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Study on the autophagy-related mechanism of puerarin in improving the cognitive
impairment induced by alcohol in female mice
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Introduction

Alcaholizm has become & very comman medical amd socal
problem. Stodies have showe that ane af the most serdous
effects of alcohod o brain fusction 5 the impairmest of
spatial learming and memory In hippocampus (1) The
latest pessarch in amimal modds soggested that compared
with male, female & mose likely 1o soffer from aloohol-
Induced mevrotowicity (2). Our peevioos shady fousd that
aloohol-indoced cognitive dysfumcrion was related o the
e TOR signal transduction pathway ie the hippescampus of
milce (3] The mTOR signaling pathway pliys a cemtral
rode in cellular growth, mebaolism, and the segative reg-
whation of autophagy (4). Autophagy mor ondy iss moarmal
phivsiobagical activiry of cells bua also cas be sctivabed
when cells are sabjfected o varioos stimuli as a siress
reiponse o protec cells. Studies have shown thar the
c-lun M end kinase [[NK) signaling pathway is also closely
related o sataphagy {5k

Puerarin b the mapor bloacive ingredient extracted from
the root of the Poeraria lobate. Pueranin’s pharmacelogical
effects isclude pramoting bloed circulstion, removing blowd
dats, Impeovieg micrecirculation, expanding coronery
aneries, aitenuating insulin resistance. cardiac axy-
e cansumptiod, e, (6-8). B s widely used in the tredtment
of cardlovescubir and cerebrovascular diseases, diabetes,

cancer, Parkimson's disesse, aed Alzhelmer's disease. Im
Chine, Pueraria lobata his Been used to crem akoobalisem
since ancient times, but the specific mechanism remaies
unchear.

This stady explores the effects of different doses of pusraris
an the cognitive dysfusition isduced by 50% alcobal asd
reveali the regulitery mechastm of mTORTNE sigualing
pithways to sutophagy in the process. Our shsdy prosvides
mew basic research dats for puerarin o lmpeove cogriibve
dyvafanction comed by alooholism

Materials and methods
Animals and treatment

Experimental procedures were approved by the Animal Ethics
Commitiee of Shenyasg Medical College ander guidelines
from the Mational Medical Research Coumcl of China. 40
female Konming mbce (8 weeks ald, welghing 30 + 5 g) were
purchased fromn Lisonisg Changsheng Biotechmology Co, Led.
{SCNKN20-0001 ). Bedore the expermesa, the mbce were fod
frecly under a 12 howrs lighv'dark opcle a1 the temperanire of
21 = 2% fiog ane week 1o adipt o the envirsment. Then, the
mice were randomdy divided into 5 groups, incloding the con-
teal group (normal salime), 50% aloohal growp, 25 mgiky puer-
arin+30% alcobol groop, 50 mghks poerarie+50% alkeohed

wekson (I 3

COMTALT bun Fou G y oy, 2
thirme

“Thew stha mrivbubed squally =t wort
€ T Timine I Fanncn rmop, LLE

Mmdzsl Coflege, 148 Husng He Rorth Ko, Sseoyang, Lsning FI0054, M



T e HOERKITAL

group, asd 100 mg'ky pocririn+50% adochol growp. Nommal
saline and alcohal were sdminkaered by intragasteic infusios at
& dose of 10 mlfkg/d, and pucrarin wis administered by lotra-
periconeal injeciion of & dese of 20 mifgid for 28 days
Pocrurin was edministered before aloohal, and the interval
wias 1 hour. Theooghowr the experiment, the mice were free
oo drink porified water asd fiwd

Afier the spatial probe test of MW, five mice in exch
group were gnesthetived with ether and kifled by cervical dis-
location. The hippocampas wis separated on koe and soored at
=B degress befiore they were used in the Western blotilng rest.
The remaining 3 mice im each groop wene apesthetized with
cther, and them they were admimisbered by dtraperivaneal
Imjerting with 1% pentobarbarad sodiom (20060401; Merck,
Ciermany) at @ doss of 50 mg/kg. The mice were tremad with
4% pamformaldehpde for cardiae perfusion and intermal fio-
tion, and then the brains were placed in 4% parafiom sl dehyde
solufion.

Morris water maze (MWM) fesd

MWM ks o claskic behavisnal experiment on keaming and
meemary. The et included 5 conserutive days of positianing
mavigatian test ansd | day of spatial probe t=s [Figore.1}. The
vest method of the experiment could be foumd in the previous
Federence (9]

Hematoxytin-eosin (HE} staiming

The specific test method was carried our as previously
described (3] The morphodogical changes in the CAL area of
hippocampas were observed in each group of female mice.
Theee mobce of cach grooap were used for HE staiming.

Western biotiing

The specific experimental method was described in the
previous reference (3), The total protein {30 pg) was boaded
on the 6% or 12% SDS-PAGE gel (KOGP250; EevlGEN
Biotech, Jangsw, Chisa). The primary amibodies were as
follows:  phespho-mTOR  (phospho-32448)  apdbody
(1:B000, abl09268; Abcam. Cambridge, UKk anb-mTOR
antibody (1:4000, ab32028; Abcam) phospho-4E-BEI antl-
body {L:1000, 22855 Cell sigraling Technology, Danfoss,
Massachusers, USA) anti-4E-BFI nn.l:lhud'r [1:0000, =9644;
Cell signaling Technodogyl. phospho-[NKL, JNE2 and
JHE3 {phogpha-T183+ T1&83+ 1220} amtibody {1-2000,

-

abl24956 Abcam): anti-[NK antibedy (0.2 pgfmi AFI387-
SP; Hio.-Techne, Shanghal, Chinsl ami-Beclinl anibbedy
{E:0000, ab210498; Abcam); amd anti-LC3B ancibedy
(1000, X268 (el Signaling Technology) The secondary
amtibody wis goat amtirabbin [gli {H-L) {peroxidase/HRP
coupling) {3:4000, E-AH-1000; Elahscience, Wuhar, Chisa).
The Pactin antibeedy (110000, AQ03%: ABcdonal, 'Wohan,
China) was an invernal referemce. Image | sofiware wis used
1o guamtlfy the provein bands [Wayne Hasband, Matiema
Institutes af Health, Bethesde, Maryland). Five mice of each
gromp were used for Western blottieg,

immumocytackemisiry (HC)

The specific test method wias corried oul s previously
described (3). The primary antibodies were as follows:
phesipha.mT{R  (phospho.52488)  antibody  [1:200,
YEUHLTE; Immunoway) phospho-dE-RPL antiody (1400,
22855, Cell signaling Techsologyl: phospho-[NEKL [NEZ,
amd |MK3 (plespho-TEESs TIE3+ T221) antibody {5200,
ab124958; Abcam}; ancl-Beclinl antiody (1:3040, ab2 10498,
Abcarn]: and amti-LC3B annibady [1:200, 23368 el
Signaling Technologyl The EnVisken TBd test bt [KIT-
ea0l;  Maxim, Fupien Province, China) was osed
for second amtibody iscubation. There were 3 mize
each gromp for [HC experiment {3 slices/prodsinimotse).
2 ficlds of vision were sclected from each slice for bmage
acquisition by using & microscope digital camera systems
(ymapus Optical Co. Led, Japan), and lmage-Pro Plus 5.0
saftware [Medie Cybernetbes, Rockville, Mandand, USA)
wir weed for semigquantiiatve anadysis of procein disizibo-
thon Im the images.

Statistica) analysis

All dati were analyzed by using GraphPad Prises 90 soft-
ware [CiraphPad Software, La Jolla, California, USA). We
repeatedly measured the differences in the escape kitency in
the same group on differest days and different groups om
the same day wsimg ANOYVA and Tukey's r-iesi. The
indexes relited o the spatial probe 1ea were sutistcally
amalyzed im the same way. In the protein detection experi-
ment (Western blotting and [HC), the comparton hetwess
diferent growps wis performed wsing one-way ANOYA
followed by Tukey's t-test and paired rtest Data were
cuapreseed as the mean + SEM, and sutstoally significance
win obierved at F o 05
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Hesults

Spatial learning and memary funchion of mice were
evaluated by Hee MWH test

Except for the 50% alcehol group. | the ecape H.I:tl'n:'r
shorwed & decressing trend from the 1Y day o the 5™ day
im each group, end the escape latency of the 5™ day was
significantly shorter than that of the 1 day in sach group
(F « .05) {Tahle 1}. Fram the 1% day w0 the d day, there
wiis o significant diference |s the escape latency Berwesn
the grougps [F {4, 35) = 1427, F:- 05 for the 1* .iwnd.,
35) = 2640, P = .05 far the 2°° ay]. From the 3" day 1o
the 5% day, the escape latency of the 50% alcohal greup
wiis significantly loeger than thar of the comral group [F
(4, 35} = T.107, P « .00 fer the 3™ day; F (4, 35] = 1332,
P« 01 for the 4™ day; and F (4 35) = 3568 P < 00 doe
the 5™ day]. But compared with the 50% aicohod group, the
cscape labemcy of the medium. and high-dose pueranin
groups was sigedficantly decreased from the 4% day o the
5™ doy [F {4, 35} = 13.32, P < 01 for the 4™ day: F {4,
35) = 3569, P « 00 for the 5% day| |Figore2ia)). Dam
fram the spatial probe test showed that the distance and
time percentage bn the wnget quadramt and the times of
cressing, the plicform in the 50% slcohal group were sig-
mificantly lower than those of the comtral growp [F
(4,350 = 5164, P « 01 for distance F (4,35] = 7324,
P < 01 for tieee; and F (4, 35) = 6490, F < 01 for times
of crossing the platiorm) [Figure 2(h-d}]. But in the med-
iwm- and high-dase puerasin groups, the distance and time
percentage in the target quadrant were significamtly highes
than those of the 50% aloohol growp [F (4,35) = 5064,
P« 0l for distance; F [435] = 7.324, P < 01 for thme]
[Figure. Z(b.c}l], apd there was no significani difference
betwees the medium- and high-dose puerarin groups
(F > 25). These resuli were supporied by representative
tmages of rraveling trice im the sputisl probe t=a |Figare.
2(el].

Effects of different dozes of puerarin on the morpholo gical
stracture of hippocompal CAD newrons in mice treafed
with 50% alcohol

The resubis of HE sminieg showed that compared with the
conirel group, the mumber of hippocampal neurons decreased
and the amangement wis relatively losse in the 30% aloahol
group. Compared with the 30% alockal group, these patholo-
gheal changes were obvioudy improved ls the malinm- and
highe-divie poerarin groops, it ws vishile thet the nussdher of

MEAN WY (] 3

prramidal meurons wis higher tham thay of the 30% alcobal
and their armngement wis denser, while the mprove-
ment effect of the low-dose puerarin group was not e distinc

[ Figuar=. 3],

Effects of different doses of puerarin on the expression of
p-mTOR/mTOR, p-4E-8F 14E-BFT, p-JNKUNK, Beclin? -
actin, and LERE in the hippocampus of mice trested with
50% alcohol

Caompared with the contral group, the ratio of p-mTORS
mTOR and p-4E-BFLME-BPL in the hippocampus of mice
increased sigmificantdy im the 50% alcohod group |[F
14,20} = 9543, P .0 for p-mTOR'mTOR: F 4,20} = 9935,
P oo 01 for p.dE-BPLME-BPL] [Figure d(h.c}], while the
exprescion of p-INKESINK. Becliml/Peactin, and DOV
decreased sgmificandy [F (4200 = 14.10, P < 01 for p-INES
JMNK; F 4,200 = 2336 P o« 01 for Beclinl/fi-scdn; and
F {4200 = 7217, P « 05 for LOSIV) [Figare. 4{d-0].
Compared with the 50% aloohol group, the raties of
P-mTORmTOR and p-4E-BPIME-BEPL in the medium- and
high-dose pucrarin groups were significamtly decressed, b the
rathe of p-INESNK. Beclinlff-acin, and LC3LT were sig-
nificandy imcressed In the hippocampus of mice [F
14,20} = 9543, P « .05 for p-mTOR/mTOR: F (4,20} = 9535,
P« 08 for p-4E-BFLME-BPIL: F (420) = 14.10. P < 105 fior
P-INKINE; F {4,280} = 2326, P < .01 for Becliml/fi-actinc and
F {4200 = 7217, P « 01 for LO30A} [Figare. 4ib-40].
Furthermeore, there & no significas difference berwesn the
medium and high dosss of pucraria groops (F > 05). The
expresinn of Becliml/factin and DO was sgeificasaly
higher in the low-dose posrarin group thas those of the 50%
alcahel growp [F (4,20} = 2326, P < 05 fir Beclin] il actin;
F420) = 7217, P « 05 for LC3 1001] [Figure. 4.

Effects of different doses of puerarin on the expression of
p-mTOR, p-4E-BPT, p-MWK. Beclin?, and LC3 in the
hippocompus of mice trested with 50% ofcohol

T further confirm the Western blottng resuls, the protein
expression of pmTOR, pdE-BFL, p-[NK, Bacliml, and LE3
wik examingd by [THE in the hippocampus of mice. Cosspared
with the contred group, the expressios of p-mTOR and pAE.
BP1 imcreased significandly in the hippocampal CA1 ares of the
500 alcohod group [F (4,000 = W21, P < 01 for panTOR;
F (4,10) = 46.15, P < 01 for p4E-BP1] [Figure. 5(ke)|, while
the expression of Becliml and L3 decreased significantly [F
{4,10) = 50048, P < 01 for Becdlinl; F{4.10) = 4669, P < 00 for
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L3 [Figare. S(ef)]. Compared with the 50% aloohal group,
the expression of p-eaTOH asd p-4E-BFL in the hippocanspal
CAl ares of the mediom- and high-dose pocrarin groups wis
significapaly decressed [F (4,00] = 1021, F < /05 lor p-mTOR
F(4,00) = 46.15, P « 0¥ fior p-4E-BPI| [Figuse. 5(b.c)] and the
expressiomn af Beclinl and LE3 was significasaly increased [F
(4,80 = 50,45 P « 01 for Beclind; F (4,10} = 4569, F < 0] fo
L3 [Figare. 5ef}]. 1n the hippocimpal CA3 ares of mice, the
expresiion level of p-INK decreased significandy s the 50%
ahoohol growp and 3 deses of puerarin preireaimenst groups
campared with the contral growp [F (4100 = 3479, P < 01|
[Figuee. 5{d}]. However, the expresion bevel of p-1NK in the
mediem-dose puerarin prewreatmend group wis higher than

that af the 50% aloohol groap [F (4,000 = 3439, P < .05]
[Figuere. 3(d] | Funthermare, there wis no sigeificant difference
in the expression of the five peoteins mentined sbhove between
the mediom- and high-dose puerarin groups (P > 05) |Figure,
b))

Criscussion

Alcoted b a nearotngic compound. Excessive alcahol exposure
can cause permanent damage to the central mervons system
aed lead o hippocampal-dependent learning and memory
impabrments (80} Studies have shown thet puerarin has
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Puerarin can prevest the damage of spacial learning and
memory cauded by alcoballim |n mdee (130 Morrk water
meze resalts chowed that on the 4™ day and the [l duay of
the positioring pavigation test, comgared with the costrol
group. the escape latency in the 50% alcohol groop was
sigmificastly prolosged, and im the medivm. ad high.dios
pacrarin pretresiment groups, T was significantly shoeter
thin that of the 5% aloohol group. Im the sparial probe
test, compared with the contred growp, the residence dis-
mece dnd tme in the target quadrint where the escape
placform was bocated were significantly shonensd in the
50% aloshol group. Thess two indewes of mice pretreatsd
with mediom. apd high-dose pueranin were signifcently
lomger tham those of ealce treated with 50% alcohol andy,

bl there wae oo significent differemce in these two indexes
berween the mediom- and high-doce puerarin peetreitment
g mmpee Bl ik of crossing platform (e the 50% kol
group were significantly lower than those of the oonbred
group, while in the high-dose puerarin preiFeatment grosp,
they were nen sigmificently different fromn thease of the
comirol group. The result of exch groap from dhe 1 day
1o the EE' day in the positoning navigabion tes showed
that swcept dor the 50% aleohod group. the escape lremcy
decreased gradually from the 1" day 1o the s day and om
the 5™ day, it was sgnificanily shemensd in each growp
compared with the 1 day. The abewve results showed that
50% alochol could damage the learning asd memary fanc-
tin 0 mice, the pretreatment of mediom- asd high-dose
pucrarin could significantly improve the cognitive lmpadr-
ment isduced by 50% alochal in mice, apd the effect was
#lable.
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Long-term aloahol exposure cam disrapt the gemeration and Aatophagy 5 as mpormant physkalogical process down-
development of sewhorn seurcss and Indoce changes im the  stream of mTOR The mTOR signaling pathwiy & an impor-
marphology and medecular levels of meurons s the hippocam-  tent hub for regolazing the cellular emergy and nutrinons
pos. leading o cogmdtive dysfunction in mice (14-16L HE  meubolim and abo o pegative repuelaton for autophagy (21).
staiming resulis showed the morphologicsl charcteriaics of  Smdies have shown thar the PI3KALD signaling patheay can
hippocampasl pyramidal seusons in each group, respectively.  negatively regudaie autophagy by regulating the phesphorda-
Camnpared with the contred growp, 50% aloohad reduced the  thon of mTOR {22). 4EBPL & & rrasclation regulator, and
warmber of pyramidal nearens in the hippocampal CAlareain p-4EBPL cam direcdy reflec the activity of mTOR (23). In
female mice, with lnose arrangessent, onclear bousdary, and  mice myocardium, rapamycis can reduce the expression of
severe cell damage. Compared with the 50% aloohed group, the  p-mTOR and p-4EBP 1 by imhibiting the mTOR-4ERPE signal-
mumber of pyramidal neorons in the hippocampal CAL area  ing pathway (24). Dephesphorplaion of 4EBP] inhibis pro-
was imcreseed in medivm- aed high-dose puerarin prereat-  tein synthesis and triggers autophagy 125,
meenl groups, the neron amangement wis compact and rela- Studies have shown that chroade ethanol exposare in adule
tively regular, and the degree of ool damage wis sgmificandy  mice can activate mTOR, Imparing the ausphagy-lysosome
redoced. Our pesuhs showed that medium and high doses of  pathway i the brain, and further damages nearons in the
pscrarim have a protective effect on negron damage isduced by central nervous sysiem (CNS) (26). In our experiment,
50% aicohol i the hippocampal CA1 area of mice. Stodies  'Western bloiting resalis showed that p-mTOR /e TOR and
showeed that enhanced sutophagy could reduce the levek of  pdBE-BP1 HE-BPI In hippocampal formaiion of mice in the
apopiosis and necrecis is hypoxic-bchemic injury models (17). 30% alcahed group were signifcantly higher than those of the

Awtophagy represemts a homeosanic cellular mechasim  contral group and those of medivm- and high-dose puerarin
for the mwrnover of orgamelles and proteins throogh  pretrestasem mmeﬂﬂmdp—dEHP‘lmmud
& lysocome-dependent degradation pathway (1B). As forms of mTOR  and  4E-BPI,

& dynamic recovery system, astophagy & involved in celle- mmmm:mmmmmuum
lar renovabon amd internal esvirenmental swabifiy. It has  levels of pomTOR and p4E-BP1 in the 500 aloohel group
beem reponied that the scoumolation of obiquitinated pro-  were significanily higher than those of the conmal group and
teins caunsed by alcohol abuse might be correlated with  sigmificandy higher than those of the mediums. asd high-dise
impairment  of the awtophagy mechasism {19, puerarin pretrestment groups in the hippocampal CA1 area of
Farthermore, the results of electron micrescopy further  mice. There was no dgnificent difference in the expeesson of
proved thar ethanol enhanced the neuropathological pro-  these proteing between the medium. and high-dose peerarin
cews by damaging sutephagy (20} EL

hlhlh—ﬂ-wdm—ﬂnﬂpﬂmﬂh Bk, and LY in faw d CAT arwa of p-INK in tha
Faion 4001 {54 T 4 3 | O, - V1, p
H1l..l'-|.ﬂ- i Lats arm h_thm*cmdﬂcﬂmmﬂﬂﬁ'cmd P« 04 veran 5%

iozhol growp. The smow ndicai the labsied proteis.
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Srudies have shown that the s TORBECN (514] pathwey
15 associated with aloabal - indisced suiophagy (27). Bedin? and
LC3 are  impentant  indicsiors o debect  smlophagy.
Accumulbation of LE3 1L s consbderad s o marker of smophagy
(ZE). Western bloting reass showed that the expression levels
of Beclin] and LC3 103 in hippocampal formation of mice in
the 50% whoohel group were sigeificantly bower thas those of
the comtrol groug and medium. and high-dose puerarin pre-
treatment groups. The sxpression levels of Beclind and LC3 1171
were nid significamtly different berween the mediom- and high-
dose puerarin pretreaiment groups. The imermonohsaochemical
reasdin of the hippocampad CAL area bn mice were consistent
withs the above revabis. It cam be inferred (o the above resalis
that cogpative dvsfunctive isdoced by 50% alcahaol in mice s
redated to the sctivation of te mTORME-BP] signaling path-
way aid the dacrease of Baclind and L3 100 expresbon in. dhe
hippocampus of mice Medivm- and high-dose peerasin

ORAR IMILEY (] T
=

1l Faprvedes ol 58 B w bpgeepld 4] ga

s 4{: ‘/.f‘__

pretreatment improved cogeitive Impairment indsced by
3% aloohod 0 mice In the process, the activity of the
mTORME-BP] dignaling pathway in the hippocampus of
mice was decreiscd and the expression of auwophagy-related
proteies Bechinl amd LE3 1] was enhanced. Studies have
ahown that enhanced sulophagy is a protective mechaniss
for alleviating ethanol-mediated cxddarive siress asd nearonest
dewth 291

The [NK signal trassducion paihway & an lmpamant
bramch of the MAPE pathway, which is invalved in the regula-
o of cell growth, proliferation. and apopinsis procesues, and
is chesely related 1o amophagy. The |ME sigralieg pathway
mainly functions through the phogphorvlaien of Bel-2 dumily
proteimg and their disassocistion with Bedinl 1o segulate
amtophagy (30} Swdies heve shown thar the learming and
memory impairment isdoced by lanthanien may be asiocieted
with excescive aubophagy in mas Lanthanum ectivated the
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WK fe-Jun amd ME/FoxDs sgpaling pathways, inhibited the
AKT/mTOR signalieg pathway by inducing axidative siress,
and enhanced aotophagy in the hippecampus (31). Carcusin
can enhance sutophagy by activating the A MPE-[NEK sigmaling
pathway. The enhancement of ausaphagy, in turn, promeies
meuragenesis and synaptogenesis in the hippocampus of mice.
Prereatment with the autophagy inhibicor 3-methyladenine
(3-MA} can elimimate the effect of carcamin on cognitlive
tmprovement (32). WH results of this stady showed that
p-INE/NE in hippocamspal formation of mice In the 50%
whcohol group was sipaficantly bewer than that of the control
group and medinm- and high-dese puerarin pretreatment
groups. There was no statistcally significamt diference in
p-INENE betwess the medivm- and high-dose pusrarin
pretrearment groups. Immunohisiochemical eesulis showed
that the expresdon level of p-INK im the hippocaspal CA3
wred was signifcamly lower (= the 50% alcohsad groep than thar
m‘.'lh: mu‘dmnm! the expression level of p-JNE in the

el group wis sigpificanty
hi;hrlh-l.nlhund’lheiﬁdmhnlpﬂup There was no
significant difference Im p-IME expression between the groups
pretreated with reedivm and high doses of puerarin. Therefoee,
we inferred that mediem- snd high-doee pucrarin pretreat-
ment counld bmprove cognitive impaimsest induced by 0%
alcnhol, which may be related to activation of the [NK pathway
anid enhancement of swophagy.

Behavioral test resulis showed that low-dose puecrarin
preiresiment also coold impeewe cognitbve  impaimsent
Insduced by 50% alcohol in mice, bur the effect was ot as
good as that of mediem- and high-dese groups. Resolis
showed that the expression of Baclinl asmd LC3 04 in
hippocampus of the low-dise pucranin pretreatment group
was significantly higher than that of the 50% aoohol group,
bst the expression of protein-relaced mTOR/INK sigealing
pathmnys in the Jow-dose pusrann group wis s completely
synchromtzed with the medium- asd high-dose groups.
Lewrming and memery aee complex meurdd sctivities in the
beain, and the mechanksm of low-dose poerarin to creat
alooholisen needs further study.

Condusion

Chranic and high-concentration alcobol exposure can damage
ﬂqﬂlﬁhﬂunhﬂﬂhnmmﬂtiﬂm@'uind 100 g/

kg poerarin sigmificamily improved cogmitive 1 i

(HIFI0IE0Y ) and Sowmce mmd 'Tulnn.hﬁr Inzmmbing: Foad for
Sbsster wders of Sheryaag Modeal College (Y M200805).
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