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Didymin Alleviates Cerebral Ischemia-Reperfusion
Injury by Activating the PPAR Signaling Pathway

Qiang Li, Hongting Zhang, and Xiumei Liu
ICU Department, Jiyang People’s Hospital of Jinan, Jinan, China.

Purpose: Cerebral ischemia-reperfusion (IR) injury is a severe secondary injury induced by reperfusion after stroke. Didymin has
been reported to have a protective effect on intracerebral hemorrhage. However, the underlying mechanism of didymin on regu-
lating cerebral IR injury remains largely unknown.

Materials and Methods: A rat cerebral IR model and oxygen-glucose deprivation/reperfusion (OGD/R) model in PC12 cells were
established. Hematoxylin and eosin (H&E) was used to detect the pathological changes in brain tissues, and TUNEL staining was
performed to detect apoptosis of brain tissues. MTT and flow cytometry were used to measure the viability and apoptosis of PC12
cells. QRT-PCR and western blot were used to detect inflammation cytokines in PC12 cells. Western blot was used to measure the
expression of PPAR-y, RXRA, Bax, c-caspase-3, and Bcl-2.

Results: Didymin pretreatment decreased apoptotic rates, reduced levels of Bax and c-caspase-3, and increased Bcl-2 level in
vivo and in vitro. Additionally, didymin pretreatment increased viability and decreased the inflammation levels [interleukin (IL)-
1B, IL-6, tumor necrosis factor (TNF)-a, and monocyte chemotactic protein (MCP)-1] of OGD/R treated PC12 cells. Moreover, did-
ymin activated the peroxisome proliferator-activated receptors (PPAR) signaling pathway and increased the expression of PPAR-y
and RXRA in OGD/R treated PC12 cells. Inhibition of PPAR-y eliminated the protective effect of didymin on OGD/R treated cells.
Conclusion: Didymin protected neuron cells against IR injury in vitro and in vivo by activation of the PPAR pathway. Didymin

may be a candidate drug for IR treatment.
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INTRODUCTION

Stroke is a form of brain injury caused by the rupture of cere-
bral vessels or the interruption of blood supply to the brain,
causing death and disability."* Ischemic stroke is the main type
of stroke.? Reperfusion is the best method to restore blood sup-
ply to cerebral ischemia and protect the brain from ischemic
injury.® However, reperfusion may cause more severe second-
ary injury to brain tissue, known as ischemia-reperfusion (IR)
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injury.* Therefore, research on drugs with a therapeutic effect
on cerebral IR injury is essential to reduce brain injury and im-
prove brain function after cerebral IR injury.

Inflammation after stroke plays a key role in IR injury.®” Isch-
emia followed by reperfusion enhanced the levels of inflamma-
tory cytokines and increased the activation of inflammatory
cells and infiltration in the brain tissues.? Kuai, et al.” found that
the inflammation levels were dramatically increased in cerebral
IR rats. In clinical trials, subcutaneous injection of interleukin
(IL)-1 antagonists significantly reduced the plasma levels of in-
flammatory cytokines in patients with ischemic stroke." Treat-
ment with anti-inflammatory cytokines IL-22 and IL-35 atten-
uated neuronal apoptosis after cerebral IR injury."'? Therefore,
changes of the inflammation levels in cerebral IR injury reflect
the reduction or aggravation of brain injury.

Didymin, a flavonoid, is derived from citrus fruits, such as or-
anges, bergamot, and lemons." Its chemical structure is shown
in Fig. 1. Early studies found that didymin inhibits the develop-
ment of non-small-cell lung cancer, breast cancer, and neuro-
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blastoma.'*"® Shukla, et al.'® found that didymin prevented the
release of inflammatory cytokines and chemokines in the high
glucose-induced human umbilical vein endothelial cells. The
findings of Gu, et al.”” showed that didymin suppressed pyrop-
tosis and inflammation of microglia in experimental intrace-
rebral hemorrhage. However, the effect of didymin in cerebral
IR injury is still unclear.

Based on these previous studies, we speculated that didymin
might play a protective role in the cerebral IR injury. Our study
investigated the effect of didymin on apoptosis and inflamma-
tion in cerebral IR injury. We discovered that didymin is dramati-
cally inhibited cell apoptosis and suppresses inflammation in
vivo and in vitro, and that the neuroprotective mechanisms
may be related to the activation of the peroxisome proliferator-
activated receptors (PPAR) signal pathway. This research pro-
vides a potential effective drug for therapeutic intervention of
cerebral IR injury.

MATERIALS AND METHODS

Bioinformatics analysis

The pathway enrichment of didymin was analyzed by the Sym-
Map database (http://www.symmap.org)."® Briefly, we opened
the ULR of SymMap: http://www.symmap.org, selected
“search,” clicked “Ingredient,” input “didymin” in the search box
and clicked “research” to perform the search. The search results
showed that the Ingredient ID of didymin was “SMIT07548.
After clicking to enter the search result, we pulled down the
webpage to “Related components for SMIT07548” and clicked
“Target”” Then, the analysis results appeared.

Ethics approval and consent to participate

The experimental protocol of our study was performed in ac-
cordance with the Guide for the Care and Use of Laboratory
Animals and approved by Jiyang People’s Hospital of Jinan.

Animals and groups

A total of 20 male SD rats (9 weeks old and weighing 300-320 g,
Jinan Pengyue Experimental Animal Breeding Co., LTD, Shan-
dong, China) had free access to food and water at 21°C. The
rats were divided into four groups: Sham (n=5), middle cere-
bral artery occlusion (MCAO) (n=5), MCAO+didymin 0.5 mg/
kg (n=5), and MCAO+didymin 1.0 mg/kg (n=5). The MCAO+

Fig. 1. Chemical structure of didymin.
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didymin groups received intraperitoneal injections of didymin
(MedChemExpress, Shanghai, China) at the dose of 0.5 mg/
kg/d or 1.0 mg/kg/d for 7 days before the MCAO surgery. The
chemical structure of didymin is shown in Fig. 1.

MCAO model

The MCAO model was established as previously described."
In brief, rats were anesthetized with pentobarbital sodium (60
mg/kg) by intraperitoneal injection, and the heart rate was
monitored. After being fixed with adhesive tape, an incision
was made on the necks of rats to expose and separate the left
common carotid artery (CCA), external CA, and internal CA.
Then, the left CCA was ligated with monofilament nylon suture
with spherical end (diameter 0.32 mm). After 2 h of occlusion,
the nylon suture was removed, and reperfusion was adminis-
tered for 24 h. The rats in Sham group underwent similar sur-
gery without ligation of the left CCA, and the incision was di-
rectly sutured.

Neurological score

After of 24 h of MCAQO, the neurological deficit score was as-
sessed by two investigators blinded to the rat groupings, as pre-
viously described.” Briefly, neurological deficits were assessed
using a five-point neurological deficit score as follows: 0, no
neurologic deficit; 1, failure to fully extend the contralateral fore-
paw; 2, failure to extend the contralateral forepaw; 3, circling to
the contralateral side; and 4, falling to the contralateral side.

Pathological histology of brain tissues

After 24 h of reperfusion, rats were sacrificed with pentobarbi-
tal sodium (100 mg/kg). The brains were removed and treated
with 4% paraformaldehyde for 24 h, and then embedded in the
paraffin. Subsequently, brain tissues were sliced into 5-pum-
thick sections and stained with hematoxylin and eosin (H&E,
Beyotime, Shanghai, China). The pathological changes in
brain tissues were analyzed under a light microscope (Nikon,
Tokyo, Japan).

TUNEL staining

Paraffin sections of brain tissues were dewaxed and dehydrat-
ed with gradient ethanol and washed with PBS (Thermo Fish-
er Scientific, Shanghai, China) for 5 minx3 times. Then, the
sections were incubated with proteinase K at 37°C for 30 min,
followed by washing with PBS for 5 minx3 times. Subsequent-
ly, the TUNEL regent (Beyotime) was added and incubated
for 30 min at 37°C. After washing with PBS, the sections were
developed with peroxidase solution and DAB, and then coun-
terstained by hematoxylin. The TUNEL-positive cells were ob-
served under a fluorescence microscope.

Brain water content of brain tissues

After the rats were sacrificed, the brains were collected and
weighted as the wet weight. Subsequently, brains were dried at

957



YMJ

110°C for 24 h. Then, the dried brains were weighed as the dry
weight. The brain water content was calculated as follows:
weit weight-dry weight

Brain water content (%)= —— %100
weit weight

OGD/R model and drug treatment

PCI2 cells were cultured in DMEM containing 10% FBS at 37°C.
For similar cerebral IR injury in vitro, oxygen-glucose depriva-
tion/reperfusion (OGD/R) model was established as previ-
ously described.” In brief, PC12 cells were cultured in glucose-
free and serum-free DMEM (Thermo Fisher Scientific), and
incubated in a hypoxic environment with 94% N, 1% O, and
5% CO, at 37°C for 6 h. Then, the medium was replaced with
complete DMEM (Thermo Fisher Scientific), and the cells
were cultured in a normal environment with 95% air and 5%
CO:; at 37°C for 24 h. PC12 cells were divided into the control
group (untreated), OGD/R group (OGD/R treatment), and
OGD/R+didymin group (PC12 cells were pretreated with 10-40
pM didymin 24 h before OGD/R treatment).

MTT assay

PC12 cells were cultured into a 24-well plate at the density of
5x10* cells per well. After the cells were treated with didymin
or OGD/R, MTT (Beyotime) was added into the well and cul-
tured at 37°C for 4 h. Subsequently, the medium was removed
from the well and replaced by DMSO to dissolve the formazan
crystals. The absorbance was measured on a microplate reader
(Bio-Rad, Hercules, CA, USA) at 570 nm. The cell viability was
calculated as follows:

absorbance of treated group

Cell viability (%)= absorbance of control group

Flow cytometry assay

PC12 cells were centrifuged at 1000 g for 5 min to discard the
supernatant. Then, the cells were collected to resuspend with
PBS for preparing the cell suspension. The resuspended cells
(5x10* cells) were centrifuged at 1000 g for 5 min to discard
the supernatant, and 195 pL of Annexin V-FITC binding solu-
tion (Beyotime) was added to resuspend the cells. Subsequent-
ly, PC12 cells were incubated with 5 pL. Annexin-FITC and 10
UL propidium iodide staining solution at room temperature
(20-25°C) for 15 min in the dark. The apoptotic cells (early
apoptotic cells and late apoptotic cells) were detected by flow
cytometry (BD Biosciences, San Jose, CA, USA). The results
were analyzed by using the Flow]Jo software version 10 (TreeS-
tar Inc., Ashland, OR, USA).

Western blot assay

Total proteins were extracted form PC12 cells and brain tissues
by the RIPA lysis buffer (Beyotime). The protein concentration
was measured by the BCA kit (Beyotime). Then, the protein
samples (20 pg) were separated by the 10% SDS-PAGE, and
then transferred onto the PVDF membranes (EMD Millipore,
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Billerica, MA, USA). Subsequently, the membranes were in-
cubated with primary antibodies [Bax, ab32503; c-caspase-3,
ab32042; Bcl-2, ab32124; PPAR-y, ab272718; RXRA, ab125001;
IL-1B, ab254360; IL-6, ab259341; tumor necrosis factor (TNF)-
a, ab205587; monocyte chemotactic protein (MCP)-1, ab7202;
f-actin, ab8226, Abcam, Cambridge, UK] at 4°C overnight, fol-
lowed by incubation with secondary antibody (ab6721, Abcam)
for 1 h. The bands were visualized with an ECL kit (Beyotime)
and quantified with the Image]J software (National Institute of
Health).

QRT-PCR assay

A total RNA of PC12 cells were isolated by the TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). The cDNA was synthesized
by using the High-Capacity cDNA Reverse Transcription Kit
(Thermo Fisher Scientific), and qRT-PCR was performed us-
ing the SYBR Premix ExTaq (Takara, Tokyo, Japan). The reac-
tion conditions were as follows: 95°C for 3 min, followed by 40
cycles at 95°C for 3 s and 55°C for 20 s. The expression levels of
mRNAs were normalized to GAPDH, and then calculated us-
ing the 22 method. The primer sequences used for PCR are
as follows: IL-1B, F: 5'-AGGAGAGACAAGCAACGACA-3'; R:
5"-TTGTTTGGGATCCACACTCTCC-3: IL-6, F: 5'-AGAGA-
CTTCCAGCCAGTTGC-3'; R: 5-TGCCATTGCACAACTCTTT
TC-3'. TNF-q, F: 5'-ATGGGCTCCCTCTCATCAGT-3'; R:
5'-GCTTGGTGGTTTGCTACGAC-3'. MCP-1, F: 5'-TGTCT-
CAGCCAGATGCAGTT-3'; R: 5'-CAGCCGACTCATTGGGAT-
CA-3'. GAPDH, F: 5'-CCGCATCTTCTTGTGCAGTG-3'; R:
5'-CGATACGGCCAAATCCGTTC-3'.

Statistical analysis

GraphPad V.7.0 (GraphPad Software Inc., San Diego, CA, USA)
was used to conduct the statistical analyses. One-way analysis
of variance was applied to evaluate the differences among
multiple groups, followed by Tukey’s multiple comparisons
test. P<0.05 was considered to indicate statistically significant
difference. All data are displayed as the mean+SD from three
experiments.

RESULTS

Didymin pretreatment protects neurological injury
and reduces apoptosis in rats

To explore the effect of didymin on rats with cerebral IR inju-
ry, H&E staining was used to observe the brain pathological
changes of MCAO rats. As shown in Fig. 2A, the hippocampus
showed normal structures in Sham group. Obviously, severe
brain injury occurred in MCAO group with destroyed cell mem-
branes, swollen cell morphology, cell necrosis, and neuron at-
rophy. Didymin pretreatment markedly decreased the injury
induced by MCAO modeling. The brain water content was
markedly decreased by didymin pretreatment compared with

https://doi.org/10.3349/ym;.2022.0040



Qiang Li, et al.
A B 90 -
Y 0 @ PR A e = 4
','5 e RO NI e @ N £ t
Ve P e AW ey N 8
\ .‘ Eaoyh o NS e o Py g ° A v
[ S 5 e e Al s, ; |
s ) Sl e e e £ 75 .% %
50 um s i = 50 ym e 5 ». 50 ym &
Sham MCAOQ 05 70
— Sham MCAO 05 1.0
MCAQ+didymin (mg/kg) -
MCAO+didymin (mg/kg)
— 504
< a0 -
3
o 301 .
'é 20 1t
>
Z 104
[ sopm | =
Sham MCAO 05 1.0 Sham MCAO 05 10
MCAO+didymin (mg/kg) MCAO+didymin (mg/kg)
D : E 15-
1%} ] B B
z ! ! £ 101
g 31 C-CasPase-3 | me— -— _— g n
5 27 Bcl-2 — S 051 *
g _— -— e— 30
S 11
= 0 B-actin -.’- 0.0 -
Sham MCAQ 05 1.0

Sham MCAO 0.5 1.0

—_— Sham MCAO 0.5 1.0
MCAO+didymin (mg/kg)

[ MCAO+didymin (mg/kg)
MCAOQ+didymin (mg/kg)

4 N 5
c
£ 4] "
= 3] 3
= t < 3
s B
Q_Z 1t @
5 g 27
[aa) %]
11 S 14
:
o

Sham MCAO 05 1.0 Sham MCAO 05 1.0

MCAO-+didymin (mg/kg) MCAO+didymin (mg/kg)
Fig. 2. Didymin pretreatment protects neurological injury and reduces apoptosis in rats. (A) H&E staining was performed to observe the pathological
changes of MCAO rats (n=5/group). (B) The brain water content was detected (n=5/group). (C) TUNEL staining was performed to detect the apoptosis
of brain tissues (n=5/group). (D) Measurements of neurological scores in mice (n=5/group). (E) Western blot was performed to detect the protein expres-
sion of Bax, c-caspase-3, and Bcl-2 (n=5/group). *p<0.05 vs. Sham group; 'p<0.05 vs. MCAQ group; *p<0.05 vs. MCAO+0.5 mg/kg didymin group. MCAQ,

middle cerebral artery occlusion.

MCAQO group (Fig. 2B). The TUNEL staining showed that MCAO
modeling markedly increased the apoptosis of brain tissues.
Didymin pretreatment obviously decreased the percentages
of TUNEL-positive cells compared with MCAO group (Fig.
2C). Besides, we observed that neurological scores notably de-
creased by didymin pretreatment compared to MCAO group
(Fig. 2D). Furthermore, we detected the expression levels of
apoptosis-related proteins. The results showed that didymin
pretreatment significantly reduced expression levels of Bax
and c-caspase-3 and enhanced Bcl-2 expression levels com-
pared to MCAO group (Fig. 2E).

https://doi.org/10.3349/ym;.2022.0040

Didymin decreases OGD/R-induced neuronal
apoptosis

We detected the effect of didymin alone on the cell viability of
PC12 cells. The data showed that didymin at the dose of 0-40
MM had no significant effect on the cell viability of PC12 cells
(Fig. 3A). As shown in Fig. 3B, OGD/R treatment markedly de-
creased cell viability. The cell viability in didymin pretreated
OGD/R cells was significantly higher than those of untreated
OGD/R cells (Fig. 3B). We then detected the effect of didymin
pretreatment on apoptosis of OGD/R-treated PC12 cells. We
found that OGD/R treatment significantly promoted apopto-
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oxygen-glucose deprivation/reperfusion.

sis of PC12 cells compared to the control group. Didymin pre-
treatment markedly reduced the apoptotic rates of OGD/R
treated cells (Fig. 3C and D). The western blot showed that did-
ymin pretreatment significantly decreased the expression lev-
els of Bax and c-caspase-3, while increasing Bcl-2 expression
level in OGD/R cells (Fig. 3E).

Didymin pretreatment reduces OGD/R-induced
inflammation levels
Inflammation response played an important role in cerebral
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IR injury. We detected the effect of didymin on inflammation
levels by performing qRT-PCR and western blot. The results
showed that OGD/R treatment significantly enhanced the lev-
els of IL-1p, IL-6, TNF-0, and MCP-1 compared to the control
group (Fig. 4). However, didymin pretreatment significantly
reduced the levels of IL-1f, IL-6, TNF-a, and MCP-1 induced by
OGD/R treatment (Fig. 4).

Didymin activates the PPAR signaling pathway
To further investigate the mechanism of didymin on cerebral

https://doi.org/10.3349/ym}.2022.0040
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pM didymin group. IL, interleukin; 0GD/R, oxygen-glucose deprivation/reperfusion; TNF, tumor necrosis factor; MCP, monocyte chemotactic protein.

IR injury, we analyzed the signaling pathways regulated by
didymin in cerebral IR injury. The SymMap analysis showed
that didymin activated the PPAR signaling pathway (Fig. 5A).
PPAR-y has been reported to play a protective role in cerebral IR
injury.? Therefore, we then detected the expression of PPAR-y
and RXRA after didymin pretreatment in PC12 cells. The data
showed that didymin obviously increased the levels of PPAR-y
and RXRA (Fig. 5B). We also found that OGD/R treatment
markedly decreased the levels of PPAR-y and RXRA compared
to the control group. However, the levels of PPAR-y and RXRA
were significantly higher in OGD/R+didymin groups than in
OGD/Rgroup (Fig. 5C).

Inhibition of PPAR signaling pathway eliminates the
effects of didymin pretreatment on OGD/R treated
PC12 cells

To determine whether didymin protects IR injury by activat-
ing the PPAR pathway, GW9662 (5uM, ShanghaiyuanyeBio-
Technology Co.,Ltd, Shanghai, China), a PPAR-y antagonist,
was used to treat the PC12 cells. The results of western blot

https://doi.org/10.3349/ym].2022.0040

showed that didymin significantly increase d the protein expres-
sion of PPAR-y and RXRA. Compared with OGD/R+didymin
group, GW9662 markedly reduced the levels of PPAR-y and
RXRA in OGD/R+didymin+GW9662 group (Fig. 6A). Then, the
MTT and flow cytometry analysis showed that GW9662 signifi-
cantly inhibited cell viability and promoted cell apoptosis com-
pared to OGD/R+didymin group (Fig. 6B-D). Besides, didymin
significantly decreased the protein expression of Bax and c-cas-
pase-3, while increasing Bcl-2 protein expression. Compared
with OGD/R+didymin group, GW9662 significantly increased
the protein expression of Bax and c-caspase-3, while decreas-
ing Bcl-2 protein expression (Fig. 6E).

DISCUSSION

In the present study, we identified the effect of didymin pre-
treatment on apoptosis and neuroinflammation on cerebral IR
injury in vivo and in vitro. Our results indicated that didymin
alleviated cerebral injury and decreased inflammation levels
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tivated receptors; 0GD/R, oxygen-glucose deprivation/reperfusion.

induced by MCAO or OGD/R treatment. Our study demon-
strated that didymin exerted its neuroprotective effect by acti-
vating the PPAR signaling pathway.

Inflammation response is an important factor in cerebral IR
injury.®* Cerebral IR injury triggers the infiltration of inflam-
matory cells, causing a strong inflammatory response that leads
to neuronal apoptosis and death.?* ILs, a family of multipo-
tent cytokines, have been demonstrated to regulate cerebral IR
injury.**” In MCAO rats, IR injury was accompanied by a dra-
matic increase in IL-1f and IL-6 levels.” TNF-a is an inflamma-
tory cytokine that can participate in systemic inflammation and
plays an important role in the inflammatory response to IR in-
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jury.”® The TNF-o. level was significantly increased in IR-dam-
aged rat brain tissues and cells.***' Additionally, MCP-1 was also
an important inflammatory cytokine in cerebral IR injury.’>*
In our study, the levels of IL-1f, IL-6, TNF-0, and MCP-1 were
markedly increased after OGD/R treatment. Significantly, did-
ymin pretreatment reduced the inflammation levels in OGD/R
treated cells. In line with our data, Feng, et al.* found that did-
ymin markedly decreased the levels of IL-1, IL-6, and TNF-a
of mice with non-alcoholic fatty liver disease.

The Bcl-2 family consists of many important apoptosis regu-
lators of programmed cell death, including both anti-apoptotic
molecules (such as Bcl-2) and pro-apoptotic molecules (such

https://doi.org/10.3349/ym;.2022.0040
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Fig. 6. Inhibition of PPAR signaling pathway eliminates the effects of didymin pretreatment on OGD/R treated PC12 cells. (A) Western blot was per-
formed to detect the protein expression of PPAR-y and RXRA in PC12 cells. (B) MTT assay was performed to detect the cell viability of PC12 cells. (C
and D) Flow cytometry analysis was performed to detect the apoptosis of PC12 cells. (E) Western blot was performed to detect the protein expression
of Bax, c-caspase-3, and Bcl-2in PC12 cells. *p<0.05 vs. control group; "p<0.05 vs. 0GD/R group; *p<0.05 vs. 0GD/R+didymin group. PPAR, peroxisome
proliferator-activated receptors; 0GD/R, oxygen-glucose deprivation/reperfusion.

as Bax).* Caspases are a family of intracellular cysteine prote- the PPAR-y antagonist GW9662 was used to further confirm the
ases that play important roles in the process of apoptosis.®**” role of PPAR-y in cerebral IR injury. We found that the inhibi-
Caspase-3 is one of the important members and plays an im- tion of PPAR-y eliminated the protective effect of didymin on

portant role in cerebral IR injury.*** In this study, we found that OGD/R treated cells. Therefore, didymin may alleviate cere-
didymin pretreatment significantly decreased the expression of bral IR injury by activating the PPAR-y signaling pathway.

pro-apoptotic proteins Bax and c-caspase-3, and increased the In conclusion, the present study demonstrated the protective
expression of anti-apoptotic protein Bcl-2. The apoptotic cells role of didymin on cerebral IR injury. Our findings also suggest-
were markedly decreased after didymin pretreatment. Didy- ed that didymin pretreatment decreased apoptosis, reduced in-
min played a protective role on cerebral IR injury, which may flammation levels, and alleviated IR injury by activating the

be achieved by inhibiting the expression of Bax, caspase-3 and PPAR-y signal pathway.
increasing Bcl-2.

PPARs are a family of ligand-regulated nuclear receptors, and AVAILABILITY OF DATA AND MATERIAL
PPAR-y is a member of the PPAR family.* Studies have found
that PPAR-y has a protective effect in ischemic injury.”"** Dimin- All of the data used to support the findings of this study may
ished expression of PPAR-y exacerbated injury in liver IR mice.” be released upon application to the correspondence author.
In myocardial IR injury, PPAR-y can alleviate cardiomyocyte
apoptosis by inhibiting JNK activity.”> Moreover, studies have re- AUTHOR CONTRIBUTIONS
ported that PPAR-y has a complex neuroprotective mechanism,
including inhibiting inflammation, decreasing apoptosis, and Conceptualization: Qiang Li. Data curation: Hongting Zhang. Formal
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treatment activated the PPAR-y signaling pathway. The levels Resources: Hongting Zhang. Software: Hongting Zhang. Supervision:
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