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[ Abstract | Objective To evaluate the effects of preconditioning with Toll-like receptor 4 ( TLR4)
inhibitor on hypoxic-ischemic hippocampal neurons and dendritic spines in neonatal rats. Methods Seventy-
five neonatal (7-day-old) rats were randomly divided into control group, hypoxia-ischemia group ( HI group)
and TAK-242 (a TLR4-specific antagonist) group. In the latter 2 groups, rat models of hypoxic-ischemic
brain damage (HIBD) were established using the Rice method, and in TAK-242 group, a single dose of TAK-
242 (0.5 mg/kg) was intraperitoneally injected 30 min prior to HI. Western blotting was used to detect TLR4
expression in the left hippocampus of the rats 24 h after HI. On day 21 following the modeling, HE staining,
Nissl staining and Golgi silver staining were used to assess neuronal loss and the changes in dendritic spine
density in the left hippocampus. The expression of N-methyl-D-aspartic acid receptors 2A and 2B ( NR2A and
NR2B) was detected using Western blotting and immunofluorescence staining. Results The expression of
TLR4 in the left hippocampus of the neonatal rats increased significantly at 24 h after HI ( P<0.05), and
TAK-242 obviously suppressed the up-regulated expression of TLR4 ( P<0.05). Compared with those in the

control group, the number of neurons, dendritic spine density and the expression of NR2A all decreased
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significantly in the left hippocampus of the rats at 21 d after HI (P<0. 05); pretreatment with TAK-242

obviously alleviated these changes (P<0.05). Conclusion

TLR4 inhibitor can mitigate HI-induced long-

term damage of the hippocampal neurons and the dendritic spines.
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1:5000) ,
1.7 “%it$r&k

BT SPSS 20. 0 GE it IS A i i BTk
DL xs 327 o TR R 23 M SR FOBUIRL 2% o 52 00
J5 22000, HoRAa b 2H 18] Lo R FH B IRV &y 22 9304
PP LL#CR F Bonferroni 3, P<0.05 22 547 4i it
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P<0.05;(0.349+0.022) vs (0.473+0.027), P<0.05],
25 G X B TAK-242 b FRE Uk 4% i S0 i
J5 T A IR B NR2A 35 FRE[ (0. 349£0. 022)
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receptor, NMDAR ) J& 1 25 5 fish 51 (1%) — Fofr g5 i 1 7Y
KA WE 7 &, H V& NMDARI ( NR1) } NMDAR2
(NR2) (143 A Bl 238 1 Bl 22, AT oS0 il 28 5 fil 114 W] 98
P, TR WA S B > o A A2 iy BT F 93 52
HIBD ] 3 il pf 22 58 fil 51 NMDAR B Z2 4544 NR1 7.
SEFGRALPAY L T —IIREIEJE NR2 £k 5K~ i
TCIIREARIG , BEAEAT B 50 3R W 2L R B NR2A 158 3%
ANBRK 28 B R B 2%, k] NR2B W] J N iC 12 %
353122 A5 Sk B NR2B AE = 41 vh 35 TC W) | 22
S (EAR D' e 5 B iR S0 44 Y 7N i SR I FE T
G ES X NR2A 55T B, i - B 9 4 TLR4 BE 6% ik
BRERYIK RS - NR2A TR, 20 HI S8 S
P AT EAN#E B NR2B Ifif £ %2 5 NR2A 7 5¢, &R
XF TLR4 (A7 Al e 1 i HI J5 NR2A E38 T RE
AT 32 3 2l 35 2 fi D RE ) H 1Y o

RAERPFRALTEAR L, Ho AN T 2527 Fh 4t i 73
ToA A B A ] TLR4 B2 HIBD 7 A= KB
T AU O 2870 P SR , ik Z Bh 24T oAl
UE, HARIRA B W BARBLS . SR A B 5845 Bl B 4 K
5 HIBD h A B, J B i) TLR4 %35 m] s
HIBD J&5 7 4 K B B i 28 50 B 98 A 473 , 42 7
TLR4 w] G Mt —20 T fif HIBD AL 3% HIBD jx
WS YA R

S 3k

[1] DOUGLAS-ESCOBAR M, WEISS M D. Hypoxic-ischemicen-
cephalopathy [ J ]. JAMA Pediatr, 2015, 169 (4). 397.
DOI: 10. 1001/jamapediatrics. 2014. 3269.

[2] EUNSON P. The long-term health, social, and financial bur-
den of hypoxic-ischaemic encephalopathy[ J]. Dev Med Child
Neurol, 2015, 57(Suppl 3) : 48-50. DOI; 10. 1111/dmen.
12727.

[3] DEUKER L, BELLMUND J L, NAVARRO SCHRODER T,
et al. An event map of memory space in the Hippocampus
[J]. Elife, 2016, 5. e16534. DOI. 10. 7554/ eLife. 16534.

[4] EICHENBAUM H. The role of theHippocampus in navigation
is memory[ J]. J Neurophysiol, 2017, 117(4) : 1785-1796.
DOI: 10. 1152/jn. 00005. 2017.

[5] MILLAR L J, SHI L., HOERDER-SUABEDISSEN A, et al.
Neonatal hypoxia ischaemia: mechanisms, models, and thera-
peutic challenges[ J]. Front Cell Neurosci, 2017, 11; 78.



http ://aammt. tmmu. edu. cn

B PR RAE2AR, 2020,42(8)

821

[10]

[12]

[13]

[14]

[15]

[16]

[17]

DOI; 10. 3389/fncel. 2017. 00078.
AKIRA S, TAKEDA K. Toll-like receptor signalling[ J]. Nat
Rev Immunol, 2004, 4(7) . 499-511. DOI. 10. 1038/nri1391.
HYAKKOKU K, HAMANAKA J, TSURUMA K, et al. Toll-
like receptor 4 (TLR4), but not TLR3 or TLRY, knock-out
mice have neuroprotective effects against focal cerebral ische-
mia[ J]. Neuroscience, 2010, 171(1) : 258-267. DOI: 10.
1016/]. neuroscience. 2010. 08. 054.
MATSUNAGA N, TSUCHIMORI N, MATSUMOTO T, ei al.
TAK-242 (resatorvid) , a small-molecule inhibitor of Toll-like
receptor (TLR) 4 signaling, binds selectively to TLR4 and
interferes with interactions between TLR4 and its adaptor mol-
ecules[ J]. Mol Pharmacol, 2011, 79(1): 34-41. DOI.
10. 1124/mol. 110. 068064.
HUA F, TANG H L, WANG ], et al. TAK-242, an antago-
nist for Toll-like receptor 4, protects against acute cerebral is-
chemia/reperfusion injury in mice[ J]. J Cereb Blood Flow
Metab, 2015, 35(4): 536-542. DOI. 10. 1038/jchfm.
2014. 240.
WANG Y C, WANG P F, FANG H, et al. Toll-like recep-
tor 4 antagonist attenuates intracerebral hemorrhage-induced
brain injury[ J]. Stroke, 2013, 44(9); 2545-2552. DOI;
10. 1161/STROKEAHA. 113. 001038.
RICE J E 3rd, VANNUCCI R C, BRIERLEY J B. The in-
fluence of immaturity on hypoxic-ischemic brain damage in
therat[ J]. Ann Neurol, 1981, 9(2): 131-141. DOI. 10.
1002/ ana. 410090206.
YAO LL, KAN E M, LU J, et al. Toll-like receptor 4 medi-
ates microglial activation and production of inflammatory me-
diators in neonatal rat brain following hypoxia: role of TLR4
in hypoxic microglia[ J]. J Neuroinflam, 2013, 10; 23.
DOI. 10. 1186/1742-2094-10-23.
BREA D, BLANCO M, RAMOS-CABRER P, et al. Toll-
like receptors 2 and 4 in ischemic stroke: outcome and ther-
apeutic values[ J]. J Cereb Blood Flow Metab, 2011, 31
(6): 1424-1431. DOI: 10. 1038/jchfm. 2010. 231.
HAGBERG H, DAVID EDWARDS A, GROENENDAAL F.
Perinatal brain damage: The terminfant[ J]. Neurobiol Dis,
2016, 92. 102-112. DOI; 10. 1016/j. nbd. 2015. 09. 011.
KANG R, CHEN R C, ZHANG Q H, et al. HMGBI in
health and disease[ J]. Mol Aspects Med, 2014, 40. 1-
116. DOI: 10. 1016/j. mam. 2014. 05. 001.
LEE B S, JUNG E, LEE Y, et al. Hypothermia decreased
the expression of heat shock proteins in neonatal rat model of
hypoxic ischemic encephalopathy [ J]. Cell Stress Chaper-
ones, 2017, 22(3):. 409 -415. DOI. 10. 1007/s12192-
017-0782-0.
LIUT L, LIUM N, ZHANG T J, et al. Z-Guggulsterone
neuroinflammation  after

attenuates  astrocytes-mediated

[18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

[26]

[27]

ischemia by inhibiting toll-like receptor 4 pathway [ J]. J
Neurochem, 2018, 147(6) . 803-815. DOI.; 10. 1111/jnc.
14583.

BOROVAC J, BOSCH M, OKAMOTO K. Regulation of ac-
tin dynamics during structural plasticity of dendritic spines
Signaling messengers and actin-binding proteins [ J ]. Mol
Cell Neurosci, 2018, 91 122-130. DOI: 10. 1016/j. men.
2018.07.001.

HERMS J, DOROSTKAR MM. Dendritic spine pathology in
Annu Rev Pathol, 2016,
11. 221-250. DOI: 10. 1146/ annurev-pathol-012615-044216.
LIN R H, WU Y N, TAO J, et al. Electroacupuncture im-

proves cognitive function through Rho GTPases and enhances

neurodegenerative diseases [ J].

dendritic spine plasticity in rats with cerebral ischemia-
reperfusion J]. Mol Med Rep, 2016, 13(3) : 2655-2660.
DOT; 10. 3892/mmr. 2016. 4870.

MURPHY T H, LI P, BETTS K, e al. Two-photon imaging
of stroke onset in vivo reveals that NMDA-receptor independ-
ent ischemic depolarization is the major cause of rapid
reversible damage to dendrites and spines[ J]. J Neurosci,
2008, 28(7): 1756—1772. DOI. 10. 1523/JNEUROSCI.
5128-07. 2008.

HAGBERG H, MALLARD C, FERRIERO D M, ei al. The
Nat Rev
Neurol, 2015, 11(4): 192-208. DOI; 10. 1038/nrneurol.
2015. 13.

KASHIMA D T, GRUETER B A. Toll-like receptor 4 defi-
ciency alters nucleusaccumbens synaptic physiology and drug
reward behavior[ J]. Proc Natl Acad Sci USA, 2017, 114
(33): 8865-8870. DOI: 10. 1073/pnas. 1705974114.
LOHMANN C, KESSELS H W. The developmental stages of
synapticplasticity[ J]. J Physiol (Lond), 2014, 592(1):
13-31. DOI: 10. 1113/jphysiol. 2012. 235119.

CERCATO M C, VAZQUEZ C A, KORNISIUK E, e al.
GluN1 and GluN2A NMDA receptor subunits increase in the
Hippocampus during memory consolidation in the rat[J].
Front Behav Neurosci, 2016, 10; 242. DOI. 10. 3389/fn-
beh. 2016. 00242.

HEI M Y, TAO H K, TANG Q, et al. Decreased levels of

role of inflammation in perinatal brain injury[J].

pNR1 S897 protein in the cortex of neonatal Sprague Dawley
rats with hypoxic-ischemic or NMDA-induced brain damage
[J]. Revista Brasileira De Pesquisas Med E Biol, 2012, 45
(10) : 962-967. DOI: 10. 1590/s0100-879x2012007500100.
SHIPTON O A, PAULSEN O. GluN2A and GluN2B sub-
unit-containing NMDA receptors in hippocampalplasticity
[J]. Philos Trans R Soc Lond , B, Biol Sci, 2014, 369
(1633) . 20130163. DOI. 10. 1098/rsth. 2013. 0163.
(Yr#%:2019-10-15; & [H : 2020-01-05)

(it &)



