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[ Abstract)

Animal experiments are important methods for scientific research. During animal experiments, it is cru-

cial to select the appropriate anesthetics, not only to ensure the smoothly performed operational procedure and obtaining re-

liable experimental data, but also to avoid the suffering of laboratory animals and ensure their welfare as more as possible.

In recent years, the ethical issues related to laboratory animal welfare have drawn more and more attention. In this review,

we briefly discuss the selection of commonly used anesthetics during animal experiments, such as inhaled anesthetics, in-

cluding diethyl ether, sevoflurane and isoflurane, as well as non-inhaled anesthetics, including pentobarbital sodium, chlo-

ral hydrate, ketamine and urethane, and the possibly involved ethical issues related to the application of those anesthetics.

[ Key words]

TEHATR AT Ry R v, Sh ) 92 56 2 — P
BT F B, RS SR A R PR A
PRSI MM AT 77 5 B R SRR, R PR UE
LY B A A ) — DA ZOR el AR AR AL H
AR FH A5 3 1) 552 580 B0 00 O B % 1 219 ) DR 1 245 ) 2
WA AT 2l ) S 6 ) F B4R 9 A A )
(9 5k 1P 3 45347 3 0 A T R e B i e 2

[E£TH]HR AR FH4 (81373850)

Laboratory animals; Anesthetics; Animal ethics

(middle cerebral artery occlusion, MCAO ) #571 Hfv | JER
PR 7R 1) e P A AR B Y 1 2 P ) — SR R
FAME FHAS AN 23 52 i B A 11 502 45 )2, i B ]
REZ0 52 IR 1 R A AL vy, FL 2 368 1S 9 5
PIFET, BRAE Y R T I 2% BV DR E 52 0 48 4 A
HEAT , DRUE SR AT A9 55 56 F0 08 o ] 5, B SE 0
SNY)TEAZ R v R AR A, PRAE S Y AR A BEOR . AR

[1ESE RN ] ZESH(1986 - ) , %, WFFTSE 2 61, T 7 1 . PP R 45 A . E-mail ; plum2006420@ 163. com
[EWFEE 1R HIR (1973 - ), L, B EAEFIF , 0F 58 )7 1) . P PEEESS & . E-mail ; xushixintj@ 163. com



88 o FE B R 2R 2R 75 2017 4E 9 A 27 #4559 81 Chin J Comp Med, September 2017, Vol. 27. No. 9

SCH X [ P9 A1 5 56 20 ) SRR I 5 ek P O R G R
PRI R IUIRA— 23234, LU SR A GBI T A & B8
G AT Eh Y SR AR B

1 EsSsimEFAeEmRtR

1959 4F, 35 [{ {3 4% K William Russell F1/E
Y12 Rex Burch 7EQ NGB F SCERE AR JTHEY ( The
Principles of Humane Experimental Technique) — 43+
HOHR T AR 3R JEU (the 3R principles ) : £
X (replacement ) | ¥ 7> ( reduction ) | fIt £ ( refine-
ment) . o %lgle/ft %?‘é)@'ﬂﬁﬁ%}ﬁ/ﬁ\{mﬁ%WﬁK@
Py TSes , s O S il R4S sh il = &
SWIEATIE WD AR TEA R BT H Y S
DL, R AT e i s 2 S 56 3 W ) 4 P B0 1
A R O S A, A TR R B 2k
G s A Xt S 50 B ) i A R . 1965 4F, Bram-
bell #2 s A A9 TR A i =2 A Z LB A
i A LRI ETIE A A H A A R
S 0 L ER 5 S5 AR TC R R TR Y e
FIRRMER H o 3R BRI A S 4 A B oKk A
PR T BAE [ Br b HE B2 AR 30 48 B H A A ik
ARELRD

KT YRR A BT 18, 38 B 45 B2 27 25 (Ameri-
can Veterinary Medical Association, AVMA) il & T
“BhY 4 RFEH5” (AVMA Guidelines for the Eutha-
nasia of Animals: 2013 Edition) , #24L T 0] DIZ % )
LIRMETTIE . 2014 4F 7 H 8 B R EEE 1 (R H
BERENER) XL R P RE , TR S YR
A, BB TR B 2N DL T X S W) ST BRI R
UL B ZIRIE

2 EABYEFNCEFRAR

FEl P97 3l P 48 BE 7 1T B AR S A0 R A B
1988 4 [ KR AH AR T & A A 1 (L5 sh ) 1
SEA)) , EORARIE AR N DL 0 2 47 52 5 5l 1) 5 2006
SRR AT TR T R SR S i 1 S
DY R SRAE B R s AR A R R T e
TSRS IR IR L A R T, 2016 4F, 3
I A1 1 S 58 sl e M R O B9 B SR T S R sh )
FERAE L A 18 (IESR AR ) ) o (LB s Y
AR BT 2545 B (AR ILAR ) ) IUE T S8 s A
7 A R v R A B A A R, A
BB ZIRACAE R A B T LV S 56 3 ) AR M A B
AL, IR SR GRS ) T S 56 3l Ak A

S TTIEMIEIAR
3 E R3hi s R AR R 2R (5]

TES YRt B v | BRI 2 3h W) T AR IR 3547
My Set 5t . 36T 10 3 K Sl 4 R 0 2% i, I 45 1
S SIS Y B R LA 0 S 5 3 ) i
BRI T o S5 YRR 0 O A R Y S 1Y . 1 TR
PRI TR A28 TT 3 DAy R A JRR e 11 I JRR B . B2 T = UL A
TSR IRRIE I JRR e L R 5 3 S5 DR T ; e LR i
BB T 43k 4 B R T Jr 0 JRR I 5 4 R 245 i A 2
A 53Ry B — BRI R A 5 SRR I, AN [] 18 JBR Ik 551 A R
PS5 2 X S50 Bl ) A By Rl ™ A AN [ A s ), A
PR B B2 Hh e £ 38 1Y R B R0 2 o BT
VEE W EEAREK
3.1 WRNERREES
3.1.1 it (diethyl ether)

SRR 2 T2 A3 FH 1) JRR T 500 R 3 40 22 R AE 2
Yy, weW s 2 iz s T AR R G, N E S
FERAE WA X W W 28 58 A7 SR T 3 e 0
I, SRR R, R A PR th X 3 sh )
FET-. BT HXT S 56 3 ) Y A AR AT R
S Al S IUNGARE R (e A T S = G (T N <3
S
3.1.2 L% (sevoflurane)

LR T 3 W] | 5 A ORI WA X IR
W R GRS, A Gy R oy b, AN 5 4 T A O
LU I3 T AR B, 5 5 I R T 4 45 303
o, IR, R — A A AR B IR RR SR, L 9RC
Se Xt ML 52 A /0N, HL A DL IR 8 i S 47, AT R 4
P LRV P Bt JRR TR (%) % 2 o ol e g 0 o

SRR, S AF I 3 422 kL SR e 25 S BUBAE JR
23 [ACAL 32 400, I H 42 fih 18] B Bk L, 1842 52 460 8™
Y LR T LA IS GABA, Z AR, X
MRS ;51 Bax 1 caspase-3 FikIG NI & Bel-2
FERPEAL, AP 2 T A T, A P B & T4
MERALS 55 A5 R 5T 6 W, 2. 5% L 98 b 5 42 RR B
1 ~3 ha] LABGE /RS [RA N RE 77, iZ AN RE J1 1Y
e ] fig 5 9 & b NR2B /K SF Al p-ERK1/2: &
ERKI1/2 FAEME R K, SR, 255 T-LRbE 4 h 2
53 caspase-3 ‘f)@ﬁﬁ%ﬂﬁﬁ,@?ﬁﬁ%ﬁﬁ‘ﬁm o
3.1.3 53k (isoflurane)

SERE A HRT I A B A RREE 2y 2 TE A
B, AN G R ket ke, 5 KA
FIRRBETE , A5 80% LA b LAJSUIE BERE Ak
PRPARI D | TR, Xof 24 AR R 2 B 2 S 0 1) T



rfE F AR A 2 75 2017 4E 9 A 5527 #4559 M1 Chin J Comp Med, September 2017, Vol. 27. No. 9 89

P/ BRI A — & B LA R T, AN 52 . JULMAC 4
J1, 60 VB I e AN RS, DR IR A, B T
IERSE 11K S

R, S 90 IR T 4 45 30 W) 190 3R Il 4R
SrHE MK pH A B e AL TR RE 3 A
DL Z HLRR St IR A K i sh ) se 0 L S Sl be /e
ZR SR b B PR bt AR E T, L b
1S JRUAE T Ak B R LA ) R B MCAO B RS T2 A
KAEPI R IR, W R AE S L, AT & 45 44 22 AR 4
PEFIY o S 704 IR 9 K R Y v, W] 2% ¢
AR RN 5 e I AT LA a0 o T AR
(reactive oxygen species , ROS) /7~ F)) NLRP3 &£/
PRI I8 42 N 35 & (lipopolysaccharide , LPS) 175 5
M A S RUeE R S A RT RE S B0
BEEE Bk, C57 /NRARER T 1.8% S#9HBE 2 h,
TERRIE 7 d JE AT s AR il 52 45, B SR G I i vh
Pl 45 1) S Ut /D B L 0] LA 22
3.2 dEMRNERREEF
3.2. 1 JREHZ44 ( pentobarbital sodium)

PG L 20w T e Ak B b 2R A R 2 B
PR A o o2 9 7 A L A BRORTTE B BR A R
FR S AT E AT 7 AR RR AR . I b 22t i AR
H GABA SZ RS0 i & 4R RREEAE I % 0 g v
XA BRI AR AT, 42 470 Bl BN, R I i 5
FEBPIET

Ph 50 mg/kg 7150 1 A SRR /N BRURSF, 3G 12 LE
ZANEAT R B E R (R BURE R 221
SEBERR ), 040 LA 70 mg/kg 7 BRI/ B,
P ez ghmT DL 1 2 08 Y BUR AR L (H 2 5 2
S BBET 3 AU AL 20 7 4 AR PR m 117
PG A7 22 B A B L = 2R 2 ) HOd S R B B
I AE I BASHE ] T F il B AR AR 7 28 5k
JE RSB R 2w
3.2.2 KA FE (chloral hydrate)

K A ST — P g IR 25 BTk 2y, o B Ek
TCEEII RS, A R B R A R AR
AU IRAE R o B AT P IRAE T, RG] 1 )
1R B FTRR I, JRR it 2% e 30 AE A I I v X
L SR KA EEXT O LA R G5 K
A | P DR

H HTTA 7K & ST 8 5 T IR T 3E BRI, 3h 4
TR I JRR T ) 118 7K 5 S A BE 2 11 1 08 1)
FEERS T I R 2 R 800 E R RE IR A, 20%
R 7K SR FLAT AR 5 0 0 e, ) B 2 36 K B
FERH, IR AR 58 L K 597 55, PR AN 4 47 7735 s )

S K A S IR R L KA SR S 5
YR BAT R BIRIER™ b, K G A
AR IR EE N O L Z BN A AR — AP & T Y
KPR 2 R0, 5 2 I AE A B B 40 2
AR X R o AR 36 B R 2R 25 Sh ) &2 IR AT
168 ” ( AVMA Guidelines for the Euthanasia of Ani-
mals; 2013 Edition) , % T /K & S 7™ 5 19 &l [ b,
KEEBEBA GG WL IRLAY ., REEE 2R
(Anesthesiology ) £ 2009 4F- 5fi W ff & 7 4 38 77 56 1
SR R I BN T & R0 FH K & S 217 RR
Pl 2 SR SO

MCAO 55U 2 A5 i e 1l P 0 400403 8 Bl )
AU BN S0 SR L A A R JRR R DR IE A2 A5 B
[F] 56 B 8 TR I Be 8 PRk e i I L T4 e
PRI, AR 8 JBR B ) 0 3% B RS SRR AR . 2 2%,
B FH BRIV 7 72 3 2 >R FH /K 6 I 14 47 M 3 539 JRR
P 7K R T S PR I B 25 o S B, % 1L A8 B
RESZIA /)N, 3 HLICA W [R] 00 R 28 OR3P 4 FH A0 R
IUAE, BOR B 2 097 3 7 e . 2 AR BK & SRR
PR B ™ A i Bl 4 A B ] 88T, 177 32 36 ol P G At JRR 1
FUN S R EA T IR > | S e PRI R VE HL A f
B AR PR I T RR IR RN O T, T LA GR B R 8 g T
A AR R B, X500 I 45 5% e /0N, O B B AT BRUR
VEFR 6 2 sh W se i e B AR v ™) (HJE Rl A
VFZ R KA SRR 20 ) A (5 Xt frf
WK A R BRI AT TR BI U — e 5%
RAT KA FAEESAE S R B YRGS A,
AR AT — BEAIF 5 A0 7 At BRI 71, 2 e e )
TR ARERR ) I B s 1 0 1 DR e
AR B LITED
3.2.3  SUEER ( ketamine)

SANETR 2 — VR T K B Bt Fn o B i 28 0T
AT 4 NMDA SZ 55T NMDA A2 4%k
) MICAZ S RE A AR . SR Tz N T
A SRl 0 R, b A B AR . U TR 1Y
ZFEIE 46 2 A8 LT 58 1 22 AR AL A SOl I
PR ST A AR Sy 2 3 R B et 7

NI A & B AR S TR R 259, o 5
ERRBRIER G MY 5 a2-F IR EAER sh 7
(PR ) A, T B s AR AR . 5
K FEVR Y (v PE ) I AT 2% Ak UL A A5 A A
AR o A5 BTG o mT L 92 95 FH e e - 380174 M Y
Sy IR IR AR

R, S e 2 A ph 2 8k, & R BRI
KRR 2 A T 5 B AR A A 1



90 P AR PR A 4R 2017 4E 9 45 27 BB 9 i

Chin J Comp Med, September 2017, Vol. 27. No. 9

N BT LR T RE I 1 T G R 4 Ak 15 AL Tl
TR SR A 2 30 1 b 2 0 e ) 38 g O
THHAE
3.2.4 ¥ (urethane, ethyl carbamate)

L RIH PR IR SR, S —Fh By 0 M JIE 5k
P 1D 0 591 % i S 30 5 410 ) < T R e 1 955
T B 2T A B 52 FRT 0 T A 22 4% = T K 5 PR B
YER . BEAh, SR a] Gt HoAth 24> 8 18 HA
YERT, L35 GABA , 3Z{A& NMDA 321k %1) | 15 4idH
VEFIREAC BRI B2, X8 552 56 3l 40 A 3L AR A 52 i 45
/N, B PG LA B0 B BRI e AR, s
B N DL ERAE I 5 T R A 3 R 3H Y A5 i BB R
B, e B B A IR AR TS 7 Lk IR R fih e
JBk, I LIV 80T 25 Ak B 7 3H PR 19 30 B0 10 TR B
1M

4 itig

UTAER | S0 2 Wy BRI 0] 4 P 1 42 388 ) R 2 B
AT AN, 7E 2009 4F Anesthesiology 4
R BT 3 WK AN P 3R AT /K S AT IR e
LIRFERSCEE 4 ) I S R R, DA 2010 4F
11 Hi&, (OB IE) ( Cardiovascular Research) 2%
AR T B AT 3, SR TS A 1Y 3 )
TR HE, S DR IE H T & 3R 1018 SCAT & 1 Br R
W B EER Y KON E B ) 8 7 1R L G R
T T REMERGS T 24, LA R AT 252 1 2 SR BE DT o
T BRI 1Y) SI% 6 06 ZH A 4 JRR B8 ) 50 R T 1) 1
OUT #EAT I FLW 2 fel B0 >k ORIk 3 W) 1 52 14
[ =R

TE B 52 50 T 1 17 0T 25 RR 18500 46 FH AL T
BERIWERIEAT 1, 580075 PEORR IR X0 52 36 45 R K&
SR E )T BEE A SE R ARE ST B BB
PEIRIE ), A AT L3R B JBR e 70) ) 552 56 45 2R 1Y 1
PE, 4TI0S92 36 54k 1) R P ) I S RE fRIE Bl S
B RE AR EOR R, FRATT AL T AR
835 Y S50 Bl ) A ) 4 B A a5 I ST N
LA BT s Yy A48 B 7 1 AR 85I, Lo
INAEWTIEAE 208 B Bt 14 n 3h ) 45 ) 48 217 T Y
DRAR s ABHIE 58 5 22 S 06 3l ) 40 B K
R BT o £ 155

S 3k

[ 1] ZurloJ, Rudacille D, Goldberg AM. The three Rs: the way for-
ward [ J]. Environ Health Perspect, 1996, 104(8) : 878 —880.
(2] 2, hGREE, £Xar, % A1 R —LB 3R

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

FHEBIE RS RE [T]. FE AR 2400, 2016, 26(3)
89 -90.

Ruiz-Meana M, Martinson EA, Garcia-Dorado D, et al. Animal
ethics in cardiovascular research [ J]. Cardiovasc Res, 2012, 93
(1):1-3.

Shen X, Liu Y, Xu S, et al. Early life exposure to sevoflurane
impairs adulthood spatial memory in the rat [ J]. Neurotoxicolo-
gy, 2013, 39 45 -56.

Qiu J, Shi P, Mao W, et al. Effect of apoptosis in neural stem
cells treated with sevoflurane [ J]. BMC Anesthesiol, 2015, 15
25.

Liu J, Zhang X, Zhang W, et al. Effects of sevoflurane on young
male adult C57BL/6 mice spatial cognition [ J]. PLoS One,
2015, 10(8) : €0134217.

Low LA, Bauer LC, Klaunberg BA. Comparing the effects of
isoflurane and alpha chloralose upon mouse physiology [ J].
PLoS One, 2016, 11(5) : e0154936.

EVE, BRI, SRBT, AR TIIA I RIS 7 AR
P 2 /N R S PR LA (D], T PR R AR
2012, 22(7): 25 -28.

Bedirli N, Bagriacik EU, Emmez H, et al. Sevoflurane and
isoflurane preconditioning provides neuroprotection by inhibition
of apoptosis-related mRNA expression in a rat model of focal cere-
bral ischemia [ J]. J Neurosurg Anesthesiol, 2012, 24(4) ; 336
-344.

Shen X, Bhatt N, Xu J, et al. Effect of isoflurane on myocardial
energetic and oxidative stress in cardiac muscle from Zucker dia-
betic fatty rat [ J]. J Pharmacol Exp Ther, 2014, 349(1) : 21 -
28.

Yin N, Peng Z, Li B, et al. Isoflurane attenuates lipopolysac-
charide-induced acute lung injury by inhibiting ROS-mediated
NLRP3 inflammasome activation [ J]. Am J Transl Res, 2016, 8
(5): 2033 -2046.

Yonezaki K, Uchimoto K, Miyazaki T, et al. Postanesthetic
effects of isoflurane on behavioral phenotypes of adult male
C57BL/6J mice [ J]. PLoS One, 2015, 10(3): e0122118.
Zeller A, Arras M, Jurd R, et al. Identification of a molecular
target mediating the general anesthetic actions of pentobarbital
[J]. Mol Pharmacol, 2007, 71(3) : 852 —859.

Erhardt W, Hebestedt A, Aschenbrenner G, et al. A compara-
tive study with various anesthetics in mice ( pentobarbitone,
ketamine-xylazine, carfentanyl-etomidate) [ J]. Res Exp Med
(Berl), 1984, 184(3) : 159 - 169.

Matsuda Y, Ohsaka K, Yamamoto H, et al. Comparison of new-
ly developed inhalation anesthesia system and intraperitoneal an-
esthesia on the hemodynamic state in mice [ J]. Biol Pharm
Bull, 2007, 30(9) : 1716 —1720.

INEE2x, AHE, R, S DR R SEI0RR I 24 9 % K
RGN [J]. P ESR YR, 2016, 24(2) .
120 - 126.

Baxter MG, Murphy KL, Taylor PM, et al. Chloral hydrate is not
acceptable for anesthesia or euthanasia of small animals [ J]. An-

esthesiology, 2009, 111(1) :209 —210.



o F A PR 2 75 2017 4R 9 A 5527 4559 81 Chin J Comp Med, September 2017, Vol. 27. No. 9 91

[18]

[19]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[30]

[31]

Maud P, Thavarak O, Cédrick L, et al. Evidence for the use of
isoflurane as a replacement for chloral hydrate anesthesia in ex-
perimental stroke: an ethical issue [ J]. Biomed Res Int, 2014,
802539.

Yuan H, Denton K, Liu L, et al. Nuclear translocation of his-
tone deacetylase 4 induces neuronal death in stroke [ J]. Neuro-
biol Dis, 2016, 91, 182 —193.

Jung YS, Lee SW, Park JH, et al. Electroacupuncture precondi-
tioning reduces ROS generation with NOX4 down-regulation and
ameliorates blood-brain barrier disruption after ischemic stroke
[J]. J Biomed Sci, 2016, 23: 32.

Nakano T, Irie K, Hayakawa K, et al. Delayed treatment with
ADAMTSI13 ameliorates cerebral ischemic injury without hemor-
rhagic complication [ J]. Brain Res, 2015, 1624 330 —335.
Wang Z, Leng Y, Wang J, et al. Tubastatin A, an HDAC6 in-
hibitor, alleviates stroke-induced brain infarction and functional
deficits; potential roles of a-tubulin acetylation and FGF-21 up-
regulation [ J]. Sci Rep, 2016, 6: 19626.

Caltagirone C, Cisari C, Schievano C, et al. Co-ultramicronized
palmitoylethanolamide/luteolin in the treatment of cerebral ische-
mia: from rodent to man [ J]. Transl Stroke Res, 2016, 7(1):
54 -69.

Andresen L, Theodorou K, Griinewald S, et al. Evaluation of the
therapeutic potential of anti-TLR4-antibody MTS510 in experi-
mental stroke and significance of different routes of application
[J]. PLoS One, 2016, 11(2) . e0148428.

Nagai N, Yoshioka C, Tto Y, et al. Intravenous administration of
cilostazol nanoparticles ameliorates acute ischemic stroke in a cer-
ebral ischemia/reperfusion-induced injury model [ J]. Int J Mol
Sei, 2015, 16(12) : 29329 —29344.

Yang S, Ning F, Li J, et al. Therapeutic effect analysis of sino-
menine on rat cerebral ischemia-reperfusion injury [ J]. J Stroke
Cerebrovasc Dis, 2016, 25(5) : 1263 —1269.

Chen X, Liu Y, Zhu J, et al. GSK-3B downregulates Nrf2 in
cultured cortical neurons and in a rat model of cerebral ischemia-
reperfusion [ J]. Sci Rep, 2016, 6 20196.

Li YH, Fu HL, Tian ML, et al. Neuron-derived FGF10 amelio-
rates cerebral ischemia injury via inhibiting NF-kB-dependent
neuroinflammation and activating PI3K/Akt survival signaling
pathway in mice [J]. Sci Rep, 2016, 6: 19869.

Zong Y, Jiang L, Zhang M, et al. Limb remote ischemic post-
conditioning protects cerebral ischemia from injury associated with
expression of HIF-1a in rats [J]. BMC Neurosci, 2015, 16; 97.

Li L, Tian J, Long MK, et al. Protection against experimental
stroke by ganglioside GMI is associated with the inhibition of au-
tophagy [J]. PLoS One, 2016, 11(1) . e0144219.

QiJ, Liu Y, Yang P, et al. Heat shock protein 90 inhibition by
17-Dimethylaminoethylamino-17-demethoxygeldanamycin protects

blood-brain barrier integrity in cerebral ischemic stroke [J]. Am

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

J Transl Res, 2015, 7(10) : 1826 —1837.
Lin CH, Wang CH, Hsu SL, et al. Molecular mechanisms
responsible for neuron-derived conditioned medium ( NCM )-
mediated protection of ischemic brain [ J]. PLoS One, 2016, 11
(1): e0146692.

Fanaei H, Karimian SM, Sadeghipour HR, et al. Testosterone
enhances functional recovery after stroke through promotion of
antioxidant defenses, BDNF levels and neurogenesis in male rats
[J]. Brain Res, 2014, 1558 74 - 83.

Zhang H, Liu Y, Guan S, et al. An orally active allosteric GLP-1
receptor agonist is neuroprotective in cellular and rodent models of
stroke [J]. PLoS One, 2016, 11(2) . e0148827.

Liu C, Du Q, Zhang X, et al. Clematichinenoside serves as a
neuroprotective agent against ischemic stroke: the synergistic ac-
tion of ERK1/2 and ¢PKC pathways [J].
2016, 9:517.

Martin D, Lodge D. Ketamine acts as a non-competitive N-meth-

Front Cell Neurosci,

yl-D-aspartate antagonist on frog spinal cord in vitro [ J]. Neuro-
pharmacology, 1985, 24(10) ; 999 - 1003.

Morgan CJ, Curran HV. Independent Scientific Committee on
Drugs. Ketamine use: a review [ J]. Addiction, 2012, 107
(1):27-38.

Green CJ, Knight J, Precious S, et al. Ketamine alone and com-
bined with diazepam or xylazine in laboratory animals: a 10 year
experience [ J]. Lab Anim, 1981, 15(2): 163 - 170.

Zou X, Patterson TA, Sadovova N, et al. Potential neurotoxicity
of ketamine in the developing rat brain [ J]. Toxicol Sci, 2009,
108(1): 149 - 158.

Behrens MM, Ali SS, Dao DN, et al. Ketamine-induced loss of
phenotype of fast-spiking interneurons is mediated by NADPH-
oxidase [J]. Science, 2007, 318(5856) : 1645 — 1647.

[41]Venancio C, Félix L, Almeida V, et al. Acute ketamine impairs

[42]

[43]

[44]

[45]

mitochondrial function and promotes superoxide dismutase activity
in the rat brain [J]. Anesth Analg, 2015, 120(2) . 320 —328.
Wu YQ, Liang T, Huang H, et al. Ketamine inhibits prolifera-
tion of neural stem cell from neonatal rat hippocampus in witro
[J]. Cell Physiol Biochem, 2014, 34(5): 1792 - 1801.

Huang H, Liu L, Li B, et al. Ketamine interferes with the prolif-
eration and differentiation of neural stem cells in the subventricu-
lar zone of neonatal rats [ J]. Cell Physiol Biochem, 2015, 35
(1):315-325.

Hara K, Harris RA. The anesthetic mechanism of urethane: the
effects on neurotransmitter-gated ion channels [ J]. Anesth
Analg, 2002, 94(2) . 313 -318.

Field KJ, Lang CM. Hazards of urethane ( ethyl carbamate) : a
review of the literature [ J]. Lab Anim, 1988, 22 (3). 255
-262.

(YFs BHA)2016 — 12 -27



