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Advances on mechanisms of hypothalamic-pituitary-adrenal axis in abnormal glucose
metabolism induced by air pollution PAN Bin', YANG Wenhui®, XU Yanyi® (1. NHC Key Lab of
Reproduction Regulation (Shanghai Institute for Biomedical and Pharmaceutical Technologies),
Fudan University, Shanghai 200032, China; 2. School of Public Health, Fudan University, Shanghai
200032, China)

Recently, the adverse health effects of air pollution on human have attracted more and
more attentions. Particulate matters (such as PM, s and PM,,, with aerodynamic diameters <2.5
and <10 pm, respectively) and ozone are the major ambient pollutants in China. A large number
of studies have shown that exposure to particulate matters or ozone induces metabolic
abnormalities, such as type 2 diabetes. However, the underlying biological mechanisms are not
clear. In this review, we introduced the epidemiological and toxicological research progress of
the effects of air pollutants on hypothalamus-pituitary-adrenal (HPA) axis. Considering the
critical role of HPA axis in stress response, the molecular mechanisms of HPA axis-mediated
glucose metabolism in fat, liver, muscle, and other tissues were also summarized. By integrating
relevant literature and references, we proposed that HPA axis may play an important role in the
abnormal glucose metabolism caused by air pollution, providing a scientific basis for future
studies on the intervention methods of adverse health effects induced by air pollution.

air pollution; hypothalamic-pituitary-adrenal axis; glucose metabolism; molecular
mechanism
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MRADY, SIERRBREERETASSRYAEL,
BREEEZRE T AR SR CRPERS, X
RI|BEIRFRA AN T SRENE xR XF=R
SRAEECERSEBRENEZENLZRE, Bai—&
meta DITHNERETR, KSETTRERS5E | BE
FRIGHIE EFIERA BRI KB 2, B SRR EE
B9 4B < 45 4iE, S0 ¥ 14 M0 2T & A (haemoglobin Alc,
HbA1c™) #1275 4% B fE & R K #7115 20 (homeostasis
model assessment of insulin resistance, HOMA-IR") &5
BHITHR, KIMIEVER KB E P, HbALc Fl HOMA-IR
HNASSKKEEMEEMEX, X—&RAH#H—F
ANT BT=REREERRBZBINXEK AR BERN
EMENFHREMKIE. B, XEMRMAEERR
M, BRI R AR EE AR BNEEENEH).
HMBE(ZERHMEA. R ZEZBMRASF) FEMER
(OMEERRE) ERTENRFEREZE T ks, A
Fit R NBIES KRR BZENER, B FNMEE
EKFENHITHEFEERERM,

YRR REP, SERSHELHE
B FBERNABEREAM SR DRINNE, M
BREERIETNE | EBRENEEFTEZ — AR
INAFMERETERDIRBIMNAELBPEEERE
BY, HETSS oA BT BERENREESE
B&, 404Z A F kB(nuclear factor kappa-B, NF-kB) . c-Jun
N K i 2 B8 (c-Jun N-terminal kinase, JNK) #1 Toll ¥ 5
{&(Toll-like receptors, TLRs) F{= S @R ™, #HMS
MR BRI FRENETRDERXMENEESS
EZ—, BT EMINFIZ5=R5RIENRED R
K, MEEER . BREMFRERZEE, Ik,
RS R AT AT VRN AERHRS P
EEEER, HP TERRERNREENSTRITHES]
RS RER,

BRUA_EER@ER LASN, TR RAR, MK AR E
FERIRANK S ZRANE B BB E N — MR AU, BUEL
A8 T & M- 4 -5 Lk BR (hypothalamus-pituitary-
adrenal, HPA) 3, 3 T 5| &2 & 0 N2 BUB R K TRV 15
e, HPA SR RN RN R4, 225 ETH
AENREHRS, IS KRR R ES I RENMER
BRENAESLZERRTHEX, Alt, AXERLEZR
T RIS HPA HIBURITRENSIER AR H
B, FARANERT HPA HEIEEHBREREXD T
M, HEAUAT SRS IEECHRENE
5FmiEft—E IR EKIE,

HPA 3EE = B4 A%, BN A, EEAFN'S _LAR,
T B A A9 M BRI == 55 4% ( paraventricular nucleus, PVN) 43
WAE B kBRI E B U E (corticotropin releasing
hormone, CRH) YEFR T K, A9 MBS IR sk
& (adrenocorticotropic hormone, ACTH) {fER T & LB
B2 R, e B B = R il , RO 3R, B2 R EE 8K
220 FERMEBATE AR RATY,

S ERRERI D ERN, — N EINBXIE, BIE A,
ENEEFARERERETHNEEE, 5—1 &R
XI5, BPBERT, HP & B~ %) LA R E A,
BRI 53 A =X RARE ( G BREET 7%) « B/hEK
HAR(15%) FIRRT(50%) , FMKIF DB A ERTEHE.
FIEN'S EIRERAMMEEIENER, TEER
RAEBIINER, PP EB X3 SRARE R R ) P R R
R, BRI SR EEH( dehydroepiandrosterone,
DHEA), TRARRA, BRRERETEYEERIBER
. ABMEFET RENIIEES ), MRt
Bz, A TRREAEGNMATEE, BEFBAXE
FRAMARMERMNMBESRBHERE). HIb, 5
BRERXME/ N K== EEER, UnL S E-mE
RKERS, #HMATH RS FE, BERA T &
R, GERERY 28%, 'S LR REE, AZE DR
FRCRAR LM, S5FRKSEAEN. BER==4%)L
FEBRR(EERE. ERS ERENZER), #IAR
BREMERANEEANI S, B EEHMMSE
B, S FRESWE( LR 90%) AR S EIRER
DB HARERY 10%) P, LUK D E R RRAHEZ TR
i, BERBATRCEMIALERN, BESD S LR
ZNER'E ERE, SBEINENIEST. R, & LR
ZNERE ERRSIEINOE, EAFREPEEREK
RNEEE,

—73H, HPA HiZ S5 EENAREATER), T ER
EIEERRHRERRFREAE R TBRAEED, 10
MAENERTIES. Z—7HH, SHEZEINRIER
BT, HPA B B0E, SIEENUAR N B ZRAVIE N, &
W IE 52 S B3R T R4S AR R o LS, HPA BhiE
BEARZ5RENGENRE, BRRAR, 58K
BRABLL, BFEARERME RIS EKEAT,

¥EEZ BUR R 2 R HPA BRI 90 W Y E RN
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BRANIEATREAF, HATNIERAEE 255
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WEREBUENEYEFRTSS HPA HEERINE S
X, 90 HPA 3E LRI S AU R (40 |1 BURBPR "
%) A H AR (AN ERAE ) B4R Ko MERZ R
FKTHRE S SEREA IR EEE S, MR
FEERR R, X e 2 T B] AR I N BB B A2 TR
BRI MR/ N2 MR R R 892,
HPA 350 £ B R IZHE R Bt R /K FRIZE L, AR
R EUHEENIGR £ —E R RRIREY, W EamE
EE, BAT ZHMRER, Et, HPA 3H—E LIKER
EEMMIRARARHER.

KRB RIER—TIRBINRIE R BUR, A
IR NG S BUENIE HPA B, 3T 5 22 B RIS
FKTEWNFAF BB, HPA B BUE R RSO ERER
BHAI e IMERT SRS N REREY R,
PF5UEREA, HPA BHTE RIT = SRS KA R R
RZHR AT REHE R E A B, HPA HIZFAR =S5
ZERNBINEER A2z —

HPA IR A RBEN D BRANEEAME S,
HAERNFR I HREFARSISRY, HPA I
WOROE, 18T = A NS R SR N TS R BB XTI A
FENR S ERITRFHRRD, BRI —LEAE ST
E R BRI EERRFFENL X X K& RAA,
RETARSEM=EIEANE HPA B,

BERRET BHENAKSSEMBENTRE
HPA B, 550, ESMFEETRAYIEUR, @it 2554/
SRR M RN AR B AN 2 p & M [B] IR R,
AT RHRAB(BSLOEMETIREZES) R REEH
FKFE, EREM, EHRREETARSTRYEIRES
mETHEERESRRKFEERRX. B, KB
NE B ARFBEAREIZIEAANE T B AMRNPE
NMRXARBEI, BRAFENHARE T ASTN
¥IBNEI 51#2 25 CRH. ACTH F1 52 FREZ i &= /K R F+
24 Miller FYE T — BN RZ XA, ¥ 24 2
BENEREEENS ARARETRIETSNRE
o, B E B RO R KL, R
FREZSIEERELSEREREKENAR. It
46, B —LE SRR, HPA BV ECE RS EET K
HARBERSSRY PR TEEINLIPASIERR

M, BT 14~15 B B EPMERE R T Lk R
R BB R RKTE, H 5 NS ML W B 805 34
BIEHTO ERLRUTK RN —_a LA,
PM) W KHIBRBES A PR REHERKTFZEEX,
R —DAFIERFR R, 5 E BT 1L 2004—2006 F
2 2010—2012 F A KIER P E FEE S ERKELIN,
RBEXMNE SRR RENASFE
FREEBENIKEEEEEZEWNIERXY, &L, XLdE
REKREA, MR KPRET AR SR YA ER
JE AR HPA 3o

SEFARLN, ERENSNYER S, Y5h¥)
MNBR Y F/FNREFERSSTRYN, SBEH
HPA 3, NS |2 5 N B ZERIE N, FH, b=
BERTRERIENFARBRMNNEENELRE, W
MR EERE, XML A fE 2N B R BT
BEMNE FREREERANER R EZEATI,
Z< A A BT HAE AR R BRI FE BA R BB 5/ HPA 355
MR LI, NSRRI IS BRI RN 2
W —E B 8-z [ 3% R A0 B jE)- 28 2 % 2R 9, E b
H I FA B 3T 2REA, @I I HPA 35E 4 SRR
FREREEN D W, AT A ER T SIS R5 RN R
EAREIE F S, XL RERIHEA HPA SHATRES
STEREERIENFRERMLN, N BEHRRE
M, KEKHRET PV, R5IET M. EANE
IRAE, FERFHSL 5 CRH. ACTH FIRZBREEEKTFESY,
X—4ERRA PV, KEARZERBUE HPA o

RERR AR B B R E MRS A AR B RY A 73 7 28
B, i@ 79 S M B E F R i AL AR, 118
M N AVIR IR AR, HPA B8 BUE = 4 3 E AR R BURK
=, MR ERA LR INEE, KA RES B S MAEM/
RMAERE. —H M, BEEBECENRERALR S
HNEZEES, NMEEEEEEIZE E (glucose
transporter, GLUT)4 %% iz, (R B EEAVIR UL, 5]
ENEBEALHEES, 5—FHmE, BERBEAE
o 5203 & 10 ¥ B (A 38 A 7 BUE 2 & v(peroxisome
proliferator-activated receptor gamma, PPARy) #1 &ij ig
A5 4 BRI F 1(preadipocyte factor 1, Prefl) /&5 S
B MBS Ao LLIN, B R RN, FEE TUMERE
AR IE P IE 0 fE B R IREYIEH 1(insulin receptor
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substrate protein 1, IRS1) AYES S ELBEEL W FI K2 TR AR
Qﬂéﬂqﬂﬁai}?@ B( protein kinase B, AKT) BB 1L, X

ZRGIABRRARER TR URIATIERAR
ﬂ%%?’fu?o

3.2 HPA iz AT AERE(CISIBY 53 F N

BERENENEEZRERE MITREERER%
HTEEEMNRERNEERE, HPA HIEITATAENE
RFNEED FHFIEIE: (1) EER BRI (EHT
FERERA B, M S BRERHRE. BAREZM, BE
P E el B L E 2B HES a RICESFIRE AR ER S B8,
1 hNER B R RIBAATAE RS AE £ R (2) FERE B
RO{EHTEERE, ARRE, ERREESER
PO EZALES, oI UEZAESSRBEENR X
. BEEL 1% B2 =X PR B B8 R BB ( phosphoenolpyruvate
carboxykinase, PEPCK) 1 & % #% -6-1% R &8 (glucose-6-
phosphatase, G6Pc) , RIE AT AE#E = 4, M5 | 2 AT AT
IR BRI (3) BB BUBE TSI BT AT AY AKT
BEER b, MTHMEH R B RIRTL, XEERBESIEINM
BB Tribbles [3) J& & B 3(Tribbles homolog 3, TrB3)
HIFRIAS | EEHY,
3.3 HPA HiEFZA PIRECIHEY 53 F AN

R AR EEENARZNEE, 80%LL
EEERE RSB RETI S A AR, AFRA
IAE R BUBE = H GLUTA MR ARRIEEIE ), B MR
AN EEFERRE, M5 ERRERE. HR, §E
BRI EIANRARNER SR, X BB IF
{8 R & B8 2 EE-3(glycogen synthase kinase 3, GSK3)
BIBRER 1L RN SR, BRILZ 9h, B BUS R AT BE
MEEERaEN. BRLANBEHEREINRA
B % B = B8 MBS 4(pyruvate dehydrogenase kinase 4,
PDK4) BYZR3X, PDK4 N HIRERER AL B & SYIRYE M,
M HEEREE NN B A, SHEEEN A
KRR, 42LE, BERSREEEIERAEE
EERVIRE. IFIER S RAINFIEEREEWL, #HMm
5 EERERE,
3.4 HPA HEIEHMAL BRI FHH

RIS HEEKENEEE XS, BRIE g 4
AEd 0 iR B =R HIMNIARRWAF BEE
e, NTEIE 2 B IE, SENRERBESHER
BED MR, 5IERBRKFENTRE, iﬁﬁﬁ§|ﬁ*l§
RRIEHNERE. B RAI, BERERBRBIRER
GLUT2 BY 7K =, I % I & /%8 B2 B sk &= 18 75 BN BB
1(serum/glucocorticoid regulated kinase 1, SGK-1) Y&

m, SBEERDERD WRELE, s, ¥R BUBERE
WIS REES g AMRBAT, 51 & EREIRE. Reich
LRI, EEREREDYIEXL) RIFS/NE
MARRS B AR Hi AL E B B F&E H(thioredoxin-
interacting protein, TXNIP) BY 3R X, TXNIP #% i F p38
23R 7R E BB ( mitogen-activated protein kinase,
MAPK) BE, RASHERS B AMET,

tboh, AR LI, TR, ¥R RS @IS AT
R EBEMF R ERZFE T AFERERS. X
R SRR S ZE R = 5 AT AR AR B R HT, 7E
i Z= N EST R Y( neuropeptide Y, NPY) 1 S2{K1EHT

71 BIBP3226, F] LAPE M AT AE 3 AR EZRIL 2, RS AT

A Bk B RAVBURR N, RIBERE BUS R BT R ZE RN NPY
MR BEERFAET FHBRSEN R, Bernal-
Mizrachi " BIRR R ZREA, 1§ AT K E tETIMT, B
£ NIREREZ I, Al R | B AIS AT AUER
& a peroxisome proliferator-activated receptor alpha,
PPARa) 1 PEPCK BYFRIAIKTF, P&/ R AYFR B = BUK

HPA HITE RS H5 | R RIEREF E D 7
HIE 1o
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ey - =
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Figure 1 Molecular mechanisms of HPA axis in abnormal glucose
metabolism caused by air pollution
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