
GIP and GLP-1, the two incretin hormones:

Similarities and differences
Yutaka Seino1*, Mitsuo Fukushima1,2, Daisuke Yabe1

ABSTRACT

>Tfge\V \a[\U\gbel cb_lcXcg\WX ">@G# TaW Z_hVTZba'_\^X cXcg\WX'+ ">CG'+# TeX g[X gjb ce\`Tel \aVeXg\a [be`baXf fXVeXgXW Yeb` g[X

\agXfg\aX ba \aZXfg\ba bY Z_hVbfX be ahge\Xagf gb fg\`h_TgX \afh_\a fXVeXg\ba Yeb` cTaVeXTg\V b VX__f( >@G TaW >CG'+ XkXeg g[X\e XYYXVgf

Ul U\aW\aZ gb g[X\e fcXV\sV eXVXcgbef& g[X >@G eXVXcgbe ">@GI# TaW g[X >CG'+ eXVXcgbe ">CG'+I#& j[\V[ UX_baZ gb g[X >'cebgX\a

Vbhc_XW eXVXcgbe YT`\_l( IXVXcgbe U\aW\aZ TVg\iTgXf TaW \aVeXTfXf g[X _XiX_ bY \ageTVX__h_Te VlV_\V TWXabf\aX `babc[bfc[TgX \a

cTaVeXTg\V b VX__f& g[XeXUl fg\`h_Tg\aZ \afh_\a fXVeXg\ba Z_hVbfX'WXcXaWXag_l( @a TWW\g\ba gb g[X\e \afh_\abgebc\V XYYXVgf& >@G TaW >CG'+

c_Tl Ve\g\VT_ eb_Xf \a iTe\bhf U\b_bZ\VT_ cebVXffXf \a W\YYXeXag g\ffhXf TaW beZTaf g[Tg XkceXff >@GI TaW >CG'+I& \aV_hW\aZ g[X cTaVeXTf&

YTg& UbaX TaW g[X UeT\a( N\g[\a g[X cTaVeXTf& >@G TaW >CG'+ gbZXg[Xe ceb`bgX b VX__ ceb_\YXeTg\ba TaW \a[\U\g Tcbcgbf\f& g[XeXUl

XkcTaW\aZ cTaVeXTg\V b VX__ `Tff& j[\_X >@G Xa[TaVXf cbfgceTaW\T_ Z_hVTZba eXfcbafX TaW >CG'+ fhcceXffXf \g( @a TW\cbfX g\ffhXf&

>@G Uhg abg >CG'+ YTV\_\gTgXf YTg WXcbf\g\ba( @a UbaX& >@G ceb`bgXf UbaX Ybe`Tg\ba j[\_X >CG'+ \a[\U\gf UbaX TUfbecg\ba( @a g[X UeT\a&

Ubg[ >@G TaW >CG'+ TeX g[bhZ[g gb UX \aib_iXW \a `X`bel Ybe`Tg\ba Tf jX__ Tf g[X Vbageb_ bY TccXg\gX( @a TWW\g\ba gb g[XfX

W\YYXeXaVXf& fXVeXg\ba bY >@G TaW >CG'+ TaW g[X\e \afh_\abgebc\V XYYXVgf ba b VX__f [TiX UXXa f[bja gb W\YYXe \a cTg\Xagf j\g[ glcX ,

W\TUXgXf Vb`cTeXW gb [XT_g[l fhU]XVgf( NX fh``Te\mX [XeX g[X f\`\_Te\g\Xf TaW W\YYXeXaVXf bY g[XfX gjb \aVeXg\a [be`baXf \a

fXVeXg\ba TaW `XgTUb_\f`& g[X\e \afh_\abgebc\V TVg\ba ba cTaVeXTg\V b VX__f& TaW g[X\e aba'\afh_\abgebc\V XYYXVgf& TaW W\fVhff g[X\e

cbgXag\T_ \a geXTg`Xag bY glcX , W\TUXgXf( (J Diabetes Invest, doi: 10.1111/j.2040-1124.2010.00022.x, 2010)
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INTRODUCTION

DdS` +** gSO`a VOdS ^OaaSR aW\QS bVS RWaQ]dS`g ]T bVS W\Q`SbW\
Q]\QS^b& eVWQV ZObS` ]^S\SR c^ bVS ^]aaWPWZWbg ]T O \]dSZ bVS`O^g
W\ bVS b`SOb[S\b ]T RWOPSbSa( >\a^W`SR Pg 7OgZWaa O\R GbO`ZW\Uja
RWaQ]dS`g ]T aSQ`SbW\ W\ +3*,+& B]]`S et al. Vg^]bVSaWhSR bVOb Ucb

Sfb`OQba Q]\bOW\ O V]`[]\S bVOb `SUcZObSa bVS S\R]Q`W\S ^O\'
Q`SOa& O\R aV]eSR bVOb OR[W\Wab`ObW]\ ]T Ucb Sfb`OQba `SRcQSa bVS
O[]c\b ]T c`W\S acUO`a W\ ^ObWS\ba eWbV RWOPSbSa& ^`Sac[OPZg
bV`]cUV abW[cZObW]\ ]T bVS S\R]Q`W\S ^O\Q`SOa,( >\ +3,3& AO

7O``S ^c`WkSR bVS UZcQ]aS'Z]eS`W\U SZS[S\b T`][ Ucb Sfb`OQba&
O\R \O[SR Wb W\Q`SbW\ #>CbSabW\S aS8F:HbW]\ >\acZW\$-( =]eSdS`&
W\Q`SbW\ eOa T]`U]bbS\ T]` bV`SS RSQORSa c\bWZ `ORW]W[[c\]OaaOg
b] [SOac`S W\acZW\ PSQO[S OdOWZOPZS W\ bVS +30*a( D`OZ UZcQ]aS
Z]OR eOa aV]e\ b] ^`]RcQS O [cQV U`SObS` W\acZW\ `Sa^]\aS bVO\

W(d( W\XSQbW]\ ]T UZcQ]aS.&/& eVWQV \]e QO\ PS Obb`WPcbSR b] W\Q`S'
bW\a `SZSOaSR T`][ bVS Ucb OTbS` W\USabW]\ ]T UZcQ]aS ]` \cb`WS\ba
b] abW[cZObS W\acZW\ aSQ`SbW]\ T`][ ^O\Q`SObWQ b QSZZa(

BS`SZg be] acQV Ucb V]`[]\Sa& UOab`WQ W\VWPWb]`g ^]Zg^S^bWRS
#<>E$ O\R UZcQOU]\'ZWYS ^S^bWRS'+ #<AE'+$& VOdS PSS\ aV]e\ b]
OQb Oa W\Q`SbW\a #;WUc`S +$( <>E Wa O .,'O[W\]'OQWR V]`[]\S
aSQ`SbSR T`][ @ QSZZa ]T bVS c^^S` a[OZZ W\bSabW\S0&1( >b eOa ]`WUW'

\OZZg Wa]ZObSR T`][ ^]`QW\S W\bSabW\S ]\ bVS POaWa ]T Wba OPWZWbg b]
W\VWPWb UOab`WQ OQWR aSQ`SbW]\2( AObS`& Wb eOa T]c\R bVOb <>E
OR[W\Wab`ObW]\ abW[cZObSa W\acZW\ aSQ`SbW]\ W\ VSOZbVg d]Zc\'
bSS`a3& O\R bVOb <>E OQba RW`SQbZg ]\ ^O\Q`SObWQ WaZSba b] abW[cZObS
W\acZW\ aSQ`SbW]\+*&++( KS VOdS OZa] aV]e\ bVOb S\R]US\]ca <>E

abW[cZObSa W\acZW\ aSQ`SbW]\ UZcQ]aS'RS^S\RS\bZg W\ UOab`SQb]['
WhSR ^ObWS\ba+,( HVSaS ZW\Sa ]T SdWRS\QS aV]eSR <>E b] PS bVS
k`ab W\Q`SbW\& eVWQV eOa bVS\ `S\O[SR UZcQ]aS'RS^S\RS\b W\acZW'
\]b`]^WQ ^]Zg^S^bWRS( 7SQOcaS W[[c\]Z]UWQOZ RS^ZSbW]\ ]T <>E

RWR \]b OP]ZWaV OZZ W\acZW\'abW[cZObW\U OQbWdWbg W\ Ucb Sfb`OQba+-&
bVS SfWabS\QS ]T O aSQ]\R W\Q`SbW\ eOa W\TS``SR( BSO\eVWZS& O
aS`WSa ]T W\dSabWUObW]\a ]\ S\bS`]UZcQOU]\a aV]eSR bVOb <AE'+&
O -+'O[W\]'OQWR V]`[]\S ^`]RcQSR T`][ ^`]UZcQOU]\ O\R
aSQ`SbSR T`][ A QSZZa ]T bVS Z]eS` W\bSabW\S O\R Q]Z]\+.& RW`SQbZg

OQba ]\ WaZSba O\R abW[cZObSa W\acZW\ aSQ`SbW]\ W\ Wa]ZObSR WaZSba+/

Oa eSZZ Oa W\ VSOZbVg d]Zc\bSS`a+0( <AE'+ eOa bVca T]c\R b] PS
bVS aSQ]\R W\Q`SbW\(

7]bV <>E O\R <AE'+ SfS`b bVSW` STTSQba Pg PW\RW\U b] bVSW`
a^SQWkQ `SQS^b]`a& bVS <>E `SQS^b]` #<>EF$+1i,+ O\R bVS <AE'+
`SQS^b]` #<AE'+F$,,i,.& eVWQV PSZ]\U b] bVS <'^`]bSW\ Q]c^ZSR
`SQS^b]` TO[WZg& OQbWdObW\U ORS\gZObS QgQZOaS O\R W\Q`SOaW\U ZSdSZa
]T W\b`OQSZZcZO` QgQZWQ ORS\]aW\S []\]^V]a^VObS #Q6BE$ W\

^O\Q`SObWQ b QSZZa& bVS`SPg abW[cZObW\U W\acZW\ aSQbW]\ UZcQ]aS'
RS^S\RS\bZg( <S\SbWQ OPZObW]\ ]T <>EF O\R <AE'+F aS^O`ObSZg
]` aW[cZbO\S]caZg W\ [WQS aV]eSR bVSW` Q`WbWQOZ `]ZSa W\ bVS

S\bS`]'W\acZO` OfWa O\R Q]\k`[SR bVOb P]bV <>E O\R <AE'+ OQb

+K[X ;\i\f\ba bY ;\TUXgXf& :_\a\VT_ Ehge\g\ba TaW <aWbVe\ab_bZl& BTafT\ <_XVge\V GbjXe
?bfc\gT_& FfT^T& TaW ,K[X ;XcTeg`Xag bY Ehge\g\baT_ JV\XaVX& F^TlT`T GeXYXVgheT_
La\iXef\gl& F^TlT`T& ATcTa
$:beeXfcbaW\aZ Thg[be( PhgT^T JX\ab KX_(4 %2+'0'0./2'/2,+ =Tk %2+'0'0./2'033.
<'`T\_ TWWeXff4 fX\ab(lhgT^T7X,(^XcVb(Vb(]c
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Oa W\Q`SbW\a,/i,3( ;c`bVS`[]`S& RSkQWS\Qg ]T RW^S^bWRgZ ^S^bW'
ROaS'. #99E'.$& eVWQV QZSOdSa bVS be] C=,'bS`[W\OZ O[W\]

OQWRa ]T <>E O\R <AE'+ W\ ^ZOa[O O\R W\OQbWdObSa bVSW` W\acZW'
\]b`]^WQ OQbWdWbWSa-*&-+& S\VO\QSa W\acZW\ aSQ`SbW]\ W\ `Sa^]\aS b]
]`OZ UZcQ]aS QVOZZS\US Q]\aWabS\bZg eWbV bVSW` Tc\QbW]\ Oa W\Q`S'
bW\a-,( <>E O\R <AE'+ bVca aVO`S Q][[]\ ^`]^S`bWSa Oa W\Q`S'
bW\a& Pcb bVSg OZa] ^]aaSaa RWTTS`S\b PW]Z]UWQOZ QVO`OQbS`WabWQa

#;WUc`S ,$( =S`S& eS ac[[O`WhS aW[WZO`WbWSa O\R RWTTS`S\QSa W\
bVS ^`]QSaaSa ]T bVS aSQ`SbW]\ O\R [SbOP]ZWa[ ]T <>E O\R
<AE'+& bVSW` W\acZW\]b`]^WQ OQbW]\a ]\ ^O\Q`SObWQ b QSZZa& O\R
bVSW` \]\'W\acZW\]b`]^WQ STTSQba(

SECRETION AND METABOLISM OF GIP AND GLP-1

7SQOcaS <>E O\R <AE'+ `O^WRZg c\RS`U] ^`]bS]ZgbWQ RSU`ORObW]\
QObOZghSR Pg 9EE'.-*&-+& \]b ]\Zg W\bOQb Pcb OZa] b]bOZ #W(S( W\bOQb
^Zca 9EE'.'[SbOP]ZWhSR$ T]`[a ]T <>E O\R <AE'+ [cab PS [SO'

ac`SR b] abcRg bVSW` aSQ`SbW]\ O\R ^`]QSaaW\U in vivo #;WUc`S -$(
=]eSdS`& W[[c\]OaaOga T]` <>E O\R <AE'+ ZSdSZa& Sa^SQWOZZg

bV]aS caSR b] [SOac`S bVSW` W\bOQb T]`[a W\ ^ZOa[O& `S_cW`S
a^SQWkQ O\bWP]RWSa O\R O`S \]b eWRSZg OdOWZOPZS--( ;c`bVS`[]`S&

PSQOcaS QO`P]fgZ'bS`[W\OZ O`UW\W\S ]T <AE'+ Wa acaQS^bWPZS b]
O[WRObW]\& <AE'+ ]QQc`a W\ P]bV \]\'O[WRObSR <AE'+#1i-1$
O\R O[WRObSR <AE'+#1i-0$O[WRS& P]bV ]T eVWQV aV]e aW[WZO` W\'
acZW\]b`]^WQ STTSQba O\R [SbOP]ZWa[ W\ Vc[O\a-.( 6ZbV]cUV []ab
]T bVS <AE'+ aSQ`SbSR T`][ bVS Ucb Wa O[WRObSR W\ Vc[O\a-/&

QO`STcZ Q]\aWRS`ObW]\a O`S `S_cW`SR eVS\ [SOac`W\U bVS ZSdSZa ]T
<AE'+ PSQOcaS a][S O\bWP]RWSa ]\Zg `SQ]U\WhS O[WRObSR <AE'+(
<>E aSQ`SbW]\ T`][ @ QSZZa Wa S\VO\QSR W\ `Sa^]\aS b] W\USabW]\

]T [SOZa ]` UZcQ]aS-0( 6 aS`WSa ]T abcRWSa caW\U bVS O\bWP]Rg F0/&

eVWQV `SQ]U\WhSa P]bV W\bOQb <>E#+i.,$ O\R 9EE'.'^`]QSaaSR
<>E#-i.,$& aV]ea bVOb ^ZOa[O ZSdSZa ]T b]bOZ <>E Ob TOabW\U O`S
/i,* ^B W\ VSOZbVg 8OcQOaWO\a-0& W\RWQObW\U POaOZ aSQ`SbW]\ W\
VSOZbVg 8OcQOaWO\a( HVSaS ZSdSZa ]T b]bOZ <>E `SOQV /*i+** ^B
eWbVW\ -* [W\ W\ `Sa^]\aS b] W\USabW]\ ]T 1/'U`O[ UZcQ]aS W\

VSOZbVg 8OcQOaWO\a& eVS`SOa bV]aS ]T b]bOZ <>E `SOQV
+**i+/* ^B eWbVW\ 0* [W\ W\ `Sa^]\aS b] W\USabW]\ ]T [WfSR

Figure 1 o K[X Z_hVbfX'WXcXaWXag \afh_\abgebc\V cb_lcXc\WX ">@G# ZXaX \f _bVT_\mXW ba [h`Ta V[eb`bfb`X +1d,+(-qd,, TaW Vb`ce\fXf 0 Xkbaf(
GebgXb_lg\V cebVXff\aZ bY ceXceb>@G ZXaXeTgXf >@G g[Tg \f fXVeXgXW Yeb` B VX__f( K[X cebZ_hVTZba ZXaX \f _bVT_\mXW ba [h`Ta V[eb`bfb`X ,d-0q
d-1 TaW Vb`ce\fXf 0 Xkbaf( @a g[X \agXfg\aX& cebgXb_lg\V cebVXff\aZ bY cebZ_hVTZba ZXaXeTgXf Z_hVTZba'_\^X cXcg\WX ">CG#'+ TaW >CG',& j[XeXTf
Z_hVTZba \f cebWhVXW \a g[X cTaVeXTf(

Figure 2 o GTaVeXTg\V TaW XkbcTaVeXTg\V YhaVg\ba bY Z_hVbfX'WXcXaWXag \afh_\abgebc\V cb_lcXc\WX ">@G# TaW Z_hVTZba'_\^X cXcg\WX ">CG#'+( >@G TVgf
W\eXVg_l ba g[X XaWbVe\aX cTaVeXTf& UbaX& YTg& ZTfgeb\agXfg\aT_ ">@# geTVg TaW UeT\a( >CG'+ TVgf W\eXVg_l ba g[X XaWbVe\aX cTaVeXTf& ZTfgeb\agXfg\aT_ geTVg&
[XTeg TaW UeT\a(
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[SOZa-0&-1( 6ZbV]cUV bVS`S Wa \] RW`SQb Q][^O`Wa]\ ]T UZcQ]aS'
S\VO\QSR <>E aSQ`SbW]\ eWbV bV]aS S\VO\QSR Pg ^`]bSW\a ]` TOba&
W\USabW]\ ]T ^`]bSW\a ^`]RcQSa []`S `O^WR O\R `]Pcab <>E aSQ`S'

bW]\ bVO\ bVOb ]T TOba-2( GW[WZO`Zg& ZSdSZa ]T W\bOQb <>E& RSbS`[W\SR
Pg O\ W[[c\]OaaOg caW\U O\bWaS`c[ 32+1+& eVWQV RSbSQba
<>E#+i.,$ Pcb \]b <>E#-i.,$-3& W\Q`SOaS []`S `O^WRZg O\R
`]PcabZg W\ `Sa^]\aS b] W\USabW]\ ]T ^`]bSW\a eVS\ Q][^O`SR

eWbV Wa]QOZ]`WQ TOb W\USabW]\-2( HVSaS `SacZba acUUSab bVOb bVS <>E
`Sa^]\aS Wa RS^S\RS\b \]b ]\Zg ]\ [SOZ aWhS Pcb OZa] ]\ [SOZ
Q][^]aWbW]\( FSQS\b W\dSabWUObW]\a ]T <>E aSQ`SbW]\ W\ VSOZbVg
?O^O\SaS acPXSQba caW\U bVS aO[S W[[c\]OaaOga aV]eSR bVOb
OZbV]cUV ^SOY dOZcSa ]T b]bOZ <>E ZSdSZa W\ `Sa^]\aS b] W\USabW]\

]T UZcQ]aS ]` [WfSR [SOZa O`S VWUVS` bVO\ bV]aS ]T 8OcQOaWO\a&
bVS ^SOY dOZcSa ]T W\bOQb <>E ZSdSZa O`S aW[WZO`-1&.*i.,& acUUSabW\U
S\VO\QSR ^`]QSaaW\U ]T <>E Pg 9EE'. W\ ?O^O\SaS acPXSQba

#;WUc`S .$( HVWa ^]aaWPZS `OQWOZ RWTTS`S\QS W\ bVS <>E `Sa^]\aS
O\R 9EE'. OQbWdWbWSa \SSRa b] PS abcRWSR []`S W\bS\aWdSZg W\ bVS

Tcbc`S(
<AE'+ aSQ`SbW]\ T`][ A QSZZa& ZWYS bVOb ]T <>E T`][ @ QSZZa& Wa

S\VO\QSR W\ `Sa^]\aS b] W\USabW]\ ]T [SOZa ]` UZcQ]aS-0( GbcRWSa

caW\U O\bWaS`c[ 23-3* a^SQWkQ T]` <AE'+#1i-0$O[WRS Oa eSZZ Oa
9EE'.'^`]QSaaSR <AE'+#3i-0$O[WRS aV]e bVOb ^ZOa[O ZSdSZa ]T
b]bOZ <AE'+ Ob TOabW\U O`S +*i,* ^B& W\RWQObW\U POaOZ aSQ`SbW]\ W\

VSOZbVg 8OcQOaWO\a-0( ASdSZa ]T b]bOZ <AE'+ `SOQV -*i0* ^B
eWbVW\ -* [W\ W\ `Sa^]\aS b] W\USabW]\ ]T 1/'U`O[ UZcQ]aS ]`

[WfSR [SOZa W\ VSOZbVg 8OcQOaWO\a-0&-1( 9Sa^WbS bVS ZOQY ]T RW`SQb
Q][^O`Wa]\ ]T UZcQ]aS'S\VO\QSR <AE'+ aSQ`SbW]\ eWbV bV]aS
S\VO\QSR Pg ^`]bSW\a ]` TOba& W\USabW]\ ]T ^`]bSW\a ]` Wa]QOZ]`WQ

TOba ^`]RcQSa O aW[WZO` <AE'+ aSQ`SbW]\-2( HVS ZSdSZa ]T W\bOQb
<AE'+ O`S Q]\b`]dS`aWOZ4 `SQS\b abcRWSa VOdS aV]e\ bVS W[^]`'
bO\QS ]T O\ SbVO\]Z ]` a]ZWR ^VOaS Sfb`OQbW]\ PST]`S W[[c\]'
OaaOga T]` W\bOQb <AE'+ bVOb `S[]dSa W\bS`TS`S\QS eWbV acPabO\QSa
]T c\Y\]e\ WRS\bWbg O\R bVS`SPg `SRcQSa bVS ZO`US dO`WOPWZWbg

O[]\U W\RWdWRcOZ Vc[O\ acPXSQba--( :dOZcObW]\ ]T <AE'+ aSQ`S'

bW]\ W\ VSOZbVg ?O^O\SaS acPXSQba caW\U bVS aO[S W[[c\]OaaOg
RSbSQbW\U b]bOZ <AE'+ eWbV O\bWaS`c[ 23-3* aV]eSR bVOb bVS
[SOZ'W\RcQSR S\VO\QS[S\b ]T <AE'+ aSQ`SbW]\ Wa \SUZWUWPZS&

eVS`SOa <AE'+ aSQ`SbW]\ W\ `Sa^]\aS b] ]`OZ UZcQ]aS Wa aW[WZO` b]
bVOb W\ VSOZbVg 8OcQOaWO\a-0&-1&.*i.,( HVS ZSdSZa ]T W\bOQb <AE'+ W\
SbVO\]Z Sfb`OQbSR ^ZOa[Oa& RSbS`[W\SR Pg O\ W[[c\]OaaOg eWbV
bVS []\]QZ]\OZ O\bWP]RWSa <AE+;/ O\R BOP,0(+& eS`S Q]\aWRS`'

OPZg Z]e W\ ?O^O\SaS acPXSQba& O\R aV]eSR \] S\VO\QS[S\b W\
`Sa^]\aS b] UZcQ]aS ]` [WfSR [SOZ W\USabW]\.,( 6ZbV]cUV Tc`bVS`
abcRWSa b] RW`SQbZg Q][^O`S bVS <AE'+ `Sa^]\aS ]T 6aWO\ O\R
8OcQOaWO\ acPXSQba O`S `S_cW`SR& bVS PZc\bSR [SOZ'W\RcQSR
S\VO\QS[S\b ]T bVS <AE'+ `Sa^]\aS O\R bVS Q]\aWRS`OPZg Z]e

ZSdSZa ]T W\bOQb <AE'+ Q]cZR eSZZ OQQ]c\b T]` bVS `SRcQSR W\acZW\
aSQ`Sb]`g QO^OQWbg ]T 6aWO\a& W\QZcRW\U ?O^O\SaS(
GSQ`SbSR W\Q`SbW\a c\RS`U] `O^WR RSU`ORObW]\ QObOZghSR Pg

9EE'.& eVWQV RW[W\WaVSa bVS W\acZW\]b`]^WQ STTSQba ]T <>E O\R
<AE'+.-( HVS O^^O`S\b VOZT'ZWdSa T]` W\bOQb <>E O\R <AE'+ VOdS

PSS\ RSbS`[W\SR Oa O^^`]fW[ObSZg / O\R , [W\& `Sa^SQ'
bWdSZg.*&.-&..( GbcRWSa ]T <AE'+ aSQ`SbSR T`][ ^S`TcaSR ^WU WZSc[
aV]e bVOb O^^`]fW[ObSZg 1/! ]T <AE'+ ZSOdW\U bVS Ucb Wa

OZ`SORg [SbOP]ZWhSR Pg 9EE'../( ;c`bVS` RSU`ORObW]\ ]T <AE'+
OZa] ]QQc`a W\ bVS ZWdS`& eVWQV k\OZZg `SacZba W\ ]\Zg +*i+/! ]T
\SeZg aSQ`SbSR <AE'+ W\ agabS[WQ QW`QcZObW]\.0( ;c`bVS`[]`S&

abcRg ]T W\bOQb <AE'+ ZSdSZa W\ ?O^O\SaS acPXSQba aV]ea bVOb ZSaa
bVO\ /! ]T W\bOQb <AE'+ `SOQVSa agabS[WQ QW`QcZObW]\ #;WUc`S .$&

acUUSabW\U bVOb <AE'+ OQba ]\ ^cbObWdS <AE'+F W\ bVS ^]`bOZ
dSW\ O\R bVS\ abW[cZObSa W\acZW\ aSQ`SbW]\ bV`]cUV OQbWdObW]\ ]T
bVS dOUca \S`dS( 8]\b`WPcbW]\ ]T ^]`bOZ <AE'+F OQbWdObW]\ W\

W\acZW\]b`]^WQ Tc\QbW]\ ]T <AE'+ Q]cZR PS SdOZcObSR W\ bVS
Tcbc`S caW\U [WQS ZOQYW\U a^SQWkQOZZg <AE'+F W\ bVS ^]`bOZ dSW\(
>\ P]bV 8OcQOaWO\a O\R ?O^O\SaS eWbV bg^S , RWOPSbSa

#H,9B$& bVS <>E `Sa^]\aS Wa S\VO\QSR Q][^O`SR eWbV bVOb W\
VSOZbVg d]Zc\bSS`a.1&.2& eVS`SOa bVS <AE'+ `Sa^]\aS W\ 8OcQO'

aWO\a eWbV H,9B Wa `SRcQSR Q][^O`SR eWbV bVOb W\ VSOZbVg

DPP-4

Figure 3 o JXVeXg\ba TaW `XgTUb_\f` bY Z_hVbfX'WXcXaWXag \afh_\abgebc\V cb_lcXc\WX ">@G# TaW Z_hVTZba'_\^X cXcg\WX ">CG#'+( >@G \f fXVeXgXW
Yeb` B VX__f bY g[X hccXe \agXfg\aX5 >CG'+ \f fXVeXgXW Yeb` C VX__f bY g[X _bjXe \agXfg\aX( IX_XTfXW >@G TaW >CG'+ eTc\W_l haWXeZbXf cebgXb_lg\V
cebVXff\aZ Ul W\cXcg\Wl_ cXcg\WTfX'. ";GG'.#& TaW \f g[XeXUl \aTVg\iTgXW TaW XkVeXgXW Yeb` g[X \̂WaXl( K[X \agTVg \aVeXg\af& >@G"+q.,#& >CG'+"1q-1#&
TaW >CG'+"1q-0#T`\WX& [TiX \afh_\abgebc\V XYYXVgf ba cTaVeXTg\V b VX__f& j[XeXTf g[X ;GG'.'cebVXffXW \aVeXg\af& >@G"-q.,#& >CG'+"3q-1#& TaW
>CG'+"3q-0#T \̀WX& [TiX _bfg g[X\e \afh_\abgebc\V XYYXVgf(
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Q]\b`]Za-1( HVS ^VgaW]Z]UWQOZ QOcaS T]` bVS S\VO\QSR <>E
`Sa^]\aS W\ ^ObWS\ba eWbV H,9B Wa \]b gSb QZSO`( ;c`bVS`[]`S&

bVS W\Q`SbW\ `Sa^]\aS W\ H,9B ^ObWS\ba Wa abWZZ Q]\b`]dS`aWOZ&
PSQOcaS 8OcQOaWO\ O\R ?O^O\SaS ^ObWS\ba eWbV O `SZObWdSZg aV]`b
Rc`ObW]\ ]T RWOPSbSa aV]e <>E O\R <AE'+ `Sa^]\aS aW[WZO` b]
bV]aS ]T VSOZbVg Q]\b`]Za-0&.,( 6ZbV]cUV Wb Wa \]b RWaQcaaSR W\ bVS

^`SaS\b `SdWSe& `SQS\b ORdO\QSa W\ c\RS`abO\RW\U bVS []ZSQcZO`
[SQVO\Wa[a c\RS`ZgW\U <>E O\R <AE'+ aSQ`SbW]\ T`][ @ O\R A
QSZZa.3 aV]cZR QZO`WTg bVS RWTTS`W\U `SacZba ]\ <>E O\R <AE'+
`Sa^]\aSa W\ H,9B ^ObWS\ba W\ bVS dO`W]ca abcRWSa(

INSULINOTROPIC ACTIONS OF GIP AND GLP-1

:\VO\QS[S\b ]T UZcQ]aS'RS^S\RS\b W\acZW\ aSQ`SbW]\ Pg W\Q`SbW\a
W\ VSOZbVg d]Zc\bSS`a eOa RW`SQbZg aV]e\ Pg W(d( W\TcaW]\ ]T <>E3

O\R <AE'++04 bVSW` W\acZW\]b`]^WQ STTSQba O`S aW[WZO`/* O\R ORRW'
bWdS/+ W\ VSOZbVg Vc[O\a( 8`WbWQOZZg& bVS STTSQba ]T W\TcaSR <>E Ob
^VO`[OQ]Z]UWQOZ ZSdSZa O`S W[^OW`SR W\ 8OcQOaWO\a eWbV H,9B&
OZbV]cUV bV]aS ]T <AE'+ O`S acPabO\bWOZZg ^`SaS`dSR/,&/-( HVS

W\acZW\]b`]^WQ STTSQba ]T S\R]US\]ca <>E O`S OZa] RW[W\WaVSR W\
?O^O\SaS H,9B ^ObWS\ba.2( ;c`bVS`[]`S& bVS W[^OW`SR W\acZW\]'

b`]^WQ OQbW]\ ]T <>E& Pcb \]b bVOb ]T <AE'+& O`S ab`WYW\UZg aW[WZO`
W\ ^S`TcaSR WaZSba ]T RWOPSbWQ <]b]'@OYWhOYW `Oba/.( =]eSdS`& bVS
[]ZSQcZO` [SQVO\Wa[a c\RS`ZgW\U bVS W[^OW`SR W\acZW\]b`]^WQ

OQbW]\ ]T <>E W\ H,9B ^ObWS\ba O`S abWZZ ZO`USZg c\Y\]e\( JO`W'
]ca abcRWSa W\ []RSZ O\W[OZa acUUSab R]e\`SUcZObW]\ ]T <>EF
[FC6//i/2& OQQSZS`ObSR RSU`ORObW]\ ]T <>EF/3& O\R OZbS`\ObWdS
a^ZWQW\U ]T <>EF [FC60*& OZZ ]T eVWQV [WUVb Q]\b`WPcbS b] bVS
`SRcQSR <>E aS\aWbWdWbg ]T ^O\Q`SObWQ b QSZZa( E]Zg[]`^VWa[a W\

bVS Vc[O\ <>EF US\S VOdS PSS\ aV]e\ b] RSQ`SOaS <>E aS\aWbWd'
Wbg W\ b QSZZa& Pcb \] Q]``SZObW]\ VOa PSS\ ]PaS`dSR PSbeSS\ bVSaS
^]Zg[]`^VWa[a O\R H,9B0+( =]eSdS`& US\SbWQ dO`WObW]\ W\
<>EF VOa PSS\ `SQS\bZg `S^]`bSR b] PS Oaa]QWObSR eWbV bVS `SRcQ'

bW]\ W\ SO`Zg ^VOaS W\acZW\ `SOQbW]\ O\R SZSdObW]\ W\ ,'V UZcQ]aS
ZSdSZa OTbS` W\USabW]\ ]T 1/'U`O[ UZcQ]aS& acUUSabW\U bVOb RSTSQbWdS
<>EF aWU\OZW\U [WUVb ^ZOg O Q`WbWQOZ `]ZS W\ bVS SO`Zg ^ObV]^VgaW'
]Z]Ug ]T W[^OW`SR UZcQ]aS b]ZS`O\QS O\R H,9B0,( >b `S[OW\a b]

PS RSbS`[W\SR eVg <>E Pcb \]b <AE'+ aWU\OZW\U Wa aSZSQbWdSZg
W[^OW`SR W\ Vg^S`UZgQS[WQ Q]\RWbW]\a W\ Vc[O\a(
7]bV <>E O\R <AE'+ SfS`b bVSW` W\acZW\]b`]^WQ STTSQba Pg

PW\RW\U b] <>E O\R <AE'+ `SQS^b]`a Sf^`SaaSR ]\ ^O\Q`SObWQ b

QSZZa( >\Q`SbW\'P]c\R `SQS^b]`a W\Q`SOaS W\b`OQSZZcZO` Q6BE ZSd'
SZa0-&0.& bVS`SPg OQbWdObW\U ^`]bSW\ YW\OaS 6 #E@6$0/ O\R SfQVO\US
^`]bSW\ OQbWdObSR Pg Q6BE, #:E68,$)Q6BE'UcO\W\S \cQZS]bWRS
SfQVO\US TOQb]` #<:;$ >>00( E@6 O\R :E68, O`S W\d]ZdSR W\ O
eWRS dO`WSbg ]T W\b`OQSZZcZO` SdS\ba W\QZcRW\U OZbS`SR W]\ QVO\\SZ

OQbWdWbg& SZSdObSR Qgb]a]ZWQ QOZQWc[ ZSdSZa O\R S\VO\QSR Sf]Qgb]'
aWa ]T W\acZW\'Q]\bOW\W\U U`O\cZSa& OZZ ]T eVWQV Q]\b`WPcbS b]
abW[cZObW]\ ]T W\acZW\ aSQbW]\ W\ O UZcQ]aS'RS^S\RS\b [O\\S`

#;WUc`S /$( BO\g abcRWSa VOdS PSS\ QO``WSR ]cb caW\U W\VWPWb]`a
O\R OQbWdOb]`a bVOb OTTSQb aWU\OZ b`O\aRcQbW]\ ]` <AE'+ `SQS^b]`
OU]\Wab SfS\bW\'.& Oaac[W\U bVOb bVS []ZSQcZO` [SQVO\Wa[a
R]e\ab`SO[ ]T P]bV <>EF O\R <AE'+F O`S aW[WZO`( 6QbWdObW]\
]T E@6 `SacZba W\ ^V]a^V]`gZObW]\ ]T bVS GIF+ acPc\Wb& bVS`SPg

QZ]aW\U bVS @6HE QVO\\SZa O\R TOQWZWbObW\U [S[P`O\S RS^]ZO`WhO'
bW]\01( E@6& b]USbVS` eWbV ^V]a^V]W\]aWbWRS -'YW\OaS #E>'-@$&
OZa] ZSORa b] W\VWPWbW]\ ]T bVS RSZOgSR `SQbWTgW\U @% #@d$ QVO\'

\SZ& eVWQV `SacZba W\ ^`]Z]\UObW]\ ]T OQbW]\ ^]bS\bWOZa02( 9S^]'
ZO`WhObW]\ ]^S\a bVS d]ZbOUS'UObSR 8O,% QVO\\SZa #J988$&
OZZ]eW\U O\ W\Q`SOaS ]T W\b`OQSZZcZO` 8O,% Q]\QS\b`ObW]\a& eVWQV
bVS\ []PWZWhSa 8O,% T`][ W\b`OQSZZcZO` ab]`Sa bV`]cUV E@6' O\R
:E68,'RS^S\RS\b [SQVO\Wa[a03i1-( HVS W\Q`SOaSR 8O,% Q]\'

QS\b`ObW]\a SdS\bcOZZg b`WUUS` TcaW]\ ]T W\acZW\'Q]\bOW\W\U U`O\'
cZSa eWbV bVS ^ZOa[O [S[P`O\S O\R W\Q`SOaS W\acZW\ aSQ`SbW]\
T`][ bVS b QSZZa( B]PWZWhObW]\ ]T 8O,% T`][ W\b`OQSZZcZO` ab]`Sa
abW[cZObSa ORS\]aW\S b`W^V]a^VObS #6HE$ ag\bVSaWa W\ [Wb]QV]\'

R`WO& eVWQV Tc`bVS` S\VO\QSa [S[P`O\S RS^]ZO`WhObW]\ Pg @6HE
QVO\\SZ QZ]ac`S1.( ;c`bVS`[]`S& OQbWdObW]\ ]T :E68, VOa
`SQS\bZg PSS\ aV]e\ b] W\Q`SOaS bVS RS\aWbg ]T W\acZW\'Q]\bOW\'
W\U U`O\cZSa \SO` bVS ^ZOa[O [S[P`O\S& TOQWZWbObW\U W\acZW\
aSQ`SbW]\ T`][ bVS b QSZZa1/( HOYS\ b]USbVS`& bVSaS ZW\Sa ]T SdW'

RS\QS aV]e bVS Q`WbWQOZ Tc\QbW]\a ]T E@6 O\R :E68, ^ObVeOga
W\ bVS W\acZW\]b`]^WQ OQbW]\a ]T <>E O\R <AE'+(

Figure 4 o ITV\T_ W\YYXeXaVXf \a fXVeXg\ba TaW`XgTUb_\f` bY "T# Z_hVbfX'
WXcXaWXag \afh_\abgebc\V cb_lcXc\WX ">@G# TaW "U# Z_hVTZba'_\^X cXcg\WX
">CG#'+( >@G fXVeXg\ba \a [XT_g[l ATcTaXfX fhU]XVgf TYgXe \aZXfg\ba bY
Z_hVbfX be `\kXW `XT_f jXeX [\Z[Xe g[Ta g[bfX bY [XT_g[l :ThVTf\Ta
fhU]XVgf& j[XeXTf _XiX_f bY \agTVg >@G jXeX f\`\_Te-1&.*q.,( K[\f fhZZXfgf
cebVXff\aZ bY >@G Ul W\cXcg\Wl_ cXcg\WTfX'. ";GG'.# \a ATcTaXfX fhU]XVgf
\̀Z[g UX Xa[TaVXW( :baf\WXeTU_l _bj _XiX_f bY \agTVg >CG'+ TYgXe \aZXf'

g\ba bY Z_hVbfX be `\kXW`XT_f TeX T_fb Vbaf\fgXag j\g[ Xa[TaVXW ;GG'.
TVg\i\g\Xf \a ATcTaXfX fhU]XVgf( Kb Vb`cTeX XTe_l c[TfX \aVeXg\a fXVeXg\ba
TaW g[X\e cebVXff\aZ Ul ;GG'. UXgjXXa aba'bUXfX "9D@ 6,/# [XT_g[l
ATcTaXfX TaW :ThVTf\Ta fhU]XVgf& TeXT haWXe g[X VheiXf Whe\aZ *q-* `\a
TYgXe \aZXfg\ba bY `\kXW`XT_f VbagT\a\aZ f\`\_Te VT_be\Xf TeX c_bggXW Ybe
gbgT_ TaW \agTVg Ybe`f bY "T# >@G TaW "U# >CG'+ Yeb` PTUX et al.., EbgX g[Tg
gbgT_ TaW \agTVg >@G TaW gbgT_ >CG'+ _XiX_f jXeX `XTfheXW \a g[X fT`X
\̀ `habTffTlf& j[XeXTf TffTlf Ybe \agTVg >CG'+ jXeX f\̀ \_Te XkVXcg Ybe g[X
ceXfXaVX be TUfXaVX bY g[X Xg[Tab_ XkgeTVg\ba(
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H] RObS& ZWbbZS Wa Y\]e\ `SUO`RW\U bVS RWTTS`S\QSa W\ aWU\OZW\U
SdS\ba R]e\ab`SO[ ]T <>EF O\R <AE'+F( >[^]`bO\bZg& <AE'+
Pcb \]b <>E abW[cZObSa UZcQ]aS'RS^S\RS\b W\acZW\ aSQ`SbW]\
W\ ^S`TcaSR ^O\Q`SObWQ WaZSba T`][ @6HE QVO\\SZ'RSkQWS\b

#@W`0(,)))$ [WQS10( 6ZbV]cUV bVS W\d]ZdS[S\b ]T \Wlc[WQ OQWR'
aS\aWbWdS W]\ QVO\\SZa VOa PSS\ aV]e\ W\ bVWa ^`]QSaa11& Tc`bVS`
W\dSabWUObW]\ Wa `S_cW`SR b] c\RS`abO\R bVS ^]bS\bWOZ RWdS`aWbg W\

bVS R]e\ab`SO[ [SQVO\Wa[a ]T <>EF O\R <AE'+F( I\RS`'
abO\RW\U bVS []ZSQcZO` [SQVO\Wa[ c\RS`ZgW\U bVS `S[OW\W\U
<AE'+ aS\aWbWdWbg W\ @6HE QVO\\SZ'RSkQWS\b [WQS aV]cZR aVSR
ZWUVb ]\ bVS aSZSQbWdS W\OQbWdObW]\ ]T <>EF aWU\OZW\U W\ Vg^S`UZg'
QS[WQ Q]\RWbW]\a(

6\]bVS` W[^]`bO\b Oa^SQb ]T bVS W\acZW\]b`]^WQ STTSQba ]T <>E
O\R <AE'+ Wa bVSW` ag\S`Ug eWbV bVS acZT]`\gZc`SO R`cUa( GcZ'
T]`\gZc`SOa STkQWS\bZg QOcaS []PWZWhObW]\ ]T 8O,% Pg QZ]ac`S ]T

bVS @6HE QVO\\SZa& [S[P`O\S RS^]ZO`WhObW]\ O\R acPaS_cS\b
J988 ]^S\W\U& SdS\ W\ H,9B ^ObWS\ba eWbV W[^OW`SR [Wb]'
QV]\R`WOZ 6HE ^`]RcQbW]\( 6a RWaQcaaSR SO`ZWS`& <>E O\R <AE'
+ OTTSQba SdS\ba R]e\ab`SO[ ]T bVS @6HE QVO\\SZ QZ]ac`S&
bVS`SPg S\VO\QW\U bVS OPWZWbg ]T acZT]`\gZc`SOa b] ^`][]bS

W\acZW\ aSQ`SbW]\ #;WUc`S /$( >\ ORRWbW]\& Wb VOa `SQS\bZg PSS\
aV]e\ bVOb QS`bOW\ acZT]`\gZc`SOa PW\R b] :E68, O\R OQbWdObS
R]e\ab`SO[ []ZSQcZSa12& bVS`SPg S\VO\QW\U bVS W\acZW\]b`]^WQ

STTSQba ]T <>E O\R <AE'+( HOYS\ b]USbVS`& Wb Wa QZW\WQOZZg
W[^]`bO\b b] \]bS bVOb acZT]`\gZc`SOa O\R W\Q`SbW\'`SZObSR bVS`'
O^WSa OQb ag\S`UWabWQOZZg b] abW[cZObS W\acZW\ aSQ`SbW]\( HVca&
QOcbW]\ Wa `S_cW`SR T]` bVS Q][PW\ObW]\ ]T acZT]`\gZc`SOa O\R

W\Q`SbW\'`SZObSR R`cUa bVOb ^]bS\bWOZZg QOcaS Vg^]UZgQS[WO& Sa^S'
QWOZZg O[]\U 6aWO\a W\ eV][ RWOPSbSa Wa QVO`OQbS`WhSR Pg
`SRcQSR W\acZW\ aSQ`Sb]`g QO^OQWbg O\R acZT]`\gZc`SOa e]cZR PS

bVS k`ab QV]WQS ]T R`cUa(

NON-INSULINOTROPIC FUNCTION OF GIP AND

GLP-1 ON PANCREATIC b CELLS

>\Q`SbW\ eOa ]`WUW\OZZg WRS\bWkSR Oa bVS V]`[]\S bVOb b`O\a[Wba

aWU\OZa T`][ bVS Ucb b] bVS ^O\Q`SObWQ b QSZZa& O\R bVS ^`W\QW^OZ
`]ZS ]T <>E O\R <AE'+ VOa US\S`OZZg PSS\ bV]cUVb b] abW[cZObS
W\acZW\ aSQ`SbW]\( =]eSdS`& Wb VOa PSS\ aV]e\ bVOb <>E O\R

<AE'+ SfS`b \]\'W\acZW\]b`]^WQ OQbW]\a& acQV Oa Q]\b`]ZZW\U ^O\'
Q`SObWQ b QSZZ ^`]ZWTS`ObW]\ O\R ac`dWdOZ(
;]` SfO[^ZS& <>E VOa PSS\ aV]e\ b] VOdS O\ O\bW'O^]^b]bWQ

Tc\QbW]\ W\ ^O\Q`SObWQ b QSZZa( HVWa STTSQb W\d]ZdSa OQbWdObW]\ ]T
bVS Q6BE `Sa^]\aS SZS[S\b'PW\RW\U #8F:7$ O\R 6Yb)E@7

^ObVeOga #;WUc`S 0$( >\ >CG'+ QSZZa& PW\RW\U ]T <>E b] <>EF
ZSORa b] bVS SZSdObW]\ ]T W\b`OQSZZcZO` Q6BE ZSdSZa O\R OQbWdO'
bW]\ ]T E@6& eVWQV bVS\ [WU`ObSa W\b] bVS \cQZSca O\R RW`SQbZg

Figure 5 o Db_XVh_Te `XV[Ta\f`f haWXe_l\aZ g[X \afh_\abgebc\V XYYXVgf bY Z_hVbfX'WXcXaWXag \afh_\abgebc\V cb_lcXc\WX ">@G# TaW Z_hVTZba'_\^X
cXcg\WX ">CG#'+( 9\aW\aZ bY >@G TaW >CG'+ gb g[X\e fcXV\sV eXVXcgbef& g[X >@G eXVXcgbe ">@GI# TaW g[X >CG'+ eXVXcgbe ">CG'+I# _XTWf gb TVg\iTg\ba bY
TWXal_TgX VlV_TfX TaW fhUfXdhXag X_XiTg\ba bY \ageTVX__h_Te VlV_\V TWXabf\aX `babc[bfc[TgX "V8DG# _XiX_f( @aVeXTfXW V8DG g[Xa TVg\iTgXf cebgX\a
\̂aTfX 8 "GB8# TaW XkV[TaZX cebgX\a TVg\iTgXW Ul V8DG, "<G8:,#)V8DG'ZhTa\aX ahV_Xbg\WX XkV[TaZX YTVgbe "><=#@@( 8Vg\iTg\ba bY GB8 ceb`bgXf
V_bfheX bY B8KG V[TaaX_f TaW YTV\_\gTgXf `X`UeTaX WXcb_Te\mTg\ba( GB8 T_fb _XTWf gb \a[\U\g\ba bY g[X WX_TlXW eXVg\Yl\aZ B% "Bi# V[TaaX_& T aXZTg\iX
eXZh_Tgbe bY \afh_\a fXVeXg\ba \a cTaVeXTg\V b VX__f& eXfh_g\aZ \a ceb_baZTg\ba bY TVg\ba cbgXag\T_f( ;Xcb_Te\mTg\ba bcXaf g[X ib_gTZX'ZTgXW :T,% V[Ta'
aX_f "M;::#& T__bj\aZ Ta \aVeXTfX bY \ageTVX__h_Te :T,% VbaVXageTg\baf g[Tg `bU\_\mXf :T,% Yeb` \ageTVX__h_Te fgbeXf g[ebhZ[ GB8' TaW <G8:,'WXcXa'
WXag `XV[Ta\f`f( K[X \aVeXTfXW :T,% VbaVXageTg\baf XiXaghT__l ge\ZZXe Yhf\ba bY \afh_\a'VbagT\a\aZ ZeTah_Xf j\g[ g[X c_Tf`T `X`UeTaX TaW \afh_\a
fXVeXg\ba Yeb` g[X b VX__f( @aVeXTfXW :T,% _XiX_f T_fb ceb`bgX geTafVe\cg\ba bY g[X ceb\afh_\a ZXaX& g[XeXUl \aVeXTf\aZ g[X \afh_\a VbagXag bY g[X b

VX__( 8Vg\iTg\ba bY <G8:, [Tf UXXa f[bja gb \aVeXTfX g[X WXaf\gl bY \afh_\a'VbagT\a\aZ ZeTah_Xf aXTe g[X c_Tf`T `X`UeTaX gb cbgXag\TgX \afh_\a
fXVeXg\ba Yeb` g[X b VX__( 8KG& TWXabf\aX ge\c[bfc[TgX(
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^V]a^V]`gZObSa \cQZSO` 8F:713&2*( >\ ORRWbW]\& OQbWdObSR E@6
W\VWPWba 6BE@& eVWQV bVS\ `SacZba W\ RS'^V]a^V]`gZObW]\ O\R

\cQZSO` W[^]`b ]T bVS b`O\aRcQS` ]T `SUcZObSR 8F:7 OQbWdWbg
, #HDF8,$13( >\ bVS \cQZSca& ^V]a^V]`gZObSR 8F:7 O\R
HDF8, T]`[ O Q][^ZSf W\ bVS ^`][]bS` ]T bVS O\bW'O^]^b]bWQ

US\S bcl2& bVS`SPg ^`][]bW\U Wba US\S b`O\aQ`W^bW]\13( 7W\RW\U
]T <>E b] <>EF OZa] `SacZba W\ bVS OQbWdObW]\ ]T 6Yb)E@7& ^`]'
[]bW\U ^V]a^V]`gZObW]\ ]T bVS \cQZSO` b`O\aQ`W^bW]\ TOQb]`
;]f]+ W\ >CG'+ QSZZa #;WUc`S 0$2+( EV]a^V]`gZObSR ;]f]+ Wa
Sf^]`bSR T`][ bVS \cQZSca& ZSORW\U b] R]e\`SUcZObW]\ ]T bVS

^`]'O^]^b]bWQ US\S bax& ]\S ]T bVS ;]f]+ RW`SQb bO`USb US\Sa&
eVWQV ^`][]bSa b QSZZ O^]^b]aWa W\ `Sa^]\aS b] UZcQ]ZW^]b]fWQ'
Wbg2+( 9]e\`SUcZObW]\ ]T 7Of O\R c^`SUcZObW]\ ]T 7QZ', Wa

]PaS`dSR \]b ]\Zg W\ >CG'+ QSZZa& Pcb OZa] W\ WaZSba ]T bVS JO\'
Q]cdS` RWOPSbWQ TObbg #J9;$ NcQYS` `Oba `SQSWdW\U ,'eSSY Q]\'
bW\c]ca W\TcaW]\ ]T <>E2+( KVWZS bVS [SQVO\Wa[a c\RS`ZgW\U
OQbWdObW]\ ]T 6Yb)E@7 Pg <>E O`S gSb c\QZSO`& Wb VOa PSS\
aV]e\ `SQS\bZg bVOb OQbWdObW]\ ]T :E68,& Pcb \]b E>-'@& :`Y+)

, ]` E@6& Wa `Sa^]\aWPZS T]` 6Yb)E@7 OQbWdObW]\ O\R bVS O\bW'

O^]^b]bWQ Tc\QbW]\ ]T <>E2,( ;c`bVS`[]`S& OQbWdObW]\ ]T 6Yb)
E@7 Pg <>E VOa PSS\ aV]e\ b] ac^^`Saa [Wb]QV]\R`WOZ b`O\a'

Z]QObW]\ ]T 7OR O\R 7W[:A O\R bVS acPaS_cS\b OQbWdObW]\ ]T
QOa^OaS'- Pg W\VWPWbW\U ^-2 B6E@ O\R ?C@ W\ >CG'+ QSZZa
Sf^]aSR b] abOc`]a^]`W\& O `O^WR OQbWdOb]` ]T bVS [Wb]QV]\R`WO'

[SRWObSR O^]^b]bWQ ^ObVeOg2-&2.( Gc^^`SaaW]\ ]T ^-2 B6E@
O\R ?C@ VOa OZa] PSS\ aV]e\ b] PS Q`WbWQOZ T]` bVS O\bW'O^]^b]'
bWQ OQbW]\a ]T <>E W\ >CG'+ QSZZa Sf^]aSR b] S\R]^ZOa[WQ `SbWQc'
Zc[ #:F$ ab`Saa O\R US\]b]fWQ ab`Saa2.(
HVS O\bW'O^]^b]bWQ Tc\QbW]\ ]T <AE'+ ]\ ^O\Q`SObWQ b QSZZa

eOa acUUSabSR Pg abcRWSa ]T bVS ^O\Q`SOa ]T SfS\RW\'.'b`SObSR
db)db [WQS ]` <AE'+'W\TcaSR RWOPSbWQ J9; NcQYS` `Oba& eVWQV
aV]eSR O\ W\Q`SOaS W\ b QSZZ [Oaa O\R O RSQ`SOaS W\ O^]^b]bWQ b

QSZZa2/&20( GcPaS_cS\bZg& Wb eOa aV]e\ bVOb OQbWdObW]\ ]T <AE'+F
Pg SfS\RW\'. W\VWPWba O^]^b]aWa ]T B>C0 QSZZa Sf^]aSR b] VgR`]'
US\ ^S`]fWRS W\ O Q6BE' O\R E>-@'RS^S\RS\b [O\\S`& W\ Oaa]'
QWObW]\ eWbV c^`SUcZObW]\ ]T 7QZ', O\R 7QZ'fA& O\R `SRcQSR
^]Zg'#69E'`WP]aS$'^]Zg[S`OaS21( 6QbWdObW]\ ]T E@6 O\R :E68,

Pg SZSdObSR Q6BE ZSdSZa eOa OZa] aV]e\ b] W\VWPWb OQbWdObW]\ ]T

Figure 6 o Db_XVh_Te `XV[Ta\f`f haWXe_l\aZ g[X Tag\'Tcbcgbg\V TaW ceb_\YXeTg\iX XYYXVgf bY Z_hVbfX'WXcXaWXag \afh_\abgebc\V cb_lcXc\WX ">@G# TaW
Z_hVTZba'_\^X cXcg\WX ">CG#'+( J\ZaT_\aZ VTfVTWXf _\a^\aZ g[X >@G eXVXcgbe ">@GI# TaW g[X >CG'+ eXVXcgbe ">CG'+I# j\g[ Tag\'Tcbcgbg\V TaW ceb_\YXeT'
g\iX XYYXVgf f[TeX f\ \̀_Te\g\Xf TaW W\YYXeXaVXf Tf f[bja( @aib_iX`Xag bY Xc\WXe`T_ Zebjg[ YTVgbe "<>=I# TaW c[bfc[b\abf\g\WX -'^\aTfX "G@'-B# [Tf
UXXa f[bja gb UX T Ve\g\VT_ W\YYXeXaVX UXgjXXa g[X >@GI' TaW >CG'+I'f\ZaT_\aZ cTg[jTlf( 8:& TWXal_TgX VlV_TfX5 8^g& i'T^g `he\aX g[l`b`T i\eT_
baVbZXaX [b`b_bZ5 9TW& 9V_', TagTZba\fg bY VX__ WXTg[5 9V_& 9'VX__ :CC)_l`c[b`T5 9\`<C& 9V_', \agXeTVg\aZ `XW\Tgbe bY VX__ WXTg[ <C5 9K:& UXgTVX__h_\a5
V8DG& VlV_\V TWXabf\aX `babc[bfc[TgX5 :I<9& V8DG eXfcbafX X_X`Xag'U\aW\aZ5 V'JeV& cebgb'baVbZXaX glebf\aX'cebgX\a ^\aTfX JeV5 <G8:,& XkV[TaZX
cebgX\a W\eXVg_l TVg\iTgXW Ul V8DG,5 <IB& XkgeTVX__h_Te f\ZaT_'eXZh_TgXW ^\aTfX5 =bkb+& Ybe^[XTW Ubk cebgX\a F+5 @IJ',& \afh_\a eXVXcgbe fhUfgeTgX ,5
AEB& V'Aha E'gXe \̀aT_ ^\aTfX5 D8GB& \̀gbZXa'TVg\iTgXW cebgX\a ^\aTfX5 DX &̂ \̀gbZXa'TVg\iTgXW cebgX\a ^\aTfX ^\aTfX5 E=j9& ahV_XTe YTVgbe ^TccT'_\Z[g'
V[T\a'Xa[TaVXe bY TVg\iTgXW 9 VX__f5 G;O'+& cTaVeXTf)WhbWXah` [b`XbUbk cebgX\a +5 GB8& cebgX\a ^\aTfX 85 GB9& cebgX\a ^\aTfX 95 KFI:,& geTafWhVXe
bY eXZh_TgXW :I<9 TVg\i\gl ,(
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QOa^OaS'- O\R acPaS_cS\b O^]^b]aWa ]T ^OZ[WbObS'b`SObSR
F>C[/; QSZZa22 #;WUc`S 0$( 6QbWdObW]\ ]T 6Yb)E@7& O R]e\'

ab`SO[ STTSQbS` ]T E>-@& Pg <AE'+ eOa OZa] aV]e\ b] ^`S'
dS\b O^]^b]aWa ]T >CG'+ QSZZa W\ `Sa^]\aS b] UZcQ]ZW^]b]fWQWbg ]`
abOc`]a^]`W\23&3*& ^]aaWPZg bV`]cUV bVS OQbWdObW]\ ]T \cQZSO` TOQ'

b]` YO^^O'ZWUVb'QVOW\'S\VO\QS` ]T OQbWdObSR 7 QSZZa #C;j7$ O\R
bVS c^`SUcZObW]\ ]T bVS O\bW'O^]^b]bWQ C;j7 bO`USb US\Sa bcl2

O\R IAP2
23( <AE'+F OQbWdObW]\ OZa] `SRcQSa bVS :F ab`Saa

`Sa^]\aS& bVS`SPg ^`][]bW\U b QSZZ ac`dWdOZ W\ >CG'+ QSZZa Oa eSZZ
Oa W\ Vc[O\ WaZSba3+i3-( 6 Q`WbWQOZ RWTTS`S\QS W\ bVS O\bW'O^]^b]bWQ

Tc\QbW]\ ]T <AE'+ Wa bVS `S_cW`S[S\b T]` E>-@& eVWQV Wa \]b
`S_cW`SR T]` bVS O\bW'O^]^b]bWQ OQbW]\ ]T <>E( KVWZS OQbWdObW]\
]T 6Yb)E@7 Pg <>E Wa [SRWObSR Pg :E68,2,& OQbWdObW]\ ]T 6Yb)
E@7 Pg <AE'+ `S_cW`Sa 8F:7'[SRWObSR W\RcQbW]\ ]T >FG',&

eVWQV [WUVb OZa] ^]bS\bWObS E>-@ O\R 6Yb)E@73. #;WUc`S 0$(
HVS ^VgaW]Z]UWQOZ W[^OQb ]T RWTTS`S\QSa W\ E>-@ `S_cW`S[S\b
O\R ]bVS` gSb b] PS WRS\bWkSR RWTTS`S\QSa PSbeSS\ <>E O\R
<AE'+ VOdS `SQS\bZg PSS\ W\dSabWUObSR W\ [WQS b`SObSR eWbV

<AE'+F OU]\Wab& <>EF OU]\Wab ]` 9EE'. W\VWPWb]`3/( HVWa abcRg
aV]eSR bVOb <AE'+F OU]\Wab SfS`ba bVS []ab `]Pcab STTSQb ]\
bVS ac`dWdOZ ]T b QSZZa Q][^O`SR eWbV bVOb ]T <>EF OU]\Wab ]`
9EE'. W\VWPWb]` in vivo W\ [WQS3/( ;c`bVS` W\dSabWUObW]\ ]T bVS

[SQVO\Wa[a c\RS`ZgW\U bVS STTSQba ]T <>E O\R <AE'+ Q]cZR
aV]e ^]bS\bWOZ bVS`O^ScbWQ bO`USba b] W\Q`SOaS b QSZZ [Oaa Pg
W\VWPWbW\U O^]^b]aWa(
6\]bVS` W[^]`bO\b Oa^SQb ]T <>E O\R <AE'+ OQbW]\ ]\ b QSZZa

Wa bVS abW[cZObW]\ ]T bVS ^`]ZWTS`ObW]\ ]T b QSZZa O\R)]` ^`]US\Wb]`

QSZZa( 6\ SO`Zg W\dSabWUObW]\ SdOZcObW\U bVS STTSQba ]T SfS\RW\'. W\
`Oba aV]eSR bVOb OQbWdObW]\ ]T <AE'+F ^`][]bSa ^`]ZWTS`ObW]\
O\R \S]US\SaWa ]T ^O\Q`SObWQ b QSZZa30( AObS`& ^`]ZWTS`ObWdS STTSQba

eS`S OZa] aV]e\ ]T <>EF OQbWdObW]\ W\ >CG'+ QSZZa31&32( >b
VOa PSS\ aV]e\ bVOb <>E OQbWdObSa bVS FOT'BSY+),':F@+),
aWU\OZW\U []RcZS bV`]cUV Q6BE)E@6 aWU\OZW\U W\ <>EF']dS`'
Sf^`SaaW\U 8VW\SaS VO[abS` ]dO`g QSZZa32i+** #;WUc`S 0$( 8]\aWa'
bS\b eWbV bVSaS ]PaS`dObW]\a& E@6 O\R B:@ W\VWPWb]`a VOdS

PSS\ aV]e\ b] ^`SdS\b <>E'W\RcQSR ^`]ZWTS`ObW]\ ]T QcZbc`SR
WaZSb QSZZa+*+( HVS aO[S abcRg Tc`bVS` aV]eSR bVOb <>E& Oa eSZZ Oa
<AE'+& W\RcQSa b`O\aQ`W^bW]\ ]T QgQZW\ 9+ bVOb Wa Q`WbWQOZ T]` <+

^VOaS ^`]U`SaaW]\ O\R G'^VOaS S\b`g W\ []ab QSZZ bg^Sa+*+( >\bS`'
SabW\UZg& E>-@ W\VWPWb]` OZa] ^`SdS\ba <>E O\R <AE'+'RS^S\RS\b
^`]ZWTS`ObW]\ ]T QcZbc`SR WaZSb QSZZa O\R >CG'+ QSZZa& acUUSabW\U
W\d]ZdS[S\b ]T bVS E>-@ ^ObVeOg W\ bVS ^`]ZWTS`ObW]\ ]T ^O\Q`S'
ObWQ b QSZZa W\RcQSR \]b ]\Zg Pg <AE'+& Pcb OZa] Pg <>E( 9SZW\SO'

bW]\ ]T bVS ^`]ZWTS`ObWdS OQbW]\ ]T <AE'+ Tc`bVS` aV]eSR bVOb Wb
W\d]ZdSa OQbWdObW]\ ]T E>-@ O\R c^`SUcZObW]\ ]T E9L'+ b`O\aQ`W^'
bW]\ bV`]cUV b`O\aOQbWdObW]\ ]T S^WRS`[OZ U`]ebV TOQb]` `SQS^b]`
#:<;F$+*,&+*-( 6ZbV]cUV bVSaS k\RW\Ua Q]cZR Sf^ZOW\ bVS W\d]ZdS'

[S\b ]T :<;F b`O\aOQbWdObW]\ O\R acPaS_cS\b E>-@ OQbWdObW]\ W\
bVS ^`]ZWTS`ObWdS OQbW]\ ]T <AE'+& eVSbVS` ]` \]b bVS aO[S [SQV'
O\Wa[ [WUVb PS W\d]ZdSR W\ bVS ^`]ZWTS`ObWdS OQbW]\ ]T <>E [cab
PS W\dSabWUObSR( >[^]`bO\bZg& bVS ^`]ZWTS`ObWdS O\R O\bW'O^]^b]bWQ
STTSQba ]T <>E O\R <AE'+ ]\ ^O\Q`SObWQ b QSZZa Q]cZR PS OQVWSdSR

Pg ^VO`[OQ]Z]UWQOZ ZSdSZa ]T W\Q`SbW\a `ObVS` bVO\ ^VgaW]Z]UWQOZ
ZSdSZa& PSQOcaS \] `SRcQbW]\ ]T b QSZZ [Oaa VOa PSS\ `S^]`bSR W\

O\W[OZa ZOQYW\U P]bV <>EF O\R <AE'+F,/&,1&,3( CSdS`bVSZSaa& bVS
^`]ZWTS`ObWdS STTSQba ]T <>E O\R <AE'+ ]\ ^O\Q`SObWQ b QSZZa O`S

QZW\WQOZZg `SZSdO\b T]` b`SOb[S\b ]T RWOPSbSa& O\R `S[OW\ b] PS
bSabSR W\ ^ObWS\ba eWbV RWOPSbSa(

EFFECTS ON GLUCAGON SECRETION FROM

PANCREATIC a CELLS

HVS STTSQba ]T <AE'+ O\R <>E ]\ UZcQOU]\ aSQ`SbW]\ T`][ ^O\'
Q`SObWQ a QSZZa O`S ]^^]aW\U( 6a SO`Zg Oa bVS +31*a& W\TcaW]\ ]T
<>E eOa aV]e\ b] Q]c\bS`OQb ac^^`SaaW]\ ]T UZcQOU]\ aSQ`SbW]\

Pg UZcQ]aS W\ `Oba ]` Wa]ZObSR `Ob WaZSba++&+*.( AObS`& bVWa eOa Q]\'
k`[SR W\ VSOZbVg Vc[O\a Rc`W\U ScUZgQS[WQ& Pcb \]b Rc`W\U
Vg^S`UZgQS[WQ& QZO[^ abcRWSa+*/& Oa eSZZ Oa W\ H,9B ^ObWS\ba
Rc`W\U [SOZ'b]ZS`O\QS bSaba+*0( ;c`bVS`[]`S& Wb VOa PSS\ aV]e\

bVOb <>EF Wa Sf^`SaaSR W\ Vc[O\ O\R []caS ^O\Q`SObWQ a QSZZa
O\R bVOb <>E abW[cZObSa UZcQOU]\ aSQ`SbW]\ T`][ QcZbc`SR a QSZZ'
ZW\S aH8'+ QSZZa eWbV O Q]\Q][WbO\b W\Q`SOaS W\ W\b`OQSZZcZO`
Q6BE ZSdSZa+*0( 6ZbV]cUV Wba ^VgaW]Z]UWQOZ W[^]`bO\QS `S[OW\a

c\Y\]e\& S\VO\QS[S\b ]T UZcQOU]\ aSQ`SbW]\ Pg <>E VW\RS`a
QZW\WQOZ caOUS ]T <>E Oa O b`SOb[S\b T]` RWOPSbSa(
>\ Q]\b`Oab& <AE'+ VOa PSS\ aV]e\ b] ac^^`Saa UZcQOU]\

aSQ`SbW]\ eVS\ ^ZOa[O UZcQ]aS ZSdSZa O`S OP]dS TOabW\U ZSdSZ+*1(

HVWa Wa QZW\WQOZZg W[^]`bO\b PSQOcaS <AE'+ Z]aSa Wba W\VWPWb]`g
STTSQb ]\ UZcQOU]\ aSQ`SbW]\ Ob Vg^]UZgQS[WQ ZSdSZa O\R R]Sa
\]b ObbS\cObS bVS Q]c\bS`'`SUcZOb]`g `Sa^]\aSa b] Vg^]UZgQS'
[WO( ;c`bVS`[]`S& Wb VOa `SQS\bZg `S^]`bSR bVOb W\acZW\ abW[cZO'
bW]\ O\R UZcQOU]\ W\VWPWbW]\ Q]\b`WPcbS S_cOZZg b] bVS STTSQb ]T

<AE'+ ]\ UZcQ]aS bc`\]dS` W\ H,9B ^ObWS\ba+*2( 9Sa^WbS ]T Wba
QZW\WQOZ W[^]`bO\QS& bVS [SQVO\Wa[ c\RS`ZgW\U bVS ac^^`SaaW]\
]T UZcQOU]\ aSQ`SbW]\ Pg <AE'+ `S[OW\a c\QZSO`( KVWZS <AE'

+F [FC6 Wa RSbSQbSR W\ O^^`]fW[ObSZg ,*! ]T QcZbc`SR
a QSZZ'ZW\Sa+*3& Sf^`SaaW]\ ]T bVS <AE'+ `SQS^b]` W\ ^O\Q`SObWQ
a QSZZa in vivo Wa Q]\b`]dS`aWOZ& O\R bVS`S Wa \] SdWRS\QS bVOb
<AE'+ RW`SQbZg OQba ]\ a QSZZa( =]e bVS\ R]Sa <AE'+ W\VWPWb
UZcQOU]\ aSQ`SbW]\5 <ZcQOU]\ aSQ`SbW]\ Wa ab`]\UZg W\VWPWbSR Pg

<AE'+ W\ bg^S + RWOPSbSa ^ObWS\ba eWbV \] `S[OW\W\U W\acZW\
aSQ`Sb]`g QO^OQWbg++*& acUUSabW\U bVOb W\acZW\& eVWQV Wa US\S`OZZg
bV]cUVb b] ac^^`Saa UZcQOU]\ aSQ`SbW]\& Wa \]b `S_cW`SR W\ bVWa

^`]QSaa( >[^]`bO\bZg& Wb VOa PSS\ aV]e\ bVOb <AE'+ abW[cZObSa
^O\Q`SObWQ a][Ob]abObW\ aSQ`SbW]\+++ O\R bVOb bVS W\VWPWb]`g
STTSQb ]T <AE'+ ]\ UZcQOU]\ aSQ`SbW]\ Wa OP]ZWaVSR Pg a][Ob]'
abObW\ O\bWP]RWSa O\R O a][Ob]abObW\ `SQS^b]` , O\bOU]\Wab W\
Wa]ZObSR `Ob ^O\Q`SOa++,( 6ZbV]cUV Sf^`SaaW]\ ]T bVS <AE'+F W\

d QSZZa OZa] `S[OW\a Q]\b`]dS`aWOZ& bVSaS abcRWSa acUUSab bVOb bVS
ac^^`SaaW]\ ]T UZcQOU]\ aSQ`SbW]\ Pg <AE'+ Wa [SRWObSR Pg
a][Ob]abObW\(

PHYSIOLOGICAL FUNCTION OF GIP IN FAT

ACCUMULATION

;Oba ab`]\UZg S\VO\QS <>E aSQ`SbW]\-2&++-& O\R <>E ZSdSZa O`S
VWUV W\ ]PSaS H,9B ^ObWS\ba++.( <>E VOa PSS\ ^`]^]aSR b] VOdS
O ^VgaW]Z]UWQOZ `]ZS ]\ \cb`WS\b c^bOYS W\b] ORW^]aS bWaacSa&

bVS`SPg ZW\YW\U ]dS`\cb`WbW]\ b] ]PSaWbg( 6\ W\WbWOZ QZcS QO[S W\
bVS SO`Zg +32*a T`][ O\ Sf^S`W[S\b aV]eW\U bVOb <>E& W\ bVS
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^`SaS\QS ]T W\acZW\& W\RcQSa TObbg OQWR W\Q]`^]`ObW]\ W\b] `Ob S^W'
RWRg[OZ TOb ^ORa++/( AObS`& <>EF eOa aV]e\ b] PS Sf^`SaaSR W\

ORW^]aS bWaacSa++0& O\R US\SbWQ OPZObW]\ ]T <>EF Tc`bVS` aV]ea
bVS Q`WbWQOZ `]ZS ]T <>E W\ TOb OQQc[cZObW]\,0(
=WUV'TOb RWSba O`S ]\S ]T bVS eSZZ'Y\]e\ S\dW`]\[S\bOZ RSbS`'

[W\O\ba ]T ]PSaWbg( 6ZbV]cUV Q]\b`]Z [WQS ]\ O VWUV'TOb RWSb T]`
/* eSSYa aV]e eSWUVb UOW\ O\R O [O`YSR W\Q`SOaS W\ dWaQS`OZ
O\R acPQcbO\S]ca TOb [Oaa O\R ZWdS` abSOb]aWa& acQV eSWUVb UOW\
O\R ORW^]aWbg eOa \]b ]PaS`dSR W\ <>EF'RSkQWS\b [WQS ]\ bVS
aO[S VWUV'TOb RWSba,0( <>EF'RSkQWS\b [WQS ]\ VWUV'TOb RWSba

aV]eSR S\S`Ug W\bOYS aW[WZO` b] bVOb ]T Q]\b`]Z [WQS& Pcb
aV]eSR VWUVS` S\S`Ug Sf^S\RWbc`S Oa `SdSOZSR Pg O `SRcQbW]\ ]T
]fgUS\ Q]\ac[^bW]\ O\R `Sa^W`Ob]`g _c]bWS\b Rc`W\U bVS ZWUVb
^VOaS& bVS ZObbS` W\RWQObW\U bVOb TOb Wa cbWZWhSR Oa bVS ^`STS``SR

S\S`Ug acPab`ObS W\ <>EF'RSkQWS\b [WQS( ;c`bVS`[]`S& <>EF'
RSkQWS\b [WQS aV]e W\Q`SOaSR ORW^]\SQbW\ aSQ`SbW]\& eVWQV
^`][]bSa TOb ]fWRObW]\ W\ [caQZS O\R W\Q`SOaSa bVS `Sa^W`Ob]`g
_c]bWS\b++1&++2( >\ ORRWbW]\& US\SbWQ OPZObW]\ ]T <>EF W\ ]PSaS

ob)ob [WQS& W\ eVWQV O RSTSQb W\ bVS ZS^bW\ US\S `SacZba W\ Vg^S`'
^VOUWO O\R acPaS_cS\b ]PSaWbg++3& O[SZW]`ObSa \]b ]\Zg ]PSaWbg
Pg W\Q`SOaW\U S\S`Ug Sf^S\RWbc`S,0&/-& Pcb OZa] W\acZW\ W\aS\aWbWd'
Wbg O\R UZcQ]aS b]ZS`O\QS eWbV]cb aS`W]caZg OTTSQbW\U W\acZW\

aSQ`SbW]\/.( HVSaS ]PaS`dObW]\a eS`S Q]\k`[SR W\ VWUV'TOb TSR
[WQS O\R ]PSaS ob)ob [WQS b`SObSR eWbV O <>EF O\bOU]\Wab&
#E`]-$<>E+,*i+,, O\R W\ [WQS ZOQYW\U <>E'aSQ`SbW\U @ QSZZa+,-&
SabOPZWaVW\U bVS Q`WbWQOZ `]ZS ]T <>E W\ TOb OQQc[cZObW]\(
6ZbV]cUV <>E eOa aV]e\ b] W\Q`SOaS bVS OQbWdWbg ]T ZW^]^`]bSW\

ZW^OaS #AEA$& O\ S\hg[S bVOb Wa P]c\R b] bVS QSZZ ac`TOQS ]T
ORW^]QgbSa O\R VgR`]ZghSa ZW^]^`]bSW\'Oaa]QWObSR b`WUZgQS`WRSa b]
^`]RcQS T`SS TObbg OQWRa OdOWZOPZS T]` Z]QOZ c^bOYS,0& bVS []ZSQcZO`

[SQVO\Wa[ Pg eVWQV <>E OQba ]\ ORW^]QgbSa Wa ZO`USZg c\Y\]e\(
>b eOa `SQS\bZg aV]e\ bVOb PW\RW\U ]T <>E b] <>EF W\ -H-'A+
QSZZa O\R `Ob S^WRWRg[OZ TOb `SacZba W\ S\VO\QSR aSQ`SbW]\ ]T
`SaWabW\ bV`]cUV O ^ObVeOg W\d]ZdW\U ^-2 B6E@ O\R bVS ab`Saa'
OQbWdObSR ^`]bSW\ YW\OaS)?c\ O[W\]'bS`[W\OZ YW\OaS #G6E@)

?C@$+,.( <>E OQbWdObSa E>-@ O\R 6Yb)E@7 bV`]cUV aSQ`SbSR
`SaWabW\& bVS`SPg ac^^`SaaW\U 6BE@ O\R W\Q`SOaW\U AEA OQbWd'
Wbg W\ ORW^]QgbSa+,.&+,/( >\bS`SabW\UZg& O\]bVS` <>EF OU]\Wab&

9'6ZO,<>E#+i-*$& aV]ea O ^]bS\Qg S_cWdOZS\b b] <>E#+i.,$ ]\
b QSZZ Tc\QbW]\ O\R ac`dWdOZ& Pcb U`SObZg `SRcQSR OQbW]\ ]\ ZW^]'
^`]bSW\ ZW^OaS OQbWdWbg W\ -H-'A+ QSZZa+,0( ;c`bVS` W\dSabWUObW]\ ]\
bVS RWTTS`S\bWOZ STTSQba ]T 9'6ZO,<>E#+i-*$ W\ b QSZZ O\R ORW^]'
QgbSa [WUVb aVSR ZWUVb ]\ bVS []ZSQcZO` [SQVO\Wa[a c\RS`ZgW\U

<>E OQbW]\ W\ TOb OQQc[cZObW]\ Oa eSZZ Oa [WUVb ]^S\ c^ O ^]aaW'
PWZWbg ]T <>E'POaSR O\bW'RWOPSbWQ bVS`O^g bVOb R]Sa \]b ^`][]bS
]PSaWbg( >[^]`bO\bZg& <AE'+ R]Sa \]b aV]e O\g `]ZS W\ TOb OQQc'
[cZObW]\( KVWZS <AE'+F Wa Sf^`SaaSR W\ ORW^]QgbSa+,1& OQbWdObW]\

]T <AE'+F OTTSQba \]\S ]T bVS OT]`S[S\bW]\SR aWU\OZW\U []ZS'
QcZSa O\R R]Sa \]b W\Q`SOaS AEA OQbWdWbg W\ ORW^]QgbSa+,.&+,/(

ENDOGENOUS GIP AND GLP-1 IN BONE

METABOLISM

FSUcZObW]\ ]T P]\S [SbOP]ZWa[ Wa O\]bVS` W[^]`bO\b ^VgaW]Z]UW'
QOZ Tc\QbW]\ ]T <>E O\R <AE'+( 6 `]ZS ]T <>E W\ P]\S [SbOP]'

ZWa[ eOa k`ab acUUSabSR Pg bVS ^`SaS\QS ]T <>EF W\ P]\S O\R
bVS ac^^`SaaW]\ ]T ]dO`WSQb][g'W\RcQSR P]\S Z]aa Pg <>E

OR[W\Wab`ObW]\+,2( AObS`& bVS `]ZS ]T S\R]US\]ca <>E W\ P]\S
T]`[ObW]\ PSQO[S SdWRS\b W\ <>EF'RSkQWS\b [WQS& eVWQV aV]e
bVW\\S` P]\S b`OPSQcZOS `S[W\WaQS\b ]T ]abS]^]`]aWa+,3( 7]\S VWa'

b][]`^V][Sb`WQOZ O\OZgaSa aV]eSR bVOb P]\S T]`[ObW]\ ^O`O[S'
bS`a O`S aWU\WkQO\bZg Z]eS` O\R bVS \c[PS` ]T ]abS]QZOaba Wa
aWU\WkQO\bZg W\Q`SOaSR W\ <>EF'RSkQWS\b [WQS& W\RWQObW\U VWUV'
bc`\]dS` ]abS]^]`]aWa+,3( >\ ORRWbW]\& <>E ac^^`SaaSa O^]^b]aWa
]T ]abS]PZOaba in vitro& acUUSabW\U bVOb <>E abW[cZObSa P]\S T]`'

[ObW]\ Pg W\VWPWbW\U O^]^b]aWa ]T ]abS]PZOaba+,3( :\VO\QS[S\b
]T P]\S T]`[ObW]\ Pg <>E& bV`]cUV ac^^`SaaW]\ ]T ]abS]QZOaba
O\R ^`SdS\bW]\ ]T ]abS]QZOab O^]^b]aWa& VOa OZa] PSS\ `S^`]RcQSR
W\ <>E b`O\aUS\WQ [WQS+-*i+-,( ;c`bVS`[]`S& <>E [WUVb TOQWZWbObS

QOZQWc[ RS^]aWbW]\ W\ P]\S W\ `Sa^]\aS b] [SOZ W\USabW]\
PSQOcaS ^]ab^`O\RWOZ ^ZOa[O QOZQWc[ ZSdSZa O`S S\VO\QSR W\
<>EF'RSkQWS\b [WQS+,2( 6ZbV]cUV bVSaS k\RW\Ua W[^Zg bVOb ^]ab'
[S\]^OcaOZ e][S\ [WUVb PS ]abS]^]`]aWa'^`]\S ^O`bZg Oa O

`SacZb ]T `SRcQSR <>E `Sa^]\aS+--& Wb `S[OW\a b] PS RSbS`[W\SR
eVSbVS` <>E SfS`ba O\ ]abS]US\WQ Tc\QbW]\ W\ Vc[O\a(
6 `]ZS ]T S\R]US\]ca <AE'+ W\ P]\S [SbOP]ZWa[ eOa aV]e\

Pg RSbOWZSR O\OZgaSa ]T <AE'+F'RSkQWS\b [WQS bVOb aV]eSR Q]`bW'

QOZ ]abS]^S\WO O\R P]\S T`OUWZWbg W\ ORRWbW]\ b] W\Q`SOaSR ]abS]'
QZOabWQ \c[PS`a O\R P]\S `Sa]`^bW]\ OQbWdWbg+-.( I\ZWYS <>E&
<AE'+ VOa \] RW`SQb STTSQb ]\ ]abS]PZOaba O\R ]abS]QZOaba& O\R
<AE'+ W\VWPWba P]\S `Sa]`^bW]\ W\RW`SQbZg bV`]cUV c^`SUcZObW]\
]T QOZQWb]\W\+-.&+-/( 6ZbV]cUV SfS\RW\'. OR[W\WabS`SR Ob ^VO`[O'

Q]Z]UWQOZ ZSdSZa VOa PSS\ aV]e\ b] ^`][]bS P]\S T]`[ObW]\ W\
`Oba+-0& eVSbVS` <AE'+'POaSR bVS`O^WSa aV]e O\g STTSQba ]\ P]\S
[SbOP]ZWa[ W\ Vc[O\ `S[OW\a b] PS ORR`SaaSR W\ bVS Tcbc`S(

PHYSIOLOGICAL FUNCTIONS OF ENDOGENOUS GIP

AND GLP-1 IN OTHER ORGANS

FSQS^b]`a T]` <>E O\R <AE'+ O`S Sf^`SaaSR W\ O eWRS dO`WSbg ]T
]`UO\a W\ ORRWbW]\ b] bVS ^O\Q`SOa& TOba O\R P]\Sa( KWbVW\ bVS

P`OW\& <>E Wa ab`]\UZg Sf^`SaaSR W\ \Sc`]\a ]T bVS VW^^]QO[^ca&
O\R bVS ]ZTOQb]`g PcZP O\R Ec`YW\XS QSZZa ]T bVS QS`SPSZZc[+-1&+-2&
O\R <>EF Wa Sf^`SaaSR W\ aSdS`OZ P`OW\ `SUW]\a W\QZcRW\U bVS

QS`SP`OZ Q]`bSf& VW^^]QO[^ca O\R ]ZTOQb]`g PcZP+-3&+.*( C]bOPZg&
Sf^`SaaW]\ ]T <>EF W\ \Sc`]\OZ ^`]US\Wb]`a ]T bVS RS\bObS Ug`ca
W\ bVS VW^^]QO[^ca acUUSaba W\d]ZdS[S\b ]T <>E W\ `SUcZObW]\ ]T
\Sc`]US\SaWa O\R [S[]`g T]`[ObW]\+-1( >\RSSR& ^`]ZWTS`ObW]\ ]T
\Sc`]\OZ ^`]US\Wb]`a Wa S\VO\QSR Pg W\TcaW]\ ]T <>E& O\R

Wa RSQ`SOaSR W\ bVS RS\bObS Ug`ca ]T <>EF'RSkQWS\b [WQS+-1(
8]\aWabS\b eWbV bVS ^`]ZWTS`ObWdS STTSQba ]T <>E ]\ \Sc`]\OZ
^`]US\Wb]`a& OQbWdObW]\ ]T <>EF Pg <>E O\OZ]UcS S\VO\QSa AHE
T]`[ObW]\ W\ VW^^]QO[^OZ aZWQS QcZbc`S& eVS`SOa W\VWPWbW]\

]T <>EF Pg bVS <>E O\bOU]\Wab #E`]-$<>E `SRcQSa AHE+.+(
<>E'b`O\aUS\WQ #HU$ [WQS aV]e W[^`]dSR ^S`T]`[O\QS W\ O
[S[]`g'`SZObSR PSVOdW]`OZ bOaY+.,( GW[WZO`Zg& <AE'+ S\VO\QSa
^`]ZWTS`ObW]\ ]T \Sc`]\OZ ^`]US\Wb]`a+.-&+.. O\R VOa PSS\ aV]e\
b] S\VO\QS AHE+./i+.1& O\R <AE'+F'RSkQWS\b [WQS aV]e

W[^OW`SR ^S`T]`[O\QS W\ [S[]`g'`SZObSR PSVOdW]`OZ bOaYa+./( >\
ORRWbW]\& <AE'+ Wa ^`]bSQbWdS OUOW\ab \Sc`]\OZ O^]^b]aWa W\ bVS

ª ,*+* 8f\Ta 8ffbV\Tg\ba Ybe g[X JghWl bY ;\TUXgXf TaW 9_TV^jX__ GhU_\f[\aZ 8f\T Ggl CgW Journal of Diabetes Investigation Volume 1 Issue 1/2 February/April 2010 15
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6ZhVSW[S`ja RWaSOaS []RSZ+.2&+.3( HOYS\ b]USbVS`& P]bV <>E O\R
<AE'+ Q]cZR ^`]ZWTS`ObS \Sc`]\OZ ^`]US\Wb]`a& bVS`SPg S\VO\QW\U

[S[]`g T]`[ObW]\(
6\]bVS` Tc\QbW]\ ]T <>E W\ bVS P`OW\ Wa `SUcZObW]\ ]T O^^SbWbS

O\R aObWSbg( DdO`WSQb][g'W\RcQSR ]PSaWbg VOa PSS\ ^`SdS\bSR Pg

<>EF RSkQWS\Qg& eVWQV Q]cZR PS Sf^ZOW\SR ^O`bZg Pg `SRcQSR
Sf^`SaaW]\ ]T ]`SfWUS\WQ \Sc`]^S^bWRS M #CEM$ W\ bVS Vg^]bVOZ'
O[ca O\R acPaS_cS\b `SRcQbW]\ ]T T]]R W\bOYS W\ bVS OPaS\QS ]T
<>EF+/*( 8S`SP`OZ W\TcaW]\ ]T CEM abW[cZObSa \Sc`]\OZ aSQ`SbW]\
]T <>E& W[^ZgW\U bVOb <>E OQba Oa O \SUObWdS `SUcZOb]` ]T CEM

O\R QO\ bVS`SPg Q]\b`]Z T]]R W\bOYS+/+( =]eSdS`& QO`STcZ Q]\aWR'
S`ObW]\ Wa `S_cW`SR T]` O\bW']PSaWbg Tc\QbW]\ ]T <>E W\ bVS P`OW\
PSQOcaS <>E VOa Wba RW`SQb STTSQb ]\ ORW^]aS bWaacSa( ;cbc`S abc'
RWSa caW\U P`OW\'a^SQWkQ <>EF'RSkQWS\b [WQS Q]cZR QZO`WTg `]ZSa

]T <>E W\ bVS QS\b`OZ \S`d]ca agabS[( FSUO`RW\U bVS `SUcZObW]\
]T O^^SbWbS O\R aObWSbg& P]bV W\b`OQS`SP`]dS\b`WQcZO` O\R ^S`W^V'
S`OZ W\TcaW]\ ]T <AE'+F OU]\Waba OZa] W\VWPWb T]]R W\bOYS+/,&+/-(
;c`bVS` SfO[W\ObW]\ caW\U bVS <AE'+ O\R <AE'+F O\bOU]\Wab

SfS\RW\#3i-3$ Q]\k`[a bVS W\VWPWb]`g OQbW]\a ]T S\R]US\]ca
<AE'+ ]\ T]]R W\bOYS+/.&+//( <AE'+F Wa Sf^`SaaSR W\ bVS O`QcObS
\cQZSca O\R ]bVS` Vg^]bVOZO[WQ `SUW]\a W\d]ZdSR W\ `SUcZObW]\
]T T]]R W\bOYS+/0& O\R RSab`cQbW]\ ]T bVS O`QcObS \cQZSca OP]Z'

WaVSa bVS W\VWPWb]`g STTSQb ]T <AE'+ ]\ T]]R W\bOYS+/1( HVSaS
ZW\Sa ]T SdWRS\QS W[^Zg bVOb \]b ]\Zg <>E& Pcb OZa] <AE'+ Q]\'
b`]Za T]]R W\bOYS O\R aObWSbg W\ Vc[O\a(
>\ ORRWbW]\ b] bVSaS Tc\QbW]\a& <AE'+ Wa W\d]ZdSR W\ UOab`]'

W\bSabW\OZ []bWZWbg Oa eSZZ Oa W\ bVS `SRcQbW]\ ]T QO`RWOQ Q]\b`OQ'

bWZWbg( 6ZbV]cUV <AE'+ W\VWPWba UOab`WQ S[^bgW\U+/2&+/3& <>E VOa
PSS\ aV]e\ b] VOdS ZWbbZS STTSQb ]\ UOab`WQ S[^bgW\U W\ Vc[O\a
O\R [WQS+*0&+0*( <AE'+ OQbW]\ ]\ bVS VSO`b eOa OZa] abcRWSR W\

<AE'+F'RSkQWS\b [WQS bVOb RWa^ZOg W\Q`SOaSR ZSTb dS\b`WQZS bVWQY'
\Saa& W[^OW`SR ZSTb dS\b`WQZS Q]\b`OQbWZWbg O\R RWOab]ZWQ RgaTc\Q'
bW]\+0+( >\ ORRWbW]\& <AE'+ OR[W\Wab`ObW]\ W\ O\W[OZ []RSZa ]`
Vc[O\a eWbV QO`RWOQ W\Xc`WSa #S(U( OQcbS [g]QO`RWOZ W\TO`QbW]\
O\R RWZObSR QO`RW][g]^ObVg$ aWU\WkQO\bZg W[^`]dSa QO`RWOQ ^S`'

]`[O\QS+0,i+00& acUUSabW\U \]b ]\Zg PS\SkQWOZ STTSQba ]T <AE'+
W\ VSO`b RWaSOaSa Pcb OZa] ac^^]`bW\U bVS SfWabS\QS ]T ^VgaW]Z]UW'
QOZ `]ZSa ]T <AE'+ ]\ bVS VSO`b( <>E OQbW]\ ]\ bVS VSO`b `S[OW\a

b] PS SfO[W\SR W\ bVS Tcbc`S(

INCRETIN-BASED THERAPIES FOR T2DM

6ZbV]cUV S\R]US\]ca <>E SfS`ba ab`]\U W\acZW\]b`]^WQ STTSQba W\
VSOZbVg acPXSQba& bVS aSdS`S `SRcQbW]\ W\ bVS W\acZW\]b`]^WQ STTSQb

]T <>E/,&/- O\R bVS <>E'RS^S\RS\b S\VO\QS[S\b ]T ^]ab^`O\RWOZ
UZcQOU]\ `Sa^]\aS+*0 VOdS RWaQ]c`OUSR RSdSZ]^[S\b ]T <>E'
POaSR bVS`O^WSa T]` H,9B( >\ Q]\b`Oab& bVS W\acZW\]b`]^WQ STTSQb
]T <AE'+ Wa acPabO\bWOZZg ^`SaS`dSR W\ H,9B/-&+01( A]\U'bS`[

W\b`OdS\]ca W\TcaW]\ ]T <AE'+ VOa PSS\ aV]e\ b] W[^`]dS UZgQS'
[WQ Q]\b`]Z+02& SabOPZWaVW\U <AE'+ O\R <AE'+F aWU\OZW\U Oa
Obb`OQbWdS bVS`O^ScbWQ bO`USba T]` H,9B( >\RSSR& <AE'+F OU]\Waba
#S(U( ZW`OUZcbWRS O\R SfS\ObWRS$ O\R 9EE'. W\VWPWb]`a #S(U(
aWbOUZW^bW\ O\R dWZROUZW^bW\$ VOdS PSS\ eWRSZg O\R acQQSaaTcZZg

caSR( ;c`bVS`[]`S& `SQS\b QZW\WQOZ RObO acUUSab bVOb W\Q`SbW\'
POaSR bVS`O^WSa O`S []`S STTSQbWdS W\ ?O^O\SaS ^ObWS\ba Q][^O`SR

eWbV 8OcQOaWO\ ^ObWS\ba+03i+1/( HVS STTSQbWdS\Saa ]T W\Q`SbW\'
POaSR bVS`O^WSa Wa Q]\aWabS\b eWbV bVS `SRcQSR SO`Zg W\acZW\ aSQ`S'

b]`g QO^OQWbg W\ H,9B ^ObWS\ba W\ 6aWO Q]c\b`WSa W\QZcRW\U
?O^O\+10& O\R Tc`bVS` acUUSaba bVOb acQV `SRcQSR SO`Zg W\acZW\
aSQ`Sb]`g QO^OQWbg Q]cZR PS ^O`bZg RcS b] bVSW` Q]\aWRS`OPZg Z]eS`

ZSdSZa ]T W\bOQb <AE'+& eVWQV VOa PSS\ `SQS\bZg `SdSOZSR
W\ ?O^O\SaS acPXSQba.,( >\Q`SbW\'POaSR bVS`O^WSa VOdS `SQS\bZg
PSQ][S eWRSZg OdOWZOPZS W\ 6aWO\ Q]c\b`WSa( =]eSdS`& bVSW` STTSQ'
bWdS\Saa W\ bVS `SUcZObW]\ ]T Z]\U'bS`[ UZgQS[WQ Q]\b`]Z& ^`SaS`'
dObW]\ ]T b QSZZ [Oaa O\R Tc\QbW]\& O\R bVS ^`SdS\bW]\ ]T [OQ`]

O\R [WQ`]Q][^ZWQObW]\a O`S \]b Y\]e\ O\R [cab PS QO`STcZZg
T]ZZ]eSR T]` gSO`a( CSdS`bVSZSaa& UWdS\ bVS ^ObV]^VgaW]Z]Ug ]T
6aWO\ H,9B #W\acZW\ RSkQWS\Qg `ObVS` bVO\ W\acZW\ `SaWabO\QS$&
W\Q`SbW\'POaSR bVS`O^WSa bVOb ^`W[O`WZg Q]``SQb W[^OW`SR SO`Zg

W\acZW\ aSQ`SbW]\ [WUVb eSZZ PS VWUVZg acWbOPZS W\ bVS b`SOb[S\b ]T
6aWO\ H,9B O\R VOdS bVS ^]bS\bWOZ b] PS O k`ab QV]WQS bVS`O^g
Oa Wa ^`SaS\bZg bVS QOaS T]` [SbT]`[W\ W\ 8OcQOaWO\ H,9B+11&+12(
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2( 9ebja A:& Dhgg M& GXWXefba I8( =heg[Xe che\sVTg\ba bY T
cb_lcXcg\WX WX`bafgeTg\aZ XagXebZTfgebaX TVg\i\gl( J Physiol

+31*5 ,*34 /1q0.(
3( ;hceX A& Ibff J8& NTgfba ;& et al. Jg\`h_Tg\ba bY \afh_\a

fXVeXg\ba Ul ZTfge\V \a[\U\gbel cb_lcXcg\WX \a `Ta( J Clin

Endocrinol Metab +31-5 -14 2,0q2,2(
+*( 8We\Ta K<& 9_bb` JI& ?Xe`TafXa B& et al. GTaVeXTg\V

cb_lcXcg\WX& Z_hVTZba TaW \afh_\a fXVeXg\ba Yeb` g[X
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\fb_TgXW cXeYhfXW VTa\aX cTaVeXTf( Diabetologia +3125 +.4
.+-q.+1(

++( KT`\aTgb K& JX\ab P& >bgb P& et al. Jlag[Xg\V ZTfge\V \a[\U\'
gbel cb_lcXcg\WX( Jg\`h_Tgbel XYYXVg ba \afh_\a TaW Z_hVTZba
fXVeXg\ba \a g[X eTg( Diabetes +3115 ,04 .2*q.2.(

+,( KT^X`heT A& JX\ab P& PT`T`heT K& et al. K[X eb_X bY XaWbZX'
abhf ZTfge\V \a[\U\gbel cb_lcXcg\WX \a g[X XagXeb\afh_Te Tk\f(
J Clin Endocrinol Metab +32,5 /.4 3*3q3+-(

+-( <UXeg I& LaZXe ?& :eXhgmYX_Wg N( GeXfXeiTg\ba bY \aVeXg\a
TVg\i\gl TYgXe eX`biT_ bY ZTfge\V \a[\U\gbel cb_lcXcg\WX ">@G#
Yeb` eTg Zhg XkgeTVgf Ul \``habTWfbecg\ba( Diabetologia

+32-5 ,.4 ..3q./.(
+.( 9X__ >@& JTagXeeX I=& Dh__XaUTV[ >K( ?T`fgXe ceXcebZ_hVT'

Zba VbagT\af g[X fXdhXaVX bY Z_hVTZba TaW gjb eX_TgXW
cXcg\WXf( Nature +32-5 -*,4 1+0q1+2(

+/( JV[`\Wg N<& J\XZX_ <>& :eXhgmYX_Wg N( >_hVTZba'_\^X cXc'
g\WX'+ Uhg abg Z_hVTZba'_\^X cXcg\WX', fg\`h_TgXf \afh_\a
eX_XTfX Yeb` \fb_TgXW eTg cTaVeXTg\V \f_Xgf( Diabetologia +32/5
,24 1*.q1*1(

+0( BeXl`Taa 9& N\__\T`f >& >[TgX\ D8& et al. >_hVTZba'_\^X
cXcg\WX'+ 1'-04 8 c[lf\b_bZ\VT_ \aVeXg\a \a `Ta( Lancet +3215
,4 +-**q+-*.(

+1( >eX`_\V[ J& GbeeXg 8& ?Ta\ <?& et al. :_ba\aZ& YhaVg\baT_
XkceXff\ba& TaW V[eb`bfb`T_ _bVT_\mTg\ba bY g[X [h`Ta
cTaVeXTg\V \f_Xg Z_hVbfX'WXcXaWXag \afh_\abgebc\V cb_lcXc'
g\WX eXVXcgbe( Diabetes +33/5 ..4 +,*,q+,*2(

+2( Mb_m 8& >b^X I& CTa^Tg'9hggZXeX\g 9& et al. Db_XVh_Te V_ba\aZ&
YhaVg\baT_ XkceXff\ba& TaW f\ZaT_ geTafWhVg\ba bY g[X >@G'
eXVXcgbe V_baXW Yeb` T [h`Ta \afh_\ab`T( FEBS Lett +33/5
-1-4 ,-q,3(

+3( N[XX_Xe D9& >X__\aZ IN& DV@agbf[ :?& et al. =haVg\baT_
XkceXff\ba bY g[X eTg cTaVeXTg\V \f_Xg Z_hVbfX'WXcXaWXag
\afh_\abgebc\V cb_lcXcg\WX eXVXcgbe4 C\ZTaW U\aW\aZ TaW
\ageTVX__h_Te f\ZaT_\aZ cebcXeg\Xf( Endocrinology +33/5 +-04
.0,3q.0-3(

,*( PT`TWT P& ?TlT`\ K& ET^T`heT B& et al. ?h`Ta ZTfge\V
\a[\U\gbel cb_lcXcg\WX eXVXcgbe4 :_ba\aZ bY g[X ZXaX ">@GI#
TaW V;E8( Genomics +33/5 ,34 11-q110(

,+( PTfhWT B& @aTZT^\ E& PT`TWT P& et al. ?T`fgXe ZTfge\V \a[\U\'
gbel cb_lcXcg\WX eXVXcgbe XkceXffXW \a cTaVeXTg\V \f_Xgf TaW
V_baT_ \afh_\a'fXVeXg\aZ VX__f4 @gf fgehVgheX TaW YhaVg\baT_
cebcXeg\Xf( Biochem Biophys Res Commun +33.5 ,*/4 +//0q
+/0,(

,,( ;\__ba AJ& KTa\mTjT P& N[XX_Xe D9& et al. :_ba\aZ TaW YhaV'
g\baT_ XkceXff\ba bY g[X [h`Ta Z_hVTZba'_\^X cXcg\WX'+
">CG'+# eXVXcgbe( Endocrinology +33-5 +--4 +3*1q+3+*(

,-( JgbYYX_ D& <fc\abfT I -eW& CX 9XTh DD& et al. ?h`Ta Z_hVT'
Zba'_\^X cXcg\WX'+ eXVXcgbe ZXaX( CbVT_\mTg\ba gb V[eb`b'
fb`X UTaW 0c,+ Ul thbeXfVXaVX \a f\gh [lUe\W\mTg\ba TaW
_\a^TZX bY T [\Z[_l cb_l`bec[\V f\`c_X gTaWX` eXcXTg
;E8 cb_l`bec[\f` gb bg[Xe `Te^Xef ba V[eb`bfb`X 0(
Diabetes +33-5 .,4 +,+/q+,+2(

,.( K[beXaf 9( <kceXff\ba V_ba\aZ bY g[X cTaVeXTg\V UXgT VX__
eXVXcgbe Ybe g[X Z_hVb'\aVeXg\a [be`baX Z_hVTZba'_\^X

cXcg\WX +( Proc Natl Acad Sci USA +33,5 234 20.+q
20./(

,/( ?Tafbg\T K& 9TZZ\b CC& ;X_`X\eX ;& et al. ;bhU_X \aVeXg\a
eXVXcgbe ^abV^bhg ";@IBF# `\VX eXiXT_ Ta XffXag\T_ eb_X
Ybe g[X XagXeb\afh_Te Tk\f \a geTafWhV\aZ g[X Z_hVbeXZh_T'
gbel TVg\baf bY ;GG'@M \a[\U\gbef( Diabetes ,**.5 /-4 +-,0q
+--/(

,0( D\lTjT^\ B& PT`TWT P& 9Ta E& et al. @a[\U\g\ba bY ZTfge\V
\a[\U\gbel cb_lcXcg\WX f\ZaT_\aZ ceXiXagf bUXf\gl( Nat Med

,**,5 24 1-2q1.,(
,1( GeX\gaXe =& @UUXefba D& =eTa^_\a @& et al. >_hVb'\aVeXg\af Vba'

geb_ \afh_\a fXVeXg\ba Tg `h_g\c_X _XiX_f Tf eXiXT_XW \a `\VX
_TV^\aZ >CG'+ TaW >@G eXVXcgbef( J Clin Invest ,**.5 ++-4
0-/q0./(

,2( JVebVV[\ C8& 9ebja KA& DT:_hf^l E& et al. >_hVbfX \agb_Xe'
TaVX Uhg abe`T_ fTg\Xgl \a `\VX j\g[ T ah__ `hgTg\ba \a g[X
Z_hVTZba'_\^X cXcg\WX + eXVXcgbe ZXaX( Nat Med +3305 ,4
+,/.q+,/2(

,3( D\lTjT^\ B& PT`TWT P& PTab ?& et al. >_hVbfX \agb_XeTaVX
VThfXW Ul T WXYXVg \a g[X XagXeb'\afh_Te Tk\f4 T fghWl \a ZTf'
ge\V \a[\U\gbel cb_lcXcg\WX eXVXcgbe ^abV^bhg `\VX( Proc Natl

Acad Sci USA +3335 304 +.2.-q+.2.1(
-*( B\XYYXe KA& DV@agbf[ :?& GXWXefba I8( ;XZeTWTg\ba bY Z_h'

VbfX'WXcXaWXag \afh_\abgebc\V cb_lcXcg\WX TaW gehaVTgXW
Z_hVTZba'_\^X cXcg\WX + \a i\geb TaW \a i\ib Ul W\cXcg\Wl_
cXcg\WTfX @M( Endocrinology +33/5 +-04 -/2/q-/30(

-+( DXag_X\a I& >T__j\gm 9& JV[`\Wg N<( ;\cXcg\Wl_'cXcg\WTfX @M
[lWeb_lfXf ZTfge\V \a[\U\gbel cb_lcXcg\WX& Z_hVTZba'_\^X cXc'
g\WX'+"1'-0#T`\WX& cXcg\WX [\fg\W\aX `Xg[\ba\aX TaW \f
eXfcbaf\U_X Ybe g[X\e WXZeTWTg\ba \a [h`Ta fXeh (̀ Eur J

Biochem +33-5 ,+.4 2,3q2-/(
-,( DTeZhXg ;& 9TZZ\b C& BbUTlTf[\ K& et al. <a[TaVXW \afh_\a

fXVeXg\ba TaW \`cebiXW Z_hVbfX gb_XeTaVX \a `\VX _TV^\aZ
:;,0( Proc Natl Acad Sci USA ,***5 314 021.q0213(

--( ;XTVba :=& ?b_fg AA( @``habTffTlf Ybe g[X \aVeXg\a [be'
`baXf >@G TaW >CG'+( Best Pract Res Clin Endocrinol Metab

,**35 ,-4 .,/q.-,(
-.( Fef^bi :& NXggXeZeXa 8& ?b_fg AA( 9\b_bZ\VT_ XYYXVgf TaW

`XgTUb_\V eTgXf bY Z_hVTZba_\^X cXcg\WX'+ 1'-0 T`\WX
TaW Z_hVTZba_\^X cXcg\WX'+ 1'-1 \a [XT_g[l fhU]XVgf TeX
\aW\fg\aZh\f[TU_X( Diabetes +33-5 .,4 0/2q00+(

-/( Fef^bi :& ITUXa[b] C& NXggXeZeXa 8& et al. K\ffhX TaW
c_Tf`T VbaVXageTg\baf bY T`\WTgXW TaW Z_lV\aX'XkgXaWXW
Z_hVTZba'_\^X cXcg\WX @ \a [h`Taf( Diabetes +33.5 .-4 /-/q
/-3(

-0( Mb__`Xe B& ?b_fg AA& 9T__Xe 9& et al. GeXW\Vgbef bY \aVeXg\a Vba'
VXageTg\baf \a fhU]XVgf j\g[ abe`T_& \`cT\eXW& TaW W\TUXg\V
Z_hVbfX gb_XeTaVX( Diabetes ,**25 /14 012q021(

-1( M\_fUb__ K& BeTehc K& ;XTVba :=& et al. IXWhVXW cbfgceTaW\T_
VbaVXageTg\baf bY \agTVg U\b_bZ\VT__l TVg\iX Z_hVTZba'_\^X
cXcg\WX + \a glcX , W\TUXg\V cTg\Xagf( Diabetes ,**+5 /*4
0*3q0+-(

-2( :Tee I;& CTefXa DF& N\amX__ DJ& et al. @aVeXg\a TaW \f_Xg
[be`baT_ eXfcbafXf gb YTg TaW cebgX\a \aZXfg\ba \a
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[XT_g[l `Xa( Am J Physiol Endocrinol Metab ,**25 ,3/4
<113q<12.(

-3( ;XTVba :=& EThV^ D8& DX\Xe A& et al. ;XZeTWTg\ba bY XaWb'
ZXabhf TaW XkbZXabhf ZTfge\V \a[\U\gbel cb_lcXcg\WX \a
[XT_g[l TaW \a glcX , W\TUXg\V fhU]XVgf Tf eXiXT_XW hf\aZ T
aXj TffTl Ybe g[X \agTVg cXcg\WX( J Clin Endocrinol Metab

,***5 2/4 -/1/q-/2+(
.*( DX\Xe AA& EThV^ D8& BeTam ;& et al. JXVeXg\ba& WXZeTWTg\ba&

TaW X_\`\aTg\ba bY Z_hVTZba'_\^X cXcg\WX + TaW ZTfge\V \a[\U\'
gbel cb_lcXcg\WX \a cTg\Xagf j\g[ V[eba\V eXaT_ \afhYsV\XaVl
TaW [XT_g[l Vbageb_ fhU]XVgf( Diabetes ,**.5 /-4 0/.q00,(

.+( M\_fUb__ K& BeTehc K& JbaaX A& et al. @aVeXg\a fXVeXg\ba \a eX_T'
g\ba gb `XT_ f\mX TaW UbWl jX\Z[g \a [XT_g[l fhU]XVgf TaW
cXbc_X j\g[ glcX + TaW glcX , W\TUXgXf `X__\ghf( J Clin

Endocrinol Metab ,**-5 224 ,1*0q,1+-(
.,( PTUX ;& BhebX 8& CXX J& et al. C\gg_X Xa[TaVX`Xag bY `XT_'

\aWhVXW >CG'+ fXVeXg\ba \a ATcTaXfX4 :b`cTe\fba bY glcX ,
W\TUXgXf TaW [XT_g[l Vbageb_f( J Diabetes Invest ,*+*5 +4
/0q/3(

.-( ;XTVba :=& Ab[afXa 8?& ?b_fg AA( ;XZeTWTg\ba bY Z_hVTZba'
_\^X cXcg\WX'+ Ul [h`Ta c_Tf`T \a i\geb l\X_Wf Ta E'gXe`\'
aT__l gehaVTgXW cXcg\WX g[Tg \f T `T]be XaWbZXabhf `XgTU'
b_\gX \a i\ib( J Clin Endocrinol Metab +33/5 2*4 3/,q3/1(

..( M\_fUb__ K& 8ZXefb ?& CThe\gfXa K& et al. K[X X_\`\aTg\ba eTgXf
bY \agTVg >@G Tf jX__ Tf \gf ce\`Tel `XgTUb_\gX& >@G -'.,& TeX
f\`\_Te \a glcX , W\TUXg\V cTg\Xagf TaW [XT_g[l fhU]XVgf(
Regul Pept ,**05 +-14 +02q+1,(

./( ?TafXa C& ;XTVba :=& Fef^bi :& et al. >_hVTZba'_\^X cXc'
g\WX'+'"1'-0#T`\WX \f geTafYbe`XW gb Z_hVTZba'_\^X cXcg\WX'
+'"3'-0#T`\WX Ul W\cXcg\Wl_ cXcg\WTfX @M \a g[X VTc\__Te\Xf
fhcc_l\aZ g[X C VX__f bY g[X cbeV\aX \agXfg\aX( Endocrinology

+3335 +.*4 /-/0q/-0-(
.0( ;XTVba :=& Ge\WT_ C& B_Tef^bi C& et al. >_hVTZba'_\^X cXcg\WX

+ haWXeZbXf W\YYXeXag\T_ g\ffhX'fcXV\sV `XgTUb_\f` \a g[X
TaXfg[Xg\mXW c\Z( Am J Physiol +3305 ,1+4 <./2q<.0.(

.1( Ibff J8& 9ebja A:& ;hceX A( ?lcXefXVeXg\ba bY ZTfge\V \a[\U\'
gbel cb_lcXcg\WX Yb__bj\aZ beT_ Z_hVbfX \a W\TUXgXf `X__\ghf(
Diabetes +3115 ,04 /,/q/,3(

.2( KT^X`heT A& JX\ab P& KfhWT B& et al. ?lcXefXVeXg\ba bY ZTfge\V
\a[\U\gbel cb_lcXcg\WX \aWhVXW Ul Z_hVbfX \aZXfg\ba \a W\T'
UXgXf `X__\ghf( Endocrinol Jpn +32+5 ,24 +1q,+(

.3( GTe^Xe ?<& ?TU\U 8D& IbZXef >A& et al. Ehge\Xag'WXcXaWXag
fXVeXg\ba bY Z_hVbfX'WXcXaWXag \afh_\abgebc\V cb_lcXcg\WX
Yeb` ce\`Tel `he\aX B VX__f( Diabetologia ,**35 /,4 ,23q,32(

/*( M\_fUb__ K& BeTehc K& DTWfUTW J& et al. 9bg[ >CG'+ TaW >@G
TeX \afh_\abgebc\V Tg UTfT_ TaW cbfgceTaW\T_ Z_hVbfX _XiX_f
TaW Vbage\UhgX aXTe_l XdhT__l gb g[X \aVeXg\a XYYXVg bY T
`XT_ \a [XT_g[l fhU]XVgf( Regul Pept ,**-5 ++.4 ++/q+,+(

/+( EThV^ D8& 9TegX_f <& Fef^bi :& et al. 8WW\g\iX \afh_\abgebc\V
XYYXVgf bY XkbZXabhf flag[Xg\V [h`Ta ZTfge\V \a[\U\gbel
cb_lcXcg\WX TaW Z_hVTZba'_\^X cXcg\WX'+'"1'-0# T`\WX
\aYhfXW Tg aXTe'c[lf\b_bZ\VT_ \afh_\abgebc\V [be`baX TaW
Z_hVbfX VbaVXageTg\baf( J Clin Endocrinol Metab +33-5 104
3+,q3+1(

/,( EThV^ D8& ?X\`XfTTg DD& Fef^bi :& et al. GeXfXeiXW \aVeX'
g\a TVg\i\gl bY Z_hVTZba'_\^X cXcg\WX + R1q-0 T`\WXS Uhg abg
bY flag[Xg\V [h`Ta ZTfge\V \a[\U\gbel cb_lcXcg\WX \a
cTg\Xagf j\g[ glcX', W\TUXgXf `X__\ghf( J Clin Invest +33-5 3+4
-*+q-*1(

/-( M\_fUb__ K& BeTehc K& DTWfUTW J& et al. ;XYXVg\iX T`c_\sVTg\ba
bY g[X _TgX c[TfX \afh_\a eXfcbafX gb Z_hVbfX Ul >@G \a
bUXfX glcX @@ W\TUXg\V cTg\Xagf( Diabetologia ,**,5 ./4 ++++q
+++3(

/.( PT`TWT P& D\lTjT^\ B& Kfh^\lT`T B& et al. GTaVeXTg\V TaW
XkgeTcTaVeXTg\V XYYXVgf bY ZTfge\V \a[\U\gbel cb_lcXcg\WX(
Diabetes ,**05 //4 J22qJ3+(

//( Claa =:& GT`\e E& EZ <?& et al. ;XYXVg\iX Z_hVbfX'WXcXa'
WXag \afh_\abgebc\V cb_lcXcg\WX eXVXcgbe XkceXff\ba \a W\T'
UXg\V YTggl QhV^Xe eTgf( Diabetes ,**+5 /*4 +**.q+*++(

/0( Claa =:& K[b`cfba J8& Gbfc\f\_\^ A8& et al. 8 abiX_ cTg[jTl
Ybe eXZh_Tg\ba bY Z_hVbfX'WXcXaWXag \afh_\abgebc\V cb_lcXc'
g\WX ">@G# eXVXcgbe XkceXff\ba \a UXgT VX__f( FASEB J ,**-5 +14
3+q3-(

/1( G\gXTh J& F_iXe 8& B\` JA& et al. IXiXefT_ bY \f_Xg >@G eXVXcgbe
Wbja'eXZh_Tg\ba TaW eXf\fgTaVX gb >@G Ul eXWhV\aZ [lcXe'
Z_lVX`\T \a g[X QhV^Xe eTg( Biochem Biophys Res Commun

,**15 -0,4 +**1q+*+,(
/2( PbhaTa JD& ITf[XW C8( @`cT\e`Xag bY g[X \afh_\abgebc\V

XYYXVg bY ZTfge\V \a[\U\gbel cb_lcXcg\WX ">@G# \a bUXfX
TaW W\TUXg\V eTgf \f eX_TgXW gb g[X Wbja'eXZh_Tg\ba bY
\gf cTaVeXTg\V eXVXcgbef( Gen Physiol Biophys ,**15 ,04
+2+q+3-(

/3( Q[bh A& C\iT^ D=& 9Xea\Xe D& et al. LU\dh\g\aTg\ba \f
\aib_iXW \a Z_hVbfX'`XW\TgXW WbjaeXZh_Tg\ba bY >@G
eXVXcgbef \a \f_Xgf( Am J Physiol Endocrinol Metab ,**15 ,3-4
</-2q</.1(

0*( ?TeTWT E& PT`TWT P& Kfh^\lT`T B& et al. 8 abiX_ >@G eXVXc'
gbe fc_\VX iTe\Tag \athXaVXf >@G fXaf\g\i\gl bY cTaVeXTg\V
UXgT'VX__f \a bUXfX `\VX( Am J Physiol Endocrinol Metab

,**25 ,3.4 <0+q<02(
0+( BhUbgT 8& PT`TWT P& ?TlT`\ K& et al. @WXag\sVTg\ba bY gjb

`\ffXafX `hgTg\baf \a g[X >@G eXVXcgbe ZXaX4 8 YhaVg\baT_
fghWl TaW TffbV\Tg\ba TaT_lf\f j\g[ E@;;D4 Eb Xi\WXaVX bY
TffbV\Tg\ba j\g[ ATcTaXfX E@;;D fhU]XVgf( Diabetes +3305
./4 +1*+q+1*/(

0,( JTkXaT I& ?\iXeg D=& CTaZXaUXeZ :& et al. >XaXg\V iTe\Tg\ba
\a >@GI \athXaVXf g[X Z_hVbfX TaW \afh_\a eXfcbafXf gb Ta
beT_ Z_hVbfX V[T__XaZX( Nat Genet ,*+*5 .,4 +.,q+.2(

0-( ;ehV^Xe ;A& G[\_\ccX A& Db]fbi J& et al. >_hVTZba'_\^X cXcg\WX
@ fg\`h_TgXf \afh_\a ZXaX XkceXff\ba TaW \aVeXTfXf VlV_\V
8DG _XiX_f \a T eTg \f_Xg VX__ _\aX( Proc Natl Acad Sci USA

+3215 2.4 -.-.q-.-2(
0.( JmXVbj^T A& >e\__ M& JTaWUXeZ <& et al. <YYXVg bY >@G ba g[X

fXVeXg\ba bY \afh_\a TaW fb`TgbfgTg\a TaW g[X TVVh`h_Tg\ba
bY VlV_\V 8DG \a i\geb \a g[X eTg( Acta Endocrinol (Copenh)

+32,5 334 .+0q.,+(
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bY g[X \aVeXg\a [be`baXf Z_hVTZba'_\^X cXcg\WX'@ TaW
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Z_hVbfX'WXcXaWXag \afh_\a eX_XTf\aZ cb_lcXcg\WX( Endocr

Rev +33/5 +04 -3*q.+*(
00( ?b_m >>( <cTV4 8 aXj V8DG'U\aW\aZ cebgX\a \a fhccbeg
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Similarities and differences of GIP and GLP-1


