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Abstract

The obese population has been increasing worldwide and obesity has become one of the socioeconomic
problems. Obesity raises more concerns as more studies regarding its direct and indirect relativity to several
diseases such as type II diabetes, hypertension, etc. are published. Since leptin, an important signal in the
chronic control of food intake and energy expenditure, was discovered in 1994, there has been a great
accumulation of knowledge on fighting obesity by facilitating pharmacological and nutritional strategies on
the molecular level of the body weight control system. In particular, evidences are accumulating that particular
food components affect our physiological function and gene expressions which are associated with body weight
control. In this study, we review the four mechanisms for weight control and antiobesity functional agents
such as HCA, L-carnitine, CLA, chitosan, calcium supplements capsaicin contained in red pepper, and oriental
herbal mixture. We also describe about the efficacy and working mechanism of these functional agents on
the basis of antiobesity mechanisms.

Key words: weight control mechanisms, functional agents, feeding control, thermogenesis, lipid metabolism

MoE HREE 1980 o) F A AAH o= of T5%7} Skl o

w(4) A W] o) 2 2} %1 3)(International Obesity Task

A AFExAGL durAow ohe 47)9] dule] Ao Force: IOTF)& &l A AA| 01;1/1 /4% AA 5= 179
2 o] FoiAz glt. 74 HA 2 AF8-A (feedback sys- o] MFzrekol Badvty Bustda, vls FHRAFA
tem) 24 # € (leptin)®} 72 F-Al A (afferent)2] 4137} %] Ale] (National Cancer for Health Statlstlcs. NCHS )= ?l=
WA Zol A peba] w2 Aol B a1, AlEHellA o] A% Qo] 61%F AAFOR, 26%F HIto R FH8la glvk
o Hkg-3l, o] 2XE 1} o= U (efferent)e] 4137} 4] 6). FHURtE 2555 $4F A4S 532 AR
L3} dluA] An] 9 YALE A3, A A A o s) vlgkelFrF Gk 9ok 19954 IR A RAL 2} R el

A AUAE A - FF - A AsA "ok). 8]k o] & 3l BMI 25 e}ake] nlmbql- 7} 14.8% 2 A A A&l
3 2AAAS FRA A Al 29l T ofe] 3o vl3] wgkouk(6) 19984, 20014, 20054 9] Sl A 7o o2
AEstsrA ]l #Ag ] Wt os) o QFH I} AR & Abell &)shsl 204 oAkl Al wiwh- 26.3%, 29.6%,

Bl-& F713te] aled o)) Aukza]d) Ao R FHE 31.7%= A3 Ve gt ol# gt SUFEAlE oA oA

o s =l " Al A A A 2R FHake] H] B} FAdelA Falsle] 1998 Al gl e 25.0%7) W]

3L Sl RIHEARE WA A EY] A4, A A kel Bl s 20059 ol = 35.1% 2 Z7 e cHT). oA FH

(genetic susceptibility)®] &7}, ZFa% A2l % S0 7Fake vlat TAld WA EFout Aol E B3 Y34

2 ouAsly E3H o F2 o Ay dAgsle] g o] A, FES W, Fed T3 X3l Al AE

A7are] FAE do1eh@). vahd B3] g, Ad M- 104 7] o] gHAkA
H]—/\g

olch. o] Fell A gu]ut okl
A A, Sk, 5571 Aoll, 223 (osteoarthritis) 52 2 B2 R} 24 o) F A2 } A 9F3 s o) Feig
3 PAst Here sudse] o ¥ Wy Ak, o Aol AR 10099 % ol4ke] A mote] @l

1‘Corresponding author. E-mail: msdo@handong.edu
Phone: 82-54-260-1301, Fax: 82-54-260-1307



(o]
(&)
S
« [*3
r O
&
=z
r\l
2

UAG AR Sl 9low A ok A A
W 3 glet AA) P i) AbgEE BT EA R
Sibutramine(Reductil)#} Orlistat(Xenical) & 5 4+ 3tk
-10). o] F AZeFE 2 kAl 9lo] FDAS Hal&
By B o g zjule] F 3 9]R]ut efrle] RAFL.S B
Zt}. Sibutramine-S Y& Tolmzg AIHAA A ¢
2 e RS Fo A Alg-alok 31 (11) orlistats
3}7] Aol Ak W, vl AF, A Edu]eknl ksl 5
frEgn B uE 3 gleh12). weka AnRbEe 2
Hog & FF YHA] Rzlgo] L ;q,oﬂ/\xﬂ4 H| 7L X)
SAe o] B2 AL 7R A HRoh @A SveklA
vl eke] ot 2 X85 9l3le] A g Q*}W%i‘(lﬂ—v—ﬂ
150 kcal), thole] ER %8 dofr A1E one—food diet HJ

Wl 3 Aok AFAES oA = 9= dAzdelis o
A2 ko] sl o] Alg-= T Qlek(13). 53] #H el A
ol e A7 Foa, Aol A EA s¥E(phyto-
chemicals)e] AA|W] F2& A3tz 54 A&E0] 9l
o] gta{ Aol o} ofe|gt 7

[<] 1
wel ey W ABA gl AR &S =3 gl
=

-
>}L
(o

ki A
r_>.i fl

rr

~
1-'00

N

Jr
Fl

l-r o B &

Pui

O

# ML HLe Aas 44T AFL fA 8]
A AZ2A AFS S8 24, AW 25 2
F W, zﬂ,%ﬂ DAL B oA 2mlg] F7h 212
] 24)2 Aelsle] 2 710 Aejsha o] ekl w
2 saxnv}zl 5] YFHUAL A7 Fol 9l Fuw
%A TREE 2N

Arcuate nucleus

Neuron

e

HAEZ=H 7|
SEDES-
AlQ.

NS 2L AR Autrzle] waxA A%, awlm A
el 34 A8 R o] FofA glon o]z AEEe

g} < 54 oA FaAd-e ‘FI‘X]S}‘;]'(FIg . 24
A (cholecystokinin; CCK), &F7F2 A1 *Eglo)
h= l(glucagons—hke peptide 1; GLP—l), 7299 B(neuro-
medin B), 7}2~E7 #}& 3 e}lo]| = (gastrin-releasing pep-
tide; GRP), He}e] = YY(peptide YY; PYY)E Aol
o E = o] Relo) =B Tbe AdstE £1A A
Z.(short acting signal) 24 A7} o o] &A1 AF
A = ghoh(14). ol ol Hhaled A|HbA| Eol 4] Hu]E=
deg x]2A Al 3 (long acting signal) 24 9l 3 g7
—4 °J°1 F74gtel] w2t 85 Fert Sl Al 8-&
i °é““§*°— Z‘ﬂ'/‘]ﬂ g H] &% %C’i = 93

Eﬂ S| ]‘/]’ 2 €l 484 (leptin receptor) =
Fol el T30 vlwta A2 F(hy-
S §-&3HA Hoh16,17). ¥ - (ghrelin)-2 1A+
oA F2 BH|HE ALSAAMNEA HF TR AW F
54 whal st AAL Aol 2Fz7] Zrhglohrt Al $el zH
gio) zEla AFzteks fubsle HEl s & o E13

o}

o,

fol

of
fr
:{o
p I
N

Metabolize less

Eat more Eat less
Metabolize more

(NPY)

Orexigenic . Anorexigenic
(a—MSH)

@ O ©)

Ghrelin PYY

Leptin, Insulin

!

Muscle. liver,
adipose tissue

‘ Stomach ” Colon f

Adipose tissue
Pancreas

Food Energy
intake expenditure
| — 1

Fig. 1. Schematic drawing of energy balance between central nervous system and periphery.

In the arcuate nucleus, two sets of neurosecretory cells receive hormonal input and relay neuronal signals to the cells of muscle,
adipose tissue, and liver. Leptin and insulin .act on anorexigenic neurosecretory cells to trigger release of a-MSH,; this produces
neuronal signals to eat less and metabolize more fuel. Leptin and insulin also act on orexigenic neurosecretory cells to inhibit the
release of NPY, reducing the “eat” signal sent to the tissues. The gastric hormone ghrelin stimulates appetite by activating the NPY-ex—
pressing cells; PYY, released from the colon, inhibits these neurons and thereby decreases appetite. Each of the two types of neuro-
secretory cells inhibits hormone production by the other, so any stimulus that activates orexigenic cells inactivates anorexigenic cells,
and vice versa. a-MSH, a melanocyte-stimulating hormone; NPY, neuropeptide Y; PYY, peptide YY.
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Fig. 2. The mechanism of adaptive thermogenesis by uncoupling protein (UCP).

The protons released during nutrient oxidation are pumped out of the mitochondrion by the respiratory chain. The re-entry of the
protons to mitochondrial matrix through ATP synthase enables the synthesis of ATP (in non-uncoupled mitochondria); their re-entry
through UCPs (in uncoupled mitochondria) leads to an energy release in the form of heat.
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Fig. 3. The lipid metabolism in adipocyte.

Three biochemical sites of the regulation of lipid metabolism are fatty acid uptake, lipogenesis (triglyceride synthesis) and lipolysis.
Ttriglyceride synthesis includes lipogenic enzymes such as ACC, FAS, ACS and DGAT. HSL is the enzyme responsible for the
hydrolysis of triglyceride from the lipid droplet into glycerol and non-esterified fatty acid. Lipolytic hormones (catecholamines, gluca-
gons, adrenocorticotropic hormone or beta—adrenergic agonists) stimulate hydrolytic activity mainly through PKA-mediated phosphor-
ylation of HSL and perilipin in the presence of cAMP. LPL, lipoprotein lipase; FATP, fatty acid transporter protein; GLUT4, insulin
sensitive glucose transporter 4, FFA, free fatty acids; ACC, acetyl-CoA carboxylase; FAS, fatty acid synthetase; ACS, acyl-CoA
synthetase; DGAT, acyl CoA:diacylglycerol transferase; BAR, B3 adrenergic receptor; AC, adenylate cyclase; PKA, protein kinase
A; HSL, hormone sensitive lipase.
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AFF AAte|Ale ghao] w3 A Ra] FAdeo] Fri=E<
oH51). ARG AME 10 g8 F-2 FH(FAelAl 30
mg &) B AARE F oA A 2 gpst e Abslo)
7V 9l go] R glrh(5253). R B 255 o413
e AHEAF 15247 712 AFahE 2 AAA
st e Husw QIoh(54,55). 2aE a2 Al g3
Rl oF E T8 A F22A thofdt A TS
ZFA A 9l ot w2 8]l fafe] AR el A& F
$JAbe] Hu)28-2- x| gloug ARl ok AFH )=
Zle] Fr}.
=29} 7he] A (catechin): Z3|oll A WA= = Ze]dE
3] Fetrxol=fy FHEIZIFE deA sloH o) F
ol wobr] Az H3 Ao F2F F 30~40%
gt FAks FElaHE A8 Ase] o HaE
&t Aol vht-zell FAYE o AF, AEA, 3
7ol Ao A ko] JAEAL €5 AW e
213] Zhasdch5657). o) = FAk oheF " 7hE 7]
T Fhe o] A o] AH-g-3 LB ZR)e] Fu9
F2& &8 vt A FEAE GASAA A S
T AYA AR E FEFY] il AR o) sFT(5g,
59). AAR 717 k2o X3S Faste 5449
catechol-o-methyltransferases A3}, 7}5¢lS- 2
i zd e o5 28 cAMPE 33t £49 phos-
phodiesterase S oA sl= A2 odejx gic} 1Ejnz =
AFEEY Fo AR A e = °ﬂJ4Lﬂ
H-cAMPHAH A528-& oz o
2 FZAZHE0). dAAHAAE l—‘?i}-%
150 mg, 7Hel7] 375 mg ) 3HF 53t Fo
Az} A upe] 4bstg SHAZHoH 125 F<k
]38l S well =7t &l 83 mg/day, 7FElZ] 588 mg/day)
AX g gl FastAriel,62). 53 duizleog ¥
E SE5E2 I¥A dRw ol mAA =HuE Ayl
A, B, B AN Fo dAabo] A £ gld]
oA F= FHaQlel 2]3) of7| it vhdel] ZA42) gl 7]
ZH 2 E A3}, daw S A4, kst 52 £
Aol E3E 7FA 2 9}
7V e}k # gl 1) A (retinoic acid)-2 BlEb AS] AR
A oAe] ZRFES AEFAlF B3l A3kS =3} HE
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o) AR A Eel A UCPS §Heks Z7HA7 5 Al A
T3 vivte g A A ZFaAZAeh63,64). v vl e
A7} AR AelE Hal FolAe d AL A, Agale)
Aol 4, A &) Fri7h s o eh6d). 22 -F-3
S EFxE A6l UCP @il e whal & Z7tAzcka
BE A gl 65,66) o15°] o A Fa viwke] six
o =& FEAe #AskA o

X ZALE

L-7}2 9 (L-carnitine): L-7}12Y ¥ & w[glqle] o]
FOo R olyA] A Aupakstel BpAQl dFaza A
ol 75 74, AR A FAEHAT FEAAFIY AAt
FAZ AR 712U P2 ks v EF s o} Udt
2 & o] FAIA weritsE FA1A 7= H4A ] EA4le)
v 7tE2yd ol 29 M@ E S (carnitine palmitoyltrans-
ferase; CPT) L, 119} o}2 72U ¥l A< F A (acylcarnitine
transferase)7} 7F2U ¥l 9] 2F2-o] #oddlc} 2T o o
A} CPT-10] #Hikele] 23 4% A ¥ (rate limiting) &
2RA], oA AAE 25k J| Ao B FRYEE Frim
delA vk aEEE AFAES H6 stEYd 234 E
AHAA =HA o] 58 AE Hl w27t Z71E AnikEE
Z213519 Xﬂ?‘]‘“" ARA S8 7k A 7]A Het vl2 Y’
FoAdF 28 £ (glucocorticoid receptor)S] 7|5
A 3}te] ol ai—E—%JJr B3 das o2 xn x4
zl el A pE S FAl87] 2 goh67,68). 7FEU R H]
sle] AFzddd axAolels Faeh A Ae|BFA =
Al Felzb o QAR AA R 2R e A3t A4S
FHshs Biiw 18] WA o) Ibrahim $5-(69)-2 3oFe]
o] n-6AH}FAH-S Hrlgk Ao & v)Ere £-53F ¥ 7~10F
< Ft2UE BEAelE T3S o 7He] AbEE-E A
A= 2] ogghont A uat Abste] Frtel A AR AFAt
2F fEst ot ey stE2U "] A FH7F Al %9
72U R Fxo} WIS F4 dtoen AFAUE FEF
A odgtrle AR RauEy 3113}(70) 7}—‘4“{13 A 54
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SEHA2Y 3 Eg SN BR(7]) vt 22 A 53
o]} AHEgk &5 Zgol & o Bl
Conjugated linoleic acid(CLA): CLA= ¥l3&%E 9]
Al 19114 wtele]ete] zhgef o8 ezt oz e s
ozl AFERA 59 7 2 A= 5o FAl el o)
Hr} &4 5ol CLAE cis-9, trans-11 CLA®} trans-10,
cis-12 CLA®] F ol XA AR wol &A1y o] F cis-9,
trans-112] FE7} 73~93% A= x| 3o} T o] A A Al
Al Z5L oh2e 53] grans-10, cis-12 CLAZF 234
oA EulF= 32EE] WS £As A AW

Aol QgL e F8 o)A A tH(72). CLAE <Y
2 AFHE Folx oA 2ME F7HA7IW, PPARY,
C/EBPq, SREBP-13} 22 AAIALE9] whal-g ofAlghe
2 A A 2} AAZR B3 E = S A
aej 3 grelvh X ukzA o4 LPL, GLUT-4, FAS, ACC ¥
o] WS A5t A S FAA A B ol Ak
w8, AHre] Abshel e of tTLHl" 71A& B —cﬂ}
(73). A Froll A= Alelo 0.25~15% ¥ 2E CLAS
g o YA} 2SS e A A le%lHUr
A2 g F=s8la, 3T3-L1 AWAEAAE el
P E A= § o vl a3t datE A e
= gl ot Abghell djslA = viwRAl BT A o2
kgl Holt}(73,74). CLAY olAAAE Fol4] trans-10,
cis-12 CLAY= & 3¢ a3E 7Ix = vbd =87k, ol
e XA 5o F2hgg ol 22 (75) AAE trans-
10, cis-12 CLAE AHg-3he Ax i CLA £3589 7t
FaRgol g Zolzt A7k CLAY A4S E1lshr)
A= AFE FALR she] o] B2 A7) o] Fol Ao}
g Aot

SH2a3 B8 A (dietary calcium and related
protein): Z4-& X ulA| E2] XA AL} A2 u)e] =4
o F2g uiNAEAM o] thALY] 2o FFAQl A
£ gk adgA ol EHAEAAE At A4E e
o 22| Morl WaFE S well= AHAEe] kgt
A, AgE7HE AdA7I 3, A2 E Agste Al A
il Frket A HAY fAE frEgeh

Metz 5(76)2} Bursey S(77)= Ad# oA wzbF4]o]
7F AR 2 AER A4S f2rka sl on Zemel(78)2)
Aol A adg]e] S HQl F o At A Aubabe
AaEse] AR ZA e A, A 7 #EE
o] nZg-AAEe Aolrt AAg-AAEe Holg H
o FAxrch vk o] S 2v) ST REAR
o Aol A7 AxE o AdH g Ao
ol g ol2dt A7 AN AFES LR T dFelE
FrARE e nolon Zgol IiE FrAlES v of
et e KA, 18}, axdFol wigelm g9 At
FJAE 2o FUck79,80). L B3] Fehuc) &
AES FE AN o AF 2D A FHE A e
Fol Aok ol FFH FA A AERAYEH] FHsAl
FrEle] slon S g 52 gy Agas-S s
AW AA|, A HpEE] S, 23 AR g S5
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1 ek, 23yt 1Ewe] g AHE o2 ulEF 5y
Ao FE BT ox glov vntzd s g8 A"
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Strategies for antiobesity and related functional agents

Reducing Blocking FA intake Increasing Modulating

food intake & absorption thermogenesis lipid metabolism

Olibra Flavinoids Red pepper, Capsaicin L—Carnitine

HCA (Tannic acid, || Green tea, Catechin CLA, HCA

Inulin Catechin) RA, Carotenoids, Palm oil, Dairy calcium and

Oligofructose Chitosan Olive oill, p—cynephrine related proteins
Evodiamine

Fig. 4. Four strategies for antiobesity and the functional agents which might lead to significant weight loss.
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