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Strong inflammation is a prominent pathogenesis of acute hepatitis, which can induce hepatocyte death and lead to liver failure.
Lepidium meyenii Walp (Maca) is a traditional herbal medicine mostly used in improving sperm motility and serum hormone
levels, etc. However, there are no reports that showed Maca was designed for treating hepatitis so far. Therefore, the protective
effects and pharmacological mechanisms of Maca are unknown in hepatitis. In this study, we found that the protective effects of
Maca extract ameliorate ConA-induced acute hepatitis (CIH) and underlying mechanisms. We determined that pretreatment
with Maca extract significantly suppressed the production of aminotransferases and inflammatory cytokines, including IFN-y,
TNF-a, IL-1f3, IL-2, IL-6, IL-12, and IL-17a, and moderated acute liver injury in CIH. Maca recruited more myeloid-derived
suppressor cells (MDSCs) to the liver and suppressed infiltration of natural killer T cells (NKT cells) and macrophages
in the liver. Furthermore, our data indicated the molecular mechanism of the inhibitory inflammatory effects of Maca,
which should suppress the activation of NF-xB, IFN-p/STATI, and IL-6/STAT3 signalings. Collectively, this present
research explores Maca as an effective hepatoprotective medicine to inhibit inflammation and liver injury caused by

acute hepatitis.

1. Introduction

Hepatitis represents a globally large public health problem in
human, which is caused by autoimmune diseases, alcohol
consumption, metabolic disorders, viral infections, and fatty
liver diseases [1]. Acute hepatitis is characterized by strong
inflammation, which induces hepatocyte death and can lead
to liver failure; it is therefore a serious threat to human health
and life [1, 2]. Concanavalin A- (ConA-) induced hepatitis is
an appropriate animal model for drug research and immune-
mediated liver injury for human hepatitis [3]. As a potent
agent, induction of hepatitis by ConA depends on the release
of a broad spectrum of cytokines from immune cells [3]. The
inflammatory cytokines, TNF-« and IFN-y, play an essential

role [4]. Besides, IL-1f3, IL-2, IL-6, IL-12, and IL-17a are
also involved in ConA-induced liver injury [5-7]. A variety
of immune cells include T cells, NKT cells, macrophages
(yolk sac-derived macrophages (Kupffer cells) and infiltrat-
ing macrophages) [8], and neutrophils. In the early stage of
ConA injection, CD4" T cells secrete a small amount of
cytokines, which activate other proinflammatory immune
cells. And then especially, macrophages and NKT cells are
the pivotal and direct mediators in ConA-induced liver
damage, via cytokine production (TNF-a, IFN-y, IL-2, IL-6,
and IL-12) and infiltration against hepatocytes [9, 10].
Previous study reports have shown that CIH, which is a
type of inflammatory-induced liver injury and is dependent
upon NKT cells and macrophages, derived inflammatory
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cytokines, such as TNF-a, IFN-y, and interleukins. These
cytokines are regulated by the activation of multiple signaling
pathways. NF-«B is a well-known transcription factor that
can potently induce proinflammatory mediator secretion
during the development of acute liver disease. IFN-y/
STAT1 plays a critical role in leukocyte infiltration into
the liver and activation of apoptotic signaling pathways
in CIH. In IFN-y~"~ and STAT1™'" mice, leukocyte infiltra-
tions were significantly suppressed after ConA injection
[11]. The blockade of the IL-6/STATS3 signaling pathway
ameliorated liver injury [12]. And so, if these relevant path-
ways and factors can be regulated, that is helpful to reduce
hepatitis and liver damage.

Myeloid-derived suppressor cells (MDSCs) represent a
common capacity of suppressing immune responses [13].
MDSCs show promising therapeutic targets in the treatment
of liver diseases, with the liver being an important site for
MDSC accumulation and differentiation under various liver
conditions. Interaction of MDSCs and macrophages causes
the macrophages to reduce the secretion of IL-12 [14-16].
In acute hepatitis, MDSCs protects against liver injury by
suppressing the activation of T cells and macrophages [7].
It is therefore helpful to increase hepatic MDSC numbers
for the treatment of patients with acute hepatitis.

At the present time, there are not enough effective
drug treatment options for hepatitis. Almost all reports
about Maca are used in improving sperm motility and
serum hormone levels [17, 18], but the effects of Maca
protection against liver damage remains unclear. In this
study, we performed experiments to determine the thera-
peutic effects of Maca on liver inflammation and injury
for the first time, and we investigated the cellular and
molecular changes in CIH treated by the administration
of Maca extract.

2. Materials and Methods

2.1. Animals and Ethics Statement. All studies were per-
formed according to the National Institutes of Health
Guidelines and were also approved by the Institutional
Animal Care and Use Committee (IACUC) of the Chinese
Academy of Military Medical Sciences (10ZDGG007) and
were used in accordance with regulations and guidelines of
this committee. All efforts were made to minimize suffering
and distress. At the end of the experiment, mice were eutha-
nized by a cervical dislocation method.

Some materials and methods referred to our previously
published article [19].

Female BALB/c mice (8-10 weeks old) were obtained
from Vital River Lab Animal Technology (Beijing, China.
Approval ID: SCXK (Jing) 2016-0011). The mice were
housed in an animal facility at a humidity of 40-60% and a
temperature of 23+2°C with a 12-hour alternating light
and dark cycle. Five mice were housed in a standard polypro-
pylene cage with a stainless steel top grill having facilities
such as a drinking water bottle, SPF bedding, and SPF food
(Approval IDs: SCXK 2014-0010). The mice were observed
once a day. These measures guaranteed any unexpected
deaths of mice.
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2.2. Preparation of Maca Extract. The medicinal Maca
(Yunnan Institute of Materia Medica, China) was powdered
with a laboratory mechanical grinder. The powdered DH
was macerated in anhydrous alcohol and allowed to shake
for 4h and subsequently filtered through three layers of a
filter paper. The maceration process was repeated 3 times.
The filtered extract was concentrated in a rotary evaporator
at 40°C, and then a freeze drier was used to remove ethanol
and water. The dry extract was stored at 4°C until use.
Maca extract was dissolved in phosphate-buffered saline
(PBS) and then was filtered through a 0.22 ym sterile filter
(Merck Millipore, IRL). The working concentration of
extract is 10 mg/mL.

2.3. Analysis of Survival Rate, Transaminase Levels, and
Cytokine Levels. Eight to ten-week-old female BALB/c mice
were randomly divided into four groups with each group
containing 10 mice. The control group mice were injected
via the tail vein (i.v.) with PBS. The Maca control group mice
were injected by intraperitoneal injection (i.p.) with Maca
extract (20 mg/kg of body weight). The ConA group mice
were injected i.v. with either a sublethal dose (15mg/kg) or
a lethal dose (30 mg/kg) of ConA, and the working concen-
tration of ConA is 1mg/mL (Sigma-Aldrich, USA). The
Maca-pretreated group mice were injected i.p. with Maca
extract (20 mg/kg) 2 hours before injecting i.v. with ConA.

In the survival rate study, mice were monitored every
4 hours after the injection of the lethal dose of ConA
and euthanized by a cervical dislocation method at 24 hours
postinjection. In the sublethal dose-injected groups, the
blood was obtained through orbital plexus bleeding from
each group at 8, 16, and 24 hours after ConA administration.
It was centrifuged for 5min (1500xg), and the superna-
tants were saved at —80°C. Serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels were
measured by a transaminase kit according to the manufac-
turer’s instructions (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China).

As reported has been previously, cytokines reached
concentrations at different time points [20]. The blood was
obtained through orbital plexus bleeding from each group
at 8, 16, and 24 hours after ConA administration. Mice were
sacrificed, and the liver tissues were surgically removed at 8,
16, and 24 hours after ConA administration. 400 mg of liver
tissue was placed in 800 uL RIPA buffer (high) with PMSF
(Beijing Solarbio Science and Technology, Beijing, China)
and Phosphorylase inhibitor Cocktail Tablets (Roche Life-
Science, Switzerland); then liver tissues were powdered with
a tissue mechanical grinder, 60 Hz, 180 seconds. It was
centrifuged for 30min (12,000xg), and the supernatants
were saved at —80°C. Serum and liver tissue concentrations
of TNF-a, IEN-y, IL-1p, IL-2, IL-6, IL-12, and IL-17a were
determined using CBA Flex Sets according to the manufac-
turer’s instructions (BD Biosciences Company, USA).

2.4. Western Blot Analysis. Liver tissue supernatants were
boiled with 2 x SDS loading buffer for 10 min. The samples
were fractionated by electrophoresis on a 12% SDS-PAGE
gel and transferred onto PVDF membrane. After blocking
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with 5% skimmed milk for 4h, the membrane was incu-
bated with either anti-NF-xB p65, anti-P-NF-«B p65,
anti-STAT1, anti-P-STATI1, anti-STAT3, anti-P-STATS3,
anti-IxBa, anti-P-IxBa, or anti-GAPDH (cell signaling tech-
nology, USA) and with HRP-conjugated secondary antibod-
ies (DingGuoShengWu, China). Blots were developed using
Western HRP substrate. Band intensities were quantified
using Image] gel analysis software.

2.5. TUNEL and Histopathological Study. 16 hours after
ConA injection, the mice liver injury developed at a signifi-
cant level [21]. Therefore, we get this time point to examine
liver pathology. The mice were euthanized by the cervical
dislocation method, and then liver tissues were collected
and fixed in 10% buffered neutral formalin for at least
24 hours and embedded in paraffin then prepared. Tissue
sections were cut, deparaffinized, and stained with H&E
(hematoxylin and eosin) or TUNEL (terminal deoxynucleo-
tidyl transferase- (TdT-) mediated dUTP-biotin nick end
labeling) kit (Promega, USA) to observe the level of inflam-
mation and tissue damage by fluorescence microscopy or
light microscopy.

2.6. Isolation of Liver Mononuclear Cells. Isolation of intrahe-
patic mononuclear cells (MNCs) was performed as previ-
ously described [22]. Briefly, the livers were removed and
passed through a 200-gauge stainless steel mesh. The cells
were suspended in 42% Percoll and subsequently gently
overlaid on 70% Percoll (GE Healthcare Bio-Sciences AB,
USA) and centrifuged at 1060xg for 25min at room tem-
perature. Liver MNCs were collected from the interphase
of Percoll.

2.7. Flow Cytometric Analysis. Macrophages were stained
with FITC-anti-CD45 and APC-anti-F4/80, NKT cells were
stained with FITC-anti-CD3 and APC-anti-CD49b, and
MDSCs were stained with FITC-anti-Grl and PE-anti-
CD11b monoclonal antibodies for surface antigens according
to the standard protocol (Biolegend Inc., USA). The stained
cells were analyzed using a flow cytometer (FACScalibur
and ACCURI Cé6; Becton Dickinson, Franklin Lakes, NJ),
and the data was analyzed by Flow]o software.

2.8. Statistical Analysis. The results were analyzed using
GraphPad Prism, version 5.0, by Student’s -test or analysis
of variance. All data were shown as the mean + standard error
of the mean (SEM). P value < 0.05 was considered to be
statistically significant.

3. Results

3.1. Maca Pretreatment Protects Mice against CIH. In order
to determine the therapeutic effects of Maca in acute hepati-
tis, we firstly investigated the effects of Maca on mortality
from CIH. Mice were pretreated with Maca and then
challenged with a lethal dose of ConA (30mg/kg). The
Maca-pretreated group mice significantly improved the
survival rate that were challenged with a lethal dose of ConA,
when compared with unpretreated of Maca control group
mice (Figure 1(a)). The kinetics of hepatic damage was

further determined in mice that were injected iv. with a
sublethal dose of ConA. As an acknowledged marker of
hepatic injury [23], blood transaminase was evaluated. As
shown in (Figures 1(b) and 1(c)), the levels of serum ALT
and AST were revealed significantly higher in the ConA-
injected group than in the Maca-pretreated group at 8, 16,
and 24 hours after ConA administration. In the meantime,
we found that the serums ALT and AST were not different
in the Maca-injected group alone compared with the control
group, suggesting that Maca did not exhibit drug hepa-
toxicity. So this increase was obviously reduced by Maca
pretreatment, indicating that Maca pretreatment usefully
protected against CIH.

Anatomical and histological examinations were approved
evidence, which were used to evaluate liver injury level
(Figure 2(a) shows mice liver photos of different experimen-
tal groups, and Figure 2(b) shows H&E staining). The key
feature of CIH was inflammatory infiltrates and massive
hepatocyte death. More inflammatory infiltrates and massive
hepatocyte death were observed in the nonpretreated group.
On the contrary, minor inflammatory infiltrates and liver
injury were observed in the Maca-pretreated group, and
the number of apoptotic cells was obviously reduced as com-
pared with just only the ConA-injected group (Figure 3
shows TUNEL staining). These satisfied findings showed
that Maca significantly inhibited liver injury and release
of transaminases (ALT and AST) in CIH. In a nutshell,
the results showed that Maca effectively protected against
liver injury.

3.2. Production of Inflammatory Cytokines Is Inhibited by
Maca in CIH. Previously, studies showed that following
ConA administration, immune cells were activated. Accord-
ingly, the releasing of various inflammatory cytokines played
critical roles to aggravate in acute hepatic injury, including
IFN-y, TNF-a, IL-2, IL-6, IL-12, and other cytokines [24].
To explore the underlying mechanisms of Maca protection
against liver injury, the effects of Maca in various inflam-
matory cytokine productions in CIH were studied. We
examined serum and liver tissue level of TNF-a, IEN-y,
IL-1f, IL-2, IL-6, IL-12, and IL-17a by CBA Flex Set.
The results were satisfactory. Not only in serum but also
in liver tissue, Maca pretreatment significantly inhibited the
level of inflammatory cytokines, including TNF-«, IFN-y,
IL-18, IL-2, IL-6, IL-12, and IL-17a in serum and TNF-q,
IEN-y, IL-2, IL-6, and IL-12 in liver tissue in ConA-
challenged mice (Figures 4(a)-4(l)). Thus, the above results
indicated that Maca might commendably suppress the
expression of multiple inflammatory cytokines in CIH.

3.3. More MDSCs Are Recruited by Maca to the Liver against
CIH. CIH is a type of inflammatory-induced liver injury and
is dependent upon T cells, NKT cells, and macrophage-
derived inflammatory cytokines [3, 25]. MDSCs present a
common capacity of suppressing immune cell responses,
including inhibition of infiltrating macrophages and T cell
activation, and so on, which can maintain the immune
homeostasis in the liver [13]. If Maca can effectively prevent
the infiltration and activation of NKT cells and macrophages



Mediators of Inflammation

100
80
60

40

Survival rate (%)

20

0 —

S

P <0.001

0 2 4 6 81012141618 202224
Time (hours) after ConA injection

¢ Control
< ConA
30004 8h 3500716 h
2500 s 3000
=Fon
2 1500 =
5 5 1500
= 1000 = 1000
500 500
0 0
E = 5 = B
o) + o)
<
[=}
(=}
¢)
3000 8h 3000 16 h
2500 2500
= 2000 s 3 2000
2 1500 2 1500
& 1000 % 1000
< <
500 500
0 0
E = 5 = B
o] + o
<
f=}
o
o

Maca

Maca

#x Maca
B ConA + Maca

sk

— 3500 24 h
3000 s
3 2500 1
S 2000
& 1500
-
< 1000
500
0
ER et S % 8
S = E = 5 =
+ &) +
3 5
(=} (=}
O )
Rk 3000 1 24
2500 ]
= 2000
2 1500
% 1000
<
500
0
< 8 s 8 < 8
s 3 g 2 2 8
S = s = § =
+ O +
< <
o [=1
(=} ]
o) v

FIGURE 1: Protection against ConA-induced acute hepatitis. Female BALB/c mice (n =10) were injected i.p. with Maca (20 mg/kg body
weight) at 2 hours before the injection of a lethal dose of ConA (30 mg/kg) i.v. (a) The survival rate was monitored at different times after
ConA administration. (b, ¢) Maca suppresses transaminase activity in ConA-induced hepatitis. The sublethal dose of ConA (15 mg/kg of
body weight) i.v. at 2 hours after Maca injection i.p. Serum transaminase ALT (b) and AST (c) levels were determined 8, 16, and 24 hours

after ConA injection. Data is expressed as the mean+SD (n=3).

EET]

p<0.001 vs. the ConA group. ConA, concanavalin A; Maca,

Lepidium meyenii Walp; ALT, alanine transaminase; AST, aspartate transaminase.

in time, it will be possible to reduce liver damage in CIH.
We examined whether Maca affects the recruitment and
activation of MDSCs in the liver under inflammatory condi-
tions. Indeed, we found that the percentage of CD11b* Gr-1*
MDSCs in the Maca-pretreated mouse liver was remarkably
higher than that in the ConA-injected group (Figure 5(a)).
Meanwhile, we also found that the percentage of CD45"
F4/80" macrophages and CD3" DX5" NKT cells in the ConA
group was much higher than that in the Maca-pretreated
group (Figures 5(b) and 5(c)). Our results seem to be consis-
tent with the previously reported findings. All of these
indicated that Maca might recruit more MDSCs to the liver
and inhibit macrophages and NKT cell infiltration and
inflammatory responses to reduce liver injury.

3.4. Maca Pretreatment Inhibited Activation of NF-«B,
STATI, and STAT3 in CIH. NF-xB is a well-known tran-
scription factor that plays a critical role in the activation of
several inflammatory pathways. The effect of Maca on anti-
inflammatory was evaluated to detect the NF-xB pathway
activation. As presented in Figures 6(a)-6(e), Maca pretreat-
ment obviously reduced P65 phosphorylation and blocked
IxBa phosphorylation and degradation, compared with that
in the ConA administration group. These results suggested
that part of the reason for the inhibition of inflammatory
response by Maca might be the block of NF-«B signaling
pathway activation.

In the meantime, IFN-y/STAT1 acts as a proinflam-
matory signal pathway, which is crucial for CIH [11]. The
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FIGURE 2: Maca inhibits ConA-induced acute hepatitis. Mice were injected i.p. with DH (20 mg/kg of body weight) at 2 hours before
the challenge of ConA (15 mg/kg of body weight). Mice were sacrificed at 16 hours after the ConA injection. The livers were harvested
from control ((a), A), Maca ((a), B), ConA ((a), C), and ConA +Maca ((a), D) injection mice, respectively. Liver tissues from the
control ((b), A), Maca ((b), B), ConA ((b), C), and ConA +Maca ((b), D) groups were fixed and stained with hematoxylin and
eosin (H&E). The arrows indicate massive cell death in the liver section. Original magnification x200. ip., intraperitoneal injection;
ConA, concanavalin A; Maca, Lepidium meyenii Walp; H&E, hematoxylin and eosin.

synthesis and activation of STAT1 are increased in the liver
of ConA-induced hepatitis mice, and STAT1-deficient mice
attenuate ConA-induced liver damage [11, 26]. Therefore,
we envisaged whether Maca affects the IFN-y/STAT1 signal-
ing pathway in ConA-induced liver injury. Indeed, in our
studies, we found that Maca effectively reduced synthesis
and phosphorylation of STAT1 (Figures 6(a), 6(f), and
6(g)), indicating that Maca decreased synthesis and activa-
tion of STATI was also a factor of the inhibition of hepa-
tocyte necrosis induced by ConA challenge.

Excessive IL-6 was described to be hepatodestructive
when injected or increased after ConA injection [27]. In
mouse in vivo, inflammatory responses were triggered
through the IL-6/STAT3 signaling pathway, and protein
expression of total STAT3 and phosphorylation of STAT3
were enhanced after ConA administration [28]. Our previous
results showed Maca pretreatment significantly inhibited
IL-6 levels of serum and liver tissue compared with the
ConA-injected group. Thus, Maca pretreatment might have
achieved the effect of inhibiting liver injury by reducing the
synthesis and phosphorylation of STAT3. The results were
in line with our expectation; we found that Maca markedly
decreased STAT3 synthesis and ConA-induced STAT3
phosphorylation (Figures 6(a), 6(h), and 6(i)), indicating that
inhibition of inflammatory responses by Maca might be
partially responsible for suppressing the synthesis and
phosphorylation of the IL-6/STAT3 signaling pathway.

4. Discussion

Following an increasing number of studies, traditional herbal
medicines exactly play an important role in the types of

disease therapies: tumor, hepatitis, autoimmune disease, viral
disease, and so on. Herbs touted as potential therapeutic
protection against liver disease have been reported [29].
Maca, one of the popular herbs, has been used in improving
sperm motility and serum hormone levels around the world
for hundreds of years [17, 18], but there is no research to
report that Maca would prevent hepatitis, not to mention
the underlying molecular mechanism.

ConA-induced acute hepatitis is a classic mouse model of
immune-meditated liver injury, which exhibits an acute ele-
vation of blood aminotransferase, secretion of proinflamma-
tory cytokines, and infiltration of inflammatory cells [3, 30].
In the base of our study, the results demonstrate the thera-
peutic effect of Maca in ConA-induced acute hepatitis and
provide novel evidences regarding its new territory of phar-
macological properties. When liver cells are injured, trans-
aminases are released from the liver cells into the blood. So
ALT and AST were known as one metric to assess the severity
of liver injury. When ConA injection is reduced to a sublethal
dose, our results showed that the ALT/AST levels were sup-
pressed and decreased liver damage was decreased in the
Maca-pretreated group. After ConA injection, anatomical
liver photos, H&E, and TUNEL significantly proved that liver
cell necrosis, inflammatory cell infiltration, and liver cell
apoptosis were remarkably reduced in Maca9-pretreated
mice. These findings showed that Maca pretreatment allevi-
ated pathological changes, suggesting potential for the use of
Maca in clinical application to prevent liver injury though
inhibition of inflammation damage. Furthermore, we found
that some of the apoptosis signals (bright-green nuclei)
were still present in the ConA +Maca group of the TUNEL
image. We consider that the apoptosis cells were not only
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FIGURE 3: Maca inhibits ConA-induced hepatic apoptosis. Mice were sacrificed at 16 hours after ConA injection. The livers were harvested
from the control, Maca, ConA, and ConA + Maca groups. Images showing TUNEL-labeled (green) apoptotic cells counterstained with
DAPI (blue) in liver tissue sections. DAPI-stained sections (b, e, h, and k) label the nuclei, while TUNEL-labeling (a, d, g, and j) reveals
apoptotic cells. Colocalization of TUNEL/DAPI (q, f, i, and 1) in liver sections. The arrows indicate an aggregate of apoptotic cells in the
liver section of the ConA injection group. Original magnification x200. ConA, concanavalin A; Maca, Lepidium meyenii Walp; TUNEL,
terminal deoxynucleotidyl transferase- (TdT-) mediated dUTP-biotin nick end labeling; DAPI, 4',6-diamidino-2-phenylindole.

liver cells but also multiple proinflammatory immune cellu-
lar. If Maca could interact directly with certain proinflamma-
tory cells and cause proinflammatory cell apoptosis, then
inflammation-mediated liver damage could be inhibited. It
may be another way to reduce the inflammatory response.

Surely, these ideas also require a lot of experimental data to
prove in future research.

Autoimmune liver damage is associated with excessive
activation of the immune responses [31]. Previous studies
have reported that the pathogenesis of CIH is mainly due to
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FIGURE 4: Maca inhibits expression of proinflammatory cytokines in ConA-induced hepatitis. Blood and liver tissue samples were collected
from the control, Maca-treated, ConA, and ConA + Maca groups at 8, 16, and 24 hours after ConA injection. (a-g) Serum concentration of
TNF-a, IFN-y, IL-1f3, IL-2, IL-6, IL-12, and IL-17a and (h-1) liver tissue concentration of TNF-a, IFN-y, IL-2, IL-6, and IL-12 were
determined using CBA Flex Sets. The similar results are representative of three experiments. Data is expressed as the mean +SD (n =3).
*p <0.05, **p <0.01, and ***p < 0.001 vs. the ConA group. ConA, concanavalin A; Maca, Lepidium meyenii Walp; IFN-y, interferon-y;
TNF-a, tumor necrosis factor alpha; IL-1f, interleukin-1f3; IL-2, interleukin-2; IL-6, interleukin-6; IL-12, interleukin-12; IL-17a,

interleukin-17a.

the release of proinflammatory cytokines, secreted from acti-
vated infiltrating macrophages and T cells, including TNF-«,
IFN-y, IL-14, IL-2, IL-6, IL-12, IL-17a, and other inflamma-
tory cytokines. TNF-« is a major player in inflammation-
mediated hepatocyte death [32]. Mice injected with a TNF-«
inhibitor or anti-TNF-«a and mice deficient in TNF-« receptor
are effective against CIH. Destruction of IFN-y genes abol-
ished elevated transaminase activities and necrosis in CIH
[30]. Our results showed that not only in the serum and but
also in the liver tissues Maca might significantly reduce the
production of multiple proinflammatory cytokines, including
IFN-y, TNF-q, IL-1, IL-2, IL-6, IL-12, and IL-17a.
Macrophage-secreted TNF-a and NKT-secreted IFN-y
play dominant roles in CIH [33-35]. Once macrophages
are depleted and the secretion of TNF-a decreased signifi-
cantly, liver damage is also completely suppressed [36, 37].

NKT cells are the central mediator in ConA-induced liver
injury, via IFN-y production and direct cytotoxicity against
hepatocytes [9, 10]. Therefore, the activation and infiltration
of macrophages and NKT cells are inhibited, which will
relieve liver injury. In this study, we found Maca effectively
suppressed CD45" F4/80" macrophages and CD3" DX5"
NKT cell activation and infiltration in the liver. It has been
reported that CD11b" Gr-1" MDSCs suppress the activation
and function of macrophages and T cells [14, 38, 39]. As a
drug, FTY720 was used to treat autoimmune hepatitis,
inhibits Th1 cells to produce IFN-y, activates Foxp3™ Tregs
by recruiting MDSCs, and reduces liver damage in CIH [40].
MDSCs downregulate the production of TNF-« and IL-12
[16, 41]. So we thought about whether Maca acted directly
on macrophages and NKT cells or indirectly regulated mac-
rophages and NKT cells by recruiting and activating MDSCs.
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FIGURE 5: Maca recruits more MDSCs to the liver and inhibits the infiltration of Kupffer cells and NKT cells in ConA-induced hepatitis.
Hepatitis was induced by i.v. injection of ConA (15 mg/kg). Liver mononuclear cells were isolated from mice at 16 hours following ConA
injection. (a) PE-CD11b" FITC-Gr1™ MDSCs, (b) FITC-CD45" APC-F4/80" Kupfer cells, and (c) FITC-CD3" APC-DX5" NKT cells were
stained and analyzed by a flow cytometer. Numbers in quadrants indicate the percentage of cells in each (a-B), (b-B), and (c-B).
Proportions of (a-B) PE-CD11b" FITC-Gr1* MDSCs, (b-B) FITC-CD45" APC-F4/80" Kupffer cells, and (c-B) FITC-CD3" APC-DX5"
NKT cells among total liver mononuclear cell population. The similar results are representative of three experiments. Data is expressed as
the mean+ SD (n=3). **p <0.01 and ***p <0.001 vs. the ConA group. ConA, concanavalin A; Maca, Lepidium meyenii Walp; MDSCs,

myeloid-derived suppressor cells; NKT cells, natural killer T cells.

Our results showed that Maca should recruit more MDSCs to
the liver firstly and then inhibited the activation and infiltra-
tion of macrophages and NKT cells, leading to reduce the
production of large amounts of proinflammatory cytokines.

Based on our above findings, we further explored the
molecular mechanism of Maca against ConA-induced
inflammatory responses. First, we focused on NF-«B, a key
transcription factor involved in inflammatory responses
and various autoimmune disease. It can strongly induce
proinflammatory mediators in the development of CIH
[42]. Our results indicated that Maca pretreatment effectively
inhibited P65 and IxBa phosphorylation, blocking IxBa deg-
radation, suggesting that Maca might block NF-«B activation
and subsequently attenuate the transcription of target

proinflammatory cytokine genes, thus protecting mice
against CIH. IFN-y/STAT1 acts as a proinflammatory signal
pathway, which is crucial for CIH [11]. As a major cytokine
responsible for the activation of STAT1, IFN-y induces
phosphorylation of STATI, which causes the expression
of proapoptotic genes [30]. Blocking IFN-y may prevent
ConA-induced damage [43]. In this study, we found that
synthesis and phosphorylation of STAT1 were attenuated
by Maca pretreatment in the liver. This echoed our above
results, in which Maca decreased the production of IFN-y
and reduced liver damage. In mouse in vivo, inflammatory
responses were triggered through the IL-6/STAT3 signaling
pathway, and protein expression of total STAT3 and phos-
phorylation of STAT3 were enhanced after ConA
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Fi1GUREk 6: Inhibitory effects of Maca on liver damage and apoptosis-related protein expression in ConA-induced acute hepatitis. Liver tissues
were collected from mice 16 hours after ConA challenge and analyzed by Western blot. (a) Effects of Maca on P-P65, P65, P-1«B-«, IxB-«,
P-STAT1, STATI, P-STAT3, and STAT3 expression were confirmed by Western blot. (b-i) Quantification of relative protein expression
was performed by densitometric analysis. GAPDH was used as internal control. The similar results are representative of three experiments.
Data is expressed as the mean+SD (n=3). *p<0.05, **p <0.01, and ***p <0.001 vs. the ConA group. ConA, concanavalin A; Maca,
Lepidium meyenii Walp; P-P65, phosphorylated P65; P-IxB-a, phosphorylated nuclear factor of kappa light polypeptide gene enhancer in
B-cells inhibitor alpha; IxB-a, nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor alpha; P-STATI,
phosphorylated signal transducer and activator of transcription 1; STATI, signal transducer and activator of transcription 1; P-STATS3,
phosphorylated signal transducer and activator of transcription 3; STAT3, signal transducer and activator of transcription 3.

administration [28]. Excessive accumulation of IL-6 acti-
vated STATS3 in liver, and phosphorylation of STAT3 trans-
located to the nucleus where it regulated multiple
inflammatory cytokine gene expressions. IL-6-mediated acti-
vation of STAT3 has been implicated in several acute inflam-
matory diseases [44]. Blockade of IL-6/STAT3 signaling
ameliorated liver injury [12]. Consistent with these results,
our results showed that pretreatment with Maca significantly
reduced the expression of STAT3 and inhibited STAT3 phos-
phorylation in the liver, indicating Maca had a potential role
to inhibit the IL-6/STAT3 signaling pathway in CIH.

In summary, we used a ConA-induced liver injury
model to display the effect of Maca on acute hepatitis.
Our data showed that Maca played a critical role in pro-
tecting the liver by inhibiting inflammatory and immune
responses via recruiting more MDSCs in CIH. Furthermore,
the underlying mechanisms should be closely associated
with inhibition of NF-«B activation and IFN-y/STATI1
and IL-6/STAT3 signaling pathways. Taken together, our
beneficial results provide the new pharmacodynamic evi-
dence for the application of Maca in preventing the liver
from inflammatory damage.
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