obA e ZA(acetylcholine, ACh)L w7 A3 Ruzk A7 2E !
& Z7) AEefe] Aol A FuAA- A foll os) WEEE AAALEDo|t) o] AF2oA e Has FA
EAolg} st moE AAXAGEAL k23| ZA(norepinephrine) .2 A P20 AZS olmgda A5A
(adrenergic)ol@}eic}. Aol oy Z Uz} ==2oA|z o] o3+ ol=gdd 2FA AFadrenergic stimulation)&
TRAT 4G aRE BT MY o -9 8- F 7 Fo TR FEA djdoe] Stk F A= ABHLEL
AT ER8AY sk ool 93 259} o8 SEo2 AREEY, o3 FEAEC] AFALD 98 F iAol
T golshes Ao YA Ytk 234 E(osteoblast)9t o= 4] E(osteoclast) = w17 TEA AES k= o -of
= e 584 (o -adrenoreceptors)9t p-of=#'dA4=8A( 8 -adrenoreceptors)& 7HAL glom & tiAe] F3h
43} o)a}2go] a3} yepdth gy ol=d G @84 27=(Adrenoreceptor ligand)7t 2FAHE £33} 7)%50l
AR oz FogteAe deiAA BRI do 2 A7 Fayo] Ytk

§ AAARFAI. E3 oYY
A

Effect on bone environments by human nervous system

Hahn-shik Kwak Sung-Hoon Lee, Jin Hee Kim, Junwon Lee’

ABSTRACT

Acetylcholine(ACh) is all ganglionic fiber neurotransmitters in sympathetic nerve and parasympathetic nerve. And which effector
cells and synepses released by parasympathetic preganglionic fiber. These the transfer of synapse is called cholinergic. Another
Neurotransmiters is called norepinephrine(or noradrenaline) and in transfer of synepses is called adrenergic. Adrenergic stimulation has
all the excitability and the inhibitory effect by epinephrine and norepinephrine in the blood, there are a- and B- two major receptor
proteins. The two receptors for the neurotransmitter stimulated by drugs that stimulate or block is used as therapy and medical
applications, these receptors has been known involved in bone metabolism by the neurotransmitters. Osteoblasts and oasteoclasts has a-
and [-adrenoreceptors([3-ARs) that stimulation operate sympathetic nervous system also anabolism and catabolism of bone metabolism
showned an effect. However, adrenoreceptor ligands is not known directly involved the osteoblast differentiation and function, there is
need for further studies.

Key Words : Acetylcholine, Adrenergic receptor, Osteoblast, Osteoclast, Adrenoreceptor, Adrenoceptor
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wWRAEA S i A5 Bedd, 1 Av I
o] W7|Ha AR 2402 SRt
WA F8 YA 752 AR-EF IS
(fight of flight reaction’ &2 8 k& &= QITH1]

Rzt 4459 ae o] SHdA w17
I ot} a8y Fu A B A &
4eE A g WE SHE FuggEY Asow
Aol =g AL Yol ojehEH 437
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W} Fuziage el s g=A s,
2 olfE o] F AR NFAFAHREC] ME HE
ARRGEAS BE57] W Eolt1]
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=
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WA R BE AAAALH AAA
3o EZ UL G A L] A F 2o A Bzt
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2o 94| = & (norepinephrine

noradrenaline) &2 o] AlY 2o o] ALS o}

e E o] Q7] Wil FHAEE oF 85%9] of
7 2F15% 9] =20 AU ZPE ZH] g of
e g7
(CH3)E 3l ¥ 23 Qle ASZ ooy Zd, =2
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2174783 2184177 ¥ (postganglionic autonomic

neuron)?] 28 XA 7|Ho] Sojrle Fo AAA

SEAES X8l F4dF(varicosity) B 2L 3
on, ABHGEAEL AT LA HEH7IEG
Q3]9] Z419) A4 2ol AA PEAL. B 2
SANETHE 247|189 A2ER T T A
2~(synapse in passing)’ < 3733}, W 7H4l 78 2 Fal
2073 F4e 5P EANEE A3, 42 0
& 2394 anE F8e e AEHEE4dES
E3

II. op=el el Asd A=0f thet 2

Ao vz} AT LA FEEH =
S22z o ot=dgd FFA A
(adrenergic stimulation)> %47 A4 EHE

=0k S8 AN BHe TE 2F A
BAGEZ s e 5= g7] g vt
M| EAJol| oJEsfof gk o]2jgh 842 7}
HlZorlol gk Aol gt o 484 G o] Eaf o
ol dojdtt. o] 8A AL F 717 FQ FH
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A 25 FE8AY 4 FRee 7 /A F8 o}
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U 2o zdoe] 8A e} A9 wf HH<
g FXINTIEA ofHE AT A &
TH3l. 28y B 2 ER E sy o}y Ax
Aol A et 1 g 7152 obd & deA
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EE of=dd™ A5 F8Ae G2

d =
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&9k Agshd 379 G- E (0B y)e TE<la

- ot ﬁyiﬂzﬂ e BE 44 a-2w9
U By &A= 4 A9 &9 o] 25 7] ¥ (opening
¥+ closing)U #HE ( membrane enzyme) 2] €43}
£ op7jgth ol A oy Zd 3} 2oy =
o] TAM L (target ce ) | 283552 s}

B8] B o} TAAT ) cAMP 442
FXF0ZA 1 A Yehdoh Bot=ddd &
A AT B2 23718, A7IEA, A
ojghS FHZAFIARE 4129 4% (contraction
force)& 71711 AtETE F208

w7l

750 Fystol e oh=d g 454 A
% Q

FEAREEE, 8 EAFFY T LA
W37 E2hel dRast #H A EA
(pulmonary bronchiole, 3, &E7})<] &35 Yo7t}
ARG EAY F&A Adstal ARG EZ
s AFre A S FH8E FES 1 ARAE
&40 A& (agonist)o] 2k gk, thxA o2 A7

7 3
AGEA Y 28-S Al S 232 antagonist)
ojgtil gt} oy L 0z , By, B FEAES YA
2 3 Ee Apdehe 543 ok 259 9% &8

o ok

[¢]

b3
)
30,

IIl. =M 2 (Osteoclast) 2}
7= M| %2 (Osteoblast)2| £3}(Differentiation)

=& BHoEN AFS teEe FEH 9T ¢
ghoidel Ee A g3 Qo) dRES At
1 3or, 2 g iabgel] Bag rdZe] 35
S 993h= 7)ol B8 Z4(bone morrow)w &
G282 ok T3 71Holt. kdtE e v
¥ (osteoclast)ol] 2] &3 =]=H] W] A F-25)
of A} Zais FHIFoEN WE T W

N

14 (matrix)E A AT}, whEo] 2L wo] Ao

Z T M| E (osteoblast) 7} Z} 918 Bulste] 24 &
Atk GA S A Uloll A o] F Mg A

i

SEA|Z S 0] STV AU A5 stz A 27} 27
o] 2485 o] ZZ A2 S Bl 57]'3}°i”‘1
dojuhe tabd =43 7 78 £ A8l J‘EP‘
52 ALY E fe) 8 (silent epidemic) 0|2} &
dl, B2l= S50l flo] Iy E T} of =g 1A}y ]‘“ﬂ
7b Fe A T Ao ¢A ¥7] W&ol o]2fdt =
03%5S AARAZIFWHO)E “FEFe] s} 1|
ATz oS EFoz e A 47
Ao r, AR o7 Wy} o)A FHA7] AL F
7 He dgrer Aosta ok

ik
Ui =

&

(osteoporosis)< % =4 #(total bone mass)©] 743}
= 7S TETHo). ol g EhAL A g AA el
M sEEd =2AQ 2Ef 2 59 adEd o)
B A E 8} 23 A Fa Aol B @ ol e
wlo] gt 53], lestol B @S, oA
9 A4 93 HAse EthEEe =34 Bt
= BSAEY & 7 24 7P FE 4oy
[67]

by

FA| 3= 2 EA E(hematopoietic precursor)
oA frefaie] G/ ANEERE Rl dut
202 macrophage stimulating factor(M-CSF)<}
factor(TNF)-related
activation-induced cytokine(TRANCE, RANKL)
7HA] 583 Abo] BTN ol o8] ZERA|Eol| A k=
AE2 BEY8]. 2T EE T EAEH A
WA E (adipocyte), =43 (chondrocyte), 541X
(myocyte) 522 #3185 = AFAE Q) F3H
%74 X (mesenchymal stem cell) ZF-E 7]4€ )
Y E7NEAAN ZZAERE ESE bone

morphogenetic protein(BMP)ol &J5}e] A|2}=]m oF

tumor necrosis
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-adrenoreceptors(B-ARs)E 7HAaL Q). of=#dd
(adrenaline)-2 Gi proteins®] a-1 AR coupled®] A}=
o oJaf 2FAE MCIT3EIE AASA NN %8
St DNA 937} alkaline phosphatase(APL) £/l ¢
a Eaterks Aol Hehi2]. £ A5 wAY
%< APL 279 DNA Rl & w30 2 of=¢
Gl A#E p38 mitogen-activated protein (MAP)
kinase patyway$} extracellular signal-regulated
kinase (ERK) pathway7} 2+7} Wh-&-3oH13]. o] 2%
A & WA w8 A8 WA a
1-adrenoceptor7} #o gHh= 21-& VR T

ATt B-AR - AEAIQ] ofolazREghs
(isoproterenol)> W %2, AHAH W A ¥, 22| &
AE  osteoblastlike cell linesdlA & thAle B
-adrenergic system] T3t RS YAIFH a
-adrenergic system¥} #0|] B-adrenergic system B3+
= AN F3HE9] a3t dvke e A
APl B-AHEA A Tl TREAS ABE
AAG old 59 e 429 4337t Do
Ued B-28AeF dA Fa5H E (denbuterol)S
AgelFd FEHor HIE e F 3o
[14].

A7} B2-AR 2H-&-AI Q] 3 K H| & (formoterol) < ¢
27 AAR FoA iz o] F3hakgo Gl 3l
EASR B ALH15].

Adrenergic 2-8-Al & ATl A F3H4HE et
ofiz} oA Hogith Ao} vhe-s 7
ol adrenergic 284l cAMP AAHS F7HA1711,
phosphodiesterase A3} A& 7HA] 1L 3107 &}3}A]
© 289 = AFTE AS5TH1e]. H A B
-AR Z37), 222 8}=E (propranolol)2 & 7%
& Wl gohs B-AR 2H8-A ol el cAMP EA =7}
A H L vl &2 F BdoA AT 49 S71E
W o] A} W FEE A 5 FH17).
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/Osteoblast
Marrow @ @ @
Space cSre
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Bone
J8 1 o=EMExe 23 ¥ 759 =E.
Fig. 1. Regulation of osteoclast differentiation and function.
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