YAKUGAKU ZASSHI 127(11) 1825—1836 (2007) © 2007 The Pharmaceutical Society of Japan 1825

O—kE—DRERBETHIRE

fi]

—Reviews—

HET BRERS OEES
i K HE

Pharmacological Bases of Coffee Nutrients for Diabetes Prevention
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With an increasing number of studies describing the negative correlation of coffee consumption and the risk for type
2 diabetes mellitus, we were compelled to elucidate the nutrients which bring pharmacological effects on risk reduction
for diabetes. In this review, the author’s interest is focused on chlorogenic and caffeic acids derived from lightly roasted
coffee beans, as well as nicotinic acid, volatile Maillard reaction products (VMRPs), and another structurally unknown
compound contained in heavily roasted beans. Caffeine is a common compound in both lightly and heavily roasted
beans and its anti-inflammatory effects on degenerative diseases such as diabetes mellitus has been reevaluated recently.
The prophylactic effects of coffee on diabetes involve pleiotropy of plural components in accordance to the degree of the
roasting. A new concept of nutritional blended coffee may be important to optimize the prophylactic effects of coffee on
lowering the risk factors of diabetes and delaying the progress of diabetes complications as well.
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Fig. 1. 500 MHz 'H NMR Spectrum of Hot Water Extract of Raw Coffee Beans

Each signal was identified by adding the authentic specimen.



No. 11

1827

caffeine —» —*—
—
acetic acid
methyl
protons
of
aromatic
MRPs
nicotinic acid and cholinergic compd

\

o,

aromatic protons of MRPs

caffeine

formic acid

4 3 2 1 ppm

Fig. 2. 500 MHz NMR Spectrum of Hot Water Extracts of Roasted Coffee Beans
The roasting conditions were at 220°C for 30 min. Signals of each product except MRPs were identified by addition of the authentic specimen.
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Fig. 3. Changes in Amounts of the Coffee Components dur-
ing Roasting
Amount of each compound is shown in % against caffeine. Circled num-
bers indicate the compound name shown in Table 1. A large arrow shows
carbonization after 30 min.
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Table 1. Amounts of the Pharmacologically Active Compounds in Roasted Coffee
Candidates Relative Content Maximum Note
Raw Medium Heavy (mg/Cup)

@O Caffeine + + + 150
@ Sucrose + - — — Change to @, @, ©
® Trigonelline + + — 70 Change to @),
@ Chlorogenic acid + + — 400 Change to ®
® 5-HMF — + - 30
® Chlorogenic lactone - + - 5
@ Nicotinic acid - — + 5
Cholinergic compound — — + 20
Nonvolatile Maillard — + #+ 20 Complex Mixture
@ Volatile Maillard - + #+ 5 Complex Mixture

Caffeine is stable during roasting, while sucrose, trigonelline, and chlorogenic acid are transferred into other compounds suggested in this Table. Volatile and
nonvolatile Maillard compounds are the complex mixtures derived from sucrose and/or protein through the Maillard reaction. Formic and acetic acid are found

in the roasted coffee, but are not shown in this Table. + means relative amounts.
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WEDELEETHD, HAEETERIIHLW
FRiEDHZ 2 2R RL TS (http://www.jpma.
or.jp/medqa/korekara/korekara-01.html). ZFHiZ
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Table 2. Prevention of Type 2 Diabetes Mellitus and NNT
Value
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(Fig. 3), #pla—t—Rbidd-o EEz T
5. ZHOULTHINENZ N7 = —BI3 Fig. 4 1
RTEDCHT A=V AF ) EEBEEHE (COMT)
WCES>TAFIMEEI NS D, EITZ OB IS
DNA A F )L EEE (DNMT) 12K DR
DAF ALK E S 7D 7 L TWDB T EDEMN
DO WD AFIEMEERIT S T T
SIVAFF = (SAM) TH D7D N5 E
U, B7x—ENENEZITIE DNA O A F)ULHE
ENELRD., —F, AFINEZELS=SAM T S-
75 VIVHRETYATA Y (SAH) IT&LT 575,
Z® SAH |[Z DNMT Q@ e HEME TH D Z &
D55 72,3 DF D, Fig. 412BWT, #1121
DNMT & COMT D& 12 & > T DNA A F )L LA
SN, % 21T3FEMET 5 SAH OHEFEMFEAICK
S TCDNA AFIMENZEICHFH INDDTH
53@%71—@@:@¢5@¢mm;<wt71
IWLVEETIEET LW, ek s 7o)V LEEIE T
T—FED O- AFIVETHD, T51BAFILE
ZF5 LB RNWNSTH 5.

PLEIZIR X727 7 = —B D DNA XA F)ULRHEE
A, MR H O AR HB W T DNA % (R
LU, 7RE=ZOMFNTHE > TWHEEZ BN
L0, EEOHNRNEDRELRDONPERINTND
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Fig. 4. Caffeic Acid Inhibits DNA Methylation vie DNMT/
COMT Competition
Both DNMT and COMT require SAM as the methyl donor. During the
COMT-mediated catechol O-methylation, the formation of SAH increased
and accumulated SAH may exert a strong feedback inhibition of DNA
methylation, that is a key epigenetic mechanism for silencing of active genes.
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B L TWS. 9 ZaF U I3Z OMIC d HEEE
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4-5. VMRPs & ZDRBEY BRIk
BRHICEEDOEMICEBRNALS T —RILLED
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ELUTOREMERMFRINTWED, mittidgLica
OB BT NP ADRKICR S & DF@NEEN,

Nicotinic acid
vMRPs’ Metabolites

GPR109A Adrenaline

Cortisol Recéptor

N“;! [

Suppression
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PPARy

Vaso-Protection
Hyperglycemia

Fig. 5. Biochemical and Physiological Mechanism of
GPR109A
Cortisol and adrenaline activate the cell machineries to proceed energy
supply, whereas nicotinic acid and mimics which bind to GPR109A an-
tagonize the effects of the stress hormones to suppress hyperglycemia and
vaso-inflammation.
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HIBE U 7= (E B FE PCT/JP2005/018394). & 5
12, ZaF AR T MM O pleiotropia % i
7L, MUBS % 8FMED PAs ML EMEEE LT
FHTHZEERWH L (Table 3). §/2b5,
Fig. 6 [2{b M %2, Table 3 [T K 2 R 9
PASZENDBITFCBHDOIIVIATHD, £
NSEREERBMZTHRIVE VRIEH 2R 51H
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(CH3) 0~3 (umws LT3, Z 0% HSL MIH1EH A2 A4k

o, —— A

pyrazinoic acids

COOH

Methylpyrazines

Fig. 6. Metabolism of Methylpyrazines

Methylpyrazines are transferred metabolically to mono-pyrazinoic
acids, which are the nicotinic acid mimics showing pleiotropic effects on HSL
activity, inflammatory and immune systems in rats.

Table 3. Pharmacological Pleiotropia of Pyrazinoic Acids
(PAs)

Experiment 7 Inhibition Rescue of lung £ 2
_gp of HSL embolism in vivo ?%g g'%
= - 3 ad 3
S r2 o z» Eizt
o 482 ¢ 4222 3 sSo xo
B .9 8 L.mB S o 28§53
5 %28 B 9w zso 2 Qo Fo
= 5<& 2 58 92 o B A< &
< = o L8 O 3 3
. 02 o 3 Sao 35 SIS
¥ g2 =825 5 & =23 <8
43 o 2 = ISy <
= o S 5 @ 2 IAE
I B (& & °w
Compound S =g
Nicotinic acid 1 1 1 6 4 4 2
Acipimox 3 2 2 9 10 9 — —
Trigonelline 5 2 6 — — — 2 —
PA 4 2 4 2 4 2 5 1
3-MPA — 9 — 2 4 3 3 9
5-MPA 2 5 2 2 1 7 6 4
6-MPA 6 6 5 6 4 5 7 5
3,5-MPA — 6 — 8 4 6 1 6
3,6-MPA — § — 10 9 9 9 3
5,6-MPA 7 7 6 2 3 7 10 7
3,5,6-MPA — 9 — 1 1 1 8 8

Abbreviation MPA shows methylpyrazinoic acid. Acipimox is an N-
oxide derivative of 5-MPA and has been used for a lipid lowering drug
commercialized by Pfizer, Italy. Trigonelline is contained in raw coffee
beans and an origin of nicotinic acid. All experiments were performed in
rats or mouse. Numbers indicate the order of pharmacological intensity in
each group. — means no activity.

Wy, MR CTHIREREHZRIIEY, LPSRE
D7 0 U THRIERE R Z 3T 2k e s
WA TED (HARFEZERYE 125 42 1 30-0796—
0800). Table 3 | TN £ TITHERTFEHR & KFiF
L7-NEE2EEDEZDHDOT, RFOHEFIIFNEN
D SEZERIE H A 12 SR EH O5RE DOEL 2~ L T3,
ZOF I BT Table 3 it# DI R T DKM
ERZERBHT . 205D 5 525K GPRI09A #
FE & HSL I E AH 1F F 3 EE D EAL I & < FHEL

GPRIOA Z N L THRBEL TWDH I L THIHTE
5. FHEMHIERRE 50, HepG2 Hll iz @ 21 1 Hi
CLPSHFHEMHOMEIERA D ZN S O — I
GPRIOA Z /M L TWAAIREMEZ R TE 5. —
75, g EER I D < izt Rmeh R oL & YiE
i, ZARMBRME & RS ST W OBRICAE S
TWwb., ZDOZ &L, 3,5,6-MPA O3k B g E
2R K GPRI09A EI3EIRTH 5 Z & &R
LTWa, DLEIZIRZL D12, Table 3 @ PAs i
et LT OF i kk O3B pleiotropia
ERTENZ D,

PAs LI#f @ vMRPs T= O F EEREAE 2 <31k
GMELT, Fig. TIORT TN T T—IVEND 5.
TIT T=IVEDIRMY (&R &L TREFINT
W52, 7IVTFE RTHH70ULIKLITHEEIZDN
TEMHINTWS, LrL, 77 I7—=IAEt k
WHEEZRIT 2 LW EENRGEZE ZITH R
VY, 5259 WHO OFfENAESHESIHL TH< (http://
www.inchem.org/documents/jecfa/jecmono/v46je02.
htm). HEITNEIL, Fig. 712”7 5-HMF 23 &5
FUTIA AL TWAHZETHD, —HITKkDEH
WORAEETERNINS EIT 1 HICKE mg IZEL
T3, % FH 513 Fig. 712RT F U 5-HMF @
REEWTH 2 VAR (FA & 5-HMFA) 78
GPRI109A [ZH5WsINBE BHEGL, Tv PANDKRE
45 (300 mg/kg) TiiH NEFA MK TFd 22 &%
MR L=, X512, 5-HMFA 23~ ™7 Z fifi i #2 ZE#4
fiEET )L T 3,5,6-MPA 12D W T Wi 35 % 5
Wz Ez2R0WH LAz 5SS-HMFA D7 5F K>
FEIZRT 22 RIET A TR TIHNH DO,
ADP 5 —F IZud 58T 0% —)b
WCIEE L T/ (HARIEZERE 127 2 ¢ 30R-
pml4 ; HARE 2007-031220). $/2bb, 75>
FVR B EARIC = O F O BRI (E % S H
THZENIDTREINLEENZ D,

4-6. 115-HSD1[HEME 2 HHERK DO Tk
THEHDHAYRY w7 RO—4A (MS) D=K
HRELTEHE, EEHAE, AMLVANEETDH
%, ZOOH@MESHEIHARIIHETLRIILF—%E
LITDT, MSERELABZHAZEMRLS V. Ih
WHLUTARNLVANERERZHEEIILLS 40> T
Wiz, RIS EIBRERIVESTHS7) a0
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furfural (F)

COOH
2-furanoic acid (FA)

s Gy |
HE O CHO HE O~ "COOH

5-hydroxymethylfurfural
(5-HMF)

Fig. 7. Metabolism of Furfurals

5-hydroxymethyl-2-furanoic acid

(5—-HMFA)

Furfurals and their metabolites, furanoic acids, are the nicotinic acid mimics, showing suppressive effect on HSL and anticoagulant activity against ADP- and

collagen-induced fatal lung embolism.

liver, muscle,

rOH

HO

Cortisol (active form)

Fig. 8. Organ Specific Biochemical Interconversion of 113-HSDs

adipocyte

<_—. o

kldney

Cortisone (inactive form)

Adrenal cortex mainly excretes cortisol as an active glucocorticoid. In each organ the type 1 enzyme exhibits redox-activities in vitro, but in vivo mainly func-
tions as a reductase in liver, muscle, and adipose tissues. The type 2 enzyme exhibits only dehydrogenase activity, converting physiologically active cortisol to inac-

tive cortisone.

L&A R (GCs) DA EE DR S N TW /=03,

RHEIML X)) TOBRIIEHL N>/, EESITED
RWAERKZ R L 2 EWNDITWS HERORHME X
ML ZIZEHL, A ML ZARIVES ACTH 7Y 2
11p- A7 01 Bi/kFEEEZE (118-HSD2) Z 4| L,

I F—IREZEZHEZEL TS Z &z RWHL
2.9 DOF0D, ANLVATHWENET IINF —

VI3, RUCA LA TRH#SNZ<RD, BEKRIET
B EICHRNWINTFY —IVOEEZZT TS5
(Fig. 8).

DVF —IVideEEEE L TRIBICOEET S

DT, HRFORMATIN T =)V BRELN T 5
&, BREOHAERMKENME T TS, 20 & EHERIC
115-HSDs 72 £ D GC BAHE R FIT/RA S MDD
JAA (imprinting) 2N Z % &, EEHETHS »
Nk THARKEKERORAZEMS U X7 0
R 2B EEZASNTNDS WD FNHZN
X, BERANOEE SR A ML 23T HARZEBEAZTMS
TR ERS TVWDHHEENE W, 365D 2O XS ITH

ARERAREIZENOERICHE LU TEETHD, K&
A TEBECEFRLEINDDH S, 7

WM ACTH DIE /NI 118-HSD2 % 6 < #ifH 9
LILEMN DB, EHEIGENTWLHEDTY
FINDFWMBETIVRATOVEZFHET 22 &1
H<moHenNTWED, ZOHENERD 114-
HSD2 [HEIC LD Z N0 272DI3T>EDED
Z&ETHB.® Figure 8 IZ;-9 £ D12, 115-HSD2
BRI RMICBHEL TWB DT, BEREMEAHE
EIND BB )T —IVINEICEREL, B
IWRATOEZRITOTHS. EESIT, EH
HKEZBEMT DHRFEREOSIMEY A7 2T 5
iz, M GCs IREZMEL THL.PD T 5
&, aANFVr (REERD J)VFU =)V (&
) MARELRIMENWETE D KERY 27 DR
N7,

T, Fig. 8 IZRT IINF VU — )R E RGBT
DORRZ I SICHAET %121E 118-HSDL BT % 1
TOEEEFRDLEND D, EESIIHIRFET
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VD db/db ¥ X & ffio TEEL, K 118-HSDI
mRNA O RFEZTUEZBZ L . [ CEHigs T
&, 11B-HSDI RS> AP T Zw IR IRADE J vy
7T RRTADEfEo LEBRMNKIL, 116-
HSDs Olgésf RNFEHN G -5 T2 F /=)L D
EHPEEN -EBHSNCRSTER. TRbb,
Fhe, MR, K ORI B W T 118-HSD1 ©
EE R FEBNI A ER BT 5 )V F —)L i fE % 5
SR U THEEAEEEROEKIC/E2 & OfERMT
b5,

FITROKXD BN EEN. TN FV =)
DEXE7= 5 ENESE (Fig. 8) T 118-HSDs i1 2 1
ho—)TENUL, EEEERORRFEREE BN
ZABHMSZETFPHTES. EESIIETHICBITS
118-HSD2 &ML T 2k ZERLB L, dehydro-
epiandrosterone (DHEA) 7% HLWH L 7=, 6 —7,
DHEA |34 7 % 1 7 118-HSD1 O & 4% z i il 3
5. Jiffic7/a> C, DHEA ORR#YMTH 5 7- &
ROF A&7 118-HSD1 2 HETHAKTH 2 Z
EDHER SN /-, Y DHEA I3l Y 7 % 1 7 % [Fl I
a2 ho—)L L TR F—HERRICHIT 20
WF =)V EEEZREPEL TWDDTHS. DHEA
WZBEICKETIZ OTC LTSN TS, HHED
FEMEOBRREAED 1 D13 X VR 7 118-HSDI
HEWETH DM, WEEEALI NG
W,

I CIE4E, RERTO— b —IC 118-HSD1 [HEME
MEENTND EDOFmMINFERI NIz, (bLFHEE
RIEREED, AT —E—D 100 7 WK in
vitro BRI EMEANBO 5ND. J—b—HiHK
Z[FEORE TF )L TUET 5 &, HEEEITKE
CHEHBIZEL <@L EEMEIZRICE ST
PEAET MBI LA TH O, TOMEMRITIZS
BICHIRF SN2 HIED HETH 5.

5. &HYIC

AREIZI—Eb—2FZ ML TWDA, BFZE D 5
WSEENHERRICHEOAME GBI (R, Sk
KUEBIR) EREERE ZANRO (FHERAREBEE,
OOER, BEAITHERER) CHEFETIT o REA
BIFRIZ o7, EENEEKETINWZHD 1 DOHH
i, By oxhr 57 —#2TRER B
% (B, HRERLBZAR) CBZOH-1 T
4 7 F K2 D Novotny & 1% 7% Sience #& 12 W 7=

2,5-DMP Dim3 (1986 ) /25 72,9 1F > thi$A T
EINDEIBE TESNTRPICHR S N, BFAER
DEZ L L TWDENWINAEE 2. FOEHE
HERRTEALIIE 7Y > 2H L TWiz KHE
HIRE 7 A > X 0mWHLILIMRAL &Y & A DU
TV, 0 EFIZIE T2 > OEMTRWIZELE 2
&, FHEMBBRVWEREEELOWERKETE hD
EI Y UMRICEODMA ® SN THEMNZ TR
U CHEERIRN S 2,5-DMP 2 A DIFH L7=2Y, D
OIIHRICE 52 2N d 5 DN > DTN
FRICHITIILTWARWL, FNEZAD, 5D
CIMOA—E—DFDDOERKTHH DI EZHD, E
EREBRIZI > THD OHFUTRAATL £ 7.
%, HAEZZOZIHEICL O AR ENET DHS
ZEWEZODT, INETIIRETFHEZICENTE
FEpT — & % TN SIEFHOIT > Tim T H EL
WHZEELREW, FOHMZL, VT AT 1A
Ta CRHUITHIE L W “ROERY” 2R Ak
HTZEEEZATND, mRIT, EEHEELEHITELEE
EaA—b—DOWFRICKEHL T FI 2% D% <
DFHRZITREBRLDHEZEZRL THRZHC 5.
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