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Techniques for the Neurophysiological Experiments of Brain and Behavior

Jin-Sook Cheon, M.D., Ph.D.*

—ABSTRACT

The neurophysiological study has been widely used in the search of the relation between
brain and behavior. The basic techniques for the animal experiments of this kind such as
stereotaxic techniques, lesioning methods, the methods of electrical stimulation and confirmation
of histological location were simply reviewed. Nevertheless, the importance of complementary
neurochemical, neuroanatomical and behavioral studies can not be neglected. .

KEY WORDS : Stereotaxic techniques - Lesioning *+ Electrical stimulation + Histology.
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7te] BAE ol =o] B} Fo Hue
CAY EAY A wetol ) %_175”3?4 -V—*.
A7 =L A M WFe2 Y £ glon, 742
OE o2 d3 AT B me} Agde Fo
Addd(e).

1 5 Jls
o7
ol el AFME o F Al wpet Fo
Addn. F, AZAYFAEL 470 231 F2d
717t A¢EE ARRFY AT squidd] AW
ARE Bol A AZdgHA & U
Aol Zgolt AdFol7t Bo] o] g HEH ol 1
=L A mMAE Add AGAPRIE A

2 r°i‘

o 7|=Hel 7|ME olssty| s

W7 ot 2 v Healdol 714 g &
I Feg AYdes % Yok
2) QIzte] Al EA Fof Y HAIESS model
RIE0X} J0okEl o
ol g Ao BAE WA I Aofut 19 FAHS
FHE TEAND, I U o3 HAS L 22N
I Aol 4% AHRE ol 5 UA HEE A

£33, 2% e ARE T4 St Aolnh HUEH
489 RUe AL ASHEd A BUEH 2
89 34 BHRY e ¥ 5+ o

3) Heo| ASUAEY et (phylogenetic develo-
pment)2 7|&sIT & DoHE o7

o JsH wgd-g 78] 98AE Hodoss}
Campbell(7)0] 2 #2345 A (quasi-evolutionary
sequence) & TS A d¥E 2L A9
2a7t gtk o B9 FHYUF, TEEA, URT
A, 450l At 243 nj$ YA Aolgle
FE°h

HSHK
Al SN
stT

%%"a‘?ﬁ“ STHe ,\3
ey, Alo] QIEE FAHE Aolth(s). Yi
Y FEAEL 4EF A EHE Aoy, A
BAE 7Hsdtd ol 89 EHE FAJANIEE A&
k¥ ajof g}, 1] F Society for Neuroscience®] Com-

LPFE] AR,

A ELLF &} 1F

mittee on Animals in Researchol Al A A & “A 7 z} 8
AN FE Ao B3 AAA ) 71&5d Qe
W-&5 B 278 ATH9).

7_(;'1
thin-subject designs), &t
M AHgHe TEY & H2FHAL

YEolt

2) ¥ Ado ZAE 24

AYEFEL “NIH Guide for the Care and Use of
Laboratory Animals”2] 2o uieg} dojxm B
HAol &oh(10). B2 1978E% NIH Guide for
Grants and Contractsol|A] 43 233 FEALL9
FFolTH(11).

@ Ao}l
TERLY 3%
Agde HET, Y5, x=
FE oot gt

Q@EE 43589 4
FYAL e 233 L
FEg Lolot gt

@3 a7 AFF ojdg HT TR
F on, BRA9Fo At EZaT
ofyojof gy

AP Ao A APy FAH 9 A4E
7122 39, Ve 297 A9 f9L AY
AL § glojof i,

®FAA 24, 84 nd,
21]74]‘— ZEANYS

HAFFELIATE
Z3 & X3t
o8 H5 A4 A5

A7 gle

AP AE ey
Bes7lel 4gan, Ae5E
29 $8 22NY & AEE e oot g,
@UYL 2ol 5E 22a P 157
=2 NG5 oo g,
DAEE FYAL Y BoA}

o
i‘}g"a

rlr
>

o

— 146 —



TR IR EMEERC| B

o8 Qe AP T 7} A9 glolok ok
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o} o) HoH FE ATRAYL BYsre
ol ot A, 4%l W3, §9 & T AN
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228 7bsdol Aok A8 4WPoE Rosls
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() 39y %o
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FAE 7 A T2 AU X E Lolok 3,
AR F&7 FAAAY 7]€0] Jlojot vt A
W] Fojo] o]HE FF FE v B FUHHA,
AA e 2A Tl FA £EHE Rojth vHH
Ao AE2 Fe F3d eRen, dESo YA
A LAFL w7 Bad F49 APANAE barbi-
turate7} &3] AFEET.

(3) EZ3Y %o

B3 Foe A540 fle tdFY &9 AAE
Fojgted 88, FE 2§ AL FHy
Fo 39 o 12 WA 1/4019H(12). ol& AF #
Zlo) A pentobarbital® A F3 30~40mg/kg AH-&-3}
B, £8 1mle FFFU Agygsd &AL
£dL A 100go 0.1ml A}8-3+e}(18). Hexobarbi-
tale 100mg/kg?l $Fo g B T3

= Z2d oy
g 2 ZAMe T 59 72 dH(14).

(5) & F

B A= o] kg e Lav A&AA FF7+ 87
e ol A-sie, 59 3 FEol e} R4
35l ¥&

(6) ¥ 3
ARG 71 gD 42 AAHOIH ¥ 2
I 9 HAAE eherold, SFWALG 2ARE
BaFoRA A LolE AR & Yok o
W 253 47 wAdE sF0l ¥RAFeln
o, YA 20FEE A9 WA o, sur-
gical anesthesia(plane 8) ol ©3lH 2§ & Fo|n
T o ZobAn, dhabe glojAR, THSL §ol 9
o1t

D g 82

£ vpH o] wol 20le &9 £3F(12, 15)%
Ly ﬂaﬂ B9} (Table 1).
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Table 1. Drug dosages for laboratory animals(12, 15)

Drugs(mg/kg) Primate Cat Rat
Acepromazine 0.5-1 IM, SC 1.1—2.2 IM; 1—3 PO -
Chlorpromazine 1—3 IM; 25 PO 2—4 IM; 1—6 PO 0.5 IM
Promazine 2—4 IM 2—4 IM, PO 0.5—1 IM
Meprobamate 100400 PO 50 PO 150 IM
Pentobarbital 35 IV; 60 IP 30 IV 25 IV ; 50 IP
Thiopental 25 IV 28 IV 20 IV, 40 IP
Phencydlidine 0.5—3.0 IM - -
Ketamine 1350 IM 11—44 IM 22—44 IM
Droperidol-Fentanyl Iml/9kg IM - 0.2ml/kg IM
Alpha-Chloralose - 75 IV 50 1P 55 1P
Urethane - 1500 IP 780 IP
Chloral hydrate - 300 IV 300 IP
Atropine 0.04 IM, 1V, SC 0.04 IM, IV, SC 0.05 SC, IM
a7|selsE Al 7Y

HA g7, 38EdY FY, AF, 71E T U
2E o A4¥F Z&d A (stereotaxic techni-
que)?l &80 278 A 71FE ¥ T3 A
HEYe HFVE 7|22 39 ¥ BEF FHq A
3 #2 FYF AXd A o FHY H =
HHe 2 7HA7 e}, Pellegrinos(16)0] THE

+39 AHFH AR/ 79 ¥FH 9 ¥ =847t
3 o] &= Ach(Fig. 1.

=
an
k-3
~

1) System A

o] AL de Groot(17)9] HE A A olct. o7]e)A
4% 7149 (horizontal zero plane)& A+ 2] (up-
per incisor bar) 3} ©] k4 (interaural line) o Al 0.5mm
el BHo2xM A e (anterior commissure) T
%31 ¥ (posterior commissure) S 5-Zget. W& — &
Z F ¥ (dorsal-ventral coordinate)+ 2+ =3H o} -
Zd 2oz v vk £0) #F (rostral-caudal
coordinate) = T4 TN A £& FHo) AU,
A e ol EF0E U Sith oA
43 7) A (vertical zero palne) 2] T4 glo & (—)
2 ZFAEh W& 3 3E (medial-lateral coordinate) &
A 239 go| EFoE EAHL, AN T34
NE $% sed 38 gl

R R R A A AN

L.LLA!;L[!:]JJJ]A!;LJ[Jli]

[ P TR IS U I N D I R P S I
Fig. 1. Plate from Pellegrino et al(16) stereotaxic atlas

of the rat brain.

2) System B
o] AL de Groot AAE 7+ets] =4
g =T AT & Tk &9

AL 2N

Az e

ook

3l
(bregma)o|®, &7l #E = T =9 g
Ayt A9 FHe (-)E BAEHY.

2. YADIEE 2hY

o8 F89 Bas) 7Y £33 AAFR Y 7]
& 2Agked 4y AHS Hol g BAa H2 Y
o84 WAL AFFEAA 52 A (axoromy) F
2t 28 HEEo) WA o] 2 1 (anterograde de-

generation), M XX o] Z2}¥H-g(axon reaction) o] 2
B2 #3rt dojudst 2= A ZAS (retrograde
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degeneration) ]l 0|21, Z& oA &g
BAeAS A e THAA A& s WA v e
Aol ¥4& 29¢ $ 5 T (transneuronal d
generation) & A¥ ZAE Awdri(18). ¥a
BE7] A8 $d% Fed Be AH A nAg
719l £3] AHEH o] oy, HT ol4d AR
et AZEH FIWe 2gda gl

1) BjMEX HAS I

QRAN=2 A3 F2Y 72ES A AAE
719 (knife methods).

@AFE FAAM AR AU FAVY (electrol-
ytic methods) E=& 315 9} (radiofrequency current) &
ZA7HA A 4§ 3 (thermocoagulation) 2 T2 E
< BIA 7 E 1 AR A7) (DC electrolysis)
T 71H R Aol F4A o] 29 ity o
A 24 FJA UG AF F Fe &3 H9e
AR ¢ A7 22 710 2yt o9
TRTAREZAM AF 2o AR, v ED 299 99,

o>

P

o

X

AF¢ 7% 249 79, A7 (G =&
), S3Ee 249 42394 == 93) 5
g 5 2919,

gehd Aewd AAE ATAsle oesuz,
ATAEL AF T 717 BU3EA AN AA
BT Au] AP ARE 7|22 o] £} JEEH
79 Hxo] lmm 739 B99 YAE e
0.5mm B A FAZ) 0.2mm F 79 stainless steel A
EFoZ2 1 mAY %AF(anodal curren)E 10
AGZEA 8HE E9(19). AFY Axe Ale F
2 Eold 2mm H7e BAE WE F o,
F Hol A 5 mA o]Fe AFE vFFeA
%o 3L platinumo] £ou, BE stinless steel
AFol A ET. gutHo 2 FFAX 1~3mm 3
738 Hag TEAY, 370l 0.2~1.0mm A}o]g
ASE AHgE.

® ZM=Y F(aspiration technique) S E34
23¢ AASE Y.

@2, Bk} A (spreading depression), F4 w}
H, 29 fxd g HEHQ A15H Yas)

P
A IR

2) MEN Wast oy

@ 6-hydroxydopamineo] 2|3} catecholamine& I

ZA17)3 ibotenic acidell 23] A XA} MeA u
AE dovle F718Q £}, EE p-chlorophenyla-
lanined] 2]3 serotoning) &3} 2L WrF 5
T A8 L

7}. Monoamine neurotoxins : 6-hydroxydopamine,
6-hydroxy-DOPA, 6-aminodopamine, DSP4, guane-
thidine, dihydroxytryptamines, halogenated ampheta-
mines.

Y. Excitotoxic amino acids : kainic acid, ibotenic
acid.

@ Nerve growth factore] tl3l antiserum, dopa-
mine--hydroxylasee]| thgh &9 A8 5 W3
WAz}

® 71€} capsaicin, colchicine¥} vinca alkaloids, pro-
nased} & Gl g3 G40 AXY F9, Lucifer
vellow CH 5 d% g8 FAS A4 Y& A
o2 ¥Ae dedre Bz Jd1s).

3. [M7|1H xS

A7 g ue 533 AFE olLd U £
4E WIAANAN V7B AFHFE FEA (20,
21). A713Q & AF Ve HY PFY #AE
9H37) A% e 2L A¥oA 834 2olx
ATH(19).

@ A718 Q) &7 = A= (self-stimulation).

@ 92 Aol 43 EJT PF =3,

@A E Tl AT g3 fLE £ Uxe U
92 $5999 Axst

@ nAWFHA 248 dFoM 2 B FRAEHY
AFL2A ALE-

®RIA ¥ ATl g3 FHE THAY 3
AsHA e ALS-

® 71984& FEAY HE g5 FI4
7)ed AHE-

1) Lol we
Ao 20 B 934 Ex $IH 43¢
AHET 5 YT A% AT AR G242 J G

ARG F JQOEE 0.5~1.0mm THLE J}7}o]
L GITA AZo] de ol i) BAFA &
oug A71HQ ¥ AZ) wigo] A Fou, ¢
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A3 GA FYE § UE stainless steel A Fo] Fol
20t} FAL #9 AL 0.1~0.3mmEA], TE A
gstae ddHojok g

713 A5 train duration, pulse duration, pulse
frequency, amplitude ¢ AXEE ZFZ & Y=
2E34E stimulatorg AH8-3TH(Fig. 2). A2 AT
E4E ZHAC) AFL2 F2HNNZ & oy,
0.1~0.5msec FRt9] "i-¢ #FH& ©d W9 FAF
(DC) H%5(pulse)e] 2 = Aot B717 229

voltage® oscilloscope £3) % F o9 (22), ¢
<9 ohme B2 28 AF{ +5& =3
F U
Voltage(E)
Current(1) = (?L
Resistance(R)

A9 WEE 30~100Hz Alol7l @o] o|n,
dA 9 2 (stimulus train) &) A& A7 QubA
2 AT AEele 0.1~0.5sec T, AT
28 458 A= 48dME 1R7AE 7}

3HH(19).

of rf l°

2) Mz2| X=(Extracellular Stimulation) & Al
EUW K= (Intracellular Stimulation)
AES AN AF7E AX 92 £33
g AF-E 9 voltage W3he A 39 voltages 3l
ou2, ME %9 voltageE HIAZOZH Y H

o2 23 A9 (transmembrane potentia) & ¥ 3}
- o~ .
110 Voltage
2./ current
Oscilloscope
Stimulator D'
j- _li__ 7000
Animals's
4 brain

Fig. 2. Circuit arrangement to monitor voltage and cur-
rent simultaneously during electrical stimulation
(22).
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AlZ & o ARG AF) 353 dBE
voltage W3l "‘I:" F77t ik &, AEZ Y Ags
T A9 58 I voltage W&} HA &S
THhste AF 589 AT volage ¥3toltt.

AX ASEOAA AN A3EAY HHgE
Hatazled AHS-EHE M ded e shvie
GHNE 7ISshed 23, hte AF3er 2&
F uARSE AXd Ee ARold(Fig 8). Ly
ol ZI¥L A AFEA 2 AN Sle F
HF3FE 7% (ganglia) oA 7453 FF5 5
Me e

3E
9

3) O|MIXI=8 (Microstimulation Technique)
vAASH(25) & AT 29 F 2o AT
ABEATE A8 S8 TAHALH, o] 719
BHE B2 AR FEF AAGATE AT

[o?

7158 & ke Aot Pipered F&AF0] T
2o}, F&AFL Zi"*(lmpedamce)ﬂ o golA

A3 15¢ FINY + Yov], o FEAA}
5] glojH 4PN 2Ho G8A B3, Fol o

4

it

aesja Ede FulE ol § glon, HIF o
RECORDING
URRENT AMPLIFIER
v
SOURCE
MEMBRASE
STIMULATING " POTENTIAL.
= ELECTRODE RECORDING
\EARTH GROUND \

RECOROING ELECTRODE
\IDEALIZED NEURON

«—BATH GROUND

(@ =& <+ EARTH GROUND

l» Rse Rse
WAAA

CURRENT

SOURCE ) + \
STMULATING—"  Rm3A Vam “RECORDING ELECTRODE

ELECTRODE - RESISTANCE
RESISTANCE
Emt.  60mv

MEMBRANE RESISTANCE T+

{b)

Fig. 3. Intracellular stimulation and recording with se-
parate electrodes ; (a) a schematic diagram of
typical experimental arrangement, (b) an equi-
valent electrical circuit diagram of the experime-
ntal arrangement in part(a)(24).
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Azt
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A3

Al BHE7] 1Y HATREYIZH Y 4o
&€ 957 A Folof 84,
shaft= A= AF7 e AL 27] 98 mediume 2
FE Zd ook gt} o] EA-& 93 glass pipetteE
AREsh=Y, ol uhg A Aol 02mmsl EFE #3
#e] € electrode puller® 7}eA E0l3 o] E9
Aol 10pm7t HEE £Y=Ac}. I o tungsten
wireE E7tA Fol¥i, Hojug FEL F&d
ol 10~15um7} H=& AwAstolA A3y 4
(etching) .2 ZA TET 21 A3 50% KCN}
30% NaOH &9 & AHg-3hH 2~6ve] Z{& £t
o] S 100pA o129 AF F5& AT + A
o, o] o]l AF oA NEI AV F
Fo] B drHoz & ] 7 wain(30~40
msec) 9] I W E(3500~400Hz)9 HEo] BN &7
Aotk AS9 A=E Zolff7] HalMe 102 T
5, 10, 20A9] SHFE A3 WA I 44
100, 200, 300umo] T},

o oy

Hopy o

2g

4) =le| M5 X=(Depth Stimulation)(4)

%3 A% A (conductivity) & & o] @H oH,
o yoMe F2Ed wg gdao. 43 ZASdre
e FFog A3 olFdT EAU Fazdd.

4. 28 9 718

EA T2 volt-ohm-ammeter, £F cathode-ray
oscilloscope(CRO), audio generator, pulse generator,
resistors, capacitors, test board, soldering iron 59|
ZR3t(s). AR BT My H APelA &
4% 7189 A8 E 42 24 & 4= AYNTE
AHEEA 8F Hgo] HAENE B42E TE F
e MY EFFHAAM 718 AP ol
(26). = 5 AW L AHESA 298 2R &
A9 A9 YUY A71H AL T H o)A
715% 438 dolm(27, 28), & 62 AS7ITE
AHEEA BRY FHgo] A Fol 4 FoldA
AR 7183 o o]t} (29-31).

EE 928 OE 28 ARARIR e FAdo
g o7l M e AP AN o] A&t A

._T1o

1as

Fig. 4. An example of recorded electrical potentials
(MEP=motor evoked potentials) elicited from
the spinal cords lesioned by microknives during
the stimulation of motor cotices(26).

FFYI, Eold ¥ =39 $Z2EE Fol 7123
A7 zA AMMO 2N cresyl violetZ neutral

red Gl s s dsAt

1) AZ ZHFHE G, 32)

nEg 2B L Wow w3, FIFY FH
Feg M2 A FE4E 4 s, L1789
AN ARE H4 4 AY8A, salined] EE2X
39, £ o @ Fgo] §HoE RYAHEF +
4-g A A2d(Fig. 7). Salineo] AL Hog
Aol ¥, formalin FF4o] Y A 525
3k

2) =9l eta|

54 7199 rongewrE AHEIA FASE AA
32 HE 10% formalinde] FA % FFEL 7
Foh

3) =x|3| 2HE7|(Blocking)
A=Y AYE ke HYHA, 4EF AL
Bd A g FLE U E DET 2AFH 2R

> o Ronle

1
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RED NUC EVOKED POTENTIALS
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Fig. 5. An example of electrical potentials recorded at spinal cords while stimulating stereotaxically determined

red nuclei(a) and reticular nuclei at various stimulation intensities(T=threshold){(b)(27, 28).
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FIELD POTENTIALS AT T5

Fig. 6. An example of depth recording and stimulation
at the spinal cord(29-31).

—

Fig. 7. A perfusion system(5, 32).

AAEnA 3= ¥ BY2REH 2~3mm & HE
Adste Aol Fo
4) SHEHY((frozen sectioning)

TAEHEYL Aol FA = o]Ho] Jlomz
gda) 20|08, BHE 95~100um FA 2 AH S BET

(83).

5) 22 (mounting)
Z2& 0.5~1%9 formalino|y Eo] ©7] 11&4]
Wi, O Z gelating €3 slided] &t}

SAMEUG ¥ 23 L g3 &AM d2B 2
o.
(D Neutral Red G20 (34)

1~3E7 94

=22

THRT 30%
70% ethanol 30z
95% ethanol 302
100% ethanol 30
100% ethanol 1%
xylene 1%
xylene 1%
coverslip

@ Cresyl Violet QA (34, 35)

3% 44

FHT 30
50% ethanol

—

fe e

70% ethanol
95% ethanolo] B¥r&o W24 1~7

‘H‘T_‘

95% ethanol 30=%
100% ethanol 5%
100% ethanol 5%
xylene 58
xylene 5%

" ceerslip 5%

£ 2

AFAYTY A7 W H% T BAE &
sed dd AHEEL Y ARe AB3AYTH
TEAEA ol 2013 SlE VIPo2A AW,
Bather], 4713 A=, 2483 39 24 5 ¢
W] I tief tee] sttt 22y olH @
479 Age AZERY 47, F o 1443
ARHFEH A7, 715& HAHN £ + e V¥
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