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Electrophysiological Properties of the Neurons Dissociated from the Nucleus Raphe Magnus
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Neurons in the nucleus raphe magnus are involved in descending modulation of nociceptive transmission.
In this study, we attempted to investigate electrophysiological properties of the NRM neurons dissociated from
the postnatal rat medulla. The NRM neurons in the coronal slices of and the dissociated neurons from the postnatal
rat medullae were immunohistochemically identified using antibody against serotonin. Relatively small number
of neurons were positively stained in both preparations. The positively stained neurons displayed large cell body
with double or multiple neurites. Using whole-cell patch clamp configuration ionic currents were recorded from
the dissociated NRM-like neurons selected by criteria such as size and shape of cell body and.cell population.
“Two types, high- and low-threshold, of voltage-dependent calcium currents were recorded from the dissociated
NRM-like neurons. Some neurons displayed both types of calcium currents, whereas others displayed only high-
threshold calcium current. Voltage-dependent potassium currents were also recorded from the dissociated NRM
neurons. Some neurons displayed both transient outward and delayed rectifier currents but others showed only
delayed rectifier current. These results suggest that there are at least two types of calcium currents and two
types of potassium currents in the dissociated NRM neurons.
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Nucleus raphe magnus(NRM)el] §l= K17 A 58 noci-
ceptive processingol] 3t w9 FF 2 el wlskA 24
ol £2% JUE o Rz Pegon, o] ZAol
23 2ol=Fo] Fofsta glo] o] EAZo] BAW =
53] NRM3} 1 9] 2 Hg] 7) A8 J A4} bulbospinal
BEE ANAA 2L YUl Ao
ch(Basbaum & Fields, 1984). 0|9} 7ko] 2 4=z Zo] 3
"4 X (periaquiductal gray, PGA) & Hg] NRMS A+ #
482 Uil WAL AEA £ ohigh dorsa

raphe ZHE] 2= £ 2ol T NRML 93} 32

o o=

AR 7 A, @ 110799 A LA 22T AAE 28|
Agheta dotuet delshal
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SmgAloll oJe] A3 ® s<dl(nucleus tractus soli-
tarius) A A2 ERAE #HEAZIdn Hasgd
(Perez & Ruiz, 1995). It NRMS Ewiad obah e w73} 3t
A7t dol FohE #3kAA F9& .9 NRM A EE3% on
cell®} off celi®] 24 7} ¥ 3}3he}ar 2ed 3] th(Thurston
& Randich, 1995). .ot A3t spectral EAH]-& E3}
of o] 5] JAE =4S 27 NRM AZAZZ on cell
< dgto] Ug ol A 3 Bl off cellS dgte]
=& 9 EA43tsE Zo] #Es9ck(Leung & Mason,
1996).

NRM A7 A 5= serotoning $H-§-3}3L glrhka e+ai 3
th(Seinbusch, 1981; Skagerberg & Bjooklund, 1985). Sero-
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tonin 7} ofyz} Froll= NRM A7 A EF ol sero-
tonin#} GABAE- o] 3-43l7 Q& ATEE 259
tH(Stamp & Semba, 1995). NRM A £ E}hl- serotonin
o fare i A% vehilo] Wkl weiAA
9k A H(Inase et al, 1987; Millan et al, 1989), GABA®I|
% AR Bxel Wet e Aoz Y 5
GABAg 8- #¥1A49 baclofena NRMo)| Eofgt uj
AEEAE A5 Uehla, n5Eods S2agl
S dovta B aE g clThomas et al, 1995). s} A]ut
o] AAALTEAE] gt obv]a X5} autonomic
transmissionol] NRM A £-E0] ojwldt o et-g 3l&=x] 4]
E5ElA 477 A ik

wetA] B dFollA e ojgirtA] 754 NRM A7
Ax2] A3 Bt A oldsly] $ste] NRM AAAE
9 AAARA B4 ATSEANA BRAA, of
QYA ol A% AE G EU) 250z wE
sttt (Nam et al, 1996).

T
=
A% 222 5] Sprague-Dawley ] 81F & - L glol
Agshsle
AexA HMH
e 7 E sodium pentobarbital(30 ~40 mg/kg)&

FAsto] kA7 5 F3He o] 2N AetE
Agst $AE-E A AEeE oo st
ol XA A AFE BFAA A PAL AAA
ZHrt. ddo] AAEY 4% paraformaldehyde el 93N
5ol 298 TAAY. 749 X T A2
4% paraformaldehyde §-<Hol] o] FFo} & 313 (postfixa-
tion)& dF3Ach 1~22] 7+ 5o 278 7ulo] 0.1 M A&
A SZHof] sucroseF B> G Mol Yol T} olw] 5%
sucrose -3-Hol| A1 HE] 10%, 30% sucrose 2-Hol] X}l &
YA, 30% S-Hof| 4°Coll A} 244759k B halo] 2%
JEAA Fis] 2045A e 248 WEA ol
SFEI FA7E 20 pm Ao g Ak WA R B
of. 2A-4H 5L Aetwlo g ure 93 Lol &
Holl Eo Eieh

AF 239 VRS B vel T 4o 247 v}
T4 o] o] gl FHCME Sl Btk CMF &

ol 48 FF FH TS AR TAE
Z3) Wk HE A 24 E5E ZF AA
& l'”‘ HE P A7 ol Al FA7F 400~500 pmo)
HES A 209 H AH S Ay HRAEY
o} 13, ¥Z2 02 13HE 29 S do] W} wloj i =
HAEL 0.1% trypsino] S‘tﬁ,}:ﬂ CMF £¥0) Y31 AkA
238 FHA 36°Coll A 5087 Hieke st 19'-5—*1
2y 22 58S CMF $H40 8 Axie] 23 DMEM £ N
doich A7) =717} b F& pipette2 2 F- =] A
AR LS shote] SAATES BN A Balg
UM E-S polyethylenimine 2. 2 3 9hg ]3] & 7H o
gl 9ol Bl olrl AN ESo] YAl Ll B

F CO; wick7|ghell Hlo} Rasigict.

Ofof T E| (M Z)BHET S oAb

Aol Qe QszAol) BYAAAEEE seroto-
nin &} 9} peroxidase- ant1perox1dase (PAP) vlH-& o] 8-3]
of QAeisleh WA AFZALAEE Tl A4S

3oy A]?ixﬂ;{;%t- CO, vlF7| 2HE 7 o] A Lol
A olAed glEdlo 587 Yol Aols H 4% para-
formaldehyde ¢Q14ke] hgHo g H}lﬁ-o] 231 20~30
2ol A4 aFNe oz 4e 5 Agsslek
ALz (XL GJAANL)S 05% Triton X-1003%
0.3% hydrogen peroxide® st 9l 1Ak AFH
© 2 3] 4(1:10)8} blocking swine serum -2-§oj| 4] ek 405
ol wjekslge}. o]olA] E7] polyclonal serotonin ¥
£ 383} Tritond} Q1Ake] 93 T3FoH(1:200) 0.2 vl
& = A LAE) ~3U 53 wllsi gl ol sero-
ton.in Aol gt Az 8GE Agstol e, o] FF

Fof| Hslgich QA oz A W AL ¥
swine anti-rabbit o] X} &5 QlAle] =03} Triton &
FgERol 1:1000.2 ] HA71 H o 1A17H53t wek3t o
th Q1Abed oo g A ¥l AL 5] Es| PAP A&
Q) Aked gk ol Triton Eq-8-Hof] 1:2002.2 3] A&7
H XA 5 elokstdeh oAl QA dgio g AW
ML =l 0.1 M acetate 383} 0.03% hydrogen peroxide
Lolo] £o] 9lE 3-amino-9-ethylcarbazole substrate -£-°H

o & 5~3087 g shgin). A4t gFxdoz AW
A 11 glycergel 28 © Z mountingdt o+& Gl Gz €
ik

M| Melstr 7|2y

| =]
QA FFolA i BgAA Sk, %%ai-*?-

B 2 o ARANZE2NE Aol AR ZFE
o] AFE 7153t olufl 7] 52 Hamill et al (1981)
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o] A-&3t whole-cell patch-clamp 7] Zub & A8319
ok W AIAFY AL 2~3 M) AL ALsiglon B
At 283 AFZA e EPC-7 patch clamp ZE 7]
(List, S9)& A-83le). o] ZZ )& labmaster DA ¥
37](Axon Instrument, 1) S Ealo] e ol A}
Row] WYy v o] ubAls} olo] 7l A 7|4l L e A7
2 EAL AFE ol o o] FolFe}. oju AL soft-
ware= p-Clamp(Axon Instruments)& A} 83}9]ow AL
A4 71F3t5ich Zgole AFES 71887 dg 53
Holl A& g9 AB-mM): CsCl 120, MgCl, 2, TEA-
C1 20, EGTA 0.5, HEPES 10, pH 7.20]¢] 2.1, A E 2] Lo
LS(mM): NaCl 3-8 n-methyl-d-glucamine 140, KCI 5.4,

CaCl; 10, MgCl, 0.5, HEPES 5, glucose 5.5, pH 7.20]g]t}.

E ZFolE ARE 75317 Siete] F 5ol Al gon
9] JE-2(mM): KCl 140, MgCl, 2, EGTA 11, CaCl, L,
HEPES 10, pH 740|910, AL 9] Lofo] 2A.&(mM):
NaCl 140, MgCl; 0.5, CaCl; 2.5, K* 5, glucose 5, pH 7.4
oIt

| ot

23} 9. 0] = Wlal] A EAlell 4] NRM9] of 88 Fs}7)
S8l NRM AA A 9] A7 Bl e B4 A T5F
A 248 ™ T NRM AR A Lol 4 o et Aol
vhA sl & NRM AR AEE 54329} 7] A8
& Thete] Q% 9o, BelsE AEsF NRM A
AL S Blste Fgo] ws ] I geir) o] 2 g
3 WA NRM AR AZE Helslr) Aol ¥ 2204 o
A XS BEFLT} Bok S Wz wo g
s} e}. Fig. 104 Bi= ulel 7o) A% 229 314
£ 2Rste] AFE Ao B BE & serotonin A2
AL slo] NRM A ZE2] B¥ 9} Rokg sholelgr).
A ATE-L QHH AR FF(Fig. 1B)9) A (Fig. 1A)7}
$(Fig. 1C)oll 1A 8l gld. o7 NRM A7 A L So] Qb
A7 FER AZol A= dgo] Folu} Bzo| B

o Qlou HFEo e g5 B2olAn BRHAG. w
Fe FF 3L G4 newrieT 2 471 3L B
AYolglon] d49 ALS 71 Hadek. ol A
ZAL G 2bg Feld W ARMESS] Zok} )

etk NRM A4 HMEES Zeleo] 2q o 5
& serotonin 3212 o A8k A7} Fig. 20 vreht gk,
Fig. 2acll= o] okl AIEZE2H 7% 23 7Y
9 Bbg RolF 3 gt} oloj uhel Fig. 2Boll: sero-
tonin A2 FAo] EYw AV E o E HFEERT =

Fig. 1. Immunostaining of NRM neurons in situ from postnatal
rats using serotonin antibodies. Three coronal sections of a
P10 rat medulla showing positive staining of NRM neurons:
coronal (A), the facial nerve (B) and caudal (C) levels. Note
positively stained neurons in medial and ventral part of
sections. Bar in B indicates 40 ym.

EEE RolrhEg. 20). ol2] B9 AESFelA
AEEe) vl8) 27 FFH T 24 newiteS B
AL FepA A7) 82l 8Hd 7] Foll AL3elc). of
Ay 495 NRM AZ9) §A% AFAES2EY 7



Fig. 2. Immunostaining of acutely dissociated neurons from
a P11 rat medulla with serotonin antibodies. A. Negatively
stained neurons against serotonin antibodies in coverslip. B.
Negatively or positively stained neurons against serotonin
antibodies in the same coverslip. Note that positively stained
neurons with multipolar neurites are larger than negatively
stained neurons. C. Sometimes large neurons with bipolar
neurites were also observed. Bars in B and C indicate 50
p#m and 25 pm, repectively.
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Fig. 3. Two types of calcium currents recorded from an acutely
dissociated NRM-like neurons. A. Low-threshold calcium
currents were from a NRM-like neuron. Membrane potential
was held at —80 mV and stepped to +70 mV with 10mV
increments. B. High-threshold calcium currents generated by
series voltage steps from —80 mV to 10 mV with 10 mV
increments were recorded from a different NRM-like neuron.

Fol g AFolZ AwEw 71530k Twol & AR
= low-thresholdﬁ} hlgh-threshold ¥ F57F 71559
(Fig. 3). A=} threshold7} —50 mV T4 o] 5] peak7} — 30
mV 2] 0) 9l L (Fig. 3A), A= 247 —20 mVe} 10 mV
09l th(Fig. 3B). Low-threshold Z4AE7} A= AT
2 high-threshold ZFAFE Z3 UYL OH(Fig. 4A),
low threshold Z-g A Fut 243 9l AEEL dAxtylz]
St} o] Bl WFES AL 124 E U
post 14 2 HHE 0 nVsh 10mV Aclald A%
= A ch(Fig. 4B). Zgol& A w9k ofet ZFole A
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Fig. 4. Two types of calcium currents in an acutely dissociated
NRM-like neuron. A. Both high- and low-threshold calcium
currents were recorded from the same neuron. Membrane
potential was held at —80 mV and stepped to +70 mV with

10mV increments. B. I-V relationship of the peak currents
in A,

FE 715E9ew, o] ZdEole AfFolA =hAgt
2] E&A] delayed rectifiery 25 A Xolj4] 7] &= ¢) ch(Fig.
5, 6B). 3}Aatk of] A Eoll A transient ZHFolE AF
7t 7155715 &5ickFig. 6A). LWE Ze AEELS
delayed rectifier ZHgo|-2 AFE Zho] Za Qlglom, Iy
e 23 Qe AMEES BEEA &%
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)

A9 5014 NRM AR E S| FEGY} BFE
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Absd 17] 9]¢t serotonin FA| FYA T PHAZ +F A
F2 AR Foot S NRM AAAESo] &
Ta AL o JFAEY A7 Zrh(Pan et al,
1990; 1993). 14 AH g o] &3t in vitro Al A 2.5
Q0|22 88 A7 AeleA AET} serotonin} bio-
cyting o] &8 W23 e W o2 NRM AE7}
QHA A7 ol A AH ] Fok BFol] glgol WFE
th(Pan et al, 1993). AL o] Bk w3t FAste] A5
Z 9] NRM A|ExR ko] o] M neurites7} Y= =4
To okFA BokE sla 9k o] 3k NRM A £ 9]
Sokyl Bxokdo] Ao E-8L3L serotonin 3}A|
2 945 NRM Al E9] 71 BA goke} 499 NRM
A ZEo] serotonin Aol AMH A& FIHA R
o124 Az & % ek A, BAPN AL A
9 # NRMolli= AAZ £59 AR AEE] A7
oAU E4, B ARAZE] EAEAT =7
AGA] Q8 A EEo] £44-E ot A2 RGE FAIBHA
54 H907) dFol AU AAl, B ABAEF] &
A5 A 9F serotonin dFA|of] ¥F-SEA e AIEEC] 7

5 52 23 & 5 Uk A9zkA hsAEFol
A 2AAGA 8 AEEL E4S ol Axo] o
FE F Qe A, Ho A5E Qe e
NRMol| 3l EE A A EEo] serotoning FH-H3laL gl
Ae &S FE ok Zeolth o|& 2L 7482 A7)
A etz Ag Al o3l g4u%l AIE F, NRMoll&
g 259 ARAET QA ke Al g kA
st} NRMolli= tail-flick w}5 Aol £& ZAHEE Hol
£ on cell#} o]9} WIHE &3] WAo] FhatAd|
HHAE off celld] F F79] AE7 vk R
(Fields et al, 1988). &= 715% 0 & £ ul} NRMo¢j| serotonin
o|1} serotonin receptor agonist 52 F4 EFEE AU
AAFIT & B9 Uerbs 12 T8 ke 1E
(Inase et al, 1987), & E.7bba] (Millan et al, 1989)-2
UehiZIG %2 obF okl g A Slol(Aimone
& Gebhart, 1988) NRMo)| TRt A|E7} 918 & ASE
Uehi Z3 glek. 22o) A4H e dedEeA 1
A o A A e ol $3 AP 5
3}od NRMell+= serotonin A2 d o] =& AlE9} <
AR A gk AE7L ZAe] drs]F ch(Pan et al, 1993).
Pan & A7 8 WS o 88 7154 B
& E3}o] NRMoO| off cell#} §AM8t primary cell typed}
on cell?} $-A}38} secondary cell typeo] &5 T35 o
v, o] A|EEE serotonin FHZ FAg A7} primary
cell typeol| A= 93% 2] A|E7}, secondary cell typeoll 4+
10%2] AjZEnte] A== Z& &gt o= primary
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Fig. 5. Activation (A) and inactivation (B) of delayed rectifier potassium currents
recorded from an acutely dissociated NRM-like neuron. Note that this neuron did
not display transient potassium current(I,).
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Fig. 6. Transient(I) and delayed rectifying potassium currents recorded from an
acutely dissociated NRM-like neuron. A. Two types of potassium currents were
recorded from a NRM-like neuron. B. Delayed rectifying potassium currents
generated by the same protocol with prestep potential were recorded from the
same cell in A. A-B. Transient(Ia) potassium currents generated by subtraction
currents in B from currents in A. Note fast activation and inactivation of Ia.
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cell type Al| Eol| & serotonino] ¢35 o] ¢1A] %t secondary
cell type A|E o)l serotonine] 350 gA &S A
A F3L glon Hidle] 3¢ 9o} A NRMell thekat
X F77F EAY = -5-E(54] serotoning- 3§}
A % AEE g@o] 98-8 HoFa gk

F2l¥ e NRM AZ A L2 0] Zgol-&3} o]
L AFE 715 F Slo] E88 AR AEI} Aot 9l
T Yu Rt o} Belgl AEES o] §3le] NRM 4
o] A7 4294 S43% NRMS] A2 158 A
EFFAA A7 F &S AAH F2 ok Gy
NRM A 3] 4 high-threshold®} low-threshold®] F £%
Zgol& AFE 715k Bav glo] BAge] Ax
9} v}z % 4= glov} dorsal raphe AR TN E F+
7] ol {7t 7185 %l ch(Penington et al, 1991).
Dorsal raphe AZAA LY Z5dF 547 £ A4
NRM Ax28¥ 7185 d5dFe] B4 fAsh)
7|7} Zoludc}. o] dorsal raphe A Eol|AlE Ba®'g,
NRM A Ed| A& Ca™* & carrier2 AL 0] 59 5
3 o)z} U] wfFolel AAA ) o ARJAE
oA &f up7LA E NRM AR A Eof| A & Zgro] & AF
€ ol AEY A7NA A E 2A 9¢E F F Uk
53] low-threshold ZHe4 - ALl &
ol F23% H3-g & =elgt APt dvksbd o

%
Fole AF7L B ARAE LEAL LA T2
AU 7] woleh. dIF S HEFS 444 AE

o 7% burst firingS FuEA7 = SE-F3 A Hafter-
depolarizing potential)-g ¥ A} 7]+ ] low-threshold Z¢
A57F 7ledska Qlgol #H=rh(Loving & White,
1989). = A&+ A A Lol A E low-threshold ZH4574 S7}
=55 mVECYE ¢ gi59 At e B84 gE
A 70 mVELE o 5259 R E34 35
7t AA= 0] Qgul Agtell 4 BETE fHHA 7= 3
Q89lo] H 4= 9188 vlelych(Jahnsen & Llinas, 1984a,
b). o]3= NRM AR A E7} Apurd o 2 #HEAS do
A 5 9 FAH 23 Yok AAE NRM AZAAE
© 939 AFgle] Ak Q) B A AT QLS
o At g W AL o]&F A AyA
NRM A A7t At g5d3he Jehlla glow,
o] FE AL serotonin(Wessendorf & Anderson, 1983;
Hentall et al, 1993)o]] ]3| A} 22 acetylcholine(Wessendorf
& Anderson, 1983; Hentall et al, 1993)ol] 2jajA] =&
norepinephrine(Wessendorf & Anderson, 1983)¢l] &J &l 4] =
Axlo] uhsgch ARG A Bk ole} A5 AR
< o] 43k in vitro AY A5 NRM AA X E7} 2Pk
B5A4E YRl o] EAH S serotoninF} fentanyl

o] o3 zAH o] T&x5 g r}(Pan et al, 1993; Ohta et al,
1995). o] A7}HE-> NRM AB AL 2P 579
kAol low-threshold Aol AF7F $23 J3& 3
T A AA 3 ek

Zgole AR ¥k o}t Zgol2 AFE NRM 4l
BAEAA 7155t AEel wabA 27 FAF
2 A o3 AFel 25 a9k delayed rectifier A
7} 2ol 71 EE = AE) 57} 614, delayed rectifier
AR A155E AE7} Ui Bgol e AR} npit
7FA R o} 74 NRM A A E Q] ZHgold AFel o
3 & Aso] QA grol vl A sl] E&slch A
7HA &4eiXl vlell wfZ2v NRM A7 A1E£e] =hAsho]
muscarine©| 1} serotoninol] 2}&}od FEFo] =), o] 2}
B5& dovle 7ol Zgol & Afvt Hofdt Aoz
Baxlglr}, Serotoninoll ©]8F NRM A A Ee] 3=
< inwardly rectifying ZHgol-& A foll 3l ik o] ¥
& 2 t}(Pan et al, 1993). *& muscarineol] 2] 3k NRM A1 73 4|
X9 7EZL muscarineo] M; type =849} ZAdtsle]
ZEol ol g AEEE FVAAA WA= Aoz
2 A ch(Pan & Williams, 1994). NRM 173 4] Fo]| 4]
o] B3 JAFRIE AT ohE A Fo A 2] AT
3 T 5k A Rl 4%g Foha
# A tH(Connor & Stevens, 1971; Farber & Klee, 1972).
L7} &84 dAA g 2FA 76l 8435 7] wf ol
gRTE =AM A slo] AL HANEE UA
ghhe Zolth ol# gt A4S NRM ABAEEE AE
off wrebA] pFghe MANE vt dFd ¢ Qlof
NRM A A EEo| chekdt A=l 7158 vebd
Ase dAE Fa giek

N e fo &

o=

ZAte 2

o] &L= 1995-1997 et ex] EAQ AT Aw et
7)& 7] (B-02-08-A-03)8] A Yo g F3liE9le.
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