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Effects of ketamine and wurethane on stimulation-induced c-fos
. . . *
expression in neurons of cat visual cortex

Ke WANG, Hui ZHU, Cui-Yun CHEN, Peng LI, Cai-Hong JIN, Zi-Lu WANG, San JIANG,
Tian-Miao HUA"

College of Life Sciences, Anhui Normal University, Wuhu 241000, China

Abstract: The effects of ketamine and urethane on neuronal activities remain in debate. As a member of immediate early genes
family, the expression of c-fos is stimulation dependent and could be treated as an index to evaluate the strength of neural activities.
In this study, SABC immunohistochemical techniques were applied to compare the c-fos expression in neurons of the primary visual
cortex (V1) of cats and therefore, to evaluate the effects of acute anesthesia with ketamine HCl and uethane on inhibiting neural
activities. Our results showed that compared with control cats, there were no significant differences with the average densities of
Nissl-stained V1 neurons in each cortical layers of either urethane or ketamine anesthetized cats. In urethane anesthetized cats,
neither the average densities nor the immunoreactive intensities of c-fos positive V1 neurons showed significant difference with that
of control ones. However, both the average densities and immunoreactive intensities of c-fos positive V1 neurons in ketamine
anesthetized cats decreased significantly compared with that of control and urethane anesthetized cats. These results suggested that
ketamine has strong inhibitory effects on the activities of visual cortical neurons, whereas urethane did not.

Keywords: Ketamine; Urethane; Primary visual cortex; Visual stimulation; c-fos protein expression

JRR T 741) 388 Jok 5% Wi A 22 2R 450 4 22 R IR 5T 4 (NMDA) ARG FHIAS y-28 5T 1R a &Y
I BTk B ER N . %] (ketamine) F11% (GABAa) ZAKWEA)HI1E 5 (Hara & Harris, 2002;
PrdH Curethane) ZIFKTF RASP LR HH K Jin et al, 2013; McCardle & Gartside, 2012). {HIL%E
RIS S ANAERF ], BRIV HO IS RGGEN M AR AR A R W, 1 R 5 hr A BRI
S AE HIHLORT I PR 52 B b BRI SR R e PR AP B BRSSPI T0 10 8RR R T80T 30 T W] Yl %
SEFIBETH A B S B SE BR A . B W o2 i (Peng et al, 2011; Sceniak & Maciver,
N, SN RN AR RGN TCIE SN 2006), AXAE SR E R AREIER-,  HAER- B
REA AL S, RIS N-FEE-D-RAZR  Alae S SUEH A (Sceniak & Maciver, 2006). 3
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BCL 1 A — S0 2 R AT RE S R R A
IR R X A E (Xu et al, 2000, 2001). K iE—
AN HAE IR, ASHIFFEaad BB 5 S I A
55 oy 8 S BRI 0 A 40 R0 B T A 48 T TR B I 5
W), iE S P AEAN [RI P A R I X T 280 2 5

RIS o, SRR P fie R 58 m] Be HAT
PR A EAE A . B REEBH KT NMDA 7344
RS AR AT ZE O R SR (Jin et al, 2013),
AT S5 AE NMDA SZARFIZERA Fr 52 44 LA hn
ZICIIN BT TS 3 (Hoffken et al, 2013; Howland,
2013; Kochs & Bischoff, 1994; Patel & Chapin, 1990).
SRR B 20 20 TT IR 81 7 LA RIE 7 X% Ay A
T BL LA R RIBLH] H A4 AR IE .

c-fos &AM A 1 37 HAE R (immediate
early genes), fF1EH A BEAH O F b TR R LR
(Nakadate et al, 2012), TESRE. St HUBAIAE
SRR TR . KRk, HERA R
Yy 5 A SRR TC R O (1 FE b 2 — (Filipkowski,
2000; Marchant & Morin, 2001; Poveda & Kretz, 2009;
Van der Gucht et al, 2005). %3 K Zwfid 1] fos 2 FHA]
55 jun A S TGRS = A5 e AN A, T
PRl s, TSRS 5 B R R RIA I, S5
a2 PR R S S (R

AHIFFUR H Ao 35 2 S 2 58 LU SR 1R S
RIS oy 20 S BRI S 4T AR B J22 v e-fos B 1 2
FHAERRZE TG B I c-fos E [ G S N SR BE IR %M, DA
TEATT P BRIV 7710 P B SR AR TGTR Bl R SE AR o )
Ab, AN FG (NissD Gttt @ M1
BJR SR GR, gt & Rm g Tcim e, BLAER
P IO P AE SR ZH MO IR ) ] BEAFAE R 22 e

1 #MR57F%

1.1 KIS EN4 K LA LR BRAA

SEUGTIOBIfd HEfEERS (2~3 a, 2~2.5 kg), I
HIEWITTRRA AT, SR P R
S RRL I BN o S SRV o B A R b Ok T
SIS ) R R FE I HE I

SEICREBEN L A3, B ERRREUIEET (g
A RA ], EZ5MEFH35020148) 41, S (3
st ek ), 1658705300 ARG
ALK #30L, HARETRIFE24 h, DAL 40 M
c-fos ik [ AR Yo 04N SRR
9, R A SR 40 me/kg, SRIHALY

50 mg/kg, ZHZHRANAEME SR R0 1k, o RO 5
FAR P EREER K RIS, KA E T B
T, DABRERRTFE S I, SmIN SERIEOWHR D hs 55451 h
Jis K SIS PR AR BRI S5 T I, 287 =30 ik
M VRREVE AR PR 2R 7K £20.1 mol/L PBSZZ i (pH
7.2~74, 200 mL/kg, 54%% 5 IS 2.5%)% 1),
T4 [ 722 b, 3 B PRI R S I [ 5
W (FA%Z R 2.5% K ERIB0%IEHD [
ALV HWHEESGERKED R, JE40 um, &
B 105K DI I3k —41, 73 S Fe-fos B [ g 21
ZUEAbRE S BAPEXT FEAJE [, BRI UR NAY
(K101 0] 1 347 40 v HECRI 5 2047 o
12 RBRFERES c-fos REFIRID

0.5% FH RIS ¥ T Je IR G 1, DU B2 )2
DIEIG & JZ A TTE

W Fle-fos B 1 A b 2 i 3% Ha0s+ 0.3%
TritonX-100 A2 5%JiG 2F- M35 AL £, 2R 5 ¥ i e-fos— Pt
(Pt 2 wBEhUR, WEEA1:200, w4
MTHEARAWD, 4 CHEF24 h: PBSHYLE TN
EYIFERRE P CEPIRIgG TAER, Hpd il +H
Y TREARAFD, ZEFH20 min; PBSHUES
WIN=Pr CRER DN R A TR, sl
LAY TREA R A FSABC), %% & 20 min;
DAB&: (A, BEEEWIRIK, —HAGER], rhyEmie
BH, BB WRE . P R UPBSHEA S Bt
AT E, LR,
1.3 HEZITE D

Yty K e bric V) A #EOlympus BX-51 2444
A%, HImage-Pro Express 6.0 PG40t 1Fk
ITEBCREE, Rt I e IR G & o
J5  c-fos B 11 G2 BH 2 40 B 2% B RN 41 i ' % 5 (10D:
integrated optical density) {H. &Iz 2= h 68
XL R JARIMA AL PAT) AT EES .

ok e RG] EARAE B T (x40) SRINE]
%, FEREBOEECT (<1000 R 5t 8% 2 ik A
B (1. T~ IV. V. VIED, FERHLEE 1040
PP R M A2 B P AR E AR, B
SERHEAE R AHAR Y] v Je 5t 4 J2 320 5 A AR
TEEAEEE (%4000 B 235l T J ot & 2 B 10 L
(FEJ7R/NS0 pmx50 um) TS IC G 6 28 el
c-fos G B FH I AN B AL, V- Y (0 1 0 B p i 2
(cells/mm®) . MEETK S5 bRic U] 4 h BEHLI% 80
Ac-fosPHTEZH ML,  FH GRS A 40100 e e 3 P AL
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Figure 1

Eﬁ@’ﬁ%ﬂﬁzﬁlﬂiﬂiéﬂ (A, D). L%ﬁiﬂkif!iéﬂ (B, E) &Xﬂ‘ﬁ’ééﬂ (C, F) HIGRLBZ KT 2 Je IR Gt phze oo

Nissl-stained neurons in each layers of the primary visual cortex in ketamine-treated (A, D) , urethane-treated (B, E) and

control (C, F) cats
A~C: PEZEEEIL I, IV, V. VIE; D~F: MRS I EHEALN . Scale bar=50 pm.
A—C: Layer I, II-IIL, TV, V and VI of visual cortex; D—F: Pyramidal cells in layer IIT of visual cortex. Scale bar=50 pm.

SI 56 R 6) A A 5 v 38 23 AT A e-fos e 9%
PHEA0 R, s B PR 0T 3= BEAR vh e 40 i X3,
MAZ A s ER A, PR TR S5 . o4k
P, REGBIREEE (B2A-D, #F6c-fos
i Bﬁ‘ﬁ}if‘“ FEAIE -

2.1 WERTEEZRITESR
ﬁ%RTM%#éﬁerﬁéﬂ%uSﬁﬁl’iéﬁtﬂ)#EP%JJ
WAL KL -0 IV, V. VIZRI#H 0%
o FEMNERER, SANVILRL B KRS
AT AL B R IRE R (GRRFEUNGIA -
Fa, 1500 =253.256, P<0.0001; 4734 Fy 1s0=
615.428,, P<0.0001; XfH4l: Fu 150 =524.08,
P<0.0001). KILA R YL a4 Ju % BEAH XS
AR, I IV V. V2 ZE 0% 8 A4 s
EIVIEME U AL T 2B I-I0. VAIVIZE, H
I V. VI Z [ #2870 % BT I W 22 e (GR

1o & Tus BEAEA A AMA R G 2 2 57 (IR
JEiZl: Fo, 1500 =0.831, P=0.438; ZHiH4l: Fp
150/=0.615, P=0.542; % HR41: Fo 150=1.971, P=0.143),
LW ERTTZ AR WoR, WIS R &R
TR FEAR ARG W25 227 ORRIFE S 25
Fe, 450 =2.323, P=0.099: JBRIFIAb 215 AN AR AL
N F o 4500 =0.344, P=0.848; JFREEFIALTE L )2
JERAE SN : F 450 =0.368, P=0.937) (1), £
W - SIS ZH A IR J2 48 o R 22 0 3% T 5 0] T
PRI St
2.2 c-fos R PRIHMAEZE EFKit 50
2SI R W RAN B 2 IR T4 S b Y 0 A A7
LA O SRR (O R c-fos S e P PR 42T . Horpr, 58
UZ G A8 20 G e B Al AR BUR /N, BTV A

%, HI-NI. V. VIZ2REL, AT AR KM c-fos
G BHPEMIZE 0.
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K2 AL (A, D, G). ZEIALARA (B, E, H) AXHA (C, F, D HHIEMEIZER c-fos Ho ke BHIE M
2ot (R R
Figure 2 c-fos immunoreactive neurons (as circles indicated) in primary visual cortex of ketamine-treated (A, D, G),
urethane-treated (B, E, H) and control (C, F, 1) cats
A~C: WIRMEZ TRV M LA (Scale bar=60 pm); D~F: 5 V/VI J2 c-fos HBEFHITEMZ T, (Scale bar=25 pm); G~T: %5 V )2 c-fos %

FHPEAEAZN L, (Scale bar=15 pm).

A-C: Coronal view of the gray matters of the primary visual cortex (Scale bar=60 um); D-F: c-fos positive neurons in layer V/VI of the primary visual cortex

(Scale bar=25 pum); G-I: c-fos positive pyramidal neurons in layer V of the primary visual cortex (Scale bar=15 um).

W ZENT R BN, S SRR R
Jrc-fos P U BEAF AR W B R IR e S (B
MRS F o, 150 =447.241, P<0.0001; 1ZH3H
Yl: Fu, 150=610.816, P<0.0001; XHE4l: Fu. 150 =
461.945, P<0.0001), FRIN A 551)Z c-fos Gy BH 40
B AN, SBI-IL IV, V. VIEc-fos %y B
N 35 PRI B s STV )2 e-fos 8 PH It 41 i 25 55
ADRHC T, V., VIR, -, V. VIEZ A
o BHYE AN s B o B 25 7 (3R1). c-fos % BH
PR 0 %5 P AR 2 AR TR G W 2 72 57 (Eh R U I
Yl: Fo,150=0.546, P=0.58; %H7IHAL: Fp 150=0.851,
P=0.429; XfHE41: F(, 150-0.074, P=0.928).

AT 2T g R o, R SUE 2L ) 2
Pz 2 45 2 c-os H 73 BH M 41 Jif 585 32 4 2% iy 4HL 41
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300 =18.856, P<0.0001], 4740 4] ic-fos i FH M
P TCHEE SRR LA E % [Fo, 45070.733,
P=0.393] (FE2A-I; £1). =ZHhE LRI Hras R

BRSPS R R AL The-fos B AR IA T B4
RO, T B R U 2 B i o-fos B AN
FENZRIE, SR, Shi R4l -y
VLR 261, T, IV V. VIZc-fos 5015 BH 1 40 i
55 ) I PRAK66.88% . 45.38%. 41.22%-. 27.06%K1
28.32% (F1),
2.3 c-fos EARERNBENES D

Fei . ERIRF NI ZH A c-fos B [ Feyss FH i
IO, DRGNS IR 4 c-fosPH I M 220t
H AR

W& R (EEAREPI-. IV. V. VIZ) N
It ALtk (1) c-fos e 925 PH P i 48 JO AT 1 39 6 25
ST, SEREOR, RS 1T R
IR AURO FEZH 3 2 35BS [Fo, 60=173.771, P<
0.0001; F(. 0=173.707, P<0.0001), PEAEFLSE 55
h18.72%%19.41% . 14731 4 c-fos He P BH P s WV 52k
JE 5 5%k AL L TG B 5 2 5 [F o, 60y=0.482, P=0.886]
(F3),
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*1 BERSEWLESE (KC1-3). BhBALEA (UC1-3) RXHEA (NC1-3) HMARMEESE I I, IV, V. VI
BRKZtHZITTH c-fos RIEFAMEHETEE
Table 1 Densities of Nissl-stained and c-fos immunoreactive neurons in layer I, II-I11, IV, V and VI of the primary visual
cortex in ketamine-treated (KC1-3), urethane-treated (UC1-3) and control (NC1-3) groups of cats

A Subject JeJZ43 )2 Cortical layers
I TI-11T v \% VI
Je G4 (0 #1145 7555 i Densities of Nissl-stained neurons (cells/mm?)
KC1 396+135.3 1736+261.4 1524+196.4 1664+232.6 1696+258.7
KC2 416+98.3 1800+181.8 1568+160.9 1728+223.7 1756+165.9
KC3 384+177.1 1784+235.7 1592+153 1736+220.1 1696+228.8
ucCl1 432+129 1780+183.1 1556+102.3 1736+125.4 1756£122.9
uc2 444+127.1 1812+156.7 1580+110.4 1764+160.5 1780£137.6
uc3 404+78.8 1744+116.5 1512+101.2 1784+128.2 1808+123.4
NC1 420+100.2 1760+161.1 1520+126.5 1720+148.5 1772+125.1
NC2 472+88 1828+147.3 1600+161.1 1788+160.1 1740+148.8
NC3 456+115 1844+125.7 1572+129.3 1788+165.5 1772+146.1
c-fos HuJE [P A2 TE % ¥ Densities of c-fos immunoreactive neurons (cells/mm?)
KC1 148+75.5% 940+136.3* 820+112%* 1176+163.5* 1184+160.2*
KC2 132+88.5* 960+129.3* 820+80.5* 1244+125.7* 1212+99.9*
KC3 132+88.5* 892+117.8* 836+76.5* 1268+110* 1248+114.4*
ucCl1 312+129 1620+183.1 1396+102.3 1736+125.4 1676£122.9
uc2 404£127.1 1624£192.5 1420£110.3 1720£103.3 1708+£129.3
uc3 364+78.8 1664+116.5 1392+101.2 1704+128.2 1768+123.4
NC1 380+100.2 1720+161.1 1360+126.5 1680+148.5 1732+125.1
NC2 448+104.6 1708+147.3 1440+186.7 1668+160.1 1660+148.8
NC3 416+115 1684+125.7 1412+129.3 1708+165.5 1692+146.1

* AMAMZ IR T BT UCI~3 F NC1~3 ME (P<0.05).

*: Individual’s neuronal densities are significantly lower than UC1-3 and NC1-3 (P<0.05).

0.6

0.5
0.4 - ”

0.3

S HE( 10D value

KC uc NC
K3 ShRREUETAL L] (KOO SRIHLFL]L (UC) Fxf
HRALA (NC) HIBLEL 2 c-fos Sl BRI T0 P35 5% )5
(I0D) 1{H

Figure 3  Average IOD (integrated optical density) value of
c-fos immunoreactive neurons in the primary visual cortex of
ketamine-treated (KC), urethane-treated (UC) and control cats
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**: P<0.01

CAE M), SR SR B S RIS 3 4] 2
WAL RE 2 U A8 1 e-fos B 1 B A 25 FA 9 i A
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3% ik

CAWETRET, R R A28 1 i
2 Z G c-fos KI5 A B 2 WNMDA 52 44K (1) 45 47 71 BHL
Wr, 2 7 c-fos 1) 15 3 A fiE 42 NMDA 32 1 /) &
( Herrera & Robertson, 1990; Torres & Rivier,
1993)c SR 2 i AR T AR B Eh H) S 56w 5 0Bk
WEFS S, AWFITIESE, ERENMDARAKAESE
GrPEREPUA (Jinetal, 2013), Kk, A Al fE2 M
SN AL R 2% VE SR A 51y, AT 4
BeJric-fosik e AWIFET R o, HhMR U Sk
JRR I AL L PR A R A8 T2 R A 8 TG R B 0 TR
ToRFEZESE, OGRS e-fos H 1 G i FH A 41
%85 2 S A TR R A, LB 40 i v e-fos e 2 X
N5 B R S 2 5 2 B SR AU B S o 22 TT I
5 R S NS B EEGEANHIVER], X5 AR ST i)
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T8 1) S ] R A0 0 5 e R YR A ) i o-fos
Pk 45 A —2 (Huang & Simpson, 1999),
HEmEPE A 8 o S P 1 45 A R I
FIMVEFHELAHEL (Hagihira et al, 1997; Jinks et al,
2002; Yan et al, 2002).

R kg BRIEAERE 1], RLHOOE O ML AN I Ty
REI LA /N (Hara & Harris, 2002), %5 F T A 5.
2N AN R KRR o e )

(Devonshire et al, 2010; Peng et al, 2011). ES/ASL
BMEERIN, SR e 02 A R R
TOR R 5 B N A 5 ih Je )3 5% (Shirasaka &
Wasterlain, 1995; Sceniak & Maciver, 2006), T £E44K
SEH W, SR AR IE R RRIVE IS B R4 0T
PR B SN B G 2 2 S M BGE AR/ C Peng et
al, 2011; Sceniak & Maciver, 2006) .

AMETTEE RN, 1 BRIVE 5L (1) 5 hrH 20 o
TS 5 1 c-fos 2 1 S 2 BH 1 41 i 535 152 M 97 92
MR 0 AR LE ) G B3 22 5, SR IR BRI
TR 1) 5 o HEOOE R B T2 A8 48 T 5 O RN B0 1) A
TVE I GSS o 2485 RSCRF LR AEARSEIR AT, S
PSR M SATAE 22 7, XSS 22 e 15 5 BRIV 771
HAK, WAL, SR i
TCIE S E AL LS A ENE AN
EATE WA PEAMIIPE SR A3, A4 T
A HH I o o AR 41 A K O A DL S I

(Sceniak & Maciver, 2006). HEFEHINHK, Bfr
bSO (oS B P o L E T G R NS B

Bk
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