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Studies on biological mechanism underlying stress-resilience in rodents: A review
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Individuals who have experienced a traumatic event may go on to develop stress-related disorders,
such as post-traumatic stress disorder (PTSD). However, exposure to traumatic events by itself is not
always sufficient to induce such disorders, as an individual may possess some “resilience” that may
prevent the onset of disorders. The term “resilience” refers to an individual's ability to rebound from
severe adversity, functioning to protect and recover from stress-induced maladaptive states for most
people. Conversely, individuals with low resilience may be more susceptible to stress. Elucidating
the biological mechanisms of resilience can undoubtedly provide novel approaches to the treatment
and prevention of stress-related disorders. Recent studies using rodents suggest that behavioral
or pharmacological interventions may enhance an individual's resilience. In this paper, we focus
on resilience as a protective factor for stress and review recent studies dealing with the bhiological
mechanisms underlying resilience in rodents.
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isoxazolepropionic acid (AMPA) % {4 & N-methyl-
D-aspartate (NMDA) SEMEDPBIS L Twa 2 &
MHENTY D, AMPA FHEEILPIMBEDO /N5 3
YEEAERIZE KO L, BEIREE T o B
T F T ALEE S F D, NMDA F4 K13 AMPA F&
& Mo B EE SIS 25, HRMAZ AL L
T, AN LAF ViEREE LD ENFITEN
BHo ZOEML, NMDA SEMOTEEILE, HiE
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Bl LHETEUNLREELL6L )5, F
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Bo FDHEVH CS WRFEIsNDE, TR
MRt EEE b s, BBoOBEEST &SR
NoHEEZLNTWA (Nader, Schafe, & LeDoux,
20000 LA2LZZTUS RS RITIUE, &
W3R 4 1% LT (o TS EELIE O
FETHb, Tihbh, —EMES N BEIG T K
FBEE Lo, BN EOEEORE T /IEHE
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INFEFTELLOWEIZLN, NMDA SHKRT o
= A b ® D-Cycloserine (DCS) (&% o
HEEMRET LI E0WE SN T &7 (Walker,
Ressler, Lu, & Davis, 2002; Ledgerwood, Richardson,
& Cranney, 2003; Yamada, Wada, & Sekiguchi,
2011)s LA L7%AL, DCS A EARMER) I & 543
T HOXEMOEH TSP ) ICEH S YAT
&Y, WA O BTN DICRE ST
£121d, DCSIEEMFEOBEELRET L &
WY, RS L TR IEMEE NS (Lee,
Milton, & Everitt, 2006)
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Rt s ¢ A3 W & LT, AMPA ';fzﬁ'ﬁi@ RIT4 7\\
ETaL— 8 —DPREINTETNLS, 72&21E
Yamada et al. (2011) (&, AMPA Z&RARI T4 7
€ 7 a2 L — % — T & 54-[2-(phenylsulfonylamino)
ethylthio}-2,6-difluorophenoxyacetamide (PEPA) @
FAE G L o T, RO o8 R
ENHTEFRELTVL, TOL) BiEEORE
BEILAMPA F5HMET 4 I A b Tdh H NBQX
DOFALEC L o THIHI &5 Z &2 6 (Zushida,
Sakurai, Wada, & Sekiguchi, 2007), AMPA & Z4k R
VI A4 TET 2L -5 =L BB RESEE
AMPA B M OBRELALIZ L o THIERZ ST
B REMEATRE Vo

AMPA S5AENL ) v AL HEWICES T 5
T &R AR GELE R L v ds, AMPA B
BART T4 7T 2L =5 —ORMEGIZL > TL
SVZUANMET I EDPRBESNT W %,
Schmidt, Triimbach, Weber, Wagner, Scharf, Liebl,
Datson, Namendorf, Gerlach, Kithne, Uhr, Deussing,
Wurst, Binder, Holsboer & Miller (2010) &, F3
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A b L AT E S 4 BEBEOALETE) L 58
MBeOaVFIATFary X—ALN)bid, FEICK
F L7z SOFEENS, AMPAZEERRY T 1 7%
Fal—48 =L oTA ML ADLOETEA M S
M, A b L ARSI L R S T v
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X 652, Schmidt et al. (2010) F1600LD = T A
OANFAAFO Y R=ALNXVOER» L, RN—
AL NWATE O 20% F IEEEIE, AW T RI20% %
LYy MEELTHDT Lo 2O2HEHR
VRl L7z A ML AERE AL, AMPA Z74%
RIF 4 TET2 L= —%FGLze A, IEE
BETEA N LV AFHE 2S5 AMEOINF AT
0 N—=A L U E i L THEEILEL L
Fro TOOFEHIE, AMPARBMARRY T4 7T 2
V=4 —OFIEHS 2L - T, A ML AMEEEATY
N ERREN T 5,

Fro, SO 2 ETHEE CALSE & BTk R o> AMPA
FHERY T PO EBRET L LZ
A, ELLOMESTONENEIZL Y T ML
% LT, GluR1® mRNA SEH S H E 2K <, GluR2
@ mRNA SEE D HFEICE D o 720 GURIDMEIEH 7>
D GUR2HERIHTH A Z LB E MY 5
TR O RIE SN TE Y (Meador-Woodruff, Hogg,
& Smith, 2001), FETIE I DHETNE LTHIE

Frasca, Brandwein, Hortnagl, Riva, Sprengel, & Gass,
2008)0 £ 2T, AMLAMEEBLTLY )Y
ZAE, MEHE O AMPA ZBEAK L Z 7 L DB L
AT 5 Z EATRIEE N B,

3.2. BDNF

AR TR e iR S22 (- (BDNF) ¥ 7
Ne@l LT, RADETOMEI LIRS B, 5D
RBETRIEEOEHFSASNLE—FTT, —EHoh
9 D3 BDNF & BN & &, Hpigphd: 2 {25 5
R EDIWRENL, ) OHOETHERL VY AD
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W E R HIKENIZ B 17 5 BDNF & A b L A S %
EDBEIZOVTIEINE TS  OBEH R s
TWB2YS, EOPRICETENL ) T A% BENT
HEWHIMOFAET B, 1 H 2EMolHE2 F L
A% Ty MIRELTRESEL &, HE &k
123517 A BDNF @ mRNA S8 B 124§ %0

OB INTFAAFAVDITTF AT T4 —F
Ny 7 LRI L T B I EARIES LT
% (Smith, Makino, Kvetnansky, & Post, 1995).
Taliaz et al. (2011) 13, T v MIY 4 WANS & —
HWTHEEICRE$ 5 BDNF @ 383 F 7213
S0 Ty &R, D4 HMOEHA ML AL
RBESETHAOTHER AT ND, HET v b
THip ¥ BDNF Z @38 s 756, S Th
5N B A ML AKRET A2FEHHDReR 70— 2
BITOWLD T SNFze AT v MIB B HEE
BDNF / v o %o 2id MPavdFairoro
N=ALNWWEBLUBEA ML ABL L2 S
e HHTNEWE, FF v PO BDNF /v o
T LT, BUA N VAL S 3EEEEL
THLANFIAT Ay DN=ALNLARER L F
FHiFENA, L) ATH b, I OIS
BDNF JEHAMEM: A b L A~O#S I e 158 %
Bzl TWAI RN RIEL T b,

SHI, oIl Bl A A O— ARITFORD
i, IDEROT AN T (GEPssE) % Sy
bEENb, Taliaz et al. (2011) (I2HBWTEMA b
VARBHTHT UANFZ T 2R S vk, 18

LTHY, R, BUEAML AL oTT7 AR
=T ESEAE A A G, mE K ERT
(vascular endothelial growth factor; VEGF) @
mRNA LNV AYMET LT/, VEGE i, Hhi il
RMEFHEIEETTHHFTH Y, WEFERTFD
_'}ZETZ;) Z)o

Z 9 L7zkEEH 5, BDNF SR ML 2203 A6
HAEH T LT &, MRERERTOARICL o
THEBRESBEESNDITWEEIRBIN TS
(Bergstrom et al., 2008), #EEIE IV aLF a4
FERETEEICE L, FRTE - T EAE - B
(hypothalamic-pituitary-adrenal; HPA) #il ~ @ 5 77
TAT T4 =Py s ko Twa7-0, WHEOMK
ERREREA T BN F /38R 2 A b L ARSI
DhNHE—RE R D, A ML AL BRSO
EIZBWT, MERERFIPENEHLE - FHT5
HEEHESTwDE Lz, WEFRERTOKGH
WLV I AT AT ADEYSEMFEN & L CHERE
LTWAHREERLE 2 5N b,

L72>L, BDNF 2MEHT AMEIZ L > TiE, L
NIV AT LRI T4 7 hFESEL26T
ERIRS v, 72 21E BE CS & LA
DU EZIT /277 AT, CS~OFREZEEIZEM
REEENAZ I BT 5 BDNF L ~Ov 238 h15 4
(Mahan & Ressler, 2012), % O, ZHiIZ & 7
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v AFEBDNF O LZB/ENEL L, X—AF 4 ¥
AR T 2 E TS5, —FT, 29 L7
WA S L&, LYy by Rd
BDNF D Lﬂj 7?7‘1&.< N—=ATA4 //\@HJ:U #)%‘

UL Z EATRENT W D,

F 7z, MR BN & ALK AR L2 BT A BDNF
LAV LR v ATO D) OTEIOSEH &
W sz t s SN TV b, BEMHIEE A
BDNF # 18RS L728a, Ml T 2 Mo
vy A A D} i T O RS 4 L 7 (Eisch et al,,
2003), WO GIE, BDNF D/ v 7 5 o<y
ATHIFEENT VB, — I Y AL, Ham
Bt a P L AR RIE L TRAT A Z &2 & o Tk
& O EWERDSEEISHAT 508, ok
A ML ADRRE, H) DEOBEES ST TR
<, BMBHEHOBDNF /v 2 ¥ it oTh
AN A (Berton et al., 2006) o \-Z'Loa)"lrz
WL, HEICBI ARG, JEREN Ik
W BDNF 4% DETEI O SERIZEF S L T 51
REMEZ R L TWd, L7zh o T, BDNF LRV |
AWV Ty AR &5 BRI S
ﬂébwfci&wo DL LR RORKIC

| RRE R O I e AR AE 2 10 O iR A & o
%iiﬂ'ﬁ&fr‘ﬁﬁﬁfﬂfi Wb SN S,

3.3. NPY

BPHZIRSEICAFE L, B —ELTL Yy x>
AEFEETHEEZONTVAYHEIZIZ2—0RT
FFY 7)“?&”’1?13‘9“%0 NPY 3t 4, B ERICH
WA LT FFE LCEERSN/ADS, BaE, B0
FH R PTSD € 7 VB 3 2 1GR9 R) S5 i
BafnTwb, NPY i34 K'Ff"ﬁ e, 7
asd . PGB B K B, IR, TR
&, PHREMERICEEICHEBELTEY, HPA R
RWIEMEEAR LI LD & LT, B s P E
FHoTwh,

Gelfo, Bartolo, Tirassa, Croce, Caltagirone,
Petrosini, & Angelucci (2011) & Gelfo, Tirassa,
Bartolo, Croce, Bernardini, Caltagirone, Petrosini, &
Angelucci (2012) 1, NPY # 5 v b2 JEIEPIHE S
T5IZET, HERTH T BDNF L XL O H
Y, BREKEk T A MBI B BB AL
L. MERPREILEL F TOFBPLERET LI LT A
Wi L7ze R, NPY O RIS 255t 2
RSO LD EMRTESL, LeLEDNS
NPY S HERILEHMWRRIOLEEGEHET L &0
L, KIEES OB, REMER~NOEE T ERE
WAND LN D B,

2 50 &

NPY MBS & » T, XIRAEHES T
BisPEELIHIL, HWErIGESEHL L LI
12L&, NPY @iﬂ)%%(;t”‘t MR TH D,
73 =TT 4 =V FRHREX T FRBII BT AT
I8 %o 72 (Lach & Lima, 2013). 72,
NPY YISHEERDT 5 T A POHEFHETIZL -
T, NPY ORI A ESI N EnD
B OWBENI B b 2 P iEE RO L ) L A /2
T ATk, NPY O YISZEMERAES IS L Tw
BT EDNITREEE N,

BPEA ML AL ORESEEICSBITSRHMEE
PFC ) NPY LAV OEALE BRI LA 7
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WA Hdi?ﬁ‘j\l"iﬂi’tto F 7R OWTE T, Rk
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