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Abstract:

After entering human body through respiration, air pollutant PM,s can cause pulmonary
diseases and cardiovascular diseases, and are related to brain aging, memory decay, and some
neurodegenerative diseases. In recent years, lots of studies have illustrated that PM,s can
enter the systemic circulation through the alveolar blood-air barrier, nasal epithelial barrier,
or transferring to the olfactory nerve, reach the brain, and then pass through the blood-brain
barrier, thus causing damage to the structure and function of the central nervous system.
PM,s can damage the central nervous system and the homeostasis of blood lipids by changing
DNA methylation level, activating glial cells, oxidative stress, and inflammatory response, and
damaging synapses or other organelle structures, thus having a more significant impact on
systemic lipid metabolism. Lipids are the main components of the brain and play an essential
role in the functioning of the nervous system. In brain tissues, there is a relationship among
PM, s exposure, lipid level changes, and nervous system diseases, but the specific mechanisms of
lipid metabolism disorder in neurodegenerative diseases and injuries caused by PM,s have not
been elucidated. This article focused on the relationship among PM,;, lipid metabolism disorder,
and central nervous system diseases, and the potential mechanisms of brain lipid metabolism
disorder and brain function damage caused by PM.

Keywords: PM;s; lipid metabolism; brain; neurodegenerative disease; oxidative stress;
inflammation
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B, KEBRAFASEKERXFNEIGH
— NEEIFIRRE, EARAFRY (fine particulate
matters, PM,s) @XIMEMAKREREERTEN—
ERXRE5EM. vE. EE. BA. ENEUKRRREBEED
RRERFHER PM N T BSIEFI KSR
HERBOT IR, HIRE T RERE, PMs2—EXTIR
EpHEERFFTH/NTF 2.5 um BIKSFRIY, LB
FETSSHRNERBNNRE RSN ZE
T, FERFETFRERSHK. T MeminE, &
HRR D FESHE, BESEBNSTNM T . HP,
BENED BEZRFIR (BH 0l tE, BH [0 BF).
BENiZE, MENMKD EIEMEREH. HERHEMEME
BN, . . "mF",

PM,s AL MR B N2 SSEME, #—F
FEI A ER A M S R FE#H NS E MR TEIA T PR R
2% (central nervous system, CNS) 2, BI 5|2z S E
FERR9sEsR B P E OIS RAER . CNS s
MELXLIRITHERR, WRI/R%EEE (Alzheimer’s
disease, AD) HI 1A <& Fx /& (Parkinson’s disease, PD)
Zsl RKE, ABBRETESRENPM, 28X
KEEWINR ™, HFES5 AXKBEFS)ICIZENANT
BEFN S BINHES X" RITREMRE—FIUESE,
PM,s BB ZF AN IMEHE RS NFEEHR
EM, ESIRIRPM, M PM REEBNEZHET, K
SPHRYREREENSESREIE SIS
BEBEHRSRARFEIMICIZESBEE TR, BT
SPRENESVARBRESHNEE, #HMmiEAK CNS
INEEM o Lee FE AR A, BREPMBRESG,
A BRAKME XERIAE RS S KT EHEENT .,
SE—AEILBHAEAN, PEED. NKF
FEMX AR HFEIMNEFTEIEST, XRATRRERD
B PM,s (B 100mg2HZR 0. 3. 5. 10pg) HHIIEE
60min =, KA I, SXTIRLAMELL, &PV, REA
REEAR PRI A LKA SE s ABEARAN
YISLEIIFREA, KPR AIEEESHERANER
i, BRESXTREFH. BBRHEELS KR
H=F ZBNARKRLD. AT PM,s LERERK, i
™ S E Y RAMEIRE R & MR TEIR, S AEZT
RSB TERAEE, EBrIERINTRERIRY
SHERFAREMIMARER, AXFEEEIRPM,s.

EHZEELS INSTERR=E ZBINXR, UAPM,sSF
BARAE I AL AR ThREIR (A R B EN o

1 RS Kixish
1.1 KEERIAEAE

FEREANGURERRZ—, B—KREIFY
—. YRR A BRI H REAR AL (A B A B BY
BWWEY), S8 H B=8. BEEMNEEEFSMIE
FrflERE, ENHERKLRBIIZFEEIMEEE. e,
T iea Y BRI 1A

ARZAGRFESERNEE, BRAENS
FEYISTRIINAE. MEREB Y INSTRBFRES R
B Mayar MR Y BERNR M. AMEH
FEEEE S B8RO N 140, NHTEIREMAR,
HAARZBERESREMNEE " 5o, BEXTE
RIFHIBEI A R SR ALLF, TE4ERRAR L%
g1, ARESNEARBESTEAXETEXER
IR, BR, A RAEE L, E ARSI
e ENEFEFZRMITAEHFRE.

AIRABLF, EREERERNEERRNESE
BOF, BEHETY BNBEHEEEFSHENYIR.
WETERE B FENN RN E T ERUR
TFHREBERRYEBEE, MSEE—EREEL
Fa Rk B AR BB Bl Bz AN HLAthAE B 0 F RIS IE R E Lk
5, epfERRAIAIE BT IR B R EUAMRAVIG TR E B
GBIR. HIRBVRIZ BT/ MR BRI ERVRE
EFREBNY, BEREHABEINTEXEE
B1ER. [F8Y, M THRMAMBEHTHERLZEN
WIERAETHITELE, BHERFMGG. EUME
s R E TR E RE DRV A Al BERTE R 5 BEsH
I K INREFEEIEERIER, RNEHETRARAE
EEHE, ERERREREYERIETRAM/IVER
HIEA. BRIt 29, BRI B EE SHATTRER
ENARES, UBRBATHEXRETEFEE,
BEHR R EaREmR, ZMEEAH RIS ENS
ZAERERFRY ] B IR SRR R I BE SR R AS ) e B
MU, Ando M IR FNEMSERERRLERE
B, NERBEEHFREXERNEMERREEELE
B B, HETEHESHEETHRXEERSE SR
BRME I TG EEENEEE K, —IK
RERESHIATHNEIMIFLLRI, HrER
ZNI0 1.5 pmol-L* Z—+ZH7\IGER , RESIE INELETE
2, MEMRNKERS B BREIEM ™,

ERARSEEERHZIRITIEERIS LR
HXRRRZ —, WA R ESRUERAEEE A2,
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FRARRRIERRRS, (RFSHEARAREESBREYIE
KHBERAERATE AL, MG A E, MNRIA LSR5 Y,
0 52 HAPE BT S SR | AU N AN BE PR P& AR S i B S &
HERAEMTHIXEETHEE P, E—IEHTIE
MRISIENERMNFEHNEREZRITEREN
KABHARE, @A B XM shik 7 ZE R A
(—MEFEERRGHIMEERRENER) R
BER/KTF, TEARRIEM T MAYRIED 2P & I REL 1L
e, iR —FEERAERNTERERER, B8
MEEIPER, BRNtE—MEREUBEFESR
R ARSI 2, AR FRAAAT B M4 RIC 12
o BERBKFEMNIENA e mEERERIE,
R DT ST AN SR AR Ao
1.2 KEAEIHEEELS CNS &is
AKRBERAHNRISERFHENELELRER
FAEX, METEMPRERRERH-YHNIERR
S|EMNVABERAEEL, HEFRRNIANNZSHE
BERY— XA RIS 2, BRIk Z 9, ADFIPDEE
DLEY CNS & 9w, RIeESAEiZRELE X, B RRAA,
A B BEFN #EAE R K F LU AT BE S AD B /R IE NAN
AR 3515 % 7
1.2.1 KMFEMEZELS AD S FRSRETE AD £k
ERRERYIE, BriEABERNGL, BZ R
RERYRA, BBRIEFES AD FEIEEX 22,
EREENE R E IS B- EMEFER (amyloid
B-protein, AB) FREE, HM{EH AD N AER LR,
WRETR. FBEEE. BifE. HEEE R EEFZMAERAA
PWERILIWIAN S AD IR E L BE BRI K BL B,
EERRXEAD ZHENEIPR, BFiR" —ELBE
BRI, HWZER, BRItz EREEER
Al RER M EB R EER N, d SRR RBEEKE=S
BEERERRN, BEASEN Y FINE. HEIFREE
F -a (tumor necrosis factor-a, TNF-a) ZFAGERF 523,
MMIESF AD BI& &,
1.2.2 KEFEMEHZELSPD WFEFPDAELRRE
HNEWN AN RIERNEE, BRISE5HPHLEX
BIEA®, ZMr0BRERERTAREBRER.
B— RIS &M PD HHXBIEER a-synuclein, TE
=N FREEEEMN PO RA PN FEF R o, %
HERRmIEH o- RMZEQ R —MEREEER, TMH
AP AERIA, EPDEECSRTER
RIDH - RMIZEENMX P, T E AR K 1

=, (B a- REBIZEAREWRTW, K hS5HE
TR XA 4 M,

2 PM,s SR
2.1 PM,s 525

PM,s BB R ZRE. BB MmN E MO E
AAKFRNEEZRZRAERZ—. B, PMs51 &1
HREMBENRGEIRARRER, EHPRZHS
HBABFELNEXRRRIAR. ENMRIBRKE RN 2
PMLs M RIEM RN ETERRA, ERRERNS
FERIVBX R R A EE . SMRIER R BERE AR
GiRE, X—IRERFERBRNRWAISIRE. B=%
MEAMAMBERFIEEIER, R RE RN AT EERM
BRI E AL s

FFREE N AR BEEREINXEEIM, B=SR5
FEHERHZINEEZRRE, AURBRKER
RZFf5 I EER AT ThEER 2 Al AR B REL. =R5H
AILUSEABRE. RS RIRYL. ATAERE & =1 7,
PM,s A LUBE Z MR E MM EBEERRE ", SHE&E
R, RIMWARFAERGE. FFAERS BRI = EL A AS R
T, EREIBET PM, BU/NERERR, (R AR
HF INF-a IRAKTFREA S, HMsIEEMEIK
NEFERIEKFERNAHS, IR T RS T, BX
Fh i ZHEL 2T 2RIV Y, FRMEXD
FIFI BT R W R B E S @B, BRET PM/E, /)
RAF AL RER MMM BEXERNRAZ
EHDH, R SRERARBRAXNERRIA KRR,
[ [E3IERA PM, s S EE B B U RS 2 [ [ BE B8 18 1
FFARREREHEE, S—MERBWER, PM,s I/
BATAERE BRI ZEL, MR E M. RiEfln
RABHEXERRIA Y, JEEEEREH 2 (inactive
rhomboid-like protein 2, IRHOM2) #IANBETZIESFIER
REEF TNF-a B9 7. FEEFE B iRhom2” /N LAE
A s5d. ®Xk6hBET PM,, [(101.5+2.3) ugm?], &L
BEUARBRERD, RZBFEENR, iRhom2” /NRBY
MISERER S &8N, FFALKREHEY, MEFRHB=
A S REEEKTEHS, RWAMESRE, mEFE
MMERERALPIERABEXERRERE Y,

PM,s B SHE NN E S RIER MR T SHATE
Hifh, el sE S EEMIRGIERX, #mSEumAsK
THEE. FRARKEERGEEHITPM,  RELHEL
M, PV, 18T ARG A BB SE R E KT LUR G
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HAFLEFERERS ; M EH B EZERBEQNERK,
EIE =85, SEBEERAF4 ), TR AT EE R
BT PV, BT EETSEMAEANGKG,
5t AR K A B e AR p e H A EMEEER, B
K = e EF F5E 14 | (reactive oxygen species,
ROS) , MTIFE A B R EFME I {H. ROS H N MR
B EsEAmiEREat, #mSEMASKTENER
B, BRIk AN, PV, BESHHITERERMNE T
B (CNs AR R BINAREEREXER
HIXiE) S0, HMSSEER R AE RS ZEEL v,

FItb el I, &R K fE R N2 7E PM, s BXAT AE
ThE MRS OIS ZRELRINL G AR 5 XML, B PM,s
FREREIAT W EINERFE—TRR.

2.2 PM,s 5 RMAEIHZEEL

Xt 4 B/ NBE AR H TR HAFE DAL
I, BEEEAEEPM. s FSH/NRESXKIFEERN
Y EEEKR 2z — 5, BARKALR T ZEEEK
FHARNE, BEHAIAYRESENFESEYEM
EINEEE, thsh, EEMGERAAERERI A IRR
W2 EF20m,

B EREFRNEE, FERAMSMEKREER
ATEMEETFREMNMEIHF PM, FIZEH3INH
&, RAREEERHDN T NX LIRS
1B ERER, PMys I IR KB AE 72 X B89

EFUKFERENT, UBEXKRERNEE, HFZ
NN Z B AR ISR AB R K LR RIS S, DIRE 54T
RS EM LIRS PM, s BREB X ; MEEPRBAE
PR BER S B AE B0 N AR BER BR T PM,s 5| FCHHRR AR
FEFARATHRETR S, XEEhE RN AT EE
ERETPMs BSHNAMNE, BAIGEEX PM,sES
HNEURBIRERNINE. L EHRREGRET,
PM,.s X4 AR & XSRS U519 8 #201,

3 PM,s 5 KA
3.1 PM,si# NKRRYIER

PM,s EBBENFIRHE S, WRNE, &
PRI (RER/NTFo1um EFNY)) B58E
SMSREEEZEANMBEITFRS, BEIMMNRE
P, HMEZESIRPIREELEFMCNSRG. £=F
BEESIRRAN, ZREBNZHERNUE3J 1AM
R, 7R D HEETF 0.2592. 1.56695. 3.456g-L
PM,s B RR, HRKRA, FTRBRERENPM,s BE

BSBF R APIREE L E K CNS EE RE AR
7E. BRISIZRIBER PV, ENZ BATEIAG, il
RERE, BdfREERAE TN MMNRERE, B
FAFREER CNS, MIMSEA FEIL NN S 1042 R A 4R AR
Eo LI, IREBFA SN E PM,s REMNER, 238
PRV ERI Y BT LB R R R NS, BB AE
IR 18122 5 28 M T 4K CNS B3 5 PV, s IR BT LA ERBE S|
MEZESREEE, B#HFACNS,

3.2 PM,s KRG AR

PM,s BRI Z I B BBk S BE Tl
ZEITETER AR Y, SR B A& M ER K
B, RSERIINK R, SEhESURKSBR)H
PR REEBROWNENE, SR ESERFR
M DNA R E LRI 7 ) AKRITREMRABLE
oM, KRR E TR BEMMEREE S ONA BEKIZ
ERE, BZMARBRTFEEMERNEES S, W
RS EL ANBELABHTELZLRMAET ),
BB, BT PM,s B/ ES. LbRERAL B
B EREESENR, AMFSHEYR. AEH
REUERNEIE, METRIESTAY—RBHEAN
A&, NMMERELZRREBESHNLE, EEMNG)
MRE S AXRITRERRXN T PM, s PFRIBEER S
5 CNS UM EIHTT T R AR Z IR, A, BF
PM,s E 2BV AL D S HAVIBER, NFETE
BRI E R EA VAN EYZIREVHI,
MBEHITRANHAR.

B, LAPM,s O EEKRIRITEXT CNS #A 1% BY
MR+2T 72, EFEWRIESHN G EEFTRMMN
. RIERRF. DNA R EVENE . RIS, fd
AT EB M PR AN BSR4 s
321 At SNREEEHIANSHRTAMmL
N TERAHEEM~ENROS SEMIA L
FIZ BN R SHAFERIROS TER L& 14
K& T ReER E | T2 MY, aTEEIE
SHRE DNA. BB RIGMEERBNT & . ROSENS
HARTHERRTAENETEYRZ —, LuF™
¥ c57BL/6/NB A HBRE T REIRERER PM, s (0
0.193. 1.93. 19.3mgkg™d™) 1A E X I, PM,s 2% &
REMENSFENE AP RS THERZE L, It
46, HEE AL F ROS K FIFA S, BE YL LES
EMNERERYRARERNE SRR, S5 EA
LA EE IR, ERBEEEF 4R ROS
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T AW M B EBR MR T E R KT, NERIEIARMA
SURCERIKE, #ims| 2RERERIAEL, SEEE
VBRI , o, TEADRIEMNEHE, sEEX
BERERHNEAREE R MEERANIES
INEE, SIEIAFITHEEMERS, U LR RIETR, PMys
5| EEE MR R LUBIE 5| & BE XIS ZEL, #HmminE
HERTHERBENAEN AR,

3.22 RIERLIN PM,s BESHENBEXERNES!
NSRBI S—E BN, Fli0, RETZSSRA
LS| LB ARBEERIE, SBRAMSEHIIENT LA
) LERTHARIA RN (5 2 MGIS IR AL 5 SRR IR
BIIE SN =SS REERR & AR A A E & R 7K S 6
LiuZE O/ NEEE T 19.3mgkghd? PM,s, BEEX SR
B b330 56 & T/ ER O AR AR 2B ZR A% A F -kB. TNF-a
KRBT E-1pRIKFIEM, RIARIERNNESE
BWECE, s, BERIY el A E i MmN RS, 5
5 NS RIEFH FH— P IRIF MK FFFE, [8]15%15 & KRMEY
BREMERERN ™, SHE™EMN CNS RERN, H
A A BT

SUNHESHEREWLEEFE M, PM,s ZEES|
B KT ROS BUE T XA F kB 5 S %18, L
P TNF-a. BT E -1 F IR 1N B -2 (cyclooxygenase
type 2, COX-2) BYFRIAKT, REBFWLIIBKFHIFH
S LU BUE AR ER NS S HIEBE, EmHsE
ARMAEEFHRE, BMSFBEIERRIERN ),
3.2.3 DNAFEE YENZ DNABEYRRIBREZET
A —F, ISETTEIN S e £ R AR M,
YRR S A ERITREFARILI, KNERE
F RS FHIY) F DNA BB B ALK FREAE B¢, Btk
29N, DNABRER/ DS RIERNIBIER &R TIE
Fo BEKNMAKCpGURBEMLMBER, KM=RT
ZA5yFME. ANE -6 FREARAFHERFE LK
L%, RBEDNA HE W KRB BERER
BEXER, BFAEBE =,

SN S DNA B E (LN Tl sEEEHEE
YEF. ROS AJ LAEA ZE DNA R E L W HI A X BEE AR
KBS 68l s fpm, s BB IE SR REMAESHE
U SHAME RS, FARES L ERLN
B N 7,

3.24 RFHEEE ERETF PV NRERA,
BIERBUER/DRBEARESE T ME Tihifhid
feler ol KRRMEMNBCER | UM BN RIERNE

M ARBIXKE . RAE/R N #HE TR R 2 8 89E
BEERANT, (KPR R, PM,s 2 S HKFA
SR STt 7Y, FEE PM, s SRERIIEIN, )\
SR £ 20 FU) B R AR RE D T2 B R AR R 4 A BB
E AR NREARESS CNSHIRER N, 74
BATRRAFNANEZSHISUYE, REALNK
B RIERMNAELE,

325 FARAIEMENT EREMETT BSERN
BT ENYIR, Rl BESESHERRNERLEN
THTEB, I RABUMIRG. BUEERTIR
B, BIRE PM,s EE A LUEBREEANAMER, EEHT!
FEil. BRESHT SRS, THEME
MPEFREMRIENEE, BB MR R, EALEARIZA
XA, BDHR AR BB ERIE T RIS IZ A
HREEEXEE, RENEI T LRGSR ME
IR IAEIEE D FREAHEBITIERR. LuZE " LI,
PM, s B] 823@33 CREB/BDNF 1= S 38 BR Bt 15 £ ¥ 58 fih B]
B, NMESHEAINEERERS.

3.2.6 AN EARIHRGIEITD, PM,s R
FENAREFS ROS TN AMEIBINRE. &
RETh D Z T, NERENEMFINERE, 5
— LR INREFERS A X Y, PM,s. SO, FINO, BIBX &
SBEAES/)BARLRIER SR 7,

4 RE

HT, X PM,s NEAFIE R B ET 72, X PM,s 5|
EIASEXFTRERSHRITRE. RKRFIEMRR
WEERN LRI F NI, PM, s B 5| EEA (AN
ARG DMERALENREREL, SHERREN
INEEIR B A EFEK R PM,s RE TR R H N AKX
&, L5 R BERENESENWNSEER N FERE
M, MEMEREALERINSEBRENEERR, H
ERANZHS PV, BERAERRETER, B
ERTEPM, s SBHEARARBITHRGTHNEAKSS
MBIERFIRER. RMAREBEREE TIFIEKTF
PM,s 5| EERMIAE IR ST HNER, AL, TxD
TREPM,s SBARMGENERE, PMEMXFRE
ERRERMEN T, HESRGBIEIPRFERRN
BERIPER, I 2RERE. MR IER,
URFRITMFRAENMEESR, NiaFRARIZHEK
', ATFMERRSRERNBRERATRERDIE
HE
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