/’_
t ¢

Molecular and Cellular Biology Newsletter

A Sk ok Al Al A 282 74 A7) 9] B4
o] A4 mFAEE Tt Ao Yo AGHE A
O 2 AR IHES Y7 HEe] 24 AAse] 1,
T ABAE sl B719 B4de =AY HekeA|
9 9] 1A G99 T AHARE F3to] U2
=29 ¥ B Y52l 55 Fot] FE AR 2
IFANNE 2 A71NA ] 3k E2l4 AeE AT
olE Agshe AT she A vFAA Y o|2RH A2
£ 83l A AR sdske 1%@—1011 ot 2] &

s e ot 452t
7120] el A 2

7] gajo] Beis Agaza 2}
o},

u|FA17 (vagus nerve)2 10814 HAH 2 A4 (medul—-

1 EAMEY =SSR AYH

A= HSZE olxl= Fe

A8t olsiSrhalY Aalatn Al

e—mail; jinyh@khu.ac.kr

la)9] X3 (nucleus of the solitary tract, 2F€1o]; nucleus
tractus solitari)®} 5, £ 5ol = ot Wrlas
< AZsk= AFot) nFAAL HoA BAH A2 E W
718o 2 sk YA AT AA W ohekgt W7 e
EREHY AT E Bz Adste 144 ABY F 7HA Y
OE 7ls5& s¥6ks AHES 6l glon I iR
80-90 %) 48 Aoz FAdEo] ok YA nls4lA

2 49 5= (Dorasl vagal nucleus)@ &3 (Nucleus
237|, A% ol dFste] Rugilss 2y
L Q_:]‘éﬂ-_g. "6}]‘,]— .?_/\]/H U]Z/\] 3L 1,]-];(]-7]3":]_-_04 %ﬁ‘]l‘\lj—g Il
dyoz Agttt, A vF473 9 AZA= nodose
ganglionol $lom weba A7 7|84, g Z2jal A9 &
r|te s REY S5 A4S Adskes A4 Wkl
(visceral afferent)?] A5 43 39 nodose ganglion®
ERE v|FA Y N ZAE Eejste] A3t

ambiguus)S

rt

{4
]_
AU

= 7H (brain stem)o]l 9& P2 QAA| Q] &
ZREQ AT E AT oA FF7 HAH
AP35 wotEith, T A4 A9 a2t

obex2 ZAlo 2 @ 7o) 2Fe 1 0 & ojx|=y| ZF 7

=98

7

o

o T

2

ol

bl

JR rlr



2 EA 744 A1 (cranial primary afferent neurons)<
ERH AEY, 35, 2|8 Fo2RE Y 4es Weth

Z HAI7 (facil nerve)@}t A 1417 (glossopha—
ryngeal nerve}& 5o mZ+e] HR7} AT 4177}
nj347dE St Edat 38k4=87](Chemoreceptor) ol Al
AR E Ao sty JECO: 5%, pH 5) 59 4357}

ZtZh nyd oz Mg 53] o, 11 A SolA 9 3
A 71AAR] AEE A nIFAAE Fote] dEtett
T3 vgH oz HFH ATEL 9] AJASHA (hypothala—

mus)9] A F&(paraventricular nucleus), HFH|9] F48
(central nucleus of the amygdala), 59 F£3)
Y g g9or HujRict webA 1
Y2 TxoA9 o7t AFos FFA% Yz wolso]
T, BAske Xo® AsAAA Y 28T QA Y A
QA9 Koo o E7HEstt (D).
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Fig. 1. Outline of key elements in
cellular processing mechanisms
for sensory signals at NTS.
Vagus nerve axons terminate in
presynaptic endings of 2nd
order NTS neuron. Such endings

——> CVLM
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release glutamate for synaptic

transmission during afferent

/ activation. (Caudal ventrolateral

medulla (CVLM), Rostral ventro—

IML lateral medulla (RVLM), Dorsal

' motor nucleus of vagus nerve

(DMV), Intermediolateral cell col-
umn (IML).
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A2 E gRls7| ffaia] w7 59 HA17 9] axonEo]
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AlZofl A Wh-& Z7gskgltt (3,4). ol2gt AFER vIF4H
9] axon™eolA S84 AEHE S49 glutamate?} W&
Ho] YA ZS AMPA (e—amino—38-hydroxy—5-
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ey /\]7]‘3}1_ AZ BET (6.
T3 R ONS ABAIZEY A5 45710 EAsh=
A 204 o] SR/ A1 A ,—__-%730] FEIER HEY
= A 2 vFAHL 2 order MEL AEA o] 2
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THY A EZ S AAlst=AE Haustgltt 6,7). ol gt
=9] gl osfiA Eet, tiAt, 2Rk 2Esls 22T
BAGED Sof o3 Al Ao nPH Y 2
order AZA|Zo|A 2] glutamate?} GABAS] 2|3t synaptic
response?] £H0] F23F &S grk= AL Bre Al

T4 oI O AZA s T 7|2 B S48

HE T2 A7]2 BEo) A5E Agsta ot Heta 217kl
AZAEE chpst SR Sol tet 8, AR ol
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Fig. 2. Lipophilic dye tracing
technique from internal
organs. The vagus nerve
neurons, which innervate
stomach and small intestine,
were dye labeled with tracer,
and the dye is excited to emit
fluorescent light for neuron
identification. Nucleus tractus
solitarii (NTS)
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Table 1. Hormones and neurotransmitters that regulate satiety and feeding.

Al294H| (Anorexigenic)

Al2=xI (Orexigenic)

a-Melanocyte—stimulating hormone (-MSH)
Leptin

Insulin

Amylin

Enterostatin (tlofl F£04A))

Neuropeptide Y (NPY)

Agouti-related protein (AGRP)
Melanin—concentrating hormone (MCH)
Orexin A and B

Endorphins
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Al294x| (Anorexigenic)

A2ZZ1 (Orexigenic)

Cholecystokinin (CCK)

Glucagon-like peptide (GLP)

Cocaine— and amphetamine—regulated transcript (CART)
Peptide YY (PYY)

Oxyntomodulin

Serotonin

Norepinephrine

Galanin (GAL)
Cortisol
Ghrelin

GABA

919} oA FRIH A8 2Hof ¥
ofgjol] HejE A} Zo] 2317|%e] E4 FjolA BhEel
UG o]F Ui 712 £ 2 & FHojglleu
A&7 of Hofst= 7]l AUrke Ao AEA BEd 2w
Atk
* 2% : Ghrelin, Leptin

Bofshs Wetol= S

« JIE - Amylin, Enterostatin, Glucagon, Insulin
+ MO|X|Z} : Cholecystokinin (CCK)

« 3% : Apolipoprotein A-IV (APOA4, MX|F
21} ZOZF XE0| S0l

18

!

S=0IM A

0

J

« ZIZF 1 GLP1, Oxyntomodulin, Peptide YY (PYY)
« LHE} : GLP1, Oxyntomodulin, PYY

SUEAE HolM FAE B 93 Ree] Hete|=9
dRE [CCK, APOA4, GLP1, oxyntomodulin, PYY,
enterostatin, ghrelin, neuromedin B (NMB)] o 4% A4
Hol gl H3iet, webA] Ko A &S50 UHEH 32EE 5
SAEL WA7IBEIA A= o] t'E‘°“k]3’1—_}—L‘jc(blood—brain
g 2R ol 2t 1 o] Wi
AZBA|ZENA 23] AE T220] eix= Z}ﬁg‘:}'“

barrier)&
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POMC/CART neuron: POMC/CART AlZA|3EE leptin,
insulin 5ol oJste] /3t = HslpA| 9] T4 (arcuate
nucle))ZH10) L 3of|(11)
lanocortin (POMC) genel2FE AJA == a—melanocyte—

Hixy ARAEZZ pro—opiome—

stimulating hormone (@-MSH)¥} cocaine— and ampheta—
mine—regulated transcript (CART)E AA3H= AN E0]
t}. POMC/CART A1 AN ZE melanocortin 3 (MC3) &4
£ W31 910 o-MSHO| HHS-310] 2188 74| 7] 2L oy
2] 481 F7FAZITE B3 POMC/CART neurons ks
Al¢] dorsomedial nucleus of the hypothalamus (DMH)2:
paraventricular nucleus of the hypothalamus (PVH)E H]
Feh o] W2 BE axong FA] oMSHE #H|5}
MCATEAIE HEsHL = AZE SA3A 2185 A
sta A aHE FTHAAA AFS EAY (12).
POMC/CART neuron2 Ao A 418-%
< Sh= NPY/AGRP AAIZ7} H&ste A Adde=
A2l GABA®] oA &0l JAHh POMCY /S
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(anorexiay& FEth MC 48415 Ydsl= PVH A&
2 THHOZ gxonS FARIH 1P| dAH wik Hug
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Pro-opiomelanocortin (POMC); 2417]¢] ofm]ieAto 2 o]
20170 gefo]=o]H pre—pro—opiomelanocortin (pre—
POMO)Z R 445}, POMCE f4uHS] ofax Aee)
o] 106} 7149 F83 43S PP Hefo|=2 FYA5in]
1 F a-MSH7} A1 &23 F39] MCH-&A o 2-85to] A&
= %A gt (10). POMCelA A s Heto|= Fof| T8t
AL offieh Z,

1. N=Terminal Peptide of Proopiomelanocortin (NPP, or
pro—y-MSH) ; polypeptide POMC2| Z7x|
2. Corticotropin (Adrenocorticotropic Hormone, or

ACTH) ; 2AIT[E MIZ0f|A2Q] corticosteroid2] &HIZZ!
3. a-Melanotropin (=-Melanocyte—Stimulating Hormone

= aMSH)) ;

1) Al=0t o 4X] thAIEH
2) T[22t Mo A2 melaninAiao| MA ZXI
S

3) MxeiExH(sexual activity)

AelAgE A

—-

> &

4. f~Melanotropin (-MSH) ; melaninAiA0| MA =XI
5. f~Endorphin ; p—opioid +Ex|0f =
6. Met-Enkephalin ; LH2IA opioid

NPY / AGRP neuron: Neuropeptide Y (NPY), agouti—
related protein (AGRP)%t A1 A4 - 42 GABAE
ek glols ABAIEZESRE A8 ouA] tiis 24%
ok, FEA[ 31704 &H|E o] A& ZXIA7]= ghrelin
of oA o] F7tE] oHA] &B|E EolH leptin,
insulin, peptide YY o 9six= &40 A€t
NPY/AGRP N2+ dorsomedial nucleus of the hypothal—
amus (DMH)$} paraventricular nucleus of the hypothal—
amus (PVH)°)| axons 2l AGRPE £H]3}] MC4 44
of Tt o~ MSHS] 21-8-& Wafigtet. =3k NPY/AGRP A7
A3t=Elw 2% POMC/CART Al7BAIEo| GABAS W&3}
o] B/ AR (12).

Appetite

Neurons ~ regulation
of PVN
Yx
a -MSH
Food Food
ARC intak intake r—<0_< ........ Increase
- metabolism
\/\ v 2z (Increase sympathetic
e ‘S activity)

%+a-MSH POMC/

CART

Insulin
Leptin
CCK

LepR CCKIR

LepR \w O_ Vagus nerve
\ d LepR MC-3 NG
N/

Fig. 3. A schematic diagram represent inter connec—
tion of arcuate nuclei (ARC), nucleus tractus solitarii
(NTS) and vagus nerve. Also shows distribution of
POMC/CART and AGRP/NPY neurons in appetitive
regulation centers in brain. Leptin receptor (LepR),
Melanocortin 3 receptor (MC-3), Melanocortin 4
receptor (MC-4), a—Melanocyte-stimulating hor-
mones (=-MSH)
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Fig. 4. A model of pathways by which leptin and insulin, interact with central and peripheral
autonomic circuits to regulating satiety and energy metabolism. Chemical and mechanical
satiety signals transfer to nucleus tractus solitarii (NTS) via vagus nerve.Neuropeptide Y (NPY).

Arcuate nuclei (ARC).
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3) AMlEoiN S22 Sof Qs = FYR| S5 ME
59| ™M 2H|=l= insulin, CCK, = &LHe| X|gt
MM 2H|Zl= leptin S2 ASAX S22 =201 2lsto]

wAED A2XE SE20| BE5kE +EXE SFMZE
2l et nEs MAMZE, ZZFel olFME Sof
EEE0] 2 POMCMIZ So| 2ds SHAIA A=
o MRS 0|1 tHAIYE S7HAZIC tHERS 3=2=
=0| €39 dY29| =7t St 20 2H|EH E3|
leptin®] Z< S+E XL0| X|IYM=o| SXE ol =4
oz =P SA0f oflHX| thAE ZEsh= o]
Ck (13).

Slol4 AHE 3R Zukh WA Ao wRARE 7]
A, B T2l ojg maigt ko] wae] glse] 9]
o}, ulRAAo) A5E 52}6}— T EF A8 oA
3 EELEAIES Edske 41757 POMC/ CART 417
Aol ofste] 4183} ouix rwoﬂ Holshs Ao UelA
itk T3 T ZABN O] A5 S Edete] mzt Bagil

402 Bl ofE GRitt (Fig. 1 4%, thebd v
o} 2] A0 BAS Z7HA7 IR B4 Bk wer o
Fe O A8L ST oUiX S FAHIA AF
o) 745 $= 8 715A4o] Atk oleid 75 Aol BA} B
Sl 220 AT ATE Theo) oA Aste] T,

mlo fr

L

S A 25399
AE4er W21 (80-120 m/seo) 7o FAZE FALH
myelination®] ¥ A—fiber2} myelination®] ¢l 5% 9
£271 =3 (0.5-2 m/sec) C—fiber2 FA= o] Qlth C-
fiber7k T4 vIFAIA Y & 80%F AHA|shH YA 20%7t
A-fiber2 o]Fo] At n|FAREE A%, ), 718A), 7t
A o W78 @4s A AA 44 rleAlA
9] 80% AEL AT AT E ATttt o] ALE A
A=} C—fiber7} o] 2529 Wdo| &po]7} Slrh= Aol ¥

Ao E3| 1139 /‘“—,‘i‘—?_l capsaicin®l] ¥-8-314= transient

receptor potential V1 (TRPV1)¢] T2 C—fibere} 1 A3
A 183 g o] FARE axon®] o] W= o A-
fiberoll= §le Zo] HAEQIT S0 =& 22 A-9}F C—fiber
7F 2472k o2 2 order LHIA| L A3 E ALY A2 2
sl AEE ALsHA] eh=tt (6) (Fig. 1. 3a1). TRPVIZ
caterina 5l (14) &Jato] 555 AYdh= dorsal root gan—
glia AFAZAAN AF 29 HF ™ capsaicin ©]]o]=
40|29 & F7ho] o3 W& pH, ¥ 2% (43°C >)
ol oJste] EA3tE ol F5o BT AE E FF, 4
(hyperalgesia) 5ol & sh= Zlo] B8 ok, vt o1
oA Y] F5L& TE W71 HET T nAl B AT A5
& 533t H2 AF4=EE 744174l dorsal root ganglia
Al % TRPVIZ Hast C-t ZaM|aEol| oJate] AgH
o}, wpgkA] plEA oA HEE TRPVIS 553 AEgis Al
SO T Aol AT Aoz FAHUAR A2Hel o
2 A YA Goio 2y 22 TRPVIO] ZRkgte] &
At Aol BABEL & 7Fsgol FAEL vk A2
Tso] Ha Ha qlrh
FAEE AFHeE A9 gt A7) HsiA AR
oy 229 AtollA oluR Y HHE &0l tikE 5
THA Al AaA7le 237t 9ol (15,16,17) B8 sl
U I ARG 4 A QA gt SHIEAIE A4l e
AR FHE So] TRPA1Y TRPVI $~8419] agonist®
gt T £EA7E nFAR T 1Yo FEE Ao
(7,18,19) Hirs]of gFrlm el F48-50] TRP8A Y whast
of mlFAEY S FTHIA T TAAA FAEY
AFHHFEE AaAA A 2 Bofsta d& 7HsAel
A|71=) 2 Qlt}, Ritter @ Ladenheim (20)2 capsaicing ©]
S35 FEAAA 48R T2 CCKell &gt 2ukgte] i
Aol C—fiber 44 PIFAIZR T THFH O AFA|Z 9 /o]
E7HA%S o
A Bl = *‘—deﬂ 229 leptinel 7t A AH 7
o] Fo g FE 9 nj3Al7 o B4o] B-A Y Hstel
o}, 919 ZaoflA Al&E AAISHE 2259 84 4
A H|FA7 FollAE capsaicindl] ¥H-§-3h= TRPVISTEAIE

o
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SR C-fibere] FHEjo] BEjo] glon] BAE Tuigt A1
L A%0) DPAL F31] Mol AN AL 24 Ut
220] NS} Q7NN G| FHETo] 1|47
B DYeA] Yol FHA ABAL] FUL Foto] X
S

=3 Q) AF7HA] &zl TRPALS] Tﬂxﬂoﬂ 75_]'50}- 3
A7} FAEL mhs(allicin), AAHallyl isothiocyanate), A
ZHgingerol) °| glom FARL F5H 2= A=540] Qirt
T nlFA7 o dEE TRPVL, TRPAL =849] ZH5E4
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