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HARIX, 2007 05 65 mibh LD @l 23, A0 D 21%LL E% 5 2 &
{EAEZSIZZE A L TE Y | 2030 FITITFA T D 30%., 2050 - F TITIE 40%0° =i hn
FETEDIHSICARD ZENTHRHIEN TV D, 2020 FEDOMBE OHEFHZ L D &
65 LA EDO NDIFALD D 287% T, ZD 9 H 15 LD AT 148%TH D
DIZXF L, 15 AR O N 1T 12.0% &1 ml b O[T L 72> T 5,

FUTPE D ERERE OB KITRE REESMETHY | Fé%@%@%%’
ni 4 NIT 1AM 75 mLh EE 72D 2025 FFICid, EIREREEIL 57.9 JKHIZ
5&%Eénfwéo%@i9&$f\%%ﬁﬁ@iﬁkﬁx_iém@h%
THOIRFONENEELRE L > TEY, K& - AN THEZDOS
AFCHSE, BOORELZBOSFVEBT LBV TAT 45— a D& X
FgiEL>oH b,

BELRTITIIRE I TORERE (—RBERE) . B\ L S COMEE (T IRBERE) |
Z L CAKRN TR TARTE H 5 VX ARG Em COMEE (ZkIEE) 2°H
%, HERETDEEECAESITE D BEFMOEMIC, ZORMDO = RIKEZSH
HIEHT 5720, BREOHKRENEZF R TX H2HMAPBEEINTEY, 1991 4
(Z A& B @ﬁ%J‘VWN%E%@%ﬁm%W(k&ﬁO 23, 2001 4FlzE X
R FTIVICIR Y AR IEYE AT 72 L2 T, BEREME R R 23R D SR RE
BRHIENELE L TWD, BEOHEE %%r#éif El2 S OFR AN L
725 b7 RIE, EEE TOMKRBRPAMLETH Y, B D7D D/ — RILHR

o DT, FIERENG 2022 -4 ABEE TT, BAIB T THAHL,
BE 1,060 TH Y 2021 FFEO 1VFERTIX 16 hOABIZE EEo TS, £
2T, R L EREEEORE LA BIZ, FEBHBOBREMLIZBW TR OBKEE
PAERARTE LI L HEREMER S EMHIEE] 25 2015 42 4 AIZRZE L7z,
AHIE T, 7 L REHE COBRKRBREZ T4 T, BRLEWVE
BEME & Z D ERSY CBRIRSY) DY AT~T 4 v 7 LE=2— (SR) 12XV,
WREMEEZRRTHIENTED, o, BERLSCY T U A MNET TR A
fEAE L CTHIEREME 2 FRT D Z ERRD BT, HIEFEN D 2022 4F 4 A
F T Clm L 5,400 A48 %, 2021 FFRE TIXAERH 1,400 4B 2 2 HN 7R S
LTV 5 (Figure 1-1), 2O DOEHIZET 2ERHIRTAR I TEBY ., A%
N, BE OREEEOHER: « BIHEICR S ORIL A BRIRT 72O O FRIED . AlHE
W27 o 22 EOERITRI VY, T, GIERERENG, BHKDIEZ N FTH
R SN TV D EE(EMET A2 R U > X° GABA, DHA, EPA #BA5m5r & LT
SR ENT=H DL N> T2H3, 2019 HFED HAEY) = = A5 WIZ B T HI%EE



PEDIRR D K DR oTc, THUTEY, HL<HOREEICRWE SN TE opE
i (=Y ABY =7 uRY 272 E) &, ZOAMEICONTRAI =L
GRS ZH LML, HFEREEFEEZ LTV Z LT, L0 —f8Ax OfEEDHE
Fr-EICEmMCE 212 s L HIff S S,

12 7aRYREiX

ZaRy RE, YT (dpis mellifera L.) DSEEO JEDREY) O 2E081 F2 &£
WL\E%ﬂ“MTé@m% vuyZEEabE TELIBIEROMETH S
(Figure 1-2), 7’0 AR U ZADOFEFRILF Y > vED (Bl 2 EWT 5“Pro” & [#]
) ZEWT 5“Polis” & DEAFET, IVATORDOEEL WS BRTH D, £
DALV T LT, I VT i;0>7 1R U R & B OMTRCERE I UV DAl
RNOHRHOBIEZMMZ H Z EHFIHH LTS LTS, FrR T A%
A <ITALTTRT 300 AFEENSMEFHEELE LTHOWO R TEZEERNH D . HLHE.
oA NA FRIEERSEORENRRE S TWD P, Fa R ZFZ0O/EmN
PUE, LA VA, FIRIEER D, 17 k25 19 dEIC G & L CRIH
Eh., B RERREICBWNTIE T 0 R Y 2Z2EE LZ#E N oo iaR
HVWBREEE VbR TS Y, £2, RO =2 L LTHHSh T2 &
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(ZENE TR AT (BLENLEYSEMTTERT) 226 7' m R Y A OFUEREERIC
B MmN STz 2 & 2RISR D DL D RS & LTI
HMoNd L HIThhol,

1-3 #HROFERY R & EDORIFFE

TR Y AL REISBIE DY 50%, XY 1 v A 30%. FEINDS 10%., R0 5%,
TOMBB~5%THRSND Y, LinL, IYAFLERT R Y 205k
ELTEDTL DY GEIFREY)) 13ARE S D ORI L0 B 5720,
—HIZTuRY RALEF 5> THRBEMHOENNL, ERIZE D TOEAEMT D
Fex ThbH, BERELEbONWAL—~=T7 TEERENS ZaR Y 2%, A7
Z0O 1 ETHLHEAL I U NaYF X (Populus nigra) XA I NF /) F
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K> pinocembrin, galangin %D 7 TR ) A NENTEERETE LTEHEENTND
ZERHEENTWS O RUEKINTYH, —~=T O E T HR—F
Y RTHEFEIND T vRY AZiE, 778 /A4 FEIZINZ, p-coumaric acid <X
caffeic acid, BELPZEDTZ ATV (FFITRU VIV AT V) BRI E E 5
ZEDPHESNTEY, 20X R a2REIcEe7meR) R Iv~T 7
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(27T = VI L 72 nymphaeol EAN KA 7255y & L CRIES LTV S 12,
it\ﬁ~xF7J?%$_u%¢6ﬁ/ﬁw~%ﬁ@7u$)xi\%lﬁ
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—r TR R AREfELONT VWD, ZOTTVNET) - TR R

(Brazilian green propolis; BGP) %, ¥ 7RO TH5T7 L2 U v (Baccharis
dracunculifolia) NEFHEH THH EHRESN TR 'O, HEBFHER, Fic
artepillin C <° drupanin, baccharin 25D 7 L = /LN L7 b DEZL GTr 2 &
R E L TWD, £, TN OREKEMBFEAROMIZE . kaempferide <°
6-methoxykaempferide %D 7 Z 78 / A F#H. chlorogenic acid D7 7 = 4 A /L%
TEELEEND 2 L A TATIIFR THE LTS (Figure 1-3) 7, RLT Y
NWVENTH>TH, ITAT =T A ZMOILEBINET D514 =T MED T =
RY AT, YR OA T=7YED 1 #To 5 Hyptis divaricata DEEIFHEY) &
N A RFUAENTEZT TR A FEELEATND Y,

1-4 FuRY 2R0OFEM:
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TN I FRAY 2T AMEO T Y — 7 aR Y A (BGP) (2%, EHE)
DI F7 R DI 2, JR-CAE RIS IR O I8 242, HUIRT b SR8 29, &
R RLEN BRI Tl STV 5, FFIC, e FRBRIZ T, BGP ORSAEIERE
~OFEIMICET DN HE S, RS TW5D, EESIE, 60-79 %0 B
ﬁ68%%ﬁ%ﬂbk?yﬁAm7§tfﬂ%—é FRARERIZIB VT, BGP D
24 HEEORGHERIZ L 0 | HFRAHENCSHELEN T 7R L THE

iﬁbt;&%ﬁibfwém)it Zhu 53455 2,000 m & FREVE DS HEFT
L%Tb\mﬂﬂ IZRBWT, REMERED RED—>T&H 5 MMSE (Mini-Mental State
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bi%‘éﬁémk: EERBEL TS B, BRLEEBY ADoEE T A A

\Mﬂr$%ﬂﬁMLTk@ 2010 HFRF AU I W TRBAE BF TR 440 77
A 00 TR S ;m%OEAk%Eé%/%mﬁw*$%ﬁi2m5$ i6w
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L, REFESMEE 2> TV D, BARZRIGRIEDFR S TWVRWEDIR T
X, PBEEZARBS DS BGP ORBHMSRE~DOH LN b 7= & TR 4.
RBEFREIE, A% ETETREL DB EIND,
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BRNSESE S LT D, Wz‘\mﬁui®mmﬁﬁf%$kﬂméh\ﬁﬂﬂ
2T A VARG & S ST R RIS, W OIRRIZIIZ TBGP & 1 H
%t@4mng%;0@mng%%éﬁtﬁ% T H ORI D - TIE AR 23
12.6 A TH > 72DIZxf L, BGP HFHEHHE TIL 400 mg #H T 3.03 H. 800 mg
B0 T 3.88 HIE AR NEL e o - Z e HEShTWA ), Iz T, Blo
AR TlX, BGP # &0t a2 il o v oA VARREE IR G
52 LT, MBI, MEOA, B O FE V., BERR. 8RR & OIER X
BN Z ENHEENTND P,

DX ) I REREE R, BGP OAMMEICKT 5 A = X LG8
PR L, R EEZ LTV ZE TBGP OfEHEMEEZED D Z LR, Ax Oft
FEFMIEH~OHEBMOBERNDO b, —EEELRPEIIR D EE2 b5, BGP

DRTHBEIZDOWNT, ZD A B =X LRLH S iT%@ﬁﬁ%wﬁ BGP

R 725> T % artepillin C <> drupanin, baccharin 25 D FE 7 FE 75 E A
kaempferide 5D 7 TR / A RIZH WL D OREME NS STl Y . BGP O
By & LTHIFFES LTV %  (Table 1-1), ﬁ \MPC%%§<aiﬂéﬁ
R EIRTH D artepillin C (T OVWTIE, HEREMEICBI T 202803 < 5 S
TBY., fiE. sk, PLREFERIT A 33)\ A}l/zLﬂF// I HEBA K] -



b3 24Ky (PPARy) O 7 =X MEMHSL!, I har NI 7RidkgE s 78
(UCP1) DOFELEH LMD N— 2 biFEZ N Lz, = R/LF— 0T
VRSN A ST 5 Y, PC12m3 HIFERIZ 381 T artepillin C 1% p38/MAPK
TR DTEMEA 2558 L, AR R BMALEE &t~ T artepillin C Z fF& TR
BT 5 2 & THRERN S~THHET S Z ERHESNTE Y, BGP ORI
BEENRD AN =X LD—D>ThbHEEZLNTND P, £z, Flan S
YA L R EYIE D FIEAL A < A = R AD—> L LT, artepillin C 1% p21 IH1E
fb¥F—F (PAKI1) ZLETHZERAHESNTEY O, Filan)F (L=
2% PAK1 OVEMEALZ I L CTHI & 2 T RIELARILICE I 2B < 2 & TGk
LHEE < EEZ BN TGS Y,

1-5 TI3VNETY—r7uR) RZEEN DR ORI E K3

BGP H O EHF &N L\ artepillin C 1%, BGP OFZEICKTHHFEG LRIV E
Ez i, HEEMEICET O 2ME L, L LR b, BGP ITEEORS 1D
RBIREMTH D=9, artepillin C 721F T < KA 72350 A3 BGP OAFZhEIZE
HELTWwWbEEZOND, AT, HOEE SN BGP T, 1L
TOWRIL - R 2R THEEZ RIET D B2 0N 572H, BGP OFIMERA =
R LRLB NS B B NC T D201 1E, % BGP sy OWLIRL - (32 B1g L 7=
T, BGP OFMEICKH T HEM D DEHEGEBEZHIENEETH D,

R OREMERR S & L TRERARY 72 )=V THDH 7 TR /A4 RTIL,
WP« AREHZ B D HFZE 0N ED STV 5 (Figure 1-4), #ROEEGINn-7 TR
J A RITHAEE 2R TERNIZER D A E DB, HBE ERIZHRBLL T\ 5 UDP-
gz )T AT 27— (UGTs) RANLK RN T VAT =T —F
(SULTs) (Z&» T, Z 7 v D WIERRER AN L= i A~ & A
End Y, MRS, EICPIRE A L CHFIERA L E I, R DR
B2 T 7255, B~ & PR S5 2 Y, MR IESE & A L ORI BIE L
AN IT R IR S D ), #~ 32 FHICE £ D quercetin (T & b i
DO & LT, FIT quersetin-3’-sulfate 35 & Y quercetin-3-glucuronide (283 &
o, — 85I T 3 — )V ERIZ A FVEEDRFIN L 7= isorhamnetin ([ZAEH S5 Z & 23
MHENTNWDE Y KA Y7 IR ThD daidzein X° genistein | % 40735 L 7
REDKBEIETZ V7 v U ERSOHiE LA L A s s Y, £72. & daidzein
XIGNHEEE O = T equol ~ERH &, BREMEZRIET 22 bAmbN TS
42)

—J5 T, artepillin C Z (3 Uh & 9~ DAL FLTE EIAE D BGP Bl DY - A
WZEET B8 E 1T 720, & MGOREMEET VE L THWSILSD Caco-2 il



% VN T artepillin C OAM A ZE 8 & AR 2 FREE L 72 s T, artepillin C 1%
AR~ END Z L 7e< | Caco-2 MO HBERAZEIRT 2 Z &3 HE I
TWHN D AENTORBIEF S M STV, IESD 7 L—7 05
I%. artepillin C 33 X O p-coumaric acid DIFE#ERLZ | 7 v MIENENEMEE L
T BRDOIEMENRE TN T A — 2 —DPNHEINTEBY, TOF T, BERINKSMHIC
X 0 1fHEH @ artepillin C 33 L O p-coumaric acid IFEEENENTH Z &b, Zh
SOLEMB AN EZ T D AREEN RSN THD ¥, LoLans, s
KORERREA M ER CEEMA B O MNCT 2T - THE LT, R maFE Ak
WENTED LS 22T 2003 A 0 EEThHs, £, 77K /4R
Tl BEO D % FRIRFICERT 5 Z & TREAN Y — DB T D008 8HE S
NTCW5, F¥RXFX L ERFLEZNEARMTER LGS L, FRICERLE
AT quercetin & KE.A Y 7 7R DIMHFREM D2 — 2 BRE72 1D quercetin
HATIX UGTs IZ L AIREHDMEE SB35, A Y 7 TR DN F LIBRICid A
7 F IR MESE LT UGTs 12 & 0 A S 41, quercetin 1% SULTs O MESE L
TITPNEZENREENTNDE Y, 202 enbh, BGP O X 5 REHORK
TR DIREY ORI - % BRS 5 7= 0121%, B—bEaWi 5RO -
R TR< IBREWE LT BGP 28 H L-BRO sy OWRIL - 3% ik
THIELELEBETHLEEZEZIOLNS,

% 2T, AMFFETIE artepillin C 21X U & 3 DB EIRASC, kempferide
HIZLDETHT TR A FED BGP B BAEKRNTED K 5 ITRIN - R
NWOMWERLNTTHZEZAMIC, £T. B MIBWTBGP 5 L7
FEREFHEARSS T 7R ) A4 ROMHP~OEY A L B iR O FE
BT, RWT, FETNVEMELTT v M2 HWT, BGP Ok
K (artepillin C, drupanin, baccharin 33 &X O p-coumaric acid) I Zh &5
LB DR A WEE U, AR T ORE R E R DO REHR K 2 HEE L 7=,



Table 1-1. Pharmacological effects of Brazilian green propolis components in in vitro and in vivo

studies.

Components assay model dose effect references
invitro  3T3-L1 adipocytes 25 uM Anti-inflammatory  [46]
invitro Raw 264.7 cells 25,50, 100 uM Anti-inflammatory  [47]
in vitro HEK293 3,10, 100 uM Anti-inflammatory  [48]
invitro RGC-5 cells 20,200 uM Antioxidant [49]

Caco-2
in vitro 20 uM Antioxidant [43]
HepG2
Staphylococcus aureus
Listeria monocytogenes
166.6 mM
invitro  Enterococcus faecalis Antibacterial [50]
(50 mg/mL)
Staphylococcus
saprophyticus
Artepillin C 820 uM
in vitro  Staphylococcus aureus Antibacterial [51]
(246.3 ng/mL)
13 uM
invitro  Melanoma Antitumor [52]
(38.9 pg/mL)
Colon cancer (SW480)
in vitro  Gastric cancer (MKN1) 150 uM Antitumor [53]
Leukemia (HL-60)
invitro PC12m3 10-50 uM Neuroprotection [35]
23 uM
invitro  HL-60 cells Anti-allergy [54]
(7.0 pg/mL)
Mice
in vivo 10 mg/kg Anti-diabetes [34]
(UCP1 expression)
Colon cancer (SW480)
invitro  Gastric cancer (MKN1) 150 pM Antitumor [53]
Leukemia (HL-60)
Drupanin
44 uM
invitro  HL-60 cells Anti-allergy [54]
(10.3 pg/mL)
invivo  3T3-L1 adipocytes 4.8 uM RXRa agonist [55]
Colon cancer (SW480)
in vitro  Gastric cancer (MKN1) 150 uM Antitumor [53]
Leukemia (HL-60)
Baccharin
invitro  Prostate cancer (CRPC) 440 nM Antitumor [56]
12 uyM
in vitro  HL-60 cells Anti-allergy [54]
(4.4 pg/mL)




27.4 uM

p-Coumaric  invitro LDL peroxidation Antioxidant [57]
(45 pg/mL)
acid
invitro  Colon cancer (HCT-15) 1.4 mM Antitumor [58]
6.6 uM
invitro  HL-60 cells Anti-allergy [54]
Kaempferide (2.0 pg/mL)
in vitro  Lung cancer (A549) 22.5uM Antitumor [59]
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Figure 1-1. The annual number of notifications for foods with functional claims.
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Figure 1-2. Honey bees producing propolis to fill the gaps in their nests (A). Brazilian

green propolis collected from the nest (B).
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HO
Rz

p-coumaric acid : R{=R,=H
caffeic acid : R{=0OH, Ry=H

drupanin : R{=CH,CH=C(Me),, Ry=H
3,4-dihydroxy-5-prenyl-(E)-cinnamic acid :

R4=CH,CH=C(Me),, Ry=OH

drupanal : R4=CH,CH=C(Me)CHO, R,=H

OH O

kaempferol : R1=Ry=R3=H

kaempferide : R1=R3=H, R,=Me
betuletol : R1=OMe, Ry,=Me, R3=H

quercetin : R1=Ry=H, R3=OH

R4 X TOH
R,0

artepillin C :

R1=Me, R2=H, R3=CH20H=C(M8)2
capillartemisin A :

R1=CH20H, R2=H, R3=CHQCH=C(M6)2
baccharin :

R4=Me, R,=CO(CH5),Ph, R3=H

pinocembrin : Ry=Ry=H
isosakuranetin : R1=H, R,=OMe
dihydrokaempferide : R1=0OH, R,=OMe

2,2-dimethylchromene-
6-(E)-propenoic acid : R=H
culifolin : R=CH,CH=C(Me),

HO., LCOOH

R0" 7 YOR,
OR,

chlorogenic acid :
R1=R,=H, R3=caffeoyl
3,5-dicaffeoylquinic acid :
R4, Rz=caffeoyl, Ro,=H
4,5-dicaffeoylquinic acid :
R4=H, Ry=R3=caffeoyl

Figure 1-3. Chemical structures of representative compounds of Brazilian green

propolis (BGP) ethanol extract '’
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OH
OH O OH O

Quercetin-4’-glucoside Quercetin-3-glucoside Aglycone

SGLT1 LPH

Aglycone i |:::]
3

\

B glucosidase ]

:% Conjugate Conjugate %

(o o

Circulatory system

OH O OH OH ©

Quercetin-3-glucuronide Quercetin-3’-sulfate

Figure 1-4. Putative metabolism of quercetin glycosides in the small intestine in humans *¥. LPH,
lactase-phlorizin hydrolase; SGLT1, sodium glucose co-transporter 1; SULTs, sulfotransferases;

UGTs, UDP-glucuronosyltransferases.
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#rE HREOSERY RORSSHT

2-1 ILBHIC

Bl ETHHL-LYIC, 7aRY RIIVYAFREOFANSEDTL 5
T DOFHECH & JFEHZED D, 207, —HIc7eRYREF-TH
PEHIOREAIC LD . S YARFRINEL T B (BEEY) BNERY ., &8
bR TL %, EZTARETIEH, AFTELEHAKZMOT o RY 205
HRZIZHOWT, EHELS L TR E ORI LY TER D E/ETH L
% BB 53 b 2 S L 7z,

2-2 MEkE G
2-2-1 EBAE

RN L —~ =T FE, T Y THE, N H V) —FE, AT T AR,
N—=T VR, A=A T VT « B AN—BFE, "NTAFE, BT « RUF
—WVHTE, 7T VN A =T ME BLOT IOV - IF AT =T A 2
PEZ B AR U ARSI LRSS O AF LI b O & HV iz, Table 2-1 121
R FIEIC WA & | ZDOAFLE T,

2-2-2 YU ARG

FHLOWREDE T r R 227 — R at v —I2THEL., 80%xT ¥ J —/L
IZTCTHIE, = AR L —F —ICTRERMBEAZITVD., HEE7T e R 20z ) —)v
TR Z ST, =% 7 — PR 100 mg % 10 mL @ 80% T~ % / —/L
(CTHEM L, TNENETEST 100 ng/mL OREIZL D KO AmRE, ofricit
L7,

2-2-3  Gir&fE

SMTIEA—E b Z v 7" MS v A7 A (Q Exactive Focus, Thermo Scientific) 35 &
NUPLC ¥ A7 A (UltiMate 3000, Thermo Scientific) Zf#ifH L. Fiod b T3z
1TL7e, £70, 74 MEAA—RT7 LA tigs (PDA ; fHE 280 nm) % %
VT BITENE . LC-PDA-MS/MS ¥ AT DS THMTaiT -T2, BIERER T A #
J—=nH LLIET ' TR L pg/mL 12725 X O IZHRE . oiricft Lz,

- LC &%

717 A ¢ Acquity BEH C18 (Waters, 2.1 mm x 100 mm, i.d. 1.7 um)
F—7 1 30°C
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JiEE 0.3 mL/min

VAL - (A) 0.1% %, (B) Acetonitrile

TRH S - 5%B: 2 min, 5-95%B: 18 min, 95%B: 4.5 min, 95-5%B, 0.5 min, 5%B: 5
min (Total 30 min)

EAE : 5uL

- MS A
A A AGE BT L2 ke 2T L—A F U AbIE (HESD
FRH 57 ¢ Full MS scan / Data dependent MSMS scan
Spray voltage : 3.5 kv (positive) / 2.5 kv (negative)
Sheath gas rate : 50
Auxillary gas : 10
Heater temperature : 400°C
Capillary temperature : 250°C
Resolution : 70,000 (Full MS) / 17,500 (MS/MS)
Scan range : m/z 70-1,000

2-3 RER
2-3-1 N—<=TEIOUR) AOEHFRY

1 ETHERZLIIC, == TERINS 7 rRY XX, chrysin X
pinocembrin ED 7 TR ) A REeGZHrZ L 2R ELTEBY, A770 1 ETH
HEA I NavY X (Populus nigra) XA 37 ~NF 7 % (Aesculus
hippocastanum) DEJFREY TH 5 Z EAHRESHLTND Y, SRIAF LIV —~
=TRETaRI Ao LTHE LN v~ N T A% Figure 2-1 127, AT
Lich—v=TpE7 i) 22D\ T% chrysin X° pinocembrin, galangin 75 3= 2
77K A4 RELTHIE Sz, 7. rhamnetin, pinobanksin 7ZEHAES & D
B2 K 0 [RE &4, caffeic acid. p-coumaric acid, ferulic acid %5 OOFE 7 B i 5K
LR TE L, OBV E— 7 R TR S NTAEEMIT O N T, LT
DRIEFTE Ao, BEEE (mz 3150863 [M+H]") » 6 |
3-O-acetylpinobanksin & #EE S 4L, BEREFI U, B3 Unabv o1 =
URNFOREERBFEEDE L TWDEBX LN, RO 7a~ N7 7 LAORH
— NI =~ =T OFTSHIET 2T AT TR, ALLET 5N Y
—TERIENTET B RY ZCONTHERTE 1, o, BRENZ LT, M
TAVHREIZHL VT T A TERENTT R 2, HEULLLZ v~ |k
T LDNE =R L, IO 7aRY ZARL@EoY 2l LTS
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ZEenbhrol,

232 R—F v FEFuRY ROEERY
R—=T REZTaRY ZZTHO5VWTH pinocembrin X° pinobanksin, chrysin,

galangin ¥4 % FLr 7' 0 AR Y AT NV—~ =T ELFEEEAS T U AT T T
AU NTFXIDERED THLEBEZLNTND, —FH, A—F 2 NEil
TERBRENA 7 aRY AL 7 748 7 A FEEIZHIN A, p-coumaric acid X caffeic
acid, BLONZEDT 2T /L BRZR_U DNV 2T L) PEMAICE L EFh, ¥
~F 73 (P. tremula sect. Leuce) DEJFEYM THDHEEZ LN TWS 'Y, 4
ANFLIER—T » RET 1R Y X% 547 LIRS R chrysin X° pinocembrin (21 2.
caffeic acid <° p-coumaric acid, 35 L ONE DX DL 2T LN EUE R, b o LRER I
LV REETE 7 (Figure 2-2) , p-Coumaric acid & benzyl p-coumaric acid 73 £ 5
BnEe—7 L L THRIHSATWDS Z &b b, SRAFLER—F 2 FET 1R
U ZADRFREDIEI Y ~F T T, A—T 0 REIHB TSN Z NI N4
%,

2-3-3 BAVEHIRO TR Y 2OEHFRS

A=A LTV TEIMOA A N—ETRRES N7 R Y 2%, BEAOS
YU 7RO (Lepidosperma sp.) DSEIFEY ThHh D Z L PRI N TEH
D, AFNRUEREERE LT, AFAVERST V= VARSI LTALEY %
LbOZEBRRESR TS D) AFLET e R AW TH, @SR T
HILEME R CHEEEEZ AT 2ILEWHR < Okt &4 (Figure 2-3) | BE
WMEFMUBRZEAL TCWDL Z ENHEESND, L, BESHZZT TIEH+
FHRRSE T & Wi 5 2 &0, ATFAVELSL T L=V e EoBE#E DN
BEERET D2 LITEE L WD, IERERFEIEDTZDITITT 278 L. NMR %
THEZ T T2 0ERD L & Bbh b,

MR, A, BLUANT A TERIREND 7B R Y 22T, eriodictyol
F 7213 naringenin FED T TN ) R HEAKRFRE L, T L=V T = VHEMT
L7 nymphaeol FEDFFEAI72kr & LTEEI. MU XA T HROAFAF

(Macaranga tanarius) HEIFAEY Th 5 2 & NHE SN TV S Y, Figure 2-4
CABIAFLIEANTAET BRY ZADOGHRE =T, HEZ 7oKk
FEIIZE SRS TN, Fohizra~ 77 AORHKM & B — 7 58, #
BEEEORERAZBE®R & b3 5 Z & T, nymphaeol A, B, C HEDOFELRE—7
IZOWTIE, FrETE b s,

2-3-4 nITEIORY ZADEHRS
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JRR7Z2E T &2FELr T Tk, RSN ICHUIIZ L > TF e R Y Ao
MR > T 5, T TSNS 7 r R U 2R IT Z 3
(Betula verrucosa) T& 5 & iU, acacetin, apigenin, kaempferide 3 & 415 Z
ERRESRTWS O~ SRIAFE LIRS TETRRY R, AT A
ZANFEL AT F— VT TRIRENTE T R A ThH D, DRy F—
JVHUG TERIRES e 7 e AR U A ORJFAEDIZ OV TEEMIZAZZ iz
U NI pinostrobin, sakuranetin, 3-O-acetylpinobanksin, 33 & UF apigenin-7,4’-dimethyl
ester NEHEFENDHZ ENRHESNTEBY, A ha—7~< (Pinus strobes) HELJR
W DO—2>THDAREMEN RSN TS V) AEIAFLEZr Y TES R
A & 5 BT L 7= #% B . acacetin X° kaempferide |Z 1 X . sakuranetin <°
3-O-acetylpinobanksin, naringenin-4’,7-dimethyl ester. apigenin-7,4’-dimethyl ester
ERM S e (Figure 2-5) o EEFAEMIZ DWW CIEBM O A 2 #EGR 3 2 M3
NoHN, SEIANFELEZTBRY AL T HNE R b —T <Y O )5 %k
ELTWD0E LIy,

2-3-5 TITUNETaRY ADEHRSLS

NA—=TINET 7 PNALEEIALE L TR, T2 TRIEND 7 RY X
TR DA TT=J7 7 Y JEdD 1 Fi T % Hyptis divaricata DNELJFFEY) T 5 & S
n5'9 Zo7aRy AnsiE, HHEAY L LT 2-phenoxychromene % &
6-methoxyapigenin, 3,6-dimethoxyapigenin, 3-methoxyquercetin 72 &' X % A1k
N7 TR A RREERDZERWESNTND P, AFLETTZVN -
WA =T MEZTaRY 22O THBEH & FERIZ, 6-methoxyapigenin
3,6-dimethoxyapigenin, 3-methoxyquercetin 23MZEHE i & O Ll CHREE C X 7= (Figure
2-6) .

TIUNHEEHBINET DI T AV 2T AN TRE N7 U —r T a R
U A, BRICBWTREELRECAI AN, Z<ELTWS, 207
FZUNFEZ Y — 7R Y A (Brazilian green propolis; BGP) %, & 7 B O
TH2D7 V7 U (Baccharis dracunculifolia) 75EIFFEM TH Y 'O, artepillin C
X°> drupanin, baccharin 2D 7" L = VELMININ U 72 R 22 FE R RA BR 2 £ <
B EMNMBNTND, FTHFRICEBNTHLIHLEYEZ LD, —HoE
AR ONWTHE L TERY ' RBFFETHVE BGP IZEBW T artepillin C %
XL &ET D57 V= b LT R EERR SR 3 2 < Wt &7z (Figure 2-7),

24 EE
AR LY, HRALSETERINZ7 R U RO\ T, YT SCEEHR &
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g9 25 2 & T, FERRODERETHIENTE T, AERIT, Zh2ho
TR ZAOFIERED AN =X LEZT{ LM LTV BT, SR
ELTEHATES EEX D,

EHRZ2# L Wb L—~=T, TAHVT A HI) =L AF LT aR
UL, fBohicra~ NI LR —=inh, 3—ay/XTEAEEIND
W72 R 7 7B 7a R ) A ThhH EBbivs, £, UVITAETaRY
AZBWTHRED 7 n~ s 7T A2 =R v, TG IEIE CHEyE
rERELTVWD ZERNFTBEINTL, ThUbD 7T rRY AT
3-O-acetylpinobanksin, chrysin, pinocembrin ZEDW DD T TR J A K75, F
T L THBLTEENTEY, INHDOT7 TR /A RICER LZABE
AR RS2 P, — T ARAT LR =7 > FEZa R ) AT,
7 7R ) A RIZHNZ, benzyl p-coumaric acid X° benzyl caffeic acid 23N FFEUITI 72 557
EL TS, RURKIMNETHEZ R 5 /EFEMEY A O &R, %
BEn=7aR) 2A0EFEMYIT, BIMOMAFEZERTOILERH L0, L
= =T EUNTTAOLDICTHBEENICE B 2 T CRIEN T e R
U ZADRRSZNEL L CWE—F T, —<v=T LR =52 FD X HIZFE Uk
JINTH-TH, BRISNTZT vR Y ZDORDRVBELRD | EFEED N EL > T
W2 2B ITBRTR N,

BRACEFEHUSRCRIRS NI 7w R Y X Kz, i, ~"U A, BBEDOT 1
RN U 2N DWW T eriodictyol Z AT HIZ 7 T = )V HADMIIN L 72 nymphaeol JH7)5
IR THLZ DB TEBY, AFLIEANTAET TR R TEBW
T RER DRy M & F 4L CTU=, Nymphaeol FHDOABEMEL LT, B A/R—
A28 T R b=V A& FHES 52 L%, PAKI OFE Y AMPK OTEE
L& LIz A~ OB 0 AMERENRE S TEBY ), &Ko & LT
t, Nymphaeol ZHNMHHE, ~NTA | BEEOT o RY AZFEOIF 5 ETHEE
ThdHENZD,

TIVNET R AZEBWTE, L7 7 VVENTH-TH, BIRE
TeHIIC Lo TEAROD PR > TEY, KR, 7790 - I F AV =2T 4K
JNFEED 77U — 7R U A (BGP) 21X, artepillin C. drupanin, baccharin %50
R 72 7 L = b LT B FH SRR L < E T e, oo 7 e R
Y AT% . p-coumaric acid X° caffeic acid, ferulic acid %5 DKL R BT BRI MR H =
Ny, 7= LIeERBEFHEIIRIE SR ol 2 enb, 207 L=
b U TR A8 KL BGP 831 5 L THERLAM TH DL L WZ 5,
Flo. &1 E TR X S 12, BGP IZIEBEERRICKT T 2 AL, Bililan
F AN ABGIE~OFIMEN B M THER I TR Y | artepillin C 23F 2hE% sy
D—2L LTHEASINTWDLZ &b, 7= b LR R SR TR K
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7ELTH BGP ZFHESIT 5 L CEETHDL EEZHND, £7-., artepillin C
%> drupanin, baccharin %% BGP DA NEIZK L THIBIZEHE G L TnbH B %
BNDTD, AENTIRIES LD BGP ODFZNEIZHONT, FD A I = X LRH
oy & B 5T 572 9121F, BGP B H L 7ZBEOZ 5 O O AERFIH
PR AR T DI ENMBETHDL EEZBND,
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Table 2-1. Sources or references of the compounds used in this study.

Compounds

Sources or References

caffeic acid
p-coumaric acid
ferulic acid

artepillin C

drupanin

baccharin

culifolin

3,4-dihydroxy-5-prenylcinnamic acid

2,2-dimethylchromene-6-propenoic acid

capillartemisin A
benzyl caffeic acid
benzyl p-coumaric acid
chlorogenic acid
pinobanksin

rhamnetin

chrysin

pinocembrin

galangin
3,6-dimethoxyapigenin
6-methoxyapigenin
3-methoxyquercetin
sakuranetin
kaempferide
kaempferol
dihydrokaempferide
6-methoxykaempferide
naringenin-4',7-dimethyl ester

apigenin-7,4'-dimethyl ester

Fujifilum Wako Pure Chemical Industies

Sigma-Aldrich

Cayman Chemical Company

Fujifilum Wako Pure Chemical Industies

Prepared according to the procedures described in the
previous report [54].

Prepared according to the procedures described in the
previous report [54].

Prepared according to the procedures described in the
previous report [54].

Isolation from BGP according to the previous report [17].
Isolation from BGP according to the previous report [17].
Isolation from BGP according to the previous report [17].
Cosmo Bio Co.

BioCrick Biotech Co.

Sigma-Aldrich

Funakoshi

Funakoshi

Sigma-Aldrich

Sigma-Aldrich

Fujifilum Wako Pure Chemical Industies

BioCrick Biotech Co.

Sigma-Aldrich

Toronto Research Chemicals

Funakoshi

Fujifilum Wako Pure Chemical Industies

Fujifilum Wako Pure Chemical Industies

Isolation from BGP according to the previous report [17].
Nacalai Tesque, Inc.

Wuhan ChemFaces Biochemical Co.

Wuhan ChemFaces Biochemical Co.
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50000 ”Omij
Ac
L oH o
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Figure 2-1. LC chromatogram of ethanol extract of Romanian propolis. The obtained propolis were
extracted with 80% ethanol and then analyzed by ultra-performance liquid chromatography (UPLC).
Detection was performed with a photodiode array detector (280 nm).

(MAU) Poland .
. @/\)k@/\@
40000 Benzyl p-coumaric acid
35000 i,
p-Coumaric acid O ‘
30000 oH ©
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/
25000 f
Pty ey
HO /
20000 . . . OH O
Benzyl caffeic acid P " Pinocembrin
/
15000 1, S oo
Ferulicacid OH ©
10000 R H 3-0-Acetyl pinobanksin
oH 0 -
:ZWDH Pinobanksin g
5000
0
5 7 9 11 13 15 17 19 21 23 25

Figure 2-2. LC chromatogram of ethanol extract of Polish propolis. The obtained propolis were
extracted with 80% ethanol and then analyzed by ultra-performance liquid chromatography (UPLC).

Detection was performed with a photodiode array detector (280 nm).
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Figure 2-3. LC chromatogram of ethanol extract of Australian (Kangaroo Island) propolis. The

obtained propolis were extracted with 80% ethanol and then analyzed by ultra-performance liquid

chromatography (UPLC). Detection was performed with a photodiode array detector (280 nm). The

illustrated chemical structures were speculative and the position of the functional group has not been

1dentified.
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Figure 2-4. LC chromatogram of ethanol extract of Hawaiian propolis. The obtained propolis were

extracted with 80% ethanol and then analyzed by ultra-performance liquid chromatography (UPLC).

Detection was performed with a photodiode array detector (280 nm). The peak annotation was

performed by comparing the chromatogram data in previous study .
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Figure 2-5. LC chromatogram of ethanol extract of Russian (Bashkir region) propolis. The obtained
propolis were extracted with 80% ethanol and then analyzed by ultra-performance liquid

chromatography (UPLC). Detection was performed with a photodiode array detector (280 nm).
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Figure 2-6. LC chromatogram of ethanol extract of Brazilian (Bahia state) propolis. The obtained
propolis were extracted with 80% ethanol and then analyzed by ultra-performance liquid

chromatography (UPLC). Detection was performed with a photodiode array detector (280 nm).
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Figure 2-7. LC chromatogram of ethanol extract of Brazilian (Minas Gerais state) propolis. The
obtained propolis were extracted with 80% ethanol and then analyzed by ultra-performance liquid
chromatography (UPLC). Detection was performed with a photodiode array detector (280 nm).
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EI3IE b MNIBIFBATTONETY —rFuRY ZABREEBEORSBRINE L,
FERBHDORE

3-1 XL®IT

TIVNET ) =T uRY X (BGP) (ZIXBEBERE DUGEE . BRx AR
PEA e M THER SN TE Y . BGP IZRHERI L artepillin C 21X L &3 DAL
P B RS kaempferide %D 7 78 /A R, TOHEGMEICEE L TWDH EH 2
ENTVD, ZNHODRKIA, BGP DAY EDORRERE L T % )% B
T H72DI2IE,. F60 BGP EEERIC EORBRERINE L, O X5 s
LEEETHMLENRSH D, LovL, BGP sy ORI - I 2 @i
72K, T v MIBWTH 4 & LT artepillin C & p-coumaric acid &5 L7z
Bro>, M IREZENRE SR TWSDOHRTHD ¥, 22T, AETIIEER
BGP {322V, BGP #&G#% D fiREZl &, iEF o FE 2G4 b
MZTHERR LT,

32 MEHEGIE

3-2-1 EBME

AR RIT BGP OJFBl 2 = % /) —/UZ T L, = Ot 2 S35 =
& TIERIL 72 BGP 3K (Lot : LY-008) %, 120 mg/EKTY 7 M 7 /VICHIE
L7-BGP W P&l LT, BGP I 7 /LI h L s i - Tl &
Nize £7o, EUESIL Table 2-1 1R L7 OEEH L, B MFI 72 Y —A
IZ. Corning Life Sciences 7>, Helix pomatia WV 7 5 2 —€ 4% A7 H-1
(10,000 2= Mgl b, BXOB /LI a=¥—¥ 30,000 2=y gLl L%
i) . Trichodema viride 3 alamethicin, 33 JX " p-saccharic acid-1,4-lactone /X
Sigma-Aldrich 75 AF L7z, € OM, WHEEIT T~ THoth 7 L— R LTz,

322 RBRTYA

AR I~V R ES OMBFRNCHE, 7 8 b 3 W TERE NN
BEB 7=y 7B EERICL > TEBE SN, REERFREEHRE Y b U
—7 (UMIN; #000032818) ([ZH Gk TCW5, T, BRI/ EBEIL< 52V
= ZIZTCEM L, HBREIZIIMENRICOWNTHo R E#To7- T, T
RCOMERE D EHIZ L 2BRBINORE 25TV 5,

R L. B EEEMIC L 2MBZICESWTHETH D L2l s, »n
DT ORNEREICEZ LR 24D0RTT 47 (BE64 kte64) %
AR AN T2, OIBE 2B (20 A/H) ., 89 (B — /L5 T> 500 mL/
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) #3238, Q- AL TWHE, @12 HUNITALORRKRER~Sn L
7o, @QREBRBAGEOEENC ) O HEAZRHA L T\ oE, OB ERE (ERK727T L
X— WL BERE. B O, DL B, E2TiE oRK) e DHF,
Table 3-1 [CHBRHE O SeiF MM A R, #BRE ITITRABRBA A 1 IR~ & 50k
FTET, 7R ARZOMOY 7Y XA b, 37 vl ) 22ETeR
OB ER LW X 9 ICHR LT, 12 B0 0, 200 mL DK & —FE1C
BGP % 7 /v 3 Bk (BGP ¥R 360 mg) 5 L7-, BGP W /A& hH L TH
b4 K% & 12 BRI, RV 7=/ —nEEEhnary he— L/ (BIE
D 2fE, K 500mL) ZEIRIEo, Mgt 7 i BGP 1 72 A& bk L O
BeH% 30 43, 1, 1.5, 2, 4, 8, 12, BIL OV 24 FFRENCERIR L7z, BRER L 72 i
YT % 1,500 x g, 4°CT 10 oo L. B o mEIorT5 £ T
-80°C CLRAIF L7z,

3-2-3 MY S ORTLE

LC-MS/MS (2 X % BGP (R DT 247 9 72, 100 pL DIfifE & 500 pL @
AH ) —)VEIRA L=, 10,000 x g T 10 23], =RiE (25 +£2°C) 12Tl
L7z EUR LT EBEAZH LW v F 2 —T 1B L, 37°CIE TICTEH
A ALV FE%, 100 pL D A % ) — VICHERR S, BiA RAOAEY 7L
& LToHtricft L7z,

MAEF O 77 v VAR X OSSR OER MK X, EFETIA
(ZTHEE S 78 7z, 100 uL OFMIK & 50 uL OFERIENR (100 mM HE
fe) b U U AEEMEHE pH 4.7, V7 7 X —F 100 2= F/mL) 53X 1.5uL ®
500 mM L-ascorbic acid /KIFKR = MM Z 7=, IREW % 37°CT 1 KfflilA > F =2 X— |
%, 700 pL DA X ) — Nz iz, RISz S, FOsikIE 10,000 x g T 10
S, ERICTEOHBEL . EEAZEI, 37°CINE M TER T ALV i
B, 100 uL DA Z 7 —)VvZ &, Biaals# sl o7& U Tothicfit L7,

3-2-4 N7 v UERESREEREROFR

FER IR EARO 7 v 7 v AR (artepillin C-4-O-B-bD-glucuronide 35 &
O® drupanin-4-O-B-p-glucuronide) X, 7V > U e (UDP) -/ /v a—AT k&
Ko 4 —+ (UGDH) & UDP-Z/v2 1 /) )V kT A7 =F7—F (UGTs) %
SR EI T 5 HHRERE L . BUL O A A ¥ 2 N— b L, BRI 2 B
DHEZ L > THE L= O HHDO UGT 7 A Y 7+ —LDOH T, &+ UGTIAT
BRIV UGT1A8 A58 L7 HEFIEREDS | artepillin C-4-O-B-p-glucuronide 35 X
O* drupanin-4-O-B-p-glucuronide DAEFINRNZNE L S B o 7o, RIS E
K% UGT BBIREREE A V% 2_X— h L2, OSIRAY 21 00 BE L T, BERE
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i & BRZE, CI18 ##HE (Cosmosil 140C18-OPN, & H T A4 7 A7) HFE LA
— 7 BTN 25%x30cm) (T T4 LTe, BT L% 200 mL OKTHEE L2
%, KNI 0 U BHAIRE 15~25%0D A ) —)LKIRIK TR &8 72, Bk
Li=Zvr o U iRARIE, Cosmosil SC18-MS-II (20 x 250 mm, 4 7 A 7 A
7) ZHWT, 2EUHPLC IZ L W R L 7=, UPLC TOMEMRE., LS5
MS & 'H, BC. 3L 2D NMR SHr oG b2 H L TR L7, MNR
A2 L% Buker AVANCE NEO 500 % fVCHUAS L 7=,

3-2-5 b MFIZ vy —2%HAWE artepillin C 33 X U drupanin 7 V7 v VB
BERIMOERR

b MIFI 70 Y — b (IR 2.0 mg/mL) . 100 mM Y >80 U w7 L% (pH
7.4). 5mM MgCl,, 0.25 mg/mL alamethicin, 2 mM D-saccharic acid-1,4-lactone, 10
mM L-ascorbic acid, 33 & ¥ 200 uM @ artepillin C % L < (% drupanin ZIEE L72X
JERE 90 pL oK E T2 M7 LA v F 2X— kL, 10 pL ® 20 mM UDP-7 /L7
m %2 (UDPGA, fcf&REE 2 mM) ZNA., 37°CT 3 iAo F 2 _— | LT,
BOG# ., 50 pL OKm7E b=V LEZHRML TERISEF LS, BEME
13,000 x g T 15 Z3fH] 4°CIT Tl i L. ot v & LT RiEES T,

3-2-6 LC-MS/MS Z3#7

LC-MS/MS D r#r 1% 2-2-3 FRdll D FIEIZ THEME Lo, 25T ix
Compound Discoverer ver. 3.1 ¥ 7 k7 =7 (Thermo Scientific) Zffif L7=, &~
7 N7 =7 TLC-MS/MS iz kW isoinizra~ N7 o A —7 2 EEEH

(>5ppm) ERFFREE (> 02min) TV 74 A ML, i Sn7La®mY A
N & ER. BGP U 7RG & & G4% A g L TV — 7 AR R A R

(p < 0.05, Student’s ¢ test) (T 2 f5LL BN L 72t &% BGP O & L Tk
WH L7z, ISER o RmFERE 7 TR ) 4 ROERIL, 777 T 9
BEE (1, 5. 10, 50, 100, 250, 500, 1,000, 35X T7X2,000 ng/mL) DOFEHE(LA
MaERM LTS DERERE LTHEH L,

3-2-7 FEWEHRRIS X OEHAEAT

F—Z T + YRS (SD) TRLE h=12), B 5N -& P R#Em o
EEfEIL. Microsoft Excel ¥ 7 b7 =7 (ver. 14.0.7268.5000) |Z CHEMT L7, 4%
R DERIMPIRE (C ) BEOC ax (EIZET D F TORFR] (¢ ) 137 —
BAHEBERE LTz, BERINDREOY 7Y o FREE & T o iR R -RE ]
ik FifE (AUC, nM - h) 13, B EEARXEEH U CEHE Lz, #atiirix
JMP for Windows ver. 5.1 (SAS Institute Japan) Z{#H L 7=,
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3-3 HE
3-3-1 BGPIZEENDIEERTEDOER

AREBR I LTV 5 BGP iK% 90% A & /) — W TS, 5 pg/mL O
REEZ72 D XD IZA %, BGP OFEER 14 {LEMDEHEZHE%Z LC-MS/MS 12T
I LTce ZORER, FE14LEMOEHROEFHL, BGP i REZRED 24.7%
LTz, F7o, FERBHFEROGHROEFHL, BGP HIKEED 20.6% Th
D, FTONDOKIHSr (10.9%) 727 artepillin C TdH 7= (Table 3-2),

3-3-2 ISR A ARTAE T EORS
MAEY o N2 B GBS CUBT 2I12H 720 . RIGFRFR ORET 21T - 72,

PERF 1 4 D BGP & 5% 1 KFH 0 g2 VT, BERISIR A INE#, B LW
Wt 30, 60, 90 73 37°CTA > FaX— kL, iAW EIc Ly 77U =
E oo EF OBAEM A ER LTz, £ ORI, artepillin C X drupanin % DFE
FEATHERIT 60 /3OS T+ T lida & 2358 T LTz, £ 72, kaempferide
R kaempferol 1% 90 /3 RIS &/ 2 &0 d 2 wREMES HERR S iz 728 (Figure
3-1). DABEOEERE ST 60 43 & L, EBRrEtEDT-,

3-3-3 BGP REROERBMPBPEALBLIVNT IR/ A FOMFREEL

12 4 DOHLERF T 360 mg & BGP My R % & de BGP 4 &/ (3EK) Z#& 5L,
Behith 24 WEE & COMEZ £ I, BGP O E272 14 (LG OV Tl iR E %
LC-MS/MS (2T LTz, & DfER% Figure 3-2 3 X O Table 3-3 12”3, ED
MAEY > 7z BT baccharin & chlorogenic acid XM SAL72 > 7273, 8
DODFERBEFHBIREL 4 DT TR A4 RO, Git 12 bG8 BGP 54 D1
o sz, BifaE et Lz iz n T, 12 {bEWH drupanin @ C
WD < L TR T C oax D32 72D artepillin C T, T ORI E HIT 1 uM
AT\, £, BIBARLE O MEE CHRH S 7z artepillin C 727U 22
B L Wdrupanin 7 7V = (=S5 @22 PPN snzt o) o C
max (5 AL BB D C pmax L HEEL T, ZNEHL 15%36 LV 38%RE TH -
72, F£ 72, p-coumaric acid, capillartemisin A, 3,4-dihydroxy-5-prenyl cinnamic acid.,
caffeic acid, kaempferide, 6-methoxykaempferide, dihydrokaempferide, 3 X T
kaempferol (Il ol 5 ALEERE D MAE TITMH S L7223, RABEO A TIIM i S
ol Z G artepillin C, drupanin 2 5% O 7= Z b OILEWIE. (KN TY
L7 a CRIEPIIRIA S FE DS 22T 5 B XA b, —77 T, culifolin
5 LN 2,2-dimethylchromene-6-propenoic acid ¢ Ifi. H i & - FRF [ b A 1 B Fd & AL B
DA & FEAR 20Tz, iU, 20 2 bEHmiE & A ERa R
EZTHZERSMEFICRVIAEND Z LE2RLTEY, A REmEFE DK
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Bz b7k iEiEZ A LT D Z E N BT - 72, Baccharin 38 X
chlorogenic acid [Z WA G LB DO FHEIZBTDO 6, ED Mg 7 iz B T H R
S 47202 > 72, Chlorogenic acid (XM T caffeic acid <° quinic acid {257
fREND Z ENMEESNTND Z LS D baccharin 12OV T b [A4£IZ drupanin
& 3-phenylpropionic acid (ZANK 53 E S 402 AIREME DS RIE S U7,

3-3-4 ZELSMEITIC X D BGP ®#E5#ZOMAREDORE

BGP 55 RO & FeE T 5 72012, 2200 fif#iT & VT, BGP # 5% D
MAEF TN L 7L E DLV IAHZAT > 1=, BGP &G4l & &5 1 FFfEl# o1
a2 LC-MSMS IZ L0t L, fBbhicr v~ M7 T axtilk, &5 1 K%
DIMETHFA RIS 2 FL L — 7 AN LI /bE 2 a3 & LT
DIANTERER, 20 (L&D BGP B OR#E & L TR Sz (Table 3-4),
B SNTALEMD 5B, Nol~5 IRFH D2 LT 7Y ar & LTk
IRV IAENT=b DL LT, HEHES & OHEIC X W FRE Sz, No. 6~11 &
FERBHEEARL LUX7 7R /A4 ROV v U BIAIR, Nol2~15 (Xl
EERTHDLZ LN, BEEEBLO MSMS 777 A EhbHfEE S LTz,
No.16~20 (& artepillin C, drupanin, capillartemisin A, 2,2-dimethylchromene-6-
propenoic acid, 3 X O culifolin ZiLZ 1D A F/AVIGEH TH 5 AlgetEN S S
THREERENDLEZ LI,

3-3-5 HZFEEREIC X 5 artepillin C 3 X O drupanin D7V 7 v U BRESEOE
B & IR EEREY DOFIE

BGP #H5#ZOMAERICIIT 2 EHARHmE LT, Zairic kv AEh
7= artepillin C 33 X OV drupanin ® 7 /v 7 v VRS IKOFEANE ZRET D720,
artepillin C & drupanin OFEHESL(ZE FIF 7 1 Y —A & UDP-Z V7 1 g%
2y TNENS ST, S %Z LC-MS/MS (2t L, artepillin C 7 /L7 1
Rt &R (m/z475.19 [M-H]) O~ A7 v~ k7 F 5% X drupanin 7 /v 7 1
Rt AR (m/z407.13 [M-H]) O~ A7 a~ h 7T LNERER LT-4ER, artepillin C
T a B AERO~ A7 a~ 87T AT 131, 15.2 5y OLRFREEMIZ 2 o
DY —7 A3, drupanin 7V 7 v VBRAEKRO~ A7 v~ N 7T AT 1L, 126
FORFRFMIZ 2 2O —7 BRENZEt S 7 (Figure 3-3A, Figure 3-4A),
FHEREH & LTl TR &7z artepillin C 707 v UEBTAAIR, B X
" drupanin 7 /L7 2 VBRI A ROREFFERIT, TR 1310 111 DICRE L
Tz (Fig. 3-3B, Fig. 3-4B), HHFFFEREZ W T, IEH TR S 4172 artepillin
C N7 v BRaikE . drupanin 7 /v 7 v U ERH AR D LRFFRERNC S35 %
NENDOWEEREGR L, A —7 > T 538 X O BUHPLC IZ TREL% . MS/MS
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TITAVNERRLIZEZA, ZNHD MSMS 77 7 A v MIMAEAEHY D
MSMS 7 7 A k& —F L7z (Fig. 3-3C,D and Fig. 3-4C,D), HIZFEERETHRL
L7z artepillin C 7 /v 7 1 U EEHA1K L drupanin 7 /L7 v VBTG IR ORE % |
'H,”C, 2D NMR IZ THER L7z, b7 METROLIIRY , ZhTh 447
DKBERIEIZ T V7 v BB A LTz artepillin C-4-O-B-p-glucuronide &
drupanin-4-O-B-p-glucuronide & ##EF8 T & 7= (Figure 3-5~3-10),

artepillin C-4-O-B-D-glucuronide

'H NMR (500 MHz, CD,HOD; § = 3.31) § 1.74 (6H, s), 1.77 (6H, s), 3.42-3.54 (3H,
m), 3.54-3.65 (5H, m), 4.71 (1H, d, J = 7.8 Hz), 5.27-5.32 (2H, m), 6.28 (1H, d, J =
15.9 Hz), 7.20 (2H, s), 7.55 (1H, d, /= 15.9 Hz).

C NMR (125 MHz, CD;0D; & = 49.0) & 18.1, 25.9, 29.6, 73.3, 75.4, 77.2, 77.5, 106.1,
118.2, 124.1, 128.5, 132.2, 133.8, 137.5, 146.2, 155.7, 170.7, 173.1.

drupanin-4-O-B-D-glucuronide

'H NMR (500 MHz, CD,HOD; & =3.31) § 1.74 (3H, s), 1.76 (3H, s), 3.40 (1H, dd, J =
15.7, 7.3 Hz), 3.45 (1H, dd, J = 15.7, 7.3 Hz), 3.51 (1H, dd, J = 9.1, 9.0), 3.56 (1H, dd,
J=9.0,7.5),3.63 (1H, dd, J=9.7,9.1),3.99 (1H, d, /= 9.7 Hz), 5.04 (1H, d, J= 7.5
Hz), 5.33-5.38 (1H, m), 6.32 (1H, d, /=159 Hz), 7.12 (1H, d, /= 8.5 Hz), 7.35 (1H, d,
J=2.0Hz),7.41 (1H,d,J=8.5,2.0 Hz), 7.60 (1H, d, /= 15.9 Hz).

C NMR (125 MHz, CD;0D; 8 =49.0) § 17.9, 25.9, 29.2, 72.9, 74.7, 76.6, 77.6, 102.4,
116.4,117.3, 123.3, 128.4, 130.1, 130.3, 133.3, 133.9, 146.2, 158.4, 170.7, 172.3.

3-3-6  EEABYOMPIRER

5 B 7z artepillin C-4-O-B-p-glucuronide & drupanin-4-O-B-p-glucuronide DA% #E
iz VT, ZhOREWOMPIRE AR Lz, £OMRER, Tias RO
MAEZ I T artepillin C-4-O-B-D-glucuronide D C o 3 LN AUC 13X, ENEH
1121 £399 nM B LT 5701 £2542nM + h Td ¥ | drupanin-4-O-B-pD-glucuronide P
Cmax BETAUC I, £ EN 2553 £563 nM F5 L0 8252+ 1471 nM - h Th -
7o A ALEL: OIMAEF O artepillin C JEEEIL. A& %232 1) 7= artepillin C
L AR S Z e iz Y IAE T artepillin C DFEFEFE XD
N5, TOd, BAWER% O MAEF O artepillin C JREND, PG AR WLEE
DO IAEH O artepillin C JEEDZELFI< Z & T, BAREH S L7z artepillin C &%
HETDHZ LN TED, £ T, artepillin C-4-O-B-p-glucuronide FZHE 5 % F T
Kb 72 1 R - R (Figure 3-11, Black line) &, FFREICE VW HEE ST
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artepillin C fa&RE) O i H R BE-FefHh#R  (Fig. 3-11, Gray line) % g L7z &
25, EDORFRICB W T O REHICHBZRET R Te, o, REROHFRD
drupanin THEE®H LT,

3-4 BE

ARFZEIZ LD, B MZBWT BGP 2 N#H L7ZEED, BGP O E#H 7 14 b
B 12 1B 8 SORELERFERL 4 DT TR ) A F) OREEY 2 M
BEEANHL N> 72, F£7=. artepillin C-4-O-B-pD-glucuronide ¥ L Y
drupanin-4-O-B-p-glucuronide 7%, BGP ¢ 5-1% 0 F 22 i PG & L TRIE S
776

MAFHF TR TE 72 12 {bEHDH B, 10 {LEW (artepillin C, drupanin,
p-coumaric acid, capillartemisin A, 3,4-dihydroxy-5-prenyl cinnamic acid, caffeic acid,
kaempferide, 6-methoxykaempferide, dihydrokaempferide 5 & U8 kaempferol) [3/ii
FIARESRE TS D Z L2k b, AUC DEEHIAEICHEINT2 2 b, 2h
SOLEWI AL b OREER~EHEND Z LIRSz, ZRHOFT,
F o= 2 M B W & L T oartepillin C-4-O-p-p-glucuronide &
drupanin-4-O-B-p-glucuronide 23 [FIE 4V, ZALDH D C oy 1, Wi EALEE L 72 i
HEH @ artepillin C 35 2 O drupanin @ C oy D 89.3% & 88.2%ZZFLZEALiE LT,
F 72, BIEA BT O artepillin C JREDZE N HEHILS | artepillin C f AR
AW VEE DOHETEM & . FZH D artepillin C-4-0-B-p-glucuronide JE (XTI L TH Y |
drupanin THEIBROMERPEF N 06 (Fig. 3-11), KRN ~RI S 7=
artepillin C & drupanin DIFIELE TIL, 7 =/ —/VERSY DKEEEE DN AR 2% 0
HIZENRB I, —MANZ, UGTs 137 = / — AAMEOKEEILTZ 1T Tl B
IWARFIIVEN S D-0H ~D 7 V7 o VR G2 Z L8 mbn s
869 EEZ b MR 2 v Y — A% FWTE invitro {1 CIE. artepillin C 3 LK Y
drupanin & H I, FFEHI72 m/z 193 D MS/MS 77 7 AV "Naefio 7 v v g
FAERNERSN, 2O miz 193 D MS/MS 7 F 7 A 2 M, BIVRF I VEIC
TN A BHRREE LT VI vy a= RICRHR R 7 Z 7 A N ThDH T
ERHESNTWD ) TS a = RIIARLE RSB & LT
fad 2 R 2 ERME STV ER TV KNICRIR STz artepillin C &
drupanin (%, 77NV 7 0= R X0 S LERT = ) —WHEOKBETDO TN
o UBRA RSN DT, BEThHEEZDLND,

BGP £ 54 @ drupanin @ C pax 3 & OV AUC 1 artepillin C DZ 4L & X i
FN23BLON IS EEETH 7= (Table 3-3), — 5T, BGP 5% 24 FEf
I 470D artepillin C O I FE (193 + 101 nM) I drupanin O Ifil. 2 (22 + 22 nM)
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LV LEMETHoT-, TN HHRERIZ, artepillin C DWULMEIT drupanin £ YD H KL
23, 7 U7 Z A% drupanin LY HIEWAIEEMEZ/ R LTE Y. ZiUE, drupanin
(27 L = VRSN L 72 artepillin C DREIERIRFFHIC L 2 b DIEE B2 b b,
7 Z 78 /) A K TCi&. 8-prenylnaringenin @ C pn, & AUC 73 naringenin & ¥ & E I
fRWN—F5T, 5% 24 REff]EE 5L 8-prenylnaringenin O Ifil 15 1 naringenin &
@D 2 e S Tng P, &5, quercetin O L = /AL
A ~OIR Y IAHBZH IS, BRUERIC LV EE~EEIND Z & nHE S
NTWBZEnD P Fr=/LEofmE, (ALEHOWIHE & ik iR & %
HYIEL—HT, ME~OEBEERET LB LD, TIVE TOMAMSE
IZEB W T, artepillin C DFEBLEMEE L Teys-n A 2 b U = EBEZMHI 35 Z &
Y M ORI LT 5 2 LB SR TV A0, 215 D 50%E
A (IC50) 1EMida A LR O MAEIC BT 5 artepillin C D C o LV b, TNLE
5615 L 19.9 5@V, FERHERE~D artepillin C DEFE A MR T 5H Z & T, BGP
ORI 72 B BN K 0 | FEAYFGER CAEBIEME 217 artepillin C OF W2
THAREMELRIETE D B % 5,

AFRBR T artepillin C & drupanin (212 T, WL O OEKRBEFHERLE 7 F
A R BGP &KEG#IZT N7 v kB X ORI SR~ S, BRI
WIS D Z & &R LTz (Table 3-4), T 6 OB OFERE L 1ERBTF 25
MZTHZ LT, BGP OFENERA I = X ADIRINZ D723 D L E 2 HILD B,
ZOT=DITiE, REMORBELAEINTVWAMNEZFET ONERH DH, H
ZAE, RNIZRIN S 7= quercetin 127V 7 b BRI AIA F - 13RS RICAX
#END W, ZFDOHT quercetin-3-O-glucuronide |ZRJEFHNL T~ 7 1 7 7 —
kK B-IN v = —RIZ X HMIEIZ XV PIRIEEEZ RS 2 EWmE S
TW3 P, F7 . quercetin-3-O-sulfate (X . quercetin 7 7' U = ¥ L O}
quercetin-4’-O-sulfate &2 0 90712, 3T3-L1 BBl vV 7o 7 )t
—VEEBDESED ZENBEESN TS O, 7FR A FRBIC, RS
BRIZBWT Y, WA ERORE & REEAEN A Y O A BE I EE 5
R D AREMENE Z b D T, [Hx OREBEFHEARZNZEN ORI N
T, B DRGEZH#ED DMENH D, £72. BGP H1D artepillin C 3 £ O drupanin
B BGP &EHOZNEN DM ~DOWINEIZFABI N 722 & | baccharin 23
BGP # 5% DM TR SNWRNWZ ERH BN E 2572, ZHUT artepillin C X°
baccharin DR IEDME N FTREMEIC AN 2, 240 & DAy 38 TFAGEHT72 1 T2 <
MOLE A~ SN TV D RS E X bvDd, BGP HKERFONHm L, B
—hk43 & LT artepillin C < baccharin % % 5- U 72 BRICA U G & bl 42 =
& Tl & DAEBFRTE AR ORI E & AR A B 522 TE . BGP DA RME
AT = XL DRI DR D E b D EBEZX D,
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Table 3-1. Clinical and demographic characteristics of study participants.

Group n Age High (cm) Weight (kg) BMI (kg m-?)

Female 6 30.0 = 6.5 1603 + 4.1 523 + 42 203 + 09
Male 6 348 £ 95 1737 £ 53 652 £ 50 216 + 14

All values are means + SD; BMI, body mass index.
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Table 3-2. The major chemical compounds of Brazilian green propolis ethanol extract powder used in clinical trial.

Compounds Type Content
(%)
artepillin C cinnamic acid derivatives 1090 + 0.78
baccharin cinnamic acid derivatives 312 + 042
drupanin cinnamic acid derivatives 206 = 0.16
p-coumaric acid cinnamic acid derivatives 1.82 + 0.09
capillartemisin A cinnamic acid derivatives 1.68 = 0.13
2,2-dimethylchromene-6-propenoic acid  cinnamic acid derivatives 0.32 + 0.02
3,4-dihydroxy-5-prenyl cinnamic acid cinnamic acid derivatives 029 = 0.02
culifolin cinnamic acid derivatives 024 + 0.01
caffeic acid cinnamic acid derivatives 020 + 0.03
kaempferide flavonoids 1.83 + 0.10
6-methoxykaempferide flavonoids 1.14 + 0.11
dihydrokaempferide flavonoids 0.72 + 0.02
kaempferol flavonoids 0.13 + 0.00
chlorogenic acid caffeoylquinic acid 023 = 0.02

All values are means + SD; n = 3.
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Table 3-3. Pharmacokinetic parameters of Brazilian green propolis components in human volunteers after consumption of BGP

capsules.
Enzymatic C max (NM) t max (h) AUC o241 (nM+h)
Compounds .
hydrolysis  Ave = SD Ave + SD Ave £+ SD
1 - 184 + 136 2.0 = 2.0 439 + 284
artepillin C
+ 1255 + 517 1.6 = 0.8 5583 £ 2479 **
. - 1085 £ 461 14 + 0.8 1591 =+ 824
drupanin
+ 2893 + 711 1.5 £ 0.8 8534 + 2013 **
.. - 29 + 27 1.6 £ 09 25 + 24
p-coumaric acid
+ 134 + 42 1.5 £ 0.8 293 + 120 **
. .. - 48 + 24 14 £ 0.8 124 + 67
capillartemisin A
+ 274 £+ 95 1.5 £ 0.8 1238 + 540 **
) L - 467 + 118 1.6 + 0.8 1138 + 383
2,2-dimethylchromene-6-propenoic acid
+ 400 + 112 1.7 £ 0.8 1015 + 283
. . L - 5 £ 11 19 £ 09 6 + 13
3,4-dihydroxy-5-prenyl cinnamic acid
+ 246 + 58 1.8 £ 1.0 1061 <+ 279 **
o - 252 + 58 21 £ 09 1327 + 344
culifolin
+ 243 + 48 24 £ 12 1180 =+ 225
] ) - n.d. n.d. n.d.
caffeic acid
+ 58 + 28 1.8 £ 0.7 223+ 129
- n.d n.d. n.d

kaempferide
+ 84 + 30 1.7 £ 0.8 421

H_
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) - n.d. n.d. n.d.
6-methoxykaempferide

+ 34 + 7 20 £ 09 208 + 63
) ] - n.d. n.d. n.d.
dihydrokaempferide

+ 45 + 17 1.5 £ 0.8 81 =+ 55

- n.d. n.d. n.d.
kaempferol

+ 14 + 7 20 £ 1.0 71 + 36

All values are means £ SD (n = 12). C ax, maximum plasma concentration; ¢ p,y, time to reach C ,x; AUC, area under the curve (024
h); n.d., not detected; The comparison of AUC 0-24 h values with and without enzymatic hydrolysis were analyzed by student’s 7 test
(**p <0.01).
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Table 3-4. List of plasma metabolites after oral administration of Brazilian green propolis capsules in human volunteers.

Mass
Metabolite Putative RT Detected  Theoretical Detect Peak Area Ratio p-values
Metabolite Putative Identification Assignation difference .
No. Formula (min) Mass Mass (1 h/Pre) (1 hvsPre)
(ppm) Pre lh

1 Ci9Hy O artepillin C * 17.62 [M-H] 300.1722  300.1725 -1.19  1.96x10°  6.02x107 3073 2.50x10°

2 Cy4Hy05 drupanin * 14.35 [M-H] 232.1096  232.1099 -1.33  2.35%x10°  3.83x10% 1633.8  2.23x1071°

3 Ci9Hy Oy capillartemisin A * 14.50 [M-H] 316.1670  316.1675 -1.59  6.00x10* 1.16x107 193.0  2.30x10°

4 CiHy, 04 2,2-dimethylchromene-6-propenoic acid * 15.48  [M+H]"  230.0942  230.0943 -0.45 1.44x10° 9.39x10’ 649.9  2.23x107°

5 CjoHy O culifolin * 19.53  [M+H]"  298.1566  298.1569 -1.17 5.02x10°  2.14x10’ 427  2.23x1071

6 CysHs O artepillin C monoglucuronide # 13.07 [M-H] 4762042  476.2046 -1.01 3.37x10° 2.07x10% 712.8  2.23x10°

7 Cy Hay Oy drupanin monoglucuronide # 11.09 [M-H] 408.1416  408.1420 -0.97 3.58x10° 3.41x10% 9523 2.23x101°

8 C,s Hi Opp capillartemisin A monoglucuronide # 11.39 [M-H] 492.1991  492.1996 -0.89  1.10x10° 3.63x107 3295  2.23x1071°
3,4-dihydroxy-5-prenyl cinnamic acid

9 ChyHy Opp 11.15 [M-HT 4241367  424.1370 -0.66 8.25x10* 7.61x10° 922  223x107°

monoglucuronide #

3,4-dihydroxy-5-prenyl cinnamic acid

10 Cy Hy Oy 12.28 [M-H] 4241367  424.1370 -0.54 2.62x10° 2.71x10’ 103.7  2.23x10"°

monoglucuronide #

11 CpHyOp kaempferide monoglucuronide # 11.50  [M-H] 476.0952  476.0955 -0.63  2.18x10° 1.59x10’ 732 2.40x10"°

12 CiHi;s06S  drupanin monosulfate # 11.99 [M-H] 312.0665  312.0668 -0.96 8.59x10* 7.07x10° 823 2.23x10°

13 CoHgO4 S p-coumaric acid monosulfate # 7.80 [M-H] 244.0037  244.0042 2.1 9.99x10*  2.30x10° 23.1  2.23x107°

14 CoHgO;S caffeic acid monosulfate # 7.83 [M-H] 259.9986  259.9991 -1.78  1.63x10°  2.03x10° 125 2.24x107°

15 CiHp0yS  kaempferide monosulfate # 13.79 [M-H] 380.0197  380.0202 -1.33  5.51x10%  3.66x107 6.7  5.50x107°

16  Coo Hys O5 methyl artepillin C # 15.65  [M+H]" 314.1879  314.1882 -0.96 1.57x10° 5.34x10° 33.9 2.24x107°

17 C;sHjg 05 methy] drupanin # 16.98 [M-H] 246.1253  246.1256 -1.33  1.93x10°  2.27x107 1179 2.23x101°
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18 Cyy Hy Oy methyl capillartemisin A # 16.76 [M-HT 330.1829 330.1831 -0.78 3.74x10°  2.40x10° 640.0  2.23x10"°
19 CisHi6 05 methyl 2,2-dimethylchromene-6-propenoic acid # 17.62 [M+H]" 244.1097 244.1099 -1.08  1.37x10° 6.61x10° 48.1 7.05x107
20 CyHyy O3 methyl culifolin # 16.76 [M+H]" 312.1723 312.1725 -0.84 1.30x10° 1.15x10’ 88.6  2.23x10™°

RT, retention time; [M - H], negatively charged molecular ion; [M + H]", positively charged molecular ion. The mass difference was
calculated by subtracting the detected mass from theoretical mass. P values were obtained by comparing pre dose and after BGP
ingestion (student's 7 test). * Identified using standard sample. # Putative identified on the basis of their exact mass (5 ppm of accepted
mass difference) and/or MS/MS fragments.



Artepillin C 2,2-Dimethylchromene-6-propenoic acid
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Figure 3-1. Time courses of plasma concentration of each composition during
enzymatic hydrolysis reaction. The plasma sample collected from a volunteer at 1 h
after BGP intake was mixed deconjugation enzyme and incubated at 37°C. After
incubation at 0 (Immediately after the addition of enzyme), 30, 60, and 90 min,
methanol was added to stop the reaction. These samples were prepared to LC-MS/MS
analysis according to methods section.
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Artepillin C 2,2-Dimethylchromene-6-propenoic acid Kaempferide
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Figure 3-2. Plasma concentration-time profiles of 12 BGP components in human subjects (means +
SD; n = 12) within 0-24 h after ingestion of BGP capsules. To confirm the presence of sulfates and
glucuronides, the plasma samples were incubated with deconjugating enzyme. The plasma

concentrations were analyzed by LC-MS/MS with (black) or without (gray) deconjugation.
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Figure 3-3. A comparison of LC retention time and MSMS fragment of biosynthesized standard with a metabolite in plasma. (A) MS
chromatograms of artepillin C monoglucuronide (m/z; 475.19) synthesized by human liver microsomes, (B) in plasma at 1 h after BGP intake
and (C) produced by yeast cells. (D) The MSMS spectra of peak 1 to 4.
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Figure 3-4. A comparison of LC retention time and MSMS fragment of biosynthesized standard with a metabolite in plasma. (A) MS

chromatograms of drupanin monoglucuronide (m/z; 407.13) synthesized by human liver microsomes, (B) in plasma at 1 h after BGP intake and
(C) produced by yeast cells. (D) The MSMS spectra of peak 1 to 4.
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Figure 3-6. °C NMR spectrum of artepillin C-4-O-B-D-glucuronide
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Figure 3-7. HMBC spectrum of artepillin C-4-O-B-D-glucuronide



9EL" T ~_
8GL T —

0Te"
€Le”
88¢ "
407
61V "

LYY
7oV
6LY"

ppm

1.0

1.5

!

:

2.0

Al
2.5

3.0

06¥ "
806"
9¢G-
9vG”
196"
rog-”
08¢
919~
A%N
€59°
6L6°
866"
T€0”
9%0° ¢

\

g

o
N

o

!

-t
N

r

[s]
-

|

g8ee”
ove”
€eve”
9ve”
0se”
415
SS€”
8G¢e”
Log"
0Le"g
€Le”
€0€"
see”

WWOW VOOV WLOWWOWOIOWOOMMOHMOMHMOOOMOMOOOOMOOOMNO

L

(AN
6CT”
(3745
£6¢€°
7Ov "L
607"
XA
9¢v L
I86°L
€19°L

o~

N\

o j

||

o
-

|

J

-~

|

j

[o2]
(=2}
o

ér
@
o

-~
o
-

g

2]
-~

90 85 8.0

500 MHz, CD;0D

9.5

Figure 3-8. "H NMR spectrum of drupanin-4-O-B-D-glucuronide



i

n 0 [N < NO O o o o ™
~ © ™ o~ AN M ™ SR < o m < [N <
.o . L e e . o . 0 © o — o o
N o © ] Mmmnoow M ~ 0 ™~ .. . P .
~ o) < MmoNnmnoa N — o ~ © o~ o0 ~
— — — A A A — — ~ ~ [SSERESN —

125 MHz, CD30D

MWWWMMWW

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Figure 3-11. A comparison of plasma concentration of artepillin C-4-O--D-glucuronide
or drupanin-4-O-B-D-glucuronide (black) with the values of subtraction the
concentration of artepillin C or drupanin in intact plasma from their total plasma

concentrations with deconjugation.
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BAaE TIVNVESY—rTuR) AOXEREEBFELOTIN - RHTE
B - IREEMEORRE

4-1 1IC®IT
R ERIIHEY) . . BB LR, FRx 2BMIESEENT

¥ 0 " caffeic acid. ferulic acid, chlorogenic acid % @ﬁﬁ@kﬁ’gfﬁiﬂﬂi?ﬁ@ﬁ‘f .
Ui, IR SRR EH S 0 IER R E S Tng #7529
NWEEZ Y — 7 a R Y 2 (BGP) IZ % artepillin C <> drupanin, baccharin, p-coumaric
acid % ORERLBFHERDFFEAIICE FNTB Y . BGP O b Ok x A ZMEIC %
HLTW2EBZHNTWD, 53 ETRR7ZE MIBGP &5 L7-FED BGP
%53 DU « A3 2 i L 7= 3Bk 12 351 T, drupanin @ BGP & (3 artepillin C
D VSFRETHDDIZH L, Cmx & AUC IZZNZEI 23 15, L5 fE@fEIC/2 5 2
& B X W baccharin 73 BGP &% 5:-4% @ L DISEY > 7 BT H I Sy
ZEEAHLTWD, Ziux, KR OIS B e B ATREMEICIN X . B Ok

FNSERBMENTWDABEMENB 2 bV D, TNERGEET DX, HEmE L
TO BGP H#E- 721 T2 < VH—p%4r & LT BGP X %53 2 MEN D D

N, Bl TOREMERHERE SN TV RWBGP iy a b M35 2 &%
mEPICEE LV, £22C, AETEETLVEWE LTIy FE2EH L, BGP @
T2k FR BB (K T o 5 | artepillin C, drupanin, baccharin 33 JX OY p-coumaric acid
G LTEBED, ZAbEMOWINME L RBEZH N T 22 L2 HME L TR
Bk - S L 7=,

4-2 MR L G

4-2-1 SEBRMHEE

AFRBRIZ = BGP oK (Lot : LY-008) 13t FakBr CREBREICHEHLZH O
ERERD b DO ZMH Lc, @R GAZHWIAERES X Table 2-1 12, L7 7
A —BIX 3-2-1 IZFLHDO b D EfEH L7z,

4-2-2 BB XOEWRBRT VA v

ARgO 7 v b aVIEBERKRFIHYRREHEEZE SO BTk, BiR
KFZOHYEBIHAN G- TEBINT- KRES MA31-5)0

Wistar/ST 7 » b (A A, 6-7 #fi5) IZTAARSLC »>HHEA L, =i 23 + 2°C,
M 60+ 10%., 12 FEOBKGY 4 71 (8 :00-20 : 00), H HBEHEKDOEREE T
T 1A EEE 21T - 7=,

10 REf L B X872 v b (25¢g /b3 —A+4.97 g NaClI/L IR D A H H
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EARIZTERE) 12, 10% 70 L7 U a— VRS- BGP By K% 300
mg/kg DG &EIZRD LR Y U FICTRE L7 (1 mL/PE), Artepillin C,
drupanin, baccharin, 35 & p-coumaric acid I BGP D& A &IZHEVY, BGP #K
300 mgkg D G-EIZHEDOE T, TRENRAY T THRE Lz, ikt 7
JTHEEE 15 pRIB L O 5% 30 40, 1. 1.5, 2. 3. 6. 9, 24 BFICEEB AR
FRN DAY B A LTz~~27 U v hF 22— (Thermo Scientific) % Fu>
TERE U7z, BE L2y > 7 Vid =R (23 £2°C) 12T 4,000 rpm, 5 57 il
DU, M BE LT, BRY > 7 e bea 15 FEff 3 L O 5-4% 0-3, 3-6. 6-
9. 924 B DREE /LT — k(PR 3000, BERS M RIREM ERRIFTE
Ar) AW TEIR Lz, B bz 7 i3 £ T-20°CI TIRE LT,

4-2-3 T NETRLER

LC-MS/MS & X 5B D3t 247 5 728, AL 3-2-3 Fhdi o HFIEITHE-> T
ATALEE 24T > 7=, 25 pL DIMEIZ 500 pL DA X ) — )&z, B 37 %,
I % 37°CHIMR T CER AT ALV iZE L, 37°CT 1 KfE$ L7 7 &2 —E (50
o=y MY WTHE LT, Y7 7 Z—PI L D E L F% o
$EY- 7 V& LC-MS/MS IZf: L7,

PRYEME RISV T — N OGS IERTHR OB S A ET 52 L TR L,
WIS ET IV T o — 2 2mm AICEBI L, V7 4g H720D 50 mL D 50% A
& ) = TIRPRE 20 L, iR A ER%E, = AR L —2—B X,
BOERLEEIZ XV RLE S, 2mL D 50% A ¥/ — )VICHIRE ST, FIRfRLT-
VoI Ny X F a2 —TZREE LT 20 L IZ7e b @A piE L, Mgy
TN EFRBEO FIETH LT 7 2 —BIC L DS LB Z1T -7,

4-2-4 LC-MS/MS &34t

LC-MS/MS D43 Hrgefhid 2-2-3 Ehall o CFEM Lz, F7o, g, Ry 7
NP ORI E R, BLOESINTIC X D BERBRFERNEH O L b
3-2-6 FLAD FETEM LIz, 72720, ENITIC OV TIEER G-A1E L O 5%
30 e OIMER LB U, FRHIAEIC S0 5L EE— 7 N R D LD %,
BHALEMORBEW & L THRWH LT,

4-2-5 FEYEhREET
3-2-7 REE D HIEIZTHEM LT,

4-2-6 WLEHFEMT
T — X Y] + BERERZE (SD) TR LTz (n=4), #EHEYTIZ IMP for Windows
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ver. 5.1 (SAS Institute Japan) ZfE/H L7z, B ARLELO Mg Tt S 7o
HAivEmoT 7V ay BeREY . a7 L 3 DU Lo @O AUC
D LR I E— e E S AT & Tukey-Kramer 754 H N 2, Blda & 4L o I8 ds
F QIR TR SN 7&K G0EY & £ O RLRFHWH O AUC & IR HFr Rt & o b
F X drupanin # 5-8£ & baccharin 5 5-FE O JR FAGEHY ORI ER O Feig i,
Student’s t-FREIZ TIT o7, MEMEITp = 005 THEE LT,

4-3 FER
4-3-1 BGP BERIZBITZT v b TO BGP ZEEABFEEORIN L E b &
D LB

7 v MIBT D BGP O EE S IRFH R OWIN MR L, & h T 5
¥, 7 v M2 BGP Z#e54%, 24 WA £ TO MM A LRER, Hifo G 1R 0B
LC-MS/MS (2 TH3#r L7z, BGP @ F= B 70k 2 i 4R & L T artepillin C. drupanin,
baccharin, p-coumaric acid @ C nox & AUC % Table 4-1 (2779, 26 DILEMD
M. 7 v b Tl&p-coumaric acid D C a3 L OVAUC 23t H 51 < L ¥RV T drupanin,
artepillin C DIETH -7, FHIETHLNLE FORER LTS L, B TR
drupanin ® C nx & AUC 238 H 1 <. IRUWT, artepillin C, p-coumaric acid DJIH
Thol, Fo, B FMEFRERIZT v MIBWTH baccharin (L EDififEd o7 v
THHRHTHZ &I TERDST, T DOFEEN S| p-coumaric acid DWILIE
b hETy NETHEND D AREMENH 505, BGP OF A &IC/X LT drupanin
D C max X° AUC 73 artepillin C £ YV & ®EIZ7Z2 5 . F £ O baccharin 2% & DIRE A
DI TSR Aide e Ty FTHIEL TV e,

4-3-2 BGP EEREKRBRFEE O MFREYOFFE

BGP O FHE 72k R FR ik B (K CT&H % artepillin C. drupanin, baccharin, p-coumaric
acid IZHERT 2B AR ET 5720, TN OEREL Z Bl 5 L, BRIl
TS o T AT O T AR RIC K DA A2 17T LC-MS/MS (kL 7z,
Table 4-2 |ZIX AR S M 5-8i & % 5-30 D% OMIEEZ S LTI BEo 7 v~ b
7T LEHE L, B MENE 5 ZITHERIAEIC 50 5L BN L 72k &Y
2R & LR,

Artepillin C 528\ T, 7/LEWN artepillin C £ 5- 30 /3t D i ¢F
EICHML7-RE L LTS, 2o OB O, artepillin C DT 7
Y =, artepillin C-4-O-B-D-glucuronide, ¥5 & O capillartemisin A (artepillin C @
KEEALAEY) DEEYESL & DEIRIZ LV [FE Sivic, F£72. capillartemisin A &
[fl— D ¥ EE &2 DR FFIRFH O 272 2 EH1X, capillartemisin A @ cis BT
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& % capillartemisin B & H#EE Sz, M T, MEEESE MSMS 77 7 A |k
N5 AF AL S L7z artepillin C D 7V 7 1 VRIS RS capillartemisin A D 2 /L
7 v RS RN EMICFE SN, — T, A EIOMYT TIiX artepillin C O
i7" L = AR Td 5 drupanin °F DA IR S o Tz,

Drupanin #% 5-% CiX. 13 L&MW & L THitH S 41, drupanin 7 7Y =
>, drupanin-4-O-B-D-glucuronide, 3,4-dihydroxy-5-prenyl cinnamic acid (drupanin
DKL) DEEHESL & ORI XY [FE S, £70. FEEE L MS/MS
777 A Nrb, drupanin OREETLA AT L O 3,4-dihydroxy-5-prenyl cinnamic
acid DFREEFL G RN E ERICRIE S vz, A T, drupanin 225 H L <X AT
Mbsiztg, 7V v R EOMBRI G 22 T2 L HEE S D REHW b O
R Sz, —J5 T, drupanin O 7 L = AKIKTH % p-coumaric acid (F4#
HEn oz,

Baccharin X BGP #% 5-5f & [AARIC, EoffES o 7 ApCh it S ninoiz
25, 14 /L5725 baccharin fAEH) & L TR &iviz, 2O 12 (LA drupanin
R & LB LTk Y | drupanin 7~ U 22> drupanin-4-O-B-D-glucuronide ,
3,4-dihydroxy-5-prenyl cinnamic acid 23R HE S & D EHRIZ 10 [AE S 47z, Iz T
baccharin £ 5-RFZ D g SR O—> HEEARL : Co Hyp 03) 23K
FEE L MSMS 77 7 A Rhvb, 3-(4-hydroxyphenyl)propionic acid & #EiE =
N, T B OREEN G, baccharin [FIARN A~ X415 BRIT drupanin ~ & 7K
RS VT-% . drupanin & RIEROMH 2205 2 &R S, B FBLUNT »

NMZFWT BGP #BH#% DI H drupanin #EFE1Z, baccharin @ drupanin 73 %7 5-
LTWHZEPHLNIRoT,

p-Coumaric acid % 5-TlE, p-coumaric acid 7 7'V a2 B XY, O AE
R SN, 7y n U BlaRIImE S highoTe, o, AF b
S 7z p-coumaric acid & Z ORISR & HEE SN D EW bR S vz,

BAEUE T 542 DIMAEIZ IV T, artepillin C 38 & O capillartemisin A TliL 7 /L
7 v A ERDS . p-coumaric acid TIEMERTAAA75, drupanin TIX 7 /L7 v
AR MBS EROmGNREm & L TCENENRT SN2 &b,
Rl EAR & A EIEESR & oF e, BE L2 b EMOmMENBR L T
WD RIBEMED R STz, Fo, 3 3 WICEBW T, BGP 5% 0t FMETE
INHORBPPBE SN TND Z LD, ZiLH O BGP By DA RHFR I
T e Ty FTHEELTWD Z L DVRIER S L7,

4-3-3 BGP TEREFBEBEARESZOMPRHDEE LRI E
BREEEEH B O TR 2 HEE T 5720, BiE TR & o i
KV RIE LT-SEIc oW, g L R EiE A2 EE LT,
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Artepillin C 5%, A ERABEOMAEIZIW T, artepillin C 7 7'V 2B &
N artepillin C-4-O-B-D-glucuronide @ C oy 13, BLAE G LERZ DIMAED | #45 artepillin
C (77U ar+HaBK) @ Cupx (951 £2780M) IZK LT, ZTHEI 52%3 K
W M4%IZELT, S5, B/ RLEDOIMEF O artepillin C 727U a &
artepillin C-4-O-B-D-glucuronide ® AUC (%, €L 1656 + 702, 1666 + 287 nM *
h TH V. ZTOEFHT., HInANLERE D artepillin C @ AUC (3771 £ 687 nM +h)
D 88%ITiE LTz, Z DFERIL, HA &1 72 artepillin C DIZ & A ERTH 4
NDOKEBEFNZ TNV v CEBFEET 20T b TR SN2 2R L TEY,
FI3WEOE FTORERE —FHL T, Eio, DA LE%Z IV T, artepillin
C OGEM & LT capillartemisin A D C oy (£ 455+ 1520M TH Y . =D AUC

(6831 + 1560 nM-h) I3#R artepillin C D AUC & Hig L CTH EIZE D> 72 (p < 0.05;
Figure 4-1A) , JRIZEWT %, artepillin C 35 J O capillartemisin A 23 fILFEH & [FlAR
(A & Lﬁﬁm Sh, Fh oo 24 WEH E TORPYEMEIL, 5L
artepillin C f£ 2.34%CTH Y . Z DN DK 70%73 capillartemisin A T - 7= (Table
4-3), F7=. artepillin C 3 L O capillartemisin A D HEH T G- 9-24 FEREIC
THED B, 24 WFE] E TO capillartemisin A O JREYEMEEIT artepillin C @W%}Fr{ﬁ
B L THEREICEETH -7 (p<0.05; Figure 4-2A), ZiLH OFERND
7 v h @ artepillin C fRUEHHNTIWTH T AHIARET L 0 KBRS, L0 E
TR T D ATREME S e X %Lf:o

Drupanin # 5%, P& RO O MIEIZE T 5 drupanln T7YVargrn
drupanin-4-O-B-p-glucuronide D C oy 1. HEE?@/\&EET“& D IMBFEIZF1T 5 4 drupanin

(7 7V 3 U +HAEER) D Cnax (5469 £ 1662 nM) 1T} LT %irb%irb 20%35 &
VD 29%REThH o7, £, BIERLHEDOMIEICK T HZNHD AUC 1%, £
A 1532 £536 3L 102227 £839nM - h ThH V. ZOEFHIMARELIERE D
# drupanin @ AUC (7309 £2156nM + h) O S1%REThH -7, FHIHDOE R T
DFEFTIX, drupanin O EE R FAERRKIL I V7 0 VBB E Th > 7o OISt
L. 7y FTOZOREIE, MEBREERED TNV T v U BREE LS ORREGH
Wik 50% 2 HDTNWAHZ EE R LTS, £z, Wi EW0EE% . drupanin DK
R bACE & LT 3.4-dihydroxy-5-prenyl cinnamic acid ® AUC %, 293 + 80
nM-h TH U & drupanin @ AUC & ik L CHEIZIK) > 72 (p < 0.01; Fig 4-1B)
Baccharin £ 5-1% O i &AL EE U 7= 12 35V T, baccharin {RE# & L ToD
drupanin ® AUC X 6047 +£982nM - h TH Y, ZDON, 77 v U BIaEERN H
DLFEEIT46%E ., T 7 a I b AREICEETH 572 (p<0.05; Fig4-10),
Drupanin #% 5-FF 3 X OV baccharin & 5-FF D JRIZHB W TH . drupanin 8 L O
3,4-dihydroxy-5-prenyl cinnamic acid 23 fiLfE & [FIERIZHR H S 4L, 24 FFE &£ TO
drupanin @ JRHPEME R, B¢ 5- L 7= drupanin 35 X OF baccharin D Z 31241 29.9%
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BLOR25%ICFNZFiE LT (Table 4-3), & D[EIUNFT drupanin £ 5-KFD 5
73 baccharin & G-RF L D b A EICHE TH 722 &0 D (p < 0.05), WIGEFEIC
NG 3 T3040 % baccharin £ U & drupanin OWIEHER DN E AT BEMEDS RIS S
7=, F 7=, drupanin $¢ 5 K735 L O baccharin £ 5-FfD £ 5 512380 T4 | drupanin
& 3,4-dihydroxy-5-prenyl cinnamic acid O JRYEMIIH G- 9 Bl T T L TV e

(Fig. 4-2B and C) ,

p-Coumaric acid % 5-7% . BiA G AR LB O M AEIZF51F D p-coumaric acid 727V =
YD C pmax BELOVAUC (L, %ﬂ%ﬂ 4981 + 2185 nM F5 L 1M 4233 +£ 1969 nM - h
THY ., BHEUEL% O MAEIZIS T 5 p-coumaric acid @ 44%35 X TN 42%I2%
NWEINZE LTz, Z0fNT T p-coumaric acid @7 /v 7 v U ERIAIRD R H S hu7s
MolzZ L aFETHE, MPIZHEY AT NI/ p-coumaric acid DK 60% 03 i
A IRICRE S A et dH % (Fig. 4-1D), F 7=, 24 FFfE E TO p-coumaric
acid DR PHRM BT G- 80D 87%IZ1Z L (Table 4-3) . #&H5%&D72< &b 3 HFfH]
T7 VT T UANRET LTz (Fig. 4-2D),

4-4 EE

AWFZEIZ LV . BGP DO EERIEEIEFHEIRTH % artepillin C, drupanin,
baccharin 3 X Y p-coumaric acid DHIEKEEZ 7 v FEET /L E LT, BIHMNIT
952 LN TE 7 (Figure 4-3), AEAKP T artepillin C O capillartemisin A ~D1X;
#f. ¥ L U baccharin @ drupanin ~OREH 2 HE 2 72 DIX, DR D ITIBNTHID
TThs,

Artepillin C % 5-4% D MBI T, capillartemisin A 73 artepillin C D 7 /L7 1
VBRI AR & [FIERIZ . artepillin C O & L ClRIE S 47z (Table 4-2), Z D
it Fel L, artepillin C OARME & Pt =R 2 m o 28 7' 22 A D—> & L T, artepillin
COT V= VENERNTKEILSNIZZLEZRL TS, B FBEIOT v b
7wy =Lz M L7 in vitro fRETlX, artepillin C X5 k7 = — A P450

(CYP2E1 B LY CYP2CY) 2 & o T capillartemisin A 38 L OB (2 S s =
ERFESRTEY P, 7y hTORBERLE -HLTWD, £72, artepillin C
R & L CD capillartemisin A O Ml HH 2 EE-RERT AR I, & 514 30 40 & 9 KR
T2ODOE =7 %f LT (Fig. 4-1A), MR- R fhsf B e — 2 2R
TOI, BIRERICE D2 bDOREEEZ LN TND P, 2079, artepillin C &
T L= VORI 2% T otk IR ERTPICHEIE S T D ATREE DN B D) |
capillartemisin A @ AUC 729 artepillin C ® AUC LV b A EIZEEIZ/R~T2—2D
HREZZ biLDH, £lo. Z ONEMEEHERD artepillin C & capillartemisin A @ 27
U7 Z > A drupanin X° p-coumaric acid & [bNEL o B[RO —HDTH D L
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Bbohd, 8 3 BIZBTDHE FOFRRIZEWNTY, artepillin C 8LV
capillartemisin A |3 BGP #¢ 514 24 FFERe SO MAEHTITAFAE L, Moot e E
REVL 7 VT TUAPBNZ ERHERSNTND I D, B MZBWTH
artepillin C @ capillartemisin A ~DORGEH & JHIFEE~DOIREITITOIL TV S & b
o,

Drupanin 33 & U baccharin £ 52 1286\ T, 12{LEWNENZENORBT & L
Tl LTl TR S 7z s, 2 {EE 7 baccharin £ 5-RF oD il 4 T D 2
H &7, £ DN O —-21 3-(4-hydroxyphenyl)propionic acid & HEE X 41, baccharin
DINAK G FRIZ X 0 4 U 7= 3-phenylpropionic acid DKL THDL EHEZ D
#1%, 3-Phenylpropionic acid & #iE3 Bl L TW S EERRE  (3-phenylprop-2-enoic
acid) IZBWTIL, 7 = = VEOKIACAREH N C D RN 7 » F THE S
TH Y ¥ baccharin 7> 55 U 7= 3-phenylpropionic acid & [FEEIC 7 = = /L EAN K
fe{lt & v, 3-(4-hydroxyphenyl)propionic acid ~E s/ THAH, ZD
3-(4-hydroxyphenyl)propionic acid (21X HT-29 fifid 2 FH W 7= AF5EIc W\ T, il
RPRIETER 2B T 52 % 5y MaB I 5HmbER ¥, MAPK, p38 ,
ERK1/2 {8 2/ LIRS NS ST Dd Z 2205 ¥ baccharin O
TNZK 53 R &0 A2 U 7= drupanin <° 3-phenylpropionic acid, 35 X QN 5 O
2 BGP O b DEBIEMEOH IR E LTHE LT D00 E L, Iz T,
baccharin 73 drupanin & 3-phenylpropionic acid {2 IR /3 X415 &V 5 AFERIL,
ERBILOTZy FTHEBELTALN BGP & G-FFO M drupanin A3,
artepillin C XV L EMEIZR D ERBERO—DTHLI LEZRLTWNDHEEZD
N5, BGP &7 v h~ig 5 LT-ERD, # drupanin @ AUC (£ 31.7uM -h TH D |
# artepillin C ® AUC (7.6 uM *h) D 42 fEEETH -7, —J7, By e L
C drupanin 35 X O baccharin & Z L Z 1L 5%, Bida &40 U 7 o i e Tl
S 472 drupanin @ AUC (X, ZNEN 73 M- hBLR6.0uM -h THYH, £D
At artepillin C AP 5-F5 0 artepillin C @ AUC (3.8 uM+h) @ 3.5 {127 L,
BGP % 5-B artepillin C & drupanin @ AUC FAZUTl L7, ZEFEICIZ. BGP
DIRERL ST DS artepillin C K> drupanin ~REH S 4025 AIEEMESC, A HA 0 HIE
B LT BGP I L 72 503 1oy DWW ZR A3 5 £ D rIREMESE A4 B 8
HVENLH DM, AFTEOFE RS BGP #GFF D I drupanin #EE DR L%
40~50%(Z baccharin Hi 3£ drupanin 73 5T 5 & bl s,

BGP $¢5-% @ p-coumaric acid DWIUIZHBWTIE, B & Ty N THERDH D
AIREMEN /R X472 (Table 4-1), p-Coumaric acid (%, Caco-2 a2 FH L 7-#F5¢
(BT, THEIDE ) ANVR W T o AR—%— (MCTs) (&> THIAA
ICRVIAEND Z EBHESNTND Y, —JF5 T, artepillin C 1%, FILET /L%
fEH L7 RICBW T, ISR L 0 fENICERD IAEN D Z & RHRE
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ENTWD O, MCTs Z & AR A I Bk EOBIG TR T 1 7 7 A Wi,
~UA, Tvh BEIOE FOBTERRS ZEBFESRTWDZ 206 Y,

INODOGE NI U AR—Z—DRB LNV OREMOERN, T U AR—H
— 24 LR E SN A B R iR i R O IN OFEZEICR 5 LTV b &L b b,
FEOYIRNT % TR\ T2 A R B s AR i SR D i AR DR FRIZ 8 T, artepillin C
¥ L U capillartemisin A OFREEIESRITBE ST, 707 v RS RD B H
SNz, —J5. Drupanin (£7/V7 0 U ERaA AR L OREBREA R BRE S,
p-coumaric acid IFFREL RO LB SNz, AT, 2 b OREIEHEE
RO AF AL BRD BTz, & 3 FD BGP & 50Ot FofMHizksnTh,

artepillin C, capillartemisin A, 35 & OV drupanin @ 7 /L7 & VAR, drupanin
¥ L U p-coumaric acid ORISR S 4L, A F /UL S AUTCRE R Ll SR
LN ORI E T T LD, BGP I E AR ERO S #E /<
Z— 03 hETy FTHEILTWS EBbivs, F7z. artepillin C O FHE 72
BERBBREN IV vV BlAEKRTHHZ b MET Y PTHEL TV,
—F T, & TV 7 v B AR drupanin O E2E A CTH - 7223,
7 v N TIERBREEO 7 vy a LU ORA I & 417 drupanin 73
50%% o Tz (Fig. 4-1B), —f&MICUDP-Z v/ a0 /) YV hT AT =25
—+t (UGTs) OEEIZANVKE T A7 =T —F¥ (SULTs) &Hiad5E SN
DD ALAWITKT D EAMMEIEREIC L > TR | BRICERSL TV
W, BIZIE, 7R A RO—D2>TdH D genistein 1X7 /07 1 VAR E RO
FEARMANRERE TH Y, MBASOERIET v POV LD HIERNZ &0
WEENTWS P, E51T, genistein /L7 0 UG ED T X o U2
R 2 BRI genistein BRI AR L W bW 2 EBRHE SN S Y, 7
L = Uk LI B SR O A OIS TEIC W TIIREN 2 <, & b7
HIFENMLETH DM, B N EED BGP il OWIRMECH# 7 e 7 7 A L%
g5 2 & T, b b EEICEIT D BGP DB IEIZOWT, £ DM % BRfE
THDOOEBERFERNEOND BN,

ARRERTH S L 7o 72, BGP IZRHEIHI 22 R ERFA EIR O K (Lo AT L
ARG R, 38 KO IR G 2 & e (Fig. 4-3) X, BGP 721 C
72 JEUL LT AE RGO T L= b e R ST, AR, BEHFEOR
R ORI - AR 2T 2 ETHAHARMRLE D . 2N OHEB DA
NMERA T = X LRI S OB D EEZHD,
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Table 4-1. C ,,,x and AUC of cinnamic acid derivatives in deconjugated plasma after Brazilian green propolis (BGP) ingestion in rats and humans.

Rats “ Humans *
Components Dose ¢ C max AUC Dose ¢ C max AUC
(mg/kg) (M) (uM+h) (mg) (uM) (uM+h)
artepillin C 32.7 264 £+ 137 759 + 3.64 39.2 125 + 0.52 558 +£ 248
drupanin 6.2 1630 = 3.62 31.72 + 6.88 74 289 + 0.71 8.53 + 201
baccharin 94 n.d. n.d. 11.2 n.d. n.d.
p-coumaric acid 5.5 2788 + 4.58 3394 += 12.79 66 0.13 = 0.04 029 £ 0.12

a: Values are means £ SD (7 =4). C nax, maximum plasma concentration; AUC, area under the curve (0-24 h); n.d., not detected.
b: The data are reported in previous study (Chapter 3).

c: Equivalent to the BGP powder content of 300 mg/kg used in this study.

d: equivalent to the 360 mg BGP powder content used in a previous clinical study (Chapter 3).
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Table 4-2. List of plasma metabolites after ingestion of cinnamic acid derivatives in rats.

Ingested Detect peak area
Detected RT Putative
compound Transformation Identified metabolite (Y% (0\% Ratio p-values
mass (min) formula Pre 30 min
(formula) (%) (%)
300.1725  17.7  Ci9Hy Os - artepillin C *% 1.7x10° 49 50x10" 483 301 <.00001
476.2048  13.1 CpsH3; Oy glucuronidation artepillin C-4-O-B-p-glucuronide ** 1.8x10* 61 15x10" 785 812 <.00001
316.1673 146 CioHy Oy hydroxylation capillartemisin A * 22x10° 154  32x10"  57.0 147 <.0001
artepillin C
316.1673 15.1 Ci9Hy Oy hydroxylation capillartemisin B 2.6x10* 384 2.0 %107 58.8 752 <.00001
(Ci9 Ha4 O3) §
492.1998 114 CysHs Oy hydroxylation, glucuronidation capillartemisin A (or B) glucuronide **** 1.8 x 10* 8.2 5.2 % 10° 92.9 285 <.00001
492.1999 11.7 CysH3 Oy hydroxylation, glucuronidation capillartemisin A (or B) glucuronide sk § 2.0 x 10* 10.2 3.2 % 10° 96.3 158 <.00001
490.2205 15.7  Cas Hzs O methylation, glucuronidation 2.1 % 10* 5.6 3.1 % 10° 62.5 150 <.00001
232.1096 144 CiuHj0s - drupanin *% 2.1 x10° 48 1.6x10° 626 755 <.00001
3120662 120 C;4H;s0sS  sulfation drupanin sulfate **-* 41x10* 26 74x10° 222 17828 <.00001
408.1413  11.1  CyHy Oy glucuronidation drupanin-4-O-B-b-glucuronide ** 34x10° 42  41x107 293 1204 <.00001
246.1252  17.0 C;sH;3 04 methylation methyl drupanin * 1.7 x 10° 1.7 3.7x10" 320 214 <.00001
326.0817 144 C;sH;304S  methylation, sulfation 78x10° 182 9.3 x10’ 8.6 1199 <.00001
4221571 133 Cy Hy Oy methylation, glucuronidation 35x10° 34 22x107 328 629 <.00001
drupanin
3140818 120 C;4H;30sS  reduction, sulfation 39x100 26 1.6x107 253 405 <.00001
(Ci4Hy6 03)
410.1569 114 CyHy Oy reduction, glucuronidation 3.2 x10* 1.6 1.8x10° 135 57 <.00001
248.1046 13.9 CisHisO4 hydroxylation 3,4-dihydroxy-5-prenyl cinnamic acid * 3.2 x10* 3.8 27x10° 362 85 <.00001
328.0610 9.5 Ci4HiO;S  hydroxylation, sulfation 3,4-dihydroxy-5-prenyl cinnamic acid sulfate ** 7.7 x 10* 8.2 1.5 x 10 14.7 194 <.00001
328.0610 127 Ci4H;sO;S  hydroxylation, sulfation 3,4-dihydroxy-5-prenyl cinnamic acid sulfate ** 42 x10* 4.2 8.6x10° 357 206 <.00001
286.0505 114 C;Hi, 068 4.1 x10* 48 42x107 307 1033 <.00001
300.0661 116 C;3HigO6S 38x10° 29  1.1x107 265 294 <.00001
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232.1097 143 CiuHisOs hydrolyzation drupanin ** 1.6x10° 302 1.8x10° 60.5 1165 <.00001

312.0664 120 CisHisOsS  hydrolyzation, sulfation drupanin sulfate ** 2.9x10* 44  54x10° 386 18808 <.00001

408.1416 11.1  Cy Has Oy hydrolyzation, glucuronidation drupanin-4-O-p-p-glucuronide ** 1.0 x 10° 34 52x107 496 510 <.00001

246.1255 170 CisHisOs hydrolyzation, methylation methyl drupanin 1.4 x10° 3.9 23x10" 784 166 <.00001

326.0819 144 Ci;sH;gOsS  hydrolyzation, methylation, sulfation 45x10* 191  4.1x10" 359 911 <.00001

422.1575 13.3 Gy Hy Oy hydrolyzation, methylation, glucuronidation 1.2 x 10° 5.8 1.9x10" 535 167 <.00001

baccharin 314.0819 12.0 CisHi306S  hydrolyzation, reduction, sulfation 2.7 x10* 2.4 1.3 %107 19.2 476 <.00001
(Ca3 Hps Oy) 410.1572 11.4  Cy Hys Oy hydrolyzation, reduction, glucuronidation 2.2 x 10* 4.4 1.3x10° 424 60 <.00001
248.1046 139 CiHigO4 hydrolyzation, hydroxylation 3,4-dihydroxy-5-prenyl cinnamic acid * 1.1x10° 48 9.1x10° 20.1 85 <.00001

328.0612 9.5 Cyi4HisO;S  hydrolyzation, hydroxylation, sulfation 3,4-dihydroxy-5-prenyl cinnamic acid sulfate ** 42x10*  11.0 1.0x10" 403 250 <.00001

328.0612 127 CisHisO7S  hydrolyzation, hydroxylation, sulfation 3,4-dihydroxy-5-prenyl cinnamic acid sulfate ** 41x10* 102 64x10° 415 154 <.00001

286.0507 114 CipHiuO6 S 2.8%10* 27 34x107 202 1218 <.00001

194.0939 116 CyiHis O 2.5%x10* 57  37x10° 938 145 <.00001

166.0626 9.0 CyHj 04 hydrolyzation, hydroxylation 3-(4-hydroxyphenyl)propionic acid ** 1.3x10° 505 9.2x10°  70.0 72 <.00001

164.0471 93 CyH3O0; - p-coumaric acid * 56x10° 167 19x10° 459 342 <.00001

p-coumaric acid ~ 244.0035 7.5 CoHsO¢S  sulfation p-coumaric acid sulfate **§ 29x10° 99 33x10° 316 1135  <.00001
(Cy Hg O3) 178.0628 124 CyoHy Os methylation 1.8 % 10° 92 28x107 155 158 <.00001
258.0194 10.7 CyHi9yOsS  methylation, sulfation 4.6 % 10* 8.0 7.7x10° 329 166 <.00001

RT, retention time. Hyphens indicate that the compounds were unchanged from the ingested components. p-values were obtained by comparing pre

dose and after ingestion of each compound. * Identified by comparison with standard compounds. ** Putatively indicated from their exact mass and

liquid chromatography-tandem mass spectrometry (LC-MS/MS) fragments. §Also detected in plasma after BGP ingestion in the previous clinical

trial (Chapter 3).



Table 4-3. Amounts and yields of excretion in deconjugated urine for 24 h after ingestion of cinnamic acid derivatives in rats.

Detected components

Ingestion . . ‘ o ' o 3,4-dihydroxy-5-prenyl
artepillin C drupanin baccharin p-coumaric acid  capillartemisin A ) o
cinnamic acid
(nmol/d) 171.1 £ 472 n.d. n.d. n.d. 4133 + 1629 n.d.
artepillin C
(%) “ 0.68 =+ 0.19 - - - 1.65 0.65 -
(nmol/d) n.d. 19417 =+ 121.0 n.d. n.d. n.d. 47.1 += 134
drupanin
(%) ¢ - 299 =+ 19 - - - 072 = 0.21
(nmol/d) n.d. 14873 £+ 2341 |* n.d. n.d. n.d. 362 + 7.2
baccharin
(%) ¢ - 225 £ 35 - - - 0.55 + 0.11
p-coumaric (nmol/d) n.d. n.d. n.d. 7208.5 + 8114 n.d. n.d.
acid (%) ¢ - - - 86.8 + 9.8 - -

Values are presented as the mean + SD (n = 4). a, Percentage of excretion amount and ingestion (mol/mol); n.d., not detected. * p < 0.05.
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Figure 4-1. Plasma concentration time and area under the curve (AUC) of cinnamic acid
derivative metabolites in rats (mean + SD; n = 4) within 0 h-24 h after ingestion of (A)

artepillin C, (B) drupanin, (C) baccharin, (D) or p-coumaric acid. The plasma concentrations

were analyzed using liquid chromatography-tandem mass spectrometry (LC-MS/MS) with and

without deconjugation. The AUC was calculated according to the trapezoidal rule. * p < 0.05,

** p <0.01. n.d., not detected. n.s., not significant.
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Figure 4-2. Total amount of urine excreted cinnamic acid derivatives in rats (mean + SD; n =4)
within 0 h-24 h after ingestion of (A) artepillin C, (B) drupanin, (C) baccharin, (D) or
p-coumaric acid. * p <0.05, ** p <0.01.
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Figure 4-3. Proposed metabolic pathways of major cinnamic acid derivatives of Brazilian

green propolis (BGP) in rats. The metabolic pathways found are indicated with arrows with the

corresponding metabolic enzymes. The cross marked metabolic pathway was not found in this
study. COMT, catechol-O-methyltransferase; CYP, cytochrome P450; SULT, sulfotransferase;
UGT, UDP-glucuronosyltransferase.
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BSE iR

AL TIE, 7T VNEZ Y —r 7 aR) A (BGP) I[ZEEND, HEES
EBRB IO T TR A4 ROWIL - REHZH LM T 5 HMT, BGP & L < IHK
Sy B 5% o iR & PR ARG & T L7z,

¥ 3 E TR FRBRICEBW T, BGP IZE N5 T 14 5oy 12 plidy
(8 DOIEEBEFHERE 4 DO T TR A4 K) 23, BGP H&54& 21 HF -~ X
NHZEERLNCTH I LN TE T, BGP BH#&IZHBIT 58D BGP k5D
WIIZB 5 N TO®REIX, FBDHBROVICBNTHIOHTTH D, HE TEIUT
REZ2 D BGP # & F~E L% miEF C &b 2 < M & BGP 554
I% drupanin TH V| B ALEE L7z MBFEICERBN T, ZD C pax (£2.9 uM IZEET
D2 ENRESNT, BGP FUTHR b L < B ENLRLIEFHGIRTH 5 artepillin C
DERZHR (109%) LT 5 L. drupanin DEHRIT 2.06% L 1/5 BETH
LDk L, IMAEIZI 1T 2 drupanin @D C e (£, artepillin C D C pax DFI 2.3 155
ECThHoTe, 2D EM6 . artepillin C L Y % drupanin O 5 DN ERFI M & < |
BGP OHMMEICKIT 2 FENRKEWATREENE X b D, Ak M THERT
TR A ol AR CHEETRE /R & BGP U L . AEKRAT
F3Z L1535 drupanin J2 2 TOMEREMEFAM 21T 5 Z £ 23, BGP OFRMER I =X
LEICEETH DL W2 5, Fo, BIRA RO O IMEEF TlT artepillin C 3
& O drupanin X 4 fZOKEEIEN T VT v BRI THA STz artepillin
C-4-0-B-p-glucuronide 33 X OY drupanin-4-O-B-p-glucuronide |2 N E ARG I D
T EERH L RPN & A7z artepillin C 3 X OF drupanin @ 80~90%73 Z D 2
N a UFRIEAEERASERBE NS Z LA LM Lz, IR S L7z il sy
INED LD ICHREZ T D02 ST A7 012iE, EBIC i 7 E
THRBYOMEEZHMICT D ENEETHY ., b MBI 5 EERNHY
DOREEZfRIATE 722 21X, BGP OFARNE A 1 = X MR [V 7= BB 72 5
E=E A2 b, —H T, 7o X rEKEA T DH clifln X
2,2-dimethylchromene-6-propenoic acid O Ifi. FEEE L, B SLEOAHEIZ L - T
ALl Z emb, ZAbIFREREIND Z LR LITmfICRYIAE
DI ENRBENT, —BC, BERENEEY DR~ RIEMEZ 55T 5
ZENMBNTWS, FIHROD artepillin C DA, BifERLAF O MIEIZI T D
artepillin C 77U 2> (JaH IS5 Z L7 LIZERY IAE L7z artepillin C) @ AUC
13 439+284nM+h TH Y FIAIEKD AUC D 1/10 LLF T - 7= DIT%F L. culifolin
¥ £ O 2,2-dimethylchromene-6-propenoic acid @ AUC %, Z#LE41 1327 +£ 344 13
FON1138+383nM + h THHo7=Z 0, BGP OFRNEA I = X LfEIAD 728
WZiE, AR RE N S &0 > 72 drupanin & [RERISRICEH & L TOWRIPEA
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) culifolin 35 X OY 2,2-dimethylchromene-6-propenoic acid OFEREMERTEAM % 1 & 5
ZEebEELELEEDNS, AFETHLMNT L, EEICE B RFEL~LT
HIRATHE 2 B D BGP 248X L 7ZBRIT, 45 BGP pli5r 8 E DREEWRIN S L% v &
WO PEHIE. BGP DAMEICH T 245y DERNTOFRG 2 HEL 25 ETHE
ZRMEM T D D F7o o ORRENMERHNZ HAY & L7z in vitro BRICH N TS,
FEA R BE R E PRI R AL S O REHI AR RITTEH TE 2 L b,

b FRBR LY BGP ORIy & & I EICHBIN 2 S 72 2 E R BN
RoleZ Linh | HAREITEANTEY Ty FEHWTH K & BGP &5-RF0
H 5T DAL & AR O Lol 2 FEfi LT, & OFER. BGP D R F 7R L
BRIEE ARSI T, = AT VIKG K IBALIGH 252010 5 2 &7
5 E 727, BGP HOEHEN K b LW F I EIR TH 5 artepillin C %
Byl Ty McEELEEZA, A7 v rBiaGHIINA,
capillartemisin A UKFLAEH & L) 238G & L CilfEh i K OYRHF TR
S, D AUC R RYEM ST 5L EM TH 5 artepillin C LV HHEICHET
Hoto, TOZ LlX, artepillin C @ capillartemisin A ~DO KRG O LD 5 H|
&M artepillin C DA L D KEWZ L A/RLTEY .7 v MIBWTIEBGP
DA MEIZXIT D capillartemisin A D FF5- 23K X WATHENE &2 Z EIC AL D MLEEN
HDHZELEERLTWND, Fz, artepillin C 2> HAH S 417z capillartemisin A D%
IRFA) 72 i HPR BRI, MBVFER~ & B S BT R T Db a M DR AE R~ L
Teo WBHIEER T AL EWITAEAN ORI AR < 720 | AR EGIZ XD (i
EREED Z ENTREND P, 2Ok, KEH#GICEY Mh@EN—E %
THEEDHZ LT, BGP OAMMEICKHT 2FHGHRELRDLAREEL B X b1,
R GREOT — 2 OG0, BT REm O b D 5 2 L2, Sk
BTHDHLEBEALTVD, BGP FOEGHEN 2 FHICEZWEKEEHSIATH D
baccharin D&, Hi—psre LTT7 v MIh L2tk EoRpE O MR LW
IR 7B Thiitising, oV IZ, drupanin BAME G & @ L7z
12 X 3 % & 3-phenylpropionic acid @ K LR FH M & b b
3-(4-hydroxyphenyl)propionic acid 23 fLE TR S 7z, 2O Z & 75 baccharin
I AR L2 35\ C drupanin & 3-phenylpropionic acid (ZHI/K 53 fif S A, (RPN~
WEhn ZEBNHLNERoT-, B MIBGP 245 L7ZBRIZ Y . baccharin (1L
FhCR SN o7 Z LB baccharin (Ft MZEWTE drupanin &
3-phenylpropionic acid ~INK 3R S L7 AEN~NRINE N TND LB 2 Hb,
Baccharin # 5|28 ) S 7172 3-(4-hydroxyphenyl)propionic acid (213, HUEES
PULRIE, PilRib. *hRREIER 2 EofatEnds sk ¥ BGP Io&
FNTORWESPRBNT LV AR TAHET, BGP OFMNMEIZEH G5 2 "lhet
Nd D Z EITBERE, F 72, Z D baccharin 7> 5 drupanin ~D K> f# )3 . BGP

65



FEHE O ML drupanin B2 E A, artepillin C LY @< b nHk hET vy hTH
HBLTRDONTEFED, —DDHERTH D EEbivd, AT, B—pkao &
L T drupanin 33 £ OF baccharin Z$¢5- U72Ff 2, f4E TR &7z drupanin @
AUC ZZNnFN 73, BLP60uM - -h THY, TOEFHIT 133 uM-h TH-
72Dz L, BGP ##5 L7-3HA (28T % drupanin @ AUC 1% 31.7 uM * h &,
BEWME LTS L=5E D)) drupanin O AUC [IEE E 72~ 7-, Ziud Eid
D &9 72D BGP 5372 5 drupanin ~O SALAHITIN 2 . RS PRAE L T
WD Z & THODOEMRMENEE D . WINENE E > T AlEEENE 2 b, BH—
iy LIRGWE G LT OWIL - Rt i35 Z L OEEMZ R LTV D
LD,

—J. B r&T v FTIX, drupanin OEERBHPD OB G N R D Z LRSI
7co B R TIE. drupanin X7V 7 b UERIEBMESE L TITON L DR L, T
NTIEIZ VT v VBRAE U ORE R~ SN ZEIE R Em <, EIChER
ANER L TIThN D Z E MRS, ZoMEIE, e e b & osMEE
RS H L TCHERERTHDLEEZEZOND, 7T7HR /A4 RTIHEAEROHE
L FREANEIC L Y B DIEEMEZRIFNMSNTEY Y, (EHEFER
N DO—EBICIZ. KRN TOBRE SO ERE 2 5 TnDE P, AifZET
BGP o ORI E . ZNENDORSIZB T 2R oG 2R TcE 2 &
T, FEBITRNIZIEIET D BGP iy O A O A BRI Rl <>, BGP A4y
DRBBATHESEORGEN KR E S ERT S Z EAMFETE, &5I1TiE, BGP OF
PRI 2Ky D50, B b EEM OSSN, BGP DA EOMPIIC
DRNBDHEBELZLND,

H AR D gttt OHETTICE 5 ERE OB, [EREORFE I LTV
BT A )L ZJEYE D EIEEDRFE A AT I, RO OMEIZT ' —F
T& % BGP OEEMIL, ABETETRELDHEEZILND, L)L, BGP
IRARDTH Y . BIT D FHOFE, REFMFPCRFEIZL 25 TRENZE
T2 7, Z2okn, SN AEMEERRET 20O MERKE#RIT D8
ERH LN, ARMER T =X LRLE NN DWW TAZ 1232 < | artepillin C
LOTERSBICEDMEREMTON TWDONERTH D, £, A%t
AT =R DRAEN DA Z BE L L7z, BGP R4y OFEREMEIC B9 5 HFZEIC
BWTH, WU - AREHHT L 2 AR O E L & B R L e WO FEREEIFZE 23
FEAETHD ., WIIENREEA TV S artepillin C OREREMICB VT H, 727U =
T OERNTITEGE LW & Bb s SiRE CTORMEN ), AHFIE T,
ERBEOT v b DG 62 BGP sy, FRICH R EEFH SR ORI - B
T HHEEIE. BGP F CTEAF mDZL\ artepillin C X° baccharin L ¥ &, drupanin <°
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culifolin, 2,2-dimethylchromene-6-propenoic acid, capillartemisin A @ J5 73 A= (&%
PERE <. BGP OFMEICHT 2 HLGDREVAENEZRBLTRBY, &
2T RN - R 2B E 272 BT RO RS ORERENERTM 2 S L
TWS ZEDHEEMEEZRL TS EF X LD, BGP Aoy L ORGP,
RN THAE LIS 2B REME ORI 28 T E AUE, BGP DA A 1 = X ALH %)
Ry DOfEBA. BGP ICHIFE SN2 Fit 2 AR 2 SWEBS O EHIC SRR D b
DEEZOND, T, FNOLOEBICEY . BGP |2k AR Fizs >
R0 SR E 2o TV D EE bSO EFRE OB RO, Fil D A L A K
GUEDIRRS T ~OHE R 5 BBIZ D70 D Z E RS b,

IMZ T, AWFFEDOFERIL, BGP 721 Th BEBFHEARSCEHE L2 L=
EAL B % & et o A 3R, 5% O KR DRI - 3 %2 BifE9 5 L CHH
iR ERE T2 b0 Lot o, BERS N E EN D REMFEM ORRENE
RN T, B— Ik L TR LT, HEE Th 2 EBEOHEM 2 H»
T2« REFRER 21T 5 Z EOBEBEMENRT Z LN TEX 2, AWFETEmR L7
L DT B E AR O AR MR L 2 E2EME & 0T, B h-EiRE<0,
REY « B— o 5 RECOWRME « REHPEDEWEZREET 5 2 & T, FEEIC
E R RZORMEEBRLUZBICE DN DBBFEOE LW SRR, 4
BORMEF B ORE L BEOBREMS A& OfRFEFmMIEH I L TED
L OICEHBNT A0 ORISR N A Z ERHFEINS,

F2ETHIRARZ LT, 7 aR Y RTIIARMIETRSR E L= BGP UAMT
Bx el iii e 75 7 aR ) ARMFIZHEE L, &8 LT 2550 DR
LEkx THD, 26D aARY AT HHUELCENEN D DL EOLRE, &
JRTE, 7 vty 7 —1F 2 (COX2) R a-7 /v 2 v X —¥ DRHLEFM S,
ORI L T D E B D AERREShTng P2, Jlafkix,
BGP 721 T < | FEHO T m R Y 22O T H T ORI -2 5z L,
MEpEMZ R L C AL OREEICEMTE D L HIBD,
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Summary

Propolis is a resinous substance collected by honey bees (Apis mellifera L) from leaf
buds and cracks in the bark of various plants. The components of propolis vary from the
production area because the botanical sources collected by honey bees are different
depending on the vegetation of the regions.

Brazilian green propolis (BGP) produced in Southeastern Brazil has been consumed as
a supplement and its main botanical source is Baccharis dracunculifolia. A multitude of
pharmacological activities of BGP has been reported in animals and clinical studies.
BGP has chemical compounds from botanical origin that are mainly cinnamic acid
derivatives (artepillin C, baccharin, drupanin, and p-coumaric acid) and flavonoids
(kaempferide and 6-methoxykaempferide). These components are expected to play an
important role in the pharmacological activities of BGP. In fact, a comparison of the
components in propolis collected from several countries and regions revealed that the
prenylated cinnamic acid derivatives are characteristic components of BGP that reflect
the effectiveness of BGP.

To understand the contribution of each BGP component to BGP pharmacological
activities in vivo, it is important to clarify their pharmacokinetics and metabolism.
However, there is little known about the pharmacokinetics and metabolism of BGP
components after oral administration of BGP. The aim of the first study is to investigate
the pharmacokinetics and metabolism of BGP components in humans. After BGP
ingestion, the pharmacokinetic profiles of 12 compounds (8 cinnamic acid derivatives
and 4 flavonoids) were revealed. The C ..x values of artepillin C and drupanin, which
were detected mainly in plasma after ingestion of BGP, were over 1 uM, respectively, of
which about 90% were found to be the phenolic glucuronide conjugate.

In the human pharmacokinetic study, it was found that the amount of each cinnamic acid
derivative absorbed in the blood after BGP ingestion was not proportional to the BGP
content. This finding indicated that each of the cinnamic acid derivatives could have a
different absorption rate into the body, and/or some could be metabolized to other
compounds. Therefore, the following study was performed to investigate the metabolic
pathways after oral ingestion of artepillin C, drupanin, baccharin, and p-coumaric acid as
a single component using rats as the model animal. Artepillin C metabolized to
hydroxylated metabolites (capillartemisin A), as well as glucuronide. Drupanin sulfate,
glucuronide, and hydroxylated form were detected in plasma both after ingestion of
drupanin and its 3-phenylpropionic acid ester (baccharin). p-Coumaric acid underwent

sulfation, but not glucuronidation.
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The findings on the absorption and metabolism of BGP components, especially
cinnamic acid derivatives, in humans and rats, suggested the importance of functional
evaluation of each BGP component based on not only the content in BGP but also the
absorption and metabolism. The achievement in this thesis would contribute to the
significant advances in elucidating the pharmacological activity and organ distribution
of BGP components and the determination of their metabolites, and would help

elucidate the mechanism of BGP efficacy and the active components.
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