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Abstract: Morin exerts inhibitory effects on hepatic stellate cell (HSC) stimulation which is considered important
step for fibrogenesis in liver. These morin-induced inhibitory effects are mediated through enhancement in the ex-
pression levels of peroxisome proliferator-activated receptor-y (PPARYy). PPARYy plays a critical role in inhibition of HSC
stimulation. Peroxisome proliferator-activated receptor-y coactivator-1a (PGC-1a) acts as a co-activator for PPARy.
Hence, studies directed at examining the influence of morin on PGC-1a may help to understand the mechanisms
behind the morin induced suppression of HSC stimulation and liver fibrosis via PPARy. The current research was
therefore designed to examine the effect of morin on the expression levels of PGC-1a in HSCs under in vitro condi-
tions and to attempt to investigate the involved potential mechanisms by western blotting, RT-PCR, and transfection
assays. The results revealed that morin increased the expression of PGC-1a and the effects of morin on the ex-
pression of PGC-1a were positively associated with the stimulation of adenosine monophosphate-activated protein
kinase (AMPK). Additionally, morin enhanced superoxide dimutase-2 (SOD-2) transcript levels as well as the activity
via AMPK/PGC-1a axis. Furthermore, PGC-1a was found to suppress ol () collagen transcript levels in HSCs. Taken
together, these results revealed that the effect of morin on the enhancement of the expression of PGC-1« is medi-
ated through AMPK pathway which ultimately leads to increase in the activity of PPARy and SOD-2.
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Introduction th co-activators or co-repressors. Peroxisome
proliferator-activated receptor-y coactivator-1a
(PGC-1a) is a PGC-1 family member which has
long been reported to be involved in controlling
the cellular carbohydrate and lipid metabolism
[5]. Moreover it has also been reported to play
a vital part in cell fate decision of adipocyte [6].
PGC-1a can co-activate several nuclear recep-
tors and non-nuclear receptor transcription

Hepatic stellate cell (HSC) is one of the appro-
priate cell types for growth of liver fibrosis. HSC
initiation is considered as one of the important
phases in liver fibrogenesis. HSC initiation is
comparable to the adipocyte to pre-adipocyte
trans-differentiation [1]. There are concrete evi-
dences in literature that the adipocyte tran-

scription factors, like peroxisome proliferator-
activated receptor-y (PPARy) and PPARq, exhi-
bit anti-fibrotic activity [2]. PPARy and PPAR«
have been reported to be linked with the ad-
vancement of adipocyte differentiation [3]. Ad-
ditionally, it has been observed that PPARy
plays an important role in regulating the tran-
scription of HSC stimulation [4]. Transcription
factors exercise their influence by linking wi-

factor targets [7]. Antioxidant flavonoids have
received considerable attention in the recent
past as a remedy for the treatment of several
diseases and disorders. There are evidences
that about the inhibitory effects of flavonoids
on liver [8]. Consistently, flavonoids have been
shown to increase PPARy expression in differ-
ent cell types [9] as well as exhibit the capa-
city to modulate HSC cell growth and expres-
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sion of extracellular matrix through enhance-
ment of PPARy expression [10]. Morin, a natural
flavonoid isolated from several plants belong-
ing to the family moriaceae, has been reported
to exhibit tremendous pharmacological poten-
tial. In particular it has been reported to induce
mitochondrial-dependent apoptosis in cancer-
ous cells. Herein the present study we studi-
ed the effect of morin in vitro on the PGC-1«
expression, PPARy and HSCs. Moreover, the
signaling cascade facilitating the influence of
morin on PGC-1a was also studied.

Materials and methods
Materials

Morin and other all chemicals and regents us-
ed in the present study were purchased from
Sigma (St. Louis, MO, USA).

Isolation of HSC and culturing

Sprague-Dawley rats were used for isolation of
HSCs as reported previously [11]. For culturing,
isolated HSCs were seeded in 25 cm? plastic
flasks. Prior to morin administration, HSCs we-
re shifted to the fresh flasks (2 x 108/flask) or
12-well plates (4 x 105/w) or 6-well plates (1 x
108/w). The cells were then administrated with
morin (in DMSO0), AICAR, Compound C, or the
solvent in DMEM medium with 2% FBS. The
Institutional ethical committee provided the
approval for carrying out the experiments.

Western blot analysis

After administration with various concentra-
tions of ME, RB355 cells were harvested and
lysed in lysis buffer. Out of the total protien
samples 20 pg aliquot was separated on SDS-
PAGE gel (10%). The gel was then transferred
to nitrocellulose membranes, blocked with 6%
BSA and probed with a primary antibody. This
was followed by probing with the required sec-
ondary antibody. Finally, the signal was per-
ceived with WEST-SVE Up™ lumina-based ECL
reagent (ABrontier, Korea). Proteins were re-
vealed by primary antibodies and successively
by horseradish peroxidase-conjugated second-
ary antibodies.

RNA isolation, cDNA synthesis and real-time
PCR

Total RNA was extracted by using RNeasy RNA
isolation kit (Qiagen) and the whole procedure
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was carried out in accordance with the manu-
facturer’s protocol. Thereafter, cDNA was syn-
thesized with the help of RevertAid cDNA syn-
thesis kit (Fermentas) strictly in accordance
with the manufacturer’s protocol. To carry out
the RT-PCR, the cDNA was diluted (20 times)
and quantitative RT-PCR was carried out in
three replicates in ABI StepOne Real time
(Applied biosystems) using SYBR Green Mas-
ter Mix (Fermentas). The quantitative variation
was examined by the relative quantification
method (AACT) and actin was used as refe-
rence to normalize the data.

Transient transfection assays

The PPARYy activity reporter plasmid pPPREX3-
TK-Luc harbors 3 consensus PPARy-responsive
elements and a Photinus luciferase vector.
Plasmid pSV-PGC-1a codes for WT mouse
PGC-1c.

Plasmid pGL3 PGC-la-Luc contains mouse
PGC-1a promoter. The plasmids were procur-
ed from Addgene Inc, (Cambridge, MA, USA).
Plasmid pwtAMPKa, and plasmid pdn AMP-
Ka, code for WT AMPKa,, and dominant-nega-
tive AMPKa,, respectively.

HSCs in 12-well plates or 6-well plates were
transfected with the corresponding plasmid
transiently by Lipofect AMINE reagent by fol-
lowing the manufacturer’s protocol. As the
cells were transfected with pPPREX3-TK-Lu-
cor pGL3 PGC-1a-Luc-(1.6 or 0.8 ug/well), 30
ng of Control vector expressing Renilla lucifer-
ase was taken to control the transfection effici-
ency. Data were normalized to pRL-TK activity.

SOD-2 activity

For SOD-2 activity the cells were pre-washed
with ice cold PBS, suspended and centrifuged
at 1000 g. Cells were then suspended in HE-
PES buffer having EGTA, mannitol, and sucrose
and homogenized. The lysate was then again
subjected to centrifugation. SOD2 activity was
finally determined by the SOD Assay Kit follow-
ing manufactures protocol.

Statistical analysis

Each experiment was carried out in three bio-
logical replicates. Statistical analysis was car-
ried by One way ANOVA followed by Tukey’s

Am J Transl Res 2017;9(12):5662-5670



Morin modulates peroxisome proliferator-activated receptor-y coactivator-1«x

A
4-
o 34
f=2]
c
(1]
S 2-
=
(=]
w
14
0_
Q o K o
Concentration (M)
C
8-

(=]
1

Luciferase activity
e s

0-

@.\6@
$@

post hoc test by GraphPad prism 7 and the val-
ues were considered significant at p < 0.05.

Results
Morin enhances the expression of PGC-1«

To investigate the effect of morin on the ex-
pression levels of PGC-1a, HSCs were adminis-
trated with various doses of morin for 24 h. The
transcript levels of PGC-1a were estimated by
RT-PCR (Figure 1A). It was observed that mo-
rin significantly enhanced the mRNA levels of
PGC-1a dose dependently. 20 yM of morin
caused 2.1-fold enhancement in the mRNA lev-
els of PGC-1a in comparison to the untreated
control. In order to further confirm the role of
morin in enhancing the expression of PGC-1a
expression, HSCs were administrated with 20
UM of morin for varied time intervals. The
results of RT-PCR (Figure 1B) revealed that
PGC-1a mRNA levels were upregulated at 12 h
and the enhancement remained upto 24 h at
least. Moreover, HSCs were transfected with
pGL3 PGC-1a-Luc and treated with 20 uM of
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Figure 1. RT-PCR of PGC-1a0 mRNA levels. A. Expres-
sion of PGC-1a in HSCs at indicated concentrations of
Morin for 24 h. B. Expression of PGC-1a at 20 uyM of
Morin or the vehicle for varied time intervals. C. Trans-
fection assay for analysis of PGC-1a promoter activity
by luciferase activity. *P < 0.05 vs the control without
Morin. *P < 0.05 vs the corresponding control with ve-
hicle at the same time point.

morin or the vehicle for a time period of 24 h
(Figure 1C). The results of luciferase assay indi-
cated that morin stimulated PGC-1a promoter
activity. Taken together, these results indicate
that morin increased PGC-1a transcription in
cultured HSCs.

Effect of morin on PGC-1a expression is medi-
ated by AMPK activation

As AMPK has been reported to play an impor-
tant role in PGC-1a expression in skeletal mus-
cle [12] and that morin increases the expres-
sion of PGC-1a in HSCs (Figure 1), the influence
of 20 uM of morin on AMPK stimulation was
investigated in HSCs.

The results of western blotting revealed that
morin markedly enhanced the protein expres-
sion of p-AMPK at 60 min time interval (Figure
2A). Grounded on these observations, the ef-
fect of AMPK stimulation on the expression le-
vels of PGC-1a was investigated. For this AICAR
(AMPK activator) was administrated to HSCs or
20 uM of morin for 24 h. The transcript and pro-
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Figure 2. AMPK stimulation mediates the promotion effect of morin on the expression of PGC-1« in cultured HSCs.
(A) Western blotting of phospho-AMPKa (Thr172) and AMPKa (n ¥23). (B) HSCs were treated with AICAR or 20 uM of
morin or the vehicle for 24 h (C) HSCs were treated with Compound C (the specific AMPK inhibitor) for 30 min before
incubation with 20 uM of morin or the vehicle for an additional 24 h and subjected to RT-PCR and western blotting.
*P < 0.05 vs the control with vehicle. *P < 0.05 vs the control with morin alone or vs the control with Compound
C plus vehicle (the first column on the right). (D) RT-PCR analyses of PGC-1a mRNA level. *P < 0.05 vs the control
with empty vector.

tein expression levels of PGC-1a were exam-
ined (Figure 2B). The results indicated that Al-
CAR and morin enhanced both the transcript as
well as the protien expression levels of PGC-1a.
1 mM of AICAR was observed to enhance the
mMRNA levels of PGC-1a by 100% in comparison
to the control. Further to validate the involve-
ment of morin-triggered AMPK stimulation in
promoting PGC-1a transcription, HSCs were
pre-administrated with varied concentrations
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of Compound C (AMPK inhibitor) for 30 min
prior to treatment with or without 20 yM of
morin for 24 h more and thereafter the tran-
script and protein levels of PGC-1a were de-
termined (Figure 2C). The results indicated th-
at morin-induced enhancements in the mRNA
and protein expression of PGC-1« are in part
stabilized by Compound C. Additionally; HSCs
were also transfected with pwtAMPKa,, or plas-
mid pdnAMPKa,, and treated with morin. The

Am J Transl Res 2017;9(12):5662-5670



Morin modulates peroxisome proliferator-activated receptor-y coactivator-1«x

>

PPPRE x 3-Luc

Luciferase activity
= o

o

0
pWtAMPKa2 0 0 04 0.8 1
Empty vector 1 1 06 02

Veh Morin

B s C
PPPRE x 3-Luc 154

a
2

L]
1

Luciferase activity
Luciferase activity

04

pdnAMPKa2z 0 0 04 0.8
Empty vector 1 1 0.6 0.2 0
Veh Morin

Fold change

pPPREx 3-Luc #

Empty vector

1 (ug)
1 (ug)

Morin

Fold change

pSV-PGC-1a Empty vector

pSV-PGC-1a

Figure 3. (A) HSCs transiently co-transfected with pPPRE 3-TK-Luc (0.8 pg/well) plus different doses of pwtAMPKa,
and empty vector or transfected with pwtAMPKa, or empty vector before treatment with 20 uM of morin or the
vehicle (Veh) for 24 h, (B) HSCs were co-transfected with pPPRE 3-TK-Luc (0.8 pg/well) plus different doses of
pdnAMPKa, and empty vector before treatment 15 mM of morin or the vehicle (Veh) for 24 h, (C) or HSCs were
administrated with morin transfected with pPPRE 3-TK-Luc (0.8 pg/well) plus pSV-PGC-1a (0.8 pg/well) or control
empty vector for 24 h or transfected with pSV-PGC-1a or control empty vector for 24 h. The luciferase assay was per-
formed or LXRax and mRNA levels relative to cyclophilin were examined by real-time PCR. *P < 0.05 vs the cells with
morin and without pwtAMPKa. *P < 0.05 vs the cells with morin and without #P < 0.05 vs the cells with empty vector.

RT-PCR results revealed that pwtAMPKa, en-
hanced the mRNA levels of PGC-1a while as
pdnAMPKa, decreased the mRNA levels of
PGC-1a in comparison to the control (Figure
2D). Taken together, these outcomes indicate
that AMPK stimulation is requirement for the
morin induced expression of PGC-1« in HSCs.

Involvement of PGC-1a in morin-induced trans-
activation activity of PPARy and enhancement
of mRNA levels of LXRa

Morin-induced stimulation of AMPK caused
enhanced expression of PGC-1a in HSCs (Fig-
ure 2) and PGC-la causes co-activation of
PPARYy trans-activation activity [13]. Hence, the
influence of morin-triggered stimulation of AM-
PK on trans-activation activity of PPARy and
levels of mRNA of LXRa (a PPARYy target gene),
were also studied. HSCs were co-transfected
transiently with pPPRE-TK-Luc (for determina-
tion of trans-activation activity of PPARY) plus
PWtAMPKa, (coding for rat wild type AMPKa,)
prior to incubation with morin or HSCs were
transfected with or without pwtAMPKa, prior
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to incubation with morin (Figure 3A) or HSCs
were co-transfected transiently with pPPRE-TK-
Luc plus pdnAMPKa, (encoding rat dominant
negative AMPKa,) prior to incubation with
morin (Figure 3B). The results of luciferase
assay revealed that pwtAMPKa, increased
and pdnAMPKa, suppressed the morin-indu-
ced PPARYy trans-activation activity (Figure 3A,
3B), indicating that morin-induced stimulation
of AMPK enhanced the PPARy trans-activation
in HSCs. The results of RT-PCR revealed that
pwtAMPKa, also increased morin-induced
LXRa expression (Figure 3A), supporting the
influence of morin-triggered stimulation of AM-
PK on PPARYy activity. Additionally, HSCs were
co-transfected transiently with pPPRE-TK-Luc
plus pSV-PGC-1a or the empty vector or HSCs
were transfected with pSV-PC-1a or control
empty vector (Figure 3C). The results indicated
that that overexpression of PGC-1a enhances
luciferase activity and LXRa mRNA levels,
demonstrating the role of PC-1a in the pro-
motion of trans-activation activity of mRNA
levels of PPARy and LXRa in HSCs. As morin-
triggered stimulation of AMPK caused induc-
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tion of expression of PC-1a in HSCs (Figure 2),
the outcomes of Figure 3 imply that PGC-1a
was associated with morin-triggered trans-acti-
vation activity of PPARy in HSCs.

Morin enhances activity and expression of
SOD2 via AMP/PGC-1« axis and PGC-1a inhib-
its expression of a1l (I) collagen

Accretion of significant amounts of ROS has
been reported in injured liver which ultimately
causes fibrosis by stimulating HSCs [14]. To
scavenge ROS the antioxidant enzymes in mi-
tochondria such as SOD-2 form the first line
of defense. It has further been reported that
PGC-1a enhances the expression of SOD-2
and lessens the accumulation of ROS in vas-
cular endothelial cells [15]. Hence, we exam-
ined the influence of PGC-1a on the transcript
levels and activity of SOD-2 in HSCs.

Afterward HSCs were transfected with pSV-
PGC-1a or the empty vector and treated with
morin and the expression levels and activity
of SOD-2 were investigated (Figure 4). The
results indicated that PGC-1a overexpression
or morin administration considerably enhanced
the expression levels and activity of SOD2 wh-
ich could be enhanced by PGC-1a plus morin.
Consistent with the influence of morin on
expression of PGC-1a via AMPK pathway, we
investigated the effects of morin and AMPK
pathway on the mRNA levels and activity of
SOD-2. For this, HSCs were administrated wi-
th morin, AICAR, or morin plus Compound C
(Figure 4B). The results revealed that both
morin and AICAR enhanced the expression
and activity of SOD-2 and at the same time
Compound C lessened the effect of morin on
the expression and activity of SOD-2. Together
with the enhancing effect of PGC-1a on tran-
scription and activity of SOD-2 (Figure 4A) and
the outcomes that AMPK activation mediates
the effect of morin on the expression of PGC-
1o (Figure 2), the results in Figure 4B imply
that morin enhanced the expression and ac-
tivity of SOD-2 via AMPK/PGC-1a axis.

PGC-1a enhanced the expression of SOD-2
(Figure 4A) and acts as PPARy co-activator.
Additionally, SOD and PPARy both inhibit ex-
pression of al () collagen (a major component
of ECM) in HSCs [16]. Therefore, HSCs were
transfected with pSV-PGC-1a or the empty vec-
tor, treated with morin and the expression of
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al (I) collagen was investigated. RT-PCR analy-
sis (Figure 4C) revealed that PGC-1a overex-
pression or incubation with morin reduced the
expression of &l (l) collagen which could be sig-
nificantly suppressed by PGC-1la plus morin
treatment.

Discussion

HSC stimulation is an important step in liver
fibrogenesis as the stimulated HSCs lead to
the production of ECM. The results of the cur-
rent study revealed that that morin enhanced
the PGC-1a expression, which acts as a PPARy
co-activator in HSCs under in vitro conditions.
The mechanistic studies revealed that morin-
triggered AMPK stimulation promoted the ef-
fect of morin on the expression of PGC-la.
Additionally, morin stimulates the expression
of SOD-2 via AMPK/PGC-1a axis and PGC-1«
was found to suppress the transcription of ol
() collagen, a principal constituent of ECM in
HSCs.

PPARYy has a vital role in the inhibition of HSC
stimulation and has been considered as a
prospective target for suppression of HSC sti-
mulation [17]. The results revealed the enhanc-
ing effect of morin on expression of PGC-1a
which acts as a co-activator for PPARy in HS-
Cs under in vitro conditions. Given the results
of the study, it appeared rational that besides
the effect of morin on activity of PPARy via
enhancement of the expression of PPARy [18],
morin might also lead to activation of PPARy
through enhancement of PGC-1a in HSCs and
hence influences HSCs. It has been reported
that AMPK stimulation negatively controls the
expression of al (I) collagen in HSCs [19] as
well as mouse HSCs [20] Consistent with this,
the results of the present study revealed that
that morin-triggered AMPK stimulation enha-
nced PGC-1a expression and PGC-1a in turn
decreased the expression of ol (I) collagen,
indicating that PGC-1a might arbitrate the in-
fluence of AMPK stimulation on the expression
of al (I) collagen in HSCs in vitro.

There are concrete evidences in literature that
substantial amounts of ROS are accumulated
in injured liver which adds to liver fibrosis
through activation of HSCs [21]. Moreover, it
has also been reported that antioxidants can
inhibit the HSC stimulation [22]. Antioxidant
enzymes and other non enzymic molecules
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scavenge ROS in cells and flavonoids such as
morin are potent antioxidant [23] and inhibit
HSC stimulation through induction of glutathi-
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Figure 4. Morin stimulates SOD-2 expression and
activity by AMPK/PGC-1a axis and PGC-1a down-
regulates al (l) collagen transcription in cultured
HSCs. A. Analyses of SOD-2 mRNA level and ac-
tivity. B. Analyses of SOD2 mRNA level and activity.
C. Real-time PCR analyses of a1 (I) collagen mRNA
level. *P < 0.05 vs the control with empty vector
plus vehicle (empty column on the left). P < 0.05
vs the cells with pSV-PGC-1a plus.

one synthesis [24] which exhibits the capacity
to scavenge ROS or alternatively acts a cofac-
tor for several antioxidant enzymes. In the pres-
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ent study, morin was found to enhance the
expression and activity of SOD-2, and morin-
triggered AMPK/PGC-1a axis may account for
the effect of morin on SOD-2 in HSCs.

Therefore, these results indicated that antioxi-
dant potential of morin may be facilitated, by
SOD-2 in HSCs and suggests a new mecha-
nism behind the effect of morin on HSCs.
However, these results do not eliminate the
involvement of other antioxidant enzymes in
morin-induced PGC-1a. Moreover, the results
of the present study revealed the negative in-
fluence of PGC-1a on the expression of al (1)
collagen, a principal constituent of ECM in
HSCs.

Conclusion

In conclusion, we proposed that morin can en-
hance the expression of PGC-1a through sti-
mulation of AMPK. Morin-induced PGC-1« ac-
tivates PPARy and increases expression of
SOD-2 in HSCs which in turn exerts an inhibi-
tory effect on the expression of al (l) colla-
gen. These results indicate a new prospective
account for the suppressing effect of morin on
liver fibrogenesis.
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