstream anti-oxidant HO-1 (Cao et al., 2015).
Forsythiaside A (Pan et al., 2015) protected against LPS/D-GalN-
induced liver injury by up-regulated the expression of Nrf2 and
HO-1 in the liver.

The polyphenolic compound, curcumin, was reported to
reduce hepatic oxidative stress in Con A-induced hepatitis (Wang
et al, 2012), to decrease the levels of MDA and 4-hydroxy
nonyl alcohol in the liver of NASH rats (Wang et al., 2015) and
to accelerate liver antioxidant enzymes levels, including SOD,
catalase, GSH and GPx, in LPS-induced liver injury (Zhong et al.,
2016).

The saponnins, glycyrrhizin and esculentoside A, inhibited the
production of ROS. glycyrrhizin (Tsuruoka et al., 2009) reduced
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hepatitis in Con A-stimulated mice and inhibited the expression
of iNOS. Esculentoside A (Zhang et al., 2014) inhibited MDA
release and increased GPx activity in liver induced by CCl4 and
LPS/D-GalN.

CLINICAL EVIDENCE

The most powerful evidence of a drug candidate comes from
RCTs. In this part, the natural compounds verified in RCTs are
summarized.

The alkaloids, matrine and berberine, were verified in RCTs.
Matrine combined with INF exhibited better clinical efficacy
including negative conversion rate of hepatitis B virus e-antigen,
hepatitis B virus DNA, and AST level, and fewer adverse effects
than did INF monotherapy in patients with chronic hepatitis B
(Wangetal., 2017). Berberine improved serum ALT, AST, hepatic
fat content, and insulin resistance in NAFLD patients (Yan et al.,
2015; Wei et al., 2016).

Taurine, the sulfur-containing f-amino acid, was reported to
decrease serum ALT and AST activities and levels of cholesterol
and triglyceride in hepatitis C patients (Hu et al., 2008).

The flavonoid, quercetin, exhibited safety (up to 5 g daily) and
a potential for antiviral activity in some hepatitis C patients in a
phase I dose escalation study (Lu et al., 2016).

Silybin, a compound of flavonolignans, has also been reported
to improve liver enzymes in alcoholic or viral hepatitis (Vailati
et al,, 1993). In a randomized trial on NASH, patients in silybin
group had reductions in fibrosis based on histology and AST than
did the placebo group (Chan et al., 2017).

The polyphenols, resveratrol and curcumin, were verified
in RCTs. Resveratrol combined with pegylated-INF-a2b and
Ribavirin was reported to improve AST, viremia, histological
activity index and C-reactive protein in hepatitis C patients
comparing to that in pegylated-INF-a2b, Ribavirin and placebo
group (Pennisi et al., 2017). Curcumin significantly reduced the
liver fat content, serum levels of ALT, AST, total cholesterol,
triglycerides and glucose in NAFLD patients compared with the
placebo group (Rahmani et al., 2016; Panahi et al., 2017).

The saponin, glycyrrhizin, is used intravenously or orally in
chronic hepatitis B and C patients. And its preparation under the
name of Stronger Neo-Minophagen C decreased ALT and AST
levels in patients with chronic hepatitis in multiple double-blind
studies (van Rossum et al., 1999; Iino et al., 2001; Zhang and
Wang, 2002). It was suggested that glycyrrhizin had a preventive
effect on the development of hepatocellular carcinoma in patients
with chronic hepatitis C (Arase et al., 1997).

It's interesting that the effects of curcumin and resveratrol,
the two controversial polyphenolic compounds, were both
supported by the results of RCTs. Curcumin targets multiple
anti-inflammatory mechanisms, which indicates that curcumin is
probably a powerful anti-inflammatory compound. But recently,
the effects of curcumin were questioned because it was classified
as a candidate of panassay interference compounds and invalid
metabolic panaceas (Nelson et al., 2017). Although the RCTs on
many diseases based on its anti-inflammatory effects have been
conducted (Derosa et al., 2016; Sahebkar et al., 2016), there was

rare report about the effect of curcumin on human hepatitis
under RCT design until the reports of Panahi et al. and Rahmani
et al. come out. It is encouraging even if the histological evidence
were absent. The anti-inflammatory potential of resveratrol was
demonstrated in metabolic syndrome in animal studies, while the
results from trials in metabolic syndrome were not as promising
as the pre-clinical data. It was also reported that resveratrol
did not decrease the levels of ALT and AST, as well as the
insulin resistance and steatosis in NAFLD patients compared
with baseline (Chachay et al., 2014). To confirm the effects of
resveratrol, more RCTs designed with histological checkpoints
needed to be developed.

On the other hand, several natural products with anti-hepatic
inflammatory properties are the predominant active compounds
in the traditional Chinese formulas, Xiao Chai Hu Tang (in
Kampo name of Sho-saiko-to) and Yin chen hao tang (in Kampo
name of Inchin-ko-to) which are popular medicine used to treat
liver diseases in ancient China and have been verified in RCTs
up to now. Xiao Chai Hu Tang [containing baicalin, baicalein,
scutellarin (Shimizu, 2000), oroxylin A (Liu et al., 2002), wogonin
and ginsenoside Rgl(Ohtake et al, 2004)] was reported to
increase INFy and hepatitis B virus core antibody and hepatitis
B virus e-antibody in peripheral blood mononuclear cells from
patients of chronic hepatitis B (Kakumu et al., 1991), which partly
contributed to its promotion on clearance of hepatitis B virus e-
antigen in the children with chronic hepatitis B (Tajiri et al., 1991)
and to adjust the decreased IL-10 production and the increased
IL-4 and IL-5 production of mononuclear cells from patients
with hepatitis C (Yamashiki et al., 1997). Yin chen hao tang
[containing geniposide, genipin (Inao et al., 2004), and emodin
(Imanishi et al., 2004)] was reported to improve serum ALT, AST,
gamma-glutamyl transferase, and fibrosis indicators (Hyaluronic
acid, type III procollagen N paptide, and type IV collagen) in
postoperative biliary atresia patients (Kobayashi et al., 2001;
Tamura et al., 2007).

CONCLUDING REMARKS

The anti-inflammatory effects of natural compounds in liver
have been widely demonstrated in different models of liver
injury in vitro and in vivo. It has been demonstrated that
the inflammation mediators including cytokines, chemokines,
pattern recognition receptors, the activated transcriptional
factors and the regulatory factor, ROS, are the potential targets
of these compounds. The anti-hepatic inflammatory activity is
not limited to certain class of compounds, since the alkaloids,
quinine, flavonoids, glucosides, phenylpropanoids, polyphenols,
sapoins, terpenoids, etc., all present activity on hepatitis. It is also
obvious that the flavonoids are the majority of these compounds
and mostly target the inhibition of oxidative stress.

But, most of the basic researches are limited to observations
of the changes of inflammation parameters and the
relative pathways. Only berberine was confirmed to inhibit
inflammasome by inactivation of P2x7 by using P2x7-
knockdown cell line. To identify the pharmacological targets,
it is necessary to employ the transgenic models of the potential
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target molecules in studies in the future. On the other hand,
using the ideal animal models with the characters of human
hepatitis in pre-clinic state probably prevent the controversial
results from the clinical trials. For example, con A-induced
acute hepatitis by a massive cytokine storm is not a reliable
animal model of autoimmune hepatitis which is characterized
by persistent chronic inflammation. While, the cytochrome
P450 2D6 (CYP2D6) humanized mouse targeting the human
autogantigen CYP2DG6 is a valid model to study autoimmune
mediated liver damage (Christen et al., 2007).

In most of the RCTs, ALT and AST were measured as hallmark
of hepatitis. The histological evidence was only provided in
few clinical trials, such as the RCTs of silybin and resveratrol.
Since liver biopsy is still the golden diagnosis standard for the
most types of hepatitis, the histological examination should
be conducted to confirm the effects of natural compounds on
inflammation in liver tissue.

Finally, as we see in the clinical evidence, the traditional
Chinese medicine formulas which contain groups of compounds
present positive results on hepatitis. It seems like a potential
strategy for hepatitis treatment to develop new compound
formulas consisting of natural compounds with clear chemical

REFERENCES

Andersson, U., and Tracey, K. J. (2011). HMGBI is a therapeutic target
for sterile inflammation and infection. Annu. Rev. Immunol. 29, 139-162.
doi: 10.1146/annurev-immunol-030409-101323

Anuar, F., Whiteman, M., Siau, J. L, Kwong, S. E., Bhatia, M., and Moore,
P. K. (2006). Nitric oxide-releasing flurbiprofen reduces formation of
proinflammatory hydrogen sulfide in lipopolysaccharide-treated rat. Br. J.
Pharmacol. 147, 966-974. doi: 10.1038/s].bjp.0706696

Arase, Y. Ikeda, K. Murashima, N, Chayama, K, Tsubota, A,
Koida, I, et al. (1997). The long term efficacy of glycyrrhizin
in  chronic  hepatitis C  patients. ~ Cancer 79,  1494-1500.

doi: 10.1002/(SICI)1097-0142(19970415)79:8<1494::AID-CNCR8>3.0.CO;2-B

Beckman, J. S. (1996). Oxidative damage and tyrosine nitration from peroxynitrite.
Chem. Res. Toxicol. 9, 836-844. doi: 10.1021/tx9501445

Bilzer, M., Roggel, F., and Gerbes, A. L. (2006).
cells in host defense and liver disease. Liver Int. 26,
doi: 10.1111/§.1478-3231.2006.01342.x

Boring, L., Gosling, J., Chensue, S. W., Kunkel, S. L., Farese, R. V. Jr., Broxmeyer,
H. E, et al. (1997). Impaired monocyte migration and reduced type 1 (Th1)
cytokine responses in C-C chemokine receptor 2 knockout mice. J. Clin. Invest.
100, 2552-2561. doi: 10.1172/JCI119798

Cao, L., Zou, Y., Zhu, J., Fan, X,, and Li, J. (2013). Ginsenoside Rgl attenuates
concanavalin A-induced hepatitis in mice through inhibition of cytokine
secretion and lymphocyte infiltration. Mol. Cell. Biochem. 380, 203-210.
doi: 10.1007/s11010-013-1674-y

Cao, Y. W,, Jiang, Y., Zhang, D. Y., Wang, M., Chen, W. S.,, Su, H,
et al. (2015). Protective effects of Penthorum chinense Pursh against
chronic ethanol-induced liver injury in mice. J. Ethnopharmacol. 161, 92-98.
doi: 10.1016/j.jep.2014.12.013

Chachay, V. S., Macdonald, G. A., Martin, J. H., Whitehead, J. P., O’Moore-
Sullivan, T. M., Lee, P., et al. (2014). Resveratrol does not benefit patients with
nonalcoholic fatty liver disease. Clin. Gastroenterol. Hepatol. 12, 2092-2103
el-6. doi: 10.1016/j.cgh.2014.02.024

Chan, W. K., Nik Mustapha, N. R., and Mahadeva, S. (2017). A randomized trial of
silymarin for the treatment of nonalcoholic steatohepatitis. Clin. Gastroenterol.
Hepatol. 15, 1940.e8-1949.e8. doi: 10.1016/j.cgh.2017.04.016

Role of Kupffer
1175-1186.

structures and action targets, since the pathogenesis of hepatitis
is more like an orchestra of pathological mechanisms instead of
single target.

The available evidence from basic and clinical research
suggest the natural compounds with anti-hepatic inflammatory
properties are potential resource for new drug development
for liver diseases. The underlying mechanisms and safety are
deserved to be investigated thoroughly by optimized animal and
clinical studies.

AUTHOR CONTRIBUTIONS

JP conceived and designed the project and wrote the manuscript.

ACKNOWLEDGMENTS

This work was supported by National Natural Science
Foundation of China (NO. 81370094, NO. 81673750),
Shanghai Municipal Commission of Health and Family
Planning (NO. ZY3-RCPY-2-2010) and Science and
Technology ~ Commission  of  Shanghai  Municipality
(NO. 17PJ1408900).

Chen, H. J, Liang, T. M., Lee, I. ], Huang, Y. T, and Lin, Y. L. (2013).
Scutellariae radix suppresses LPS-induced liver endothelial cell activation
and inhibits hepatic stellate cell migration. J. Ethnopharmacol. 150, 835-842.
doi: 10.1016/j.jep.2013.08.049

Chen, M., Cao, L., Luo, Y., Feng, X, Sun, L, Wen, M, et al. (2015).
Paconiflorin protects against concanavalin A-induced hepatitis in mice. Int.
Immunopharmacol. 24, 42-49. doi: 10.1016/j.intimp.2014.11.006

Chen, S. R,, Chen, X. P, Lu, J. ], Wang, Y., and Wang, Y. T. (2015). Potent
natural products and herbal medicines for treating liver fibrosis. Chin. Med.
10:7. doi: 10.1186/513020-015-0036-y

Cheng, F., Li, Y., Feng, L, and Li, S. (2008). Effects of tetrandrine on
ischemia/reperfusion injury in mouse liver. Transplant. Proc. 40, 2163-2166.
doi: 10.1016/j.transproceed.2008.07.082

Cho, H. L., Kim, K. M., Kwak, J. H., Lee, S. K., and Lee, S. M. (2013). Protective
mechanism of anethole on hepatic ischemia/reperfusion injury in mice. J. Nat.
Prod. 76,1717-1723. doi: 10.1021/np4004323

Cho, H. 1, Park, J. H, Choi, H. S., Kwak, J. H,, Lee, D. U.,, Lee, S. K.,
et al. (2014). Protective mechanisms of acacetin against D-galactosamine and
lipopolysaccharide-induced fulminant hepatic failure in mice. J. Nat. Prod. 77,
2497-2503. doi: 10.1021/np500537x

Christen, U., Holdener, M. and Hintermann, E.
models for autoimmune hepatitis.
doi: 10.1016/j.autrev.2006.04.001

Cui, Y., Ye, Q,, Wang, H.,, Li, Y., Xia, X,, Yao, W, et al. (2014). Aloin protects
against chronic alcoholic liver injury via attenuating lipid accumulation,
oxidative stress and inflammation in mice. Arch. Pharm. Res. 37, 1624-1633.
doi: 10.1007/s12272-014-0370-0

Derosa, G., Maffioli, P., Simental-Mendia, L. E., Bo, S., and Sahebkar, A. (2016).
Effect of curcumin on circulating interleukin-6 concentrations: a systematic
review and meta-analysis of randomized controlled trials. Pharmacol. Res. 111,
394-404. doi: 10.1016/j.phrs.2016.07.004

Dunn, C., Brunetto, M., Reynolds, G., Christophides, T., Kennedy, P. T,
Lampertico, P., et al. (2007). Cytokines induced during chronic hepatitis B virus
infection promote a pathway for NK cell-mediated liver damage. J. Exp. Med.
204, 667-680. doi: 10.1084/jem.20061287

Fujihara, M., Muroi, M., Tanamoto, K., Suzuki, T., Azuma, H., and Ikeda, H.
(2003). Molecular mechanisms of macrophage activation and deactivation

Animal
306-311.

(2007).
Autoimmun. Rev. 6,

Frontiers in Pharmacology | www.frontiersin.org

June 2018 | Volume 9 | Article 455


https://doi.org/10.1146/annurev-immunol-030409-101323
https://doi.org/10.1038/sj.bjp.0706696
https://doi.org/10.1002/(SICI)1097-0142(19970415)79:8<1494::AID-CNCR8>3.0.CO;2-B
https://doi.org/10.1021/tx9501445
https://doi.org/10.1111/j.1478-3231.2006.01342.x
https://doi.org/10.1172/JCI119798
https://doi.org/10.1007/s11010-013-1674-y
https://doi.org/10.1016/j.jep.2014.12.013
https://doi.org/10.1016/j.cgh.2014.02.024
https://doi.org/10.1016/j.cgh.2017.04.016
https://doi.org/10.1016/j.jep.2013.08.049
https://doi.org/10.1016/j.intimp.2014.11.006
https://doi.org/10.1186/s13020-015-0036-y
https://doi.org/10.1016/j.transproceed.2008.07.082
https://doi.org/10.1021/np4004323
https://doi.org/10.1021/np500537x
https://doi.org/10.1016/j.autrev.2006.04.001
https://doi.org/10.1007/s12272-014-0370-0
https://doi.org/10.1016/j.phrs.2016.07.004
https://doi.org/10.1084/jem.20061287
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Peng

Anti-hepatic Inflammatory Natural Products

by lipopolysaccharide: roles of the receptor complex. Pharmacol. Ther. 100,
171-194. doi: 10.1016/j.pharmthera.2003.08.003

Gao, Y. Z., Zhao, L. F., Ma, J., Xue, W. H., and Zhao, H. (2016). Protective
mechanisms of wogonoside against Lipopolysaccharide/D-galactosamine-
induced acute liver injury in mice. Eur. J. Pharmacol. 780, 8-15.
doi: 10.1016/j.ejphar.2016.02.040

Gu, Q. Guan, H., Shi, Q., Zhang, Y., and Yang, H. (2015). Curcumin
attenuated acute Propionibacterium acnes-induced liver injury through
inhibition of HMGBI1 expression in mice. Int. Immunopharmacol. 24, 159-165.
doi: 10.1016/j.intimp.2014.12.005

Gupta, S. C., Hevia, D., Patchva, S., Park, B., Koh, W., and Aggarwal, B. B. (2012).
Upsides and downsides of reactive oxygen species for cancer: the roles of
reactive oxygen species in tumorigenesis, prevention, and therapy. Antioxid.
Redox Signal. 16, 1295-1322. doi: 10.1089/ars.2011.4414

Hu, B, Zou, Y., Liu, S., Wang, J., Zhu, ], Li, J,, et al. (2014). Salidroside
attenuates concanavalin A-induced hepatitis via modulating cytokines
secretion and lymphocyte migration in mice. Mediators Inflamm. 2014:314081.
doi: 10.1155/2014/314081

Hu, Y. H,, Lin, C. L., Huang, Y. W,, Liu, P. E,, and Hwang, D. F. (2008). Dietary
amino acid taurine ameliorates liver injury in chronic hepatitis patients. Amino
Acids 35, 469-473. doi: 10.1007/s00726-007-0565-5

Huang, H., Zhang, X., and Li, J. (2015). Protective effect of oroxylin A against
lipopolysaccharide and/or D-galactosamine-induced acute liver injury in mice.
J. Surg. Res. 195, 522-528. doi: 10.1016/j.jss.2015.01.047

Huang, Q., Huang, R., Zhang, S., Lin, J., Wei, L., He, M., et al. (2013). Protective
effect of genistein isolated from Hydrocotyle sibthorpioides on hepatic injury
and fibrosis induced by chronic alcohol in rats. Toxicol. Lett. 217, 102-110.
doi: 10.1016/j.toxlet.2012.12.014

Huebener, P., Pradere, J. P., Hernandez, C., Gwak, G. Y. Caviglia, J.
M., Mu, X, et al. (2015). The HMGBI1/RAGE axis triggers neutrophil-
mediated injury amplification following necrosis. J. Clin. Invest. 125, 539-550.
doi: 10.1172/JCI76887

lino, S., Tango, T., Matsushima, T., Toda, G., Miyake, K., Hino, K., et al.
(2001). Therapeutic effects of stronger neo-minophagen C at different
doses on chronic hepatitis and liver cirrhosis. Hepatol. Res. 19, 31-40.
doi: 10.1016/S1386-6346(00)00079-6

Imaeda, A. B., Watanabe, A., Sohail, M. A., Mahmood, S., Mohamadnejad, M.,
Sutterwala, F. S, et al. (2009). Acetaminophen-induced hepatotoxicity in mice
is dependent on TIr9 and the Nalp3 inflammasome. J. Clin. Invest. 119,
305-314. doi: 10.1172/JCI35958

Imajo, K., Fujita, K., Yoneda, M., Nozaki, Y., Ogawa, Y., Shinohara, Y., et al. (2012).
Hyperresponsivity to low-dose endotoxin during progression to nonalcoholic
steatohepatitis is regulated by leptin-mediated signaling. Cell Metab. 16, 44-54.
doi: 10.1016/j.cmet.2012.05.012

Imanishi, Y., Maeda, N., Otogawa, K., Seki, S., Matsui, H., Kawada, N., et al. (2004).
Herb medicine Inchin-ko-to (TJ-135) regulates PDGF-BB-dependent signaling
pathways of hepatic stellate cells in primary culture and attenuates development
of liver fibrosis induced by thioacetamide administration in rats. J. Hepatol. 41,
242-250. doi: 10.1016/j.jhep.2004.04.005

Inao, M., Mochida, S., Matsui, A., Eguchi, Y., Yulutuz, Y., Wang, Y., et al. (2004).
Japanese herbal medicine Inchin-ko-to as a therapeutic drug for liver fibrosis.
J. Hepatol. 41, 584-591. doi: 10.1016/j.jhep.2004.06.033

Jiménez-Flores, L. M., Lopez-Briones, S., Macias-Cervantes, M. H., Ramirez-
Emiliano, J., and Pérez-Vazquez, V. (2014). A PPARgamma, NF-kappaB
and AMPK-dependent mechanism may be involved in the beneficial effects
of curcumin in the diabetic db/db mice liver. Molecules 19, 8289-8302.
doi: 10.3390/molecules19068289

Kakimi, K., Guidotti, L. G., Koezuka, Y., and Chisari, F. V. (2000). Natural killer
T cell activation inhibits hepatitis B virus replication in vivo. J. Exp. Med. 192,
921-930. doi: 10.1084/jem.192.7.921

Kakumu, S., Yoshioka, K., Wakita, T., and Ishikawa, T. (1991). Effects of TJ-9
Sho-saiko-to (kampo medicine) on interferon gamma and antibody production
specific for hepatitis B virus antigen in patients with type B chronic hepatitis.
Int. J. Immunopharmacol. 13, 141-146. doi: 10.1016/0192-0561(91)90091-K

Kessoku, T., Imajo, K., Honda, Y., Kato, T., Ogawa, Y., Tomeno, W., et al.
(2016). Resveratrol ameliorates fibrosis and inflammation in a mouse model
of nonalcoholic steatohepatitis. Sci. Rep. 6:22251. doi: 10.1038/srep22251

Kim, J., Kim, H. Y., and Lee, S. M. (2013). Protective effects of geniposide and
genipin against Hepatic Ischemia/Reperfusion injury in mice. Biomol. Ther. 21,
132-137. doi: 10.4062/biomolther.2013.005

Kim, S. J., Cho, H. L, Kim, J. S., Kwak, J. H,, Lee, D. U, Lee, S. K., et al. (2014).
Protective effects of lupeol against D-galactosamine and lipopolysaccharide-
induced fulminant hepatic failure in mice. J. Nat. Prod. 77, 2383-2388.
doi: 10.1021/np500296b

Kinjo, Y., Wu, D., Kim, G., Xing, G. W,, Poles, M. A,, Ho, D. D,, et al. (2005).
Recognition of bacterial glycosphingolipids by natural killer T cells. Nature 434,
520-525. doi: 10.1038/nature03407

Kmie¢, Z. (2001). Cooperation of liver cells in health and disease. Adv. Anat.
Embryol. Cell Biol. 161, III-XIII, 1-151. doi: 10.1007/978-3-642-56553-3_7

Kobayashi, H., Horikoshi, K., Yamataka, A., Lane, G. J., Yamamoto, M., and
Miyano, T. (2001). Beneficial effect of a traditional herbal medicine (inchin-
ko-to) in postoperative biliary atresia patients. Pediatr. Surg. Int. 17, 386-389.
doi: 10.1007/s003830000561

Lamkanfi, M., Sarkar, A., Vande Walle, L., Vitari, A. C., Amer, A. O., Wewers, M.
D, et al. (2010). Inflammasome-dependent release of the alarmin HMGBI in
endotoxemia. J. Immunol. 185, 4385-4392. doi: 10.4049/jimmunol.1000803 51.

Li, Q., and Verma, I. M. (2002). NF-kappaB regulation in the immune system. Nat.
Rev. Immunol. 2, 725-734. doi: 10.1038/nri910

Li, Y. C, Xian, Y. F, Su, Z. R, Ip, S. P, Xie, J. H,, Liao, J. B, et al
(2014). Pogostone suppresses proinflammatory mediator production and
protects against endotoxic shock in mice. J. Ethnopharmacol. 157, 212-221.
doi: 10.1016/j.jep.2014.09.023

Lin, X,, Zhang, S., Huang, R., Wei, L,, Liang, C., Chen, Y., et al. (2014). Protective
effect of genistein on lipopolysaccharide/D-galactosamine- induced hepatic
failure in mice. Biol. Pharm. Bull. 37, 625-632. doi: 10.1248/bpb.b13-00908

Liu, L. L., Gong, L. K., Wang, H., Xiao, Y., Wu, X. F,, Zhang, Y. H., et al. (2007).
Baicalin protects mouse from Concanavalin A-induced liver injury through
inhibition of cytokine production and hepatocyte apoptosis. Liver Int. 27,
582-591. doi: 10.1111/j.1478-3231.2007.01450.x

Liu, L., Mu, Q., Li, W., Xing, W., Zhang, H., Fan, T, et al. (2015). Isofraxidin
protects mice from LPS challenge by inhibiting pro-inflammatory cytokines
and alleviating histopathological changes. Immunobiology 220, 406-413.
doi: 10.1016/j.imbio.2014.10.007

Liu, S., Hou, W, Yao, P., Zhang, B., Sun, S., Nissler, A. K., et al. (2010). Quercetin
protects against ethanol-induced oxidative damage in rat primary hepatocytes.
Toxicol. In Vitro 24, 516-522. doi: 10.1016/j.tiv.2009.03.006

Liu, Z. L., Tanaka, S., Horigome, H., Hirano, T., and Oka, K. (2002). Induction
of apoptosis in human lung fibroblasts and peripheral lymphocytes in vitro
by Shosaiko-to derived phenolic metabolites. Biol. Pharm. Bull. 25, 37-41.
doi: 10.1248/bpb.25.37

Lu, B., Nakamura, T., Inouye, K., Li, J., Tang, Y., Lundb4, P., et al. (2012). Novel role
of PKR in inflammasome activation and HMGBI release. Nature 488, 670-674.
doi: 10.1038/nature11290

Lu, N. T., Crespi, C. M., Liu, N. M., Vu, J. Q., Ahmadieh, Y., Wu, S., et al.
(2016). A phase I dose escalation study demonstrates quercetin safety and
explores potential for bioflavonoid antivirals in patients with Chronic Hepatitis
C. Phytother. Res. 30, 160-168. doi: 10.1002/ptr.5518

Ma, Z., Chu, L, Liu, H, Li, J, Zhang, Y., Liu, W, et al. (2016).
Paeoniflorin alleviates non-alcoholic steatohepatitis in rats: involvement
with the ROCK/NF-kappaB pathway. Int. Immunopharmacol. 38, 377-384.
doi: 10.1016/j.intimp.2016.06.023

Marra, F., DeFranco, R., Grappone, C., Milani, S., Pastacaldi, S., Pinzani, M., et al.
(1998). Increased expression of monocyte chemotactic protein-1 during active
hepatic fibrogenesis: correlation with monocyte infiltration. Am. J. Pathol. 152,
423-430.

Martinon, F., Burns, K., and Tschopp, J. (2002). The inflammasome: a
molecular platform triggering activation of inflammatory caspases and
processing of prolL-beta. Mol. Cell 10, 417-426. doi: 10.1016/S1097-2765(02)00
599-3

Masumoto, J., Taniguchi, S., Nakayama, J., Shiohara, M., Hidaka, E., Katsuyama, T,
etal. (2001). Expression of apoptosis-associated speck-like protein containing a
caspase recruitment domain, a pyrin N-terminal homology domain-containing
protein, in normal human tissues. J. Histochem. Cytochem. 49, 1269-1275.
doi: 10.1177/002215540104901009

Frontiers in Pharmacology | www.frontiersin.org

June 2018 | Volume 9 | Article 455


https://doi.org/10.1016/j.pharmthera.2003.08.003
https://doi.org/10.1016/j.ejphar.2016.02.040
https://doi.org/10.1016/j.intimp.2014.12.005
https://doi.org/10.1089/ars.2011.4414
https://doi.org/10.1155/2014/314081
https://doi.org/10.1007/s00726-007-0565-5
https://doi.org/10.1016/j.jss.2015.01.047
https://doi.org/10.1016/j.toxlet.2012.12.014
https://doi.org/10.1172/JCI76887
https://doi.org/10.1016/S1386-6346(00)00079-6
https://doi.org/10.1172/JCI35958
https://doi.org/10.1016/j.cmet.2012.05.012
https://doi.org/10.1016/j.jhep.2004.04.005
https://doi.org/10.1016/j.jhep.2004.06.033
https://doi.org/10.3390/molecules19068289
https://doi.org/10.1084/jem.192.7.921
https://doi.org/10.1016/0192-0561(91)90091-K
https://doi.org/10.1038/srep22251
https://doi.org/10.4062/biomolther.2013.005
https://doi.org/10.1021/np500296b
https://doi.org/10.1038/nature03407
https://doi.org/10.1007/978-3-642-56553-3_7
https://doi.org/10.1007/s003830000561
https://doi.org/10.4049/jimmunol.1000803
https://doi.org/10.1038/nri910
https://doi.org/10.1016/j.jep.2014.09.023
https://doi.org/10.1248/bpb.b13-00908
https://doi.org/10.1111/j.1478-3231.2007.01450.x
https://doi.org/10.1016/j.imbio.2014.10.007
https://doi.org/10.1016/j.tiv.2009.03.006
https://doi.org/10.1248/bpb.25.37
https://doi.org/10.1038/nature11290
https://doi.org/10.1002/ptr.5518
https://doi.org/10.1016/j.intimp.2016.06.023
https://doi.org/10.1016/S1097-2765(02)00599-3
https://doi.org/10.1177/002215540104901009
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Peng

Anti-hepatic Inflammatory Natural Products

Mittal, M., Siddiqui, M. R,, Tran, K., Reddy, S. P., and Malik, A. B. (2014). Reactive
oxygen species in inflammation and tissue injury. Antioxid. Redox Signal. 20,
1126-1167. doi: 10.1089/ars.2012.5149

Negash, A. A., and Gale, M. Jr. (2015). Hepatitis regulation by the inflammasome
signaling pathway. Immunol. Rev. 265, 143-155. doi: 10.1111/imr.12279

Negash, A. A., Ramos, H. J., Crochet, N., Lau, D. T., Doehle, B., Papic, N,,
et al. (2013). IL-1p production through the NLRP3 inflammasome by hepatic
macrophages links hepatitis C virus infection with liver inflammation and
disease. PLoS Pathog. 9:¢1003330. doi: 10.1371/journal.ppat.1003330

Nelson, K. M., Dahlin, J. L., Bisson, J., Graham, J., Pauli, G. F., and Walters, M.
A. (2017). The essential medicinal chemistry of Curcumin. J. Med. Chem. 60,
1620-1637. doi: 10.1021/acs.jmedchem.6b00975

Ohtake, N., Nakai, Y., Yamamoto, M., Sakakibara, I., Takeda, S., Amagaya, S., et al.
(2004). Separation and isolation methods for analysis of the active principles
of Sho-saiko-to (SST) oriental medicine. J. Chromatogr. B Analyt. Technol.
Biomed. Life Sci. 812, 135-148. doi: 10.1016/S1570-0232(04)00547-1

Pan, C. W,, Zhou, G. Y., Chen, W. L, Zhuge, L., Jin, L. X,, Zheng, Y.,
et al. (2015). Protective effect of forsythiaside A on lipopolysaccharide/d-
galactosamine-induced liver injury. Int. Immunopharmacol. 26, 80-85.
doi: 10.1016/j.intimp.2015.03.009

Panahi, Y., Kianpour, P., Mohtashami, R., Jafari, R., Simental-Mendia, L. E., and
Sahebkar, A. (2017). Efficacy and safety of phytosomal curcumin in non-
alcoholic fatty liver disease: a randomized controlled trial. Drug Res. 67,
244-251. doi: 10.1055/s-0043-100019

Park, J. S., Svetkauskaite, D., He, Q., Kim, J. Y., Strassheim, D., Ishizaka, A.,
et al. (2004). Involvement of toll-like receptors 2 and 4 in cellular activation
by high mobility group box 1 protein. J. Biol. Chem. 279, 7370-7377.
doi: 10.1074/jbc.M306793200

Peng, J. H., Cui, T.,, Huang, F., Chen, L., Zhao, Y., Xu, L., et al. (2013). Puerarin
ameliorates experimental alcoholic liver injury by inhibition of endotoxin
gut leakage, Kupffer cell activation, and endotoxin receptors expression. J.
Pharmacol. Exp. Ther. 344, 646-654. doi: 10.1124/jpet.112.201137

Pennisi, M., Bertino, G., Gagliano, C., Malaguarnera, M., Bella, R., Borzi, A.
M., et al. (2017). Resveratrol in Hepatitis C patients treated with pegylated-
interferon-alpha-2b and ribavirin reduces sleep disturbance. Nutrients 9:E897
doi: 10.3390/nu9080897

Perona, R., Montaner, S., Saniger, L., Sinchez-Pérez, I., Bravo, R., and Lacal, J.
C. (1997). Activation of the nuclear factor-kappaB by Rho, CDC42, and Rac-1
proteins. Genes Dev. 11, 463-475. doi: 10.1101/gad.11.4.463

Rahmani, S., Asgary, S., Askari, G., Keshvari, M., Hatamipour, M., Feizi, A,
et al. (2016). Treatment of Non-alcoholic fatty liver disease with curcumin:
a randomized placebo-controlled trial. Phytother. Res. 30, 1540-1548.
doi: 10.1002/ptr.5659

Rawat, R., Cohen, T. V., Ampong, B., Francia, D., Henriques-Pons, A,
Hoffman, E. P., et al. (2010). Inflammasome up-regulation and activation
in dysferlin-deficient skeletal muscle. Am. J. Pathol. 176, 2891-2900.
doi: 10.2353/ajpath.2010.090058

Rotimi, S. O., Bankole, G. E., Adelani, I. B., and Rotimi, O. A. (2016). Hesperidin
prevents lipopolysaccharide-induced endotoxicity in rats. Immunopharmacol.
Immunotoxicol. 38, 364-371. doi: 10.1080/08923973.2016.1214142

Sahebkar, A., Cicero, A. F., Simental-Mendia, L. E., Aggarwal, B. B, and Gupta,
S. C. (2016). Curcumin downregulates human tumor necrosis factor-alpha
levels: a systematic review and meta-analysis ofrandomized controlled trials.
Pharmacol. Res. 107, 234-242. doi: 10.1016/j.phrs.2016.03.026

Schiimann, J., Prockl, J., Kiemer, A. K., Vollmar, A. M., Bang, R., and Tiegs, G.
(2003). Silibinin protects mice from T cell-dependent liver injury. J. Hepatol.
39, 333-340. doi: 10.1016/S0168-8278(03)00239-3

Shanmugam, K., Holmquist, L., Steele, M., Stuchbury, G., Berbaum, K., Schulz, O.,
et al. (2008). Plant-derived polyphenols attenuate lipopolysaccharide-induced
nitric oxide and tumour necrosis factor production in murine microglia and
macrophages. Mol. Nutr. Food Res. 52, 427-438. doi: 10.1002/mnfr.200700180

Sheng, M., Zhou, Y., Yu, W., Weng, Y., Xu, R,, and Du, H. (2015). Protective
effect of Berberine pretreatment in hepatic ischemia/reperfusion injury of rat.
Transplant. Proc. 47, 275-282. doi: 10.1016/j.transproceed.2015.01.010

Shi, D., Zhang, J., Qiu, L., Li, J., and Hu, Z. (2013). Matrine inhibits infiltration
of the inflammatory Gr1(hi) monocyte subset in injured mouse liver through
inhibition of monocyte chemoattractant protein-1. Evid. Based Complement.
Alternat. Med. 2013:580673. doi: 10.1155/2013/580673

Shi, G., Zhang, Z., Zhang, R., Zhang, X, Lu, Y., Yang, J., et al. (2012). Protective
effect of andrographolide against concanavalin A-induced liver injury. Naunyn
Schmiedebergs. Arch. Pharmacol. 385, 69-79. doi: 10.1007/s00210-011-0685-z

Shi, Q. Z., Wang, L. W., Zhang, W., and Gong, Z. J. (2010). Betaine inhibits toll-
like receptor 4 expression in rats with ethanol-induced liver injury. World J.
Gastroenterol. 16, 897-903. doi: 10.3748/wjg.v16.i7.897

Shimizu, I. (2000). Sho-saiko-to: japanese herbal medicine for protection against
hepatic fibrosis and carcinoma. J. Gastroenterol. Hepatol. 15(Suppl.), D84-D90.
doi: 10.1046/.1440-1746.2000.02138.x

Solis, W. A, Dalton, T. P., Dieter, M. Z., Freshwater, S., Harrer, J. M., He, L., et al.
(2002). Glutamate-cysteine ligase modifier subunit: mouse Gclm gene structure
and regulation by agents that cause oxidative stress. Biochem. Pharmacol. 63,
1739-1754. doi: 10.1016/S0006-2952(02)00897-3

Strazzabosco, M., Fabris, L., and Spirli, C.
cholangiopathies. J. Clin.  Gastroenterol.
doi: 10.1097/01.mcg.0000155549.29643.ad

Sulakhiya, K., Kumar, P., Gurjar, S. S., Barua, C. C,, and Hazarika, N. K.
(2015). Beneficial effect of honokiol on lipopolysaccharide induced anxiety-like
behavior and liver damage in mice. Pharmacol. Biochem. Behav. 132, 79-87.
doi: 10.1016/j.pbb.2015.02.015

Sun, K., Chen, Y., Liang, S. Y., Liu, Z. J., Liao, W. Y., Ou, Z. B, et al.
(2012). Effect of taurine on IRAK4 and NF-kappa B in Kupffer cells from
rat liver grafts after ischemia-reperfusion injury. Am. J. Surg. 204, 389-395.
doi: 10.1016/j.amjsurg.2011.10.020

Tacke, F., Alvarez, D., Kaplan, T. J., Jakubzick, C., Spanbroek, R., Llodra, J., et al.
(2007). Monocyte subsets differentially employ CCR2, CCR5, and CX3CR1
to accumulate within atherosclerotic plaques. J. Clin. Invest. 117, 185-194.
doi: 10.1172/JCI128549

Tajiri, H., Kozaiwa, K., Ozaki, Y., Miki, K., Shimuzu, K., and Okada, S. (1991).
Effect of sho-saiko-to(xiao-chai-hu-tang) on HBeAg clearance in children with
chronic hepatitis B virus infection and with sustained liver disease. Am. J. Chin.
Med. 19, 121-129. doi: 10.1142/S0192415X91000193

Tamura, T., Kobayashi, H., Yamataka, A., Lane, G. J., Koga, H., and
Miyano, T. (2007). Inchin-ko-to prevents medium-term liver fibrosis in
postoperative biliary atresia patients. Pediatr. Surg. Int. 23, 343-347.
doi: 10.1007/s00383-007-1887-9

Tan, Z. H,, Yu, L. H,, Wei, H. L., and Liu, G. T. (2007). The protective action
of scutellarin against immunological liver injury induced by concanavalin A
and its effect on pro-inflammatory cytokines in mice. J. Pharm. Pharmacol. 59,
115-121. doi: 10.1211/jpp.59.1.0015

Tao, Y. E., Wen, Z., Song, Y., and Wang, H. (2016). Paeoniflorin attenuates hepatic
ischemia/reperfusion injury via anti-oxidative, anti-inflammatory and anti-
apoptotic pathways. Exp. Ther. Med. 11, 263-268. doi: 10.3892/etm.2015.2902

Thannickal, V. J., and Fanburg, B. L. (2000). Reactive oxygen species in
cell signaling. Am. J. Physiol. Lung Cell. Mol. Physiol. 279, 11005-1028.
doi: 10.1152/ajplung.2000.279.6.L1005

Tsuruoka, N., Abe, K., Wake, K., Takata, M., Hatta, A., Sato, T., et al. (2009).
Hepatic protection by glycyrrhizin and inhibition of iNOS expression in
concanavalin A-induced liver injury in mice. Inflamm. Res. 58, 593-599.
doi: 10.1007/s00011-009-0024-8

Tu, C. T., Han, B., Liu, H. C, and Zhang, S. C. (2011). Curcumin protects
mice against concanavalin A-induced hepatitis by inhibiting intrahepatic
intercellular adhesion molecule-1 (ICAM-1) and CXCL10 expression. Mol.
Cell. Biochem. 358, 53-60. doi: 10.1007/s11010-011-0920-4

Tu, C. T, Han, B, Yao, Q. Y., Zhang, Y. A, Liu, H. C, and Zhang, S. C.
(2012). Curcumin attenuates Concanavalin A-induced liver injury in mice by
inhibition of Toll-Like Receptor (TLR) 2, TLR4 and TLR9 expression. Int.
Immunopharmacol. 12, 151-157. doi: 10.1016/j.intimp.2011.11.005

Vailati, A, Aristia, L., Sozze, E., Milani, F., Inglese, V., Galenda, P., et al. (1993).
Randomized open study of the dose-effect relationship of a short course of IdB
1016 in patients with viral or alcoholic hepatitis. Fitoterapia 64:10.

van Rossum, T. G., Vulto, A. G., Hop, W. C., Brouwer, J. T., Niesters, H.
G., and Schalm, S. W. (1999). Intravenous glycyrrhizin for the treatment of
chronic hepatitis C: a double-blind, randomized, placebo-controlled phase I/II
trial. J. Gastroenterol. Hepatol. 14, 1093-1099. doi: 10.1046/j.1440-1746.1999.02
008.x

Vivoli, E., Cappon, A., Milani, S., Piombanti, B., Provenzano, A., Novo, E,, et al.
(2016). NLRP3 inflammasome as a target of berberine in experimental murine

(2005). Pathophysiology of
39(4Suppl.  2), $90-S102.

Frontiers in Pharmacology | www.frontiersin.org

16

June 2018 | Volume 9 | Article 455


https://doi.org/10.1089/ars.2012.5149
https://doi.org/10.1111/imr.12279
https://doi.org/10.1371/journal.ppat.1003330
https://doi.org/10.1021/acs.jmedchem.6b00975
https://doi.org/10.1016/S1570-0232(04)00547-1
https://doi.org/10.1016/j.intimp.2015.03.009
https://doi.org/10.1055/s-0043-100019
https://doi.org/10.1074/jbc.M306793200
https://doi.org/10.1124/jpet.112.201137
https://doi.org/10.3390/nu9080897
https://doi.org/10.1101/gad.11.4.463
https://doi.org/10.1002/ptr.5659
https://doi.org/10.2353/ajpath.2010.090058
https://doi.org/10.1080/08923973.2016.1214142
https://doi.org/10.1016/j.phrs.2016.03.026
https://doi.org/10.1016/S0168-8278(03)00239-3
https://doi.org/10.1002/mnfr.200700180
https://doi.org/10.1016/j.transproceed.2015.01.010
https://doi.org/10.1155/2013/580673
https://doi.org/10.1007/s00210-011-0685-z
https://doi.org/10.3748/wjg.v16.i7.897
https://doi.org/10.1046/j.1440-1746.2000.02138.x
https://doi.org/10.1016/S0006-2952(02)00897-3
https://doi.org/10.1097/01.mcg.0000155549.29643.ad
https://doi.org/10.1016/j.pbb.2015.02.015
https://doi.org/10.1016/j.amjsurg.2011.10.020
https://doi.org/10.1172/JCI28549
https://doi.org/10.1142/S0192415X91000193
https://doi.org/10.1007/s00383-007-1887-9
https://doi.org/10.1211/jpp.59.1.0015
https://doi.org/10.3892/etm.2015.2902
https://doi.org/10.1152/ajplung.2000.279.6.L1005
https://doi.org/10.1007/s00011-009-0024-8
https://doi.org/10.1007/s11010-011-0920-4
https://doi.org/10.1016/j.intimp.2011.11.005
https://doi.org/10.1046/j.1440-1746.1999.02008.x
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Peng

Anti-hepatic Inflammatory Natural Products

liver injury: interference with P2X7 signalling. Clin. Sci. 130, 1793-1806.
doi: 10.1042/CS20160400

Wang, C., Nie, H,, Li, K., Zhang, Y. X., Yang, F., Li, C. B,, et al. (2012). Curcumin
inhibits HMGBI releasing and attenuates concanavalin A-induced hepatitis in
mice. Eur. J. Pharmacol. 697, 152-157. doi: 10.1016/j.ejphar.2012.09.050

Wang, L., Lv, Y., Yao, H,, Yin, L., and Shang, J. (2015). Curcumin prevents the non-
alcoholic fatty hepatitis via mitochondria protection and apoptosis reduction.
Int. J. Clin. Exp. Pathol. 8,11503-11509.

Wang, X, Lin, H., and Zhang, R. (2017). The clinical efficacy and adverse effects of
interferon combined with matrine in Chronic hepatitis B: a systematic review
and meta-analysis. Phytother. Res. 31, 849-857. doi: 10.1002/ptr.5808

Watanabe, A., Sohail, M. A., Gomes, D. A. Hashmi, A, Nagata, J.,
Sutterwala, F. S., et al. (2009). Inflammasome-mediated regulation of hepatic
stellate cells. Am. J. Physiol. Gastrointest. Liver Physiol. 296, G1248-G1257.
doi: 10.1152/ajpgi.90223.2008

Wei, X., Wang, C., Hao, S., Song, H., and Yang, L. (2016). The therapeutic
effect of Berberine in the treatment of nonalcoholic fatty liver disease:
a meta-analysis. Evid. Based Complement. Alternat. Med. 2016:3593951.
doi: 10.1155/2016/3593951

Wu, C.,, Wang, P., Rao, J., Wang, Z., Zhang, C., Lu, L., et al. (2011). Triptolide
alleviates hepatic ischemia/reperfusion injury by attenuating oxidative stress
and inhibiting NF-kappaB activity in mice. J. Surg. Res. 166, €205-e213.
doi: 10.1016/j.js5.2010.10.005

Xue, J., Chen, F., Wang, J., Wu, S., Zheng, M., Zhu, H,, et al. (2015). Emodin
protects against concanavalin A-induced hepatitis in mice through inhibiting
activation of the p38 MAPK-NF-kappaB signaling pathway. Cell. Physiol.
Biochem. 35, 1557-1570. doi: 10.1159/000373971

Yamashiki, M., Nishimura, A. Suzuki, H., Sakaguchi, S., and Kosaka, Y.
(1997). Effects of the Japanese herbal medicine “Sho-saiko-to” (TJ-9)
on in vitro interleukin-10 production by peripheral blood mononuclear
cells of patients with chronic hepatitis C. Hepatology 25, 1390-1397.
doi: 10.1002/hep.510250615

Yan, H. M., Xia, M. F., Wang, Y., Chang, X. X., Yao, X. Z., Rao, S. X,, et al. (2015).
Efficacy of Berberine in patients with non-alcoholic fatty liver disease. PLoS
ONE 10:0134172. doi: 10.1371/journal.pone.0134172

Yang, H., Hreggvidsdottir, H. S., Palmblad, K., Wang, H., Ochani, M., Li, J., et al.
(2010). A critical cysteine is required for HMGBI binding to Toll-like receptor
4 and activation of macrophage cytokine release. Proc. Natl. Acad. Sci. U.S.A.
107, 11942-11947. doi: 10.1073/pnas.1003893107

Yang, H., Wang, H., Chavan, S. S., and Andersson, U. (2015). High Mobility Group
Box Protein 1 (HMGBI1): the prototypical endogenous danger molecule. Mol.
Med. 21(Suppl. 1), S6-S12. doi: 10.2119/molmed.2015.00087

Zhang, F., Jin, H., Wu, L., Shao, J., Wu, X,, Lu, Y., et al. (2016). Ligustrazine disrupts
lipopolysaccharide-activated NLRP3 inflammasome pathway associated with
inhibition of Toll-like receptor 4 in hepatocytes. Biomed. Pharmacother. 78,
204-209. doi: 10.1016/j.biopha.2016.01.018

Zhang, F., Wang, X, Qiu, X, Wang, ], Fang, H, Wang, Z, et al
(2014). The protective effect of Esculentoside A on experimental acute
liver injury in mice. PLoS ONE 9:113107. doi: 10.1371/journal.pone.01
13107

Zhang, L., and Wang, B. (2002). Randomized clinical trial with two doses (100
and 40 ml) of stronger neo-minophagen C in Chinese patients with chronic
hepatitis B. Hepatol. Res. 24:220. doi: 10.1016/S1386-6346(02)00086-4

Zhang, W., Wang, L. W,, Wang, L. K, Li, X, Zhang, H, Luo, L. P,
et al. (2013). Betaine protects against high-fat-diet-induced liver injury
by inhibition of high-mobility group box 1 and Toll-like receptor 4
expression in rats. Dig. Dis. Sci. 58, 3198-3206. doi: 10.1007/s10620-013-2
775-x

Zhang, Y., Shan, L., Hua, Y., Wang, D., Zeng, H., Liu, R, et al. (2013).
Baicalein selectively induces apoptosis in activated lymphocytes and
ameliorates concanavalin a-induced hepatitis in mice. PLoS ONE 8:e69592.
doi: 10.1371/journal.pone.0069592

Zhong, W., Qian, K, Xiong, J, Ma, K, Wang, A, and Zou, Y. (2016).
Curcumin alleviates lipopolysaccharide induced sepsis and liver failure
by suppression of oxidative stress-related inflammation via PI3K/AKT
and NF-kappaB related signaling. Biomed. Pharmacother. 83, 302-313.
doi: 10.1016/j.biopha.2016.06.036

Conflict of Interest Statement: The author declares that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Peng. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner are credited and that the original publication in this journal is cited,
in accordance with accepted academic practice. No use, distribution or reproduction
is permitted which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org

17

June 2018 | Volume 9 | Article 455


https://doi.org/10.1042/CS20160400
https://doi.org/10.1016/j.ejphar.2012.09.050
https://doi.org/10.1002/ptr.5808
https://doi.org/10.1152/ajpgi.90223.2008
https://doi.org/10.1155/2016/3593951
https://doi.org/10.1016/j.jss.2010.10.005
https://doi.org/10.1159/000373971
https://doi.org/10.1002/hep.510250615
https://doi.org/10.1371/journal.pone.0134172
https://doi.org/10.1073/pnas.1003893107
https://doi.org/10.2119/molmed.2015.00087
https://doi.org/10.1016/j.biopha.2016.01.018
https://doi.org/10.1371/journal.pone.0113107
https://doi.org/10.1016/S1386-6346(02)00086-4
https://doi.org/10.1007/s10620-013-2775-x
https://doi.org/10.1371/journal.pone.0069592
https://doi.org/10.1016/j.biopha.2016.06.036
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	The Pharmacological Targets and Clinical Evidence of Natural Products With Anti-hepatic Inflammatory Properties
	Introduction
	Suppression of Cytokines/Chemokines Secretion and Leukocytes Infiltration
	Action on Pattern Recognition Receptors Pathways
	Inactivation of Inflammasome Pathway
	Inhibition of TLRs Pathway
	Prevention on HMGB1 Release
	Down-Regulation of TLR4 and CD14 Expression
	Inactivation of TLR4-Downstream Signaling


	Inactivation of NF-κB
	Inhibition of ROS Production
	Clinical Evidence
	Concluding Remarks
	Author Contributions
	Acknowledgments
	References


