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Research progress on animal models of traumatic optic neuropathy

SUN Wu', ZHOU Jian®* , CHAO Guojun®, LIAO Liang®, XIE Qi*, SHANG Mengqiu'
(1. Beijing University of Chinese Medicine, Beijing 100029, China. 2. Dongfang Hospital, Beijing University of Chinese
Medicine, Beijing 100078. 3. Eye Hospital, China Academy of Chinese Medical Sciences, Beijing 100040)
[ Abstract]  Traumatic optic neuropathy greatly impairs the eyesight of patients and there is no effective treatment. A
large number of studies on traumatic optic neuropathy have been carried out and animal models are widely used in these

studies. With the need for further research, new animal models are constantly emerging. This article summarizes the recent

animal models of traumatic optic neuropathy.
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Table 1 Common TON animal models

, SRARR 3 i . .
g IR SRR e Jae SRS S
Ini s © nimal Methods Advantages Limitations Uses References
njury types name strains ethods vantages mitations ses eterences

B B TREZAT S
W_MEF Q;g*% H‘ﬁ %ﬁﬁ”ﬁ FF % % ?gj N &*ﬁ)flﬁfﬁ:%# ;E ﬂ:ﬁ;_% %@Zﬁl&*& 5 'ﬁ:j‘j [ ﬂ .
ﬁﬁu’l - +HIWT RGC TAE3 SAURIUMARA RGC,  HRIB NI, FE TR
0 T B, Expose and  Model is easy to establish and has a  Effect of follow-up drug ~ RGC JAT-FNFE (7]
trp ¢ t.nerve Rat, rabbit cut the  unified degree of injury. It is easy to  therapy repair research  Apoptosis and
anls‘;c ton optic nerve quantify the survival rate of RGC and  is not ideal, and it is  survival of RGC
fmode target retina and RGC. limited as an indirect
model.

WS¢ RGC 13T

LR b 58 7 A
B P— SR ) ER TS
LU P i o PRAERR, QUN AEE R AL U] iR (R
il W) Fx g q PEAF EEMELURSHEE &, To study the death
Optic Rat, posre alr}ll It has the advantages of simple It is difficult to control  and survival [ 17-24]

- nerve crush  rabbit,cat squeeze e operation, small damage, high the clamping force and  process of RGC
EAER optic nerve . e .

Ko model survival rate and good repeatability. accurately quantify the —and axon
D'it degree of damage regeneration. It is
u“lrec‘ i suitable for the
o;tlil:m 1 study of drug
neuropathy repai.
Rtz Az Fahse o DR IR H, 52 0K o, 15 05 e 2 . b s 4
o S lihe ’ ’ " “2ie
i FRRIE g, AT e A
Optic nerve  F, %R o+ Operation apparatus is simple, the —%i—, o o
. . Fxpose and . . . . Suitable for the [25-27]
traction Rat, rabbit damage degree of the animal is  Force and time are not .
stretch  the . . study of drug
model . accurate and the damage degree is  unified. :
optic nerve repair.
controllable.
- RN o
W FLBCEIE SRR, TR \ o
JES el a4y i JABLHEUK R R BURR R EL W 55 TON J&
Optic 1 4 Expose the A1EF, TR, R,
nerve CFH{ ;ﬂb't optic nerve  Operation is simple and can simulate It is difficult to quantify ~ Researches on the — [29-30]
compression #t,TAbL foramen and  the oppressive effect of optic nerve  the degree of injury and  secondary  injury
model place hematoma and surrounding tissue  easy to infect. after TON.
an edema on optic nerve after trauma.
compression
S " 2 e gty N ™ iy " -
I o it S et DO XU T P
o “ IERRRE 2w, BT B0 )T
Blast R}:t ook waves Model of blast injury was perfectly — Mortality is high and  Researches  on  [32]
injury model ;tOL WAVES simulated, and the contralateral eye the retinal tissue is  blast injury
tﬁe eyeballs was not affected. seriously damaged.
il /S A VR e o M e N
[ PRNZE SR R TON X Rt 455 /18, AT
Al - HA NFEFXS I IR, . N . N
B ! IR RIED, e Y TON
ndirect e B Use the  Degree of injury can be quantified, ¥4 Rescarches on
traumatic ’ . device to hit  which can produce ton of different 0 . Lo [33-35]
. Impact Rat, rabbit . L Special equipment or indirect
optic L del the head or severity; the contralateral eye injury latform is needed damase model
neuropathy fnyury mo the  tissue is small, which can be used as a p ’ amag
, ITON around the  perfect control; in addition, there are
optic nerve fewer complications.
fil B AR PE AT RGC BET YIRS RGC f7{ Fh ¢
TRBTEAF RS, T L2 7 1,
WS ecnadl 2t Qe e e U R PN CE AT AN BN AR
et} [AET 7T S E O SN HSBO.,
Sonicati +‘_ = Ultrasound While causing axonal degeneration — R2%, In terms of RGC
To(l;uca:lon l:‘at was applied and death of RGC, intact tissue Equipment is expensive  survival and axon  [36]
}ﬁ);ce el to the  ultrastructure was preserved. It can  and the contrast effect — regeneration,
fmoce supraorbital be used to study the different degree is poor. unilateral or
ridge of unilateral or bilateral optic nerve bilateral optic

injury.

nerve injury can

be studied.




R P BE A 2k 2021 4 12 A58 31 &5 12 )

Chin J Comp Med, December 2021, Vol. 31,No. 12

113

SE 0k

(1]

[10]

[11]

[12]

[13]

[14]

[15]

Levin LA, Beck RW, Joseph MP, et al. The treatment of
traumatic optic neuropathy: the international optic nerve trauma
study [J]. Ophthalmology, 1999, 106(7) . 1268-1277.
Sarkies N. Traumatic optic neuropathy [ J]. Eye (Lond) , 2004,
18(11): 1122-1125.

Anderson RL, Panje WR, Gross CE. Optic nerve blindness
following blunt forehead trauma [ J]. Ophthalmology, 1982, 89
(5): 445-455.

Bastakis GG, Ktena N, Karagogeos D, et al. Models and
treatments for traumatic optic neuropathy and demyelinating optic
neuritis [ J]. Dev Neurobiol, 2019, 79(8) . 819-836.

Li HJ, Sun ZL, Yang XT, et al. Exploring optic nerve axon
regeneration [ J ]. Curr Neuropharmacol, 2017, 15(6). 861
-873.

Liu Y, Zhong H, Bussan EL, et al. Early phosphoproteomic
changes in the retina following optic nerve crush [ J]. Exp
Neurol, 2020, 334, 113481.

Magharious MM, D “Onofrio PM, Koeberle PD. Optic nerve
transection: a model of adult neuron apoptosis in the central
nervous system [ J]. J Vis Exp, 2011, 12(51) ; 2241.
Berkelaar M. Axotomy results in delayed death and apoptosis of
retinal ganglion cells in adult rats [J]. J Neurosci, 1994, 14
(7): 4368-4374.

Villegas-Pérez MP, Vidal-Sanz M, Bray GM, et al. Influences of
peripheral nerve grafts on the survival and regrowth of axotomized
retinal ganglion cells in adult rats [ J]. J Neurosci, 1988, 8(1) :
265-280.

Villegas-Pérez MP, Vidal-Sanz M, Rasminsky M, et al. Rapid
and protracted phases of retinal ganglion cell loss follow axotomy
in the optic nerve of adult rats [ J]. J Neurobiol, 1993, 24(1) .
23-36.

Park KK, Liu K, Hu Y, et al. Promoting axon regeneration in
the adult CNS by modulation of the PTEN/mTOR pathway [ J].
Science, 2008, 322(5903) : 963-966.

Smith PD, Sun F, Park KK, et al. SOCS3 deletion promotes
optic nerve regeneration in vivo [ J]. Neuron, 2009, 64(5) : 617
-623.

PG, BAAe, WK, SF BUR ORI S0 AR B IR R 2
GUBAEIE (1], PRI, 2010, 20(7) : 32
=35, 9%4.
Kiigler S,

et al. Transduction of

Klocker N, Kermer P,

axotomized retinal  ganglion cells by adenoviral vector
administration at the optic nerve stump: an in vivo model system
for the inhibition of neuronal apoptotic cell death [ J]. Gene
Ther, 1999, 6(10) : 1759-1767.

Lingor P, Koeberle P, Kiigler S, et al. Down-regulation of
apoptosis mediators by RNAi inhibits axotomy-induced retinal
Brain, 2005, 128 (3): 550

ganglion cell death in vivo [ J].

—-558.

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Koeberle PD, Gauldie J, Ball AK. Effects of adenoviral-mediated
gene transfer of interleukin-10, interleukin-4, and transforming
growth factor-beta on the survival of axotomized retinal ganglion
cells [ J]. Neuroscience, 2004, 125(4) : 903-920.

Tang Z, Zhang S, Lee C, et al. An optic nerve crush injury
murine model to study retinal ganglion cell survival [ J]. J Vis
Exp, 2011, 50. 2685.

Cho KS, Yang L, Lu B, et al. Re-establishing the regenerative
potential of central nervous system axons in postnatal mice [J]. J
Cell Sci, 2005, 118(5) : 863-872.

Li Y, Schlamp CL, Nickells RW. Experimental induction of
retinal ganglion cell death in adult mice [ J]. Invest Ophthalmol
Vis Sci, 1999, 40(5) : 1004-1008.

Templeton JP, Geisert EE. A practical approach to optic nerve
crush in the mouse [ J]. Mol Vis, 2012, 18 2147-2152.
Ohlsson M, Mattsson P, Svensson M. A temporal study of axonal
degeneration and glial scar formation following a standardized
crush injury of the optic nerve in the adult rat [ J]. Restor Neurol
Neurosci, 2004, 22(1): 1-10.

Templeton JP, Nassr M, Vazquez-Chona F, et al. Differential
response of C57BL/6] mouse and DBA/2] mouse to optic nerve
crush [ J]. BMC Neurosci, 2009, 10: 90.

Vézquez-Chona FR, Lu L, Williams RW, et al. Genomic loci
modulating the retinal transcriptome in wound healing [ J]. Gene
Regul Syst Bio, 2008, 1:327-348.

Ma K, Xu L, Zhang H, et al. Effect of brimonidine on retinal
ganglion cell survival in an optic nerve crush model [ J]. Am J
Ophthalmol, 2009, 147(2) . 326-331.

Gennarelli TA, Thibault LE, Tipperman R, et al. Axonal injury
in the optic nerve: a model simulating diffuse axonal injury in the
brain [J]. J Neurosurg, 1989, 71(2); 244-253.

FIFM:, EIEH. AR ER LIS ()], BigBE%,
2002, 25(8): 479-483.

BHE, G, B, A R ) E b A R A R U R
SRR AL [1]. EPRIREHAE, 2016, 16(9): 1625
-1628.

TR, BAERR, ZERUR. S WP 20 2 f v 24 5 T
iz Kafit  SODMDA ZKSP-H5Zm [ J]. [ 5 IR 24 7,
1998, 16(12) : 18-20.

BT, RFLL, MESENE, A5, A8 PR LM Gl 1 R 1
L BIRBEE R B ()], ARSI, 2006, 86(31) :
2177-2181.

RER, FEM, TR, F M S RS PR
TUREENT B SCIRAIT T [J]. o SR U SR, 2006,
12(6) : 414-417.

Lin J, Hu W, Wu Q, et al. Analysis of prognostic factors for the
indirect traumatic optic neuropathy underwent endoscopic
transnasal oplic canal decompression [ J]. J Craniofac Surg,
2020, 31(5): 1266-1269.

Hines-Beard J, Marchetta J, Gordon S, et al. A mouse model of
ocular blast injury that induces closed globe anterior and posterior

pole damage [J]. Exp Eye Res, 2012, 99 63-70.



114

b [ LA PR A AR 2021 4F 12 4 31 B4

128 Chin]J Comp Med, December 2021, Vol. 31,No. 12

[33]

[34]

[35]

[36]

[37]

o, JRREL, VP, AF. TR 245 05 S M AR R Y T
i [J]. e, 1999, (4): 47-49.

SRR, BRI, TORE, S5 AR EAL R RUAMIG PERL R 2 50
VighBERIEES (1], RAMIBULIE 2L, 2008, 30(12)
913-917.

Ibrahim AS, Elmasry K, Wan M, et al. A controlled impact of
optic nerve as a new model of traumatic optic neuropathy in
mouse [ J]. Invest Ophthalmol Vis Sci, 2018, 59(13) . 5548
-5557.

Tao W, Dvoriantchikova G, Tse BC, et al. A novel mouse model
of traumatic optic neuropathy using external ultrasound energy to
achieve focal, indirect optic nerve injury [ J]. Sci Rep, 2017, 7
(1) 11779.

Camp AS, Ruggeri M, Munguba GC, et al. Structural correlation

between the nerve fiber layer and retinal ganglion cell loss in mice

Ophthalmol Vis Sci, 2011, 52(8): 5226-5532.

Saul AB, Cui X, Markand S, et al. Detailed electroretinographic
findings in rd8 mice [ J]. Doc Ophthalmol, 2017, 134(3): 195
—-203.

Pérez de Lara MJ, Santano C, Guzmdn-Ardnguez A, et al.
Assessment of inner retina dysfunction and progressive ganglion
cell loss in a mouse model of glaucoma [ J]. Exp Eye Res, 2014,
122 40-49.

IR, BREME, R S PRI T 06 K RO R 24
E@%WuJAiMﬁ? W5 (1], W B IR, 2016, 26(7) :
42-47.

Ford RL, Lee V, Xing W, et al. A 2 - year prospective

surveillance of pediatric traumatic optic neuropathy in the United

Kingdom [J]. ] AAPOS, 2012, 16(5) : 413-417.

with targeted disruption of the Bm3b gene [ J]. Invest (W75 H 83 )2020-12-27
(L% 107 )
(5] #MRI, skiE, sk%. R nivk e wr st e (1], MbrH [13] ZORE, AR, b, 280k SR sh i sl gy iF o it g
B Sk AR R, 2019, 43(6) ; 315-319. [J]. i PR B 5 i nfe Sk 25 %ﬂ v @5, 2016, 30(13): 1090
[ 6] Tanaka K, Okamoto Y, Nagaya Y, et al. A nasal allergy model -1094.
developed in the guinea pig by intranasal application of 2,4 - [14] WA=, TENES, B, 2805 R 2l A i ) £ LY (5E
toluene diisocyanate [ J]. Int Arch Allergy Appl Immunol, 1988, £) [J]. hEzy, 2018, 49(1) ; 50-57.
85(4): 392-397. [15]  RAERB]. FCTE A N I8 I8 1 5 48 A B 3 400 65 280 g e 7 A
(7] Bk, P, kM. BN R RS YERIZ TR (1], EER Eotaxin JE[FI 75 L FIFIE A P 9%k [D]. M. hEE
H L Sk s R, 2008, 32(2) : 81-84. R, 2005.
[ 8] Takeda K, Gelfand EW. Mouse models of allergic diseases [ J]. [16] Kato A. Group 2 innate lymphoid cells in airway diseases [ J].
Curr Opin Immunol, 2009, 21(6) ; 660-665. Chest, 2019, 156(1): 141-149.
[9] Gk iR (HSP) BE MR M PSR CS5a &M [17] Rondén C, Campo P, Herrera R, et al. Nasal allergen
W% [D]. Lk '44Iﬂ[:ﬂjc+, 2009. provocation  test with multiple aeroallergens detects
[10] Pabst R. Animal models for asthma; controversial aspects and polysensitization in local allergic rhinitis [ J ]. Allergy Clin
unsolved problems [ J]. Pathobiology, 2002, 70(5) ; 252-254. Immunol, 2011, 128(6) : 1192-1197.
(1] BRHISC, BBdigr, 226, & e mitk a2/ MRS, [18] Rondén C, Campo P, Zambonino MA, et al. Follow-up study in
505 [J]. AR E s Sk SR R, 2016, 51(7) : 533 local allergic rhinitis shows a consistent entity not evolving to
-537. systemic allergic rhinitis [ J]. Allergy Clin Immunol, 2014, 133
[12] Kato Y, Akasaki S, Muto-Haenuki Y, et al. Nasal sensitization (4):1026-1031.

with ragweed pollen induces local-allergic-rhinitis-like symptoms

in mice[ J]. PLoS One, 2014, 9(8) : e103540.

( Yr#5 B #3)2020-12-08



