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Meliaceae plants are distributed in tropical regions throughout the world. Diverse structures and significant
biological activities of limonoids from plants of the Meliaceae family have been attracting considerable interest.
Carapa guianensis Aublet (Meliaceae) is a popular medicinal plant known as ‘Andiroba’ in Brazil, and is in the same
family as mahogany. Andiroba is a large and towering tree, that grows to over 300 feet (90 m) and has been used not
only for its commercial value, but also as an herbal medicine or remedy by the indigenous people of Brazil and the
Amazon basin. The medicinal properties of andiroba have been attributed to the presence of limonoids, which are
tetranortriterpenoids. Virtually all parts of the andiroba tree are utilized, including the seed’s oil, which is employed to
treat inflammation and infections. Andiroba oil can be used in cosmetic products as an active ingredient or as a carrier.

More than one hundred limonoids including some novel carbon skeletal limonoids were newly isolated from
the flower and seed oil of Andiroba. Their absolute stereostructures were established by spectroscopic analyses
including 2D NMR, and X-ray crystallography. Among them, Guianolides A and B featured an unprecedented carbon
skeleton via the formation of C-11—C-21 bond, and the C and D rings presented a cis form and were bent at 90°
angle, and the E ring was in the same plane as the D-ring. Thus, the E-ring was located spatially on the upper part of
the B-ring. On the other hand, Guianolactone A has a novel 5/6/6/6/6 pentacyclic core including two d-lactone and a
tetrahydropyran ring, and this is the first case in which C-30 was transposed to the D ring. Next, the X-ray diffraction
pattern of Guianolactone B indicated the hemiketal moiety at C- 2, which combined with C-8 through the oxygen
atom. Furthermore, C-2 was bound to C-3, and C-3 was bound to unprecedented C-30, which is a novel limonoid with a

6/6/5/6/6 pentacyclic core featuring a 6-lactone and a tetrahydrofuran ring.

Key words — Carapa guianensis, Andiroba, Meliaceae, limonoid, Carapanolide, Guianolide, Guianolactone, 2D-NMR, X-ray

crystallography, Hepatoprotection
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Fig. 1 Carapa guianensis (Andiroba)
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Aglaia  S15fB(FIS51F) Humbertioturraea Sandoricum
Anthocarapa Khaya FZYZn TiFAH=— Schmardaca
Aphanamixis Lansium Soymida
Astrotrichilia Lepidotrichilia Sphaerosacme
Azadirachta 4 RE2> (=—14) Lovoa Swietenia VA =—
Cabralea Malleastrum Synoum
Calodecarya Melia 5~ Toona Cedrela F¥>F>
Capuronianthus Munronia Trichilia
Carapa H15/% Naregamia Turraea
Chisocheton Neobeguea Turraeanthus
Chukrasia Owenia Vavaea
. Pseudobersama Walsura
Cipadessa X ]
D)[Zvo plum Pseudocarapa Xylocarpus FIHE/LFE
Ekebergia Pseudocedrela
Entandrophragma Prerorhachis
Guarea Reinwardtiodendron
Heckeldora Ruagea

Scheme 1 €4 > (#51EF, Meliaceae) HE#

1. &2 & HIEY

7 ORI T EER A 7 U HIZET 5
MY ORC, B O G, RIS, T, 46
J& 700 FEAS3 A LT\ B, HATIXIREE 72 M 12
YU FURHAELTWBIEN, HEEEDT v~
F v (B PEAL L TEE SN TWS, Bay
EDODLDIZIX, vAT=—%E, A& L TEE
T2 Hs46 > (Scheme 1).

2 VE/MFZEET 2HED

)€/ A F (Limonoid) (X, > ¥ Y I A
VRHMEMNC S EEND T4 VI ANVT, Hiv
07T, Jio A VA, PR, PUME, PuiEg, &
Dk A IGERIRDHE ST 5 ALFRIZIE,
)E A FIZERMIC4EORNERE 77 VR
o795 /527 b vERKIZOHEHIND.

=—2x (W% A ¥ Ny ¥ >, (Azadirachta
india; Meliaceae) |2 % 715 Azadirachtin {% 200 f
FU LORRIZHHRERL, HELHEE LDso:
15 ug/g 7”3 . Azadirachtin (X 1968 41 Morgan
Y Butterworth |2 X ) Hiflt &7z, V16 HOARF
b aFEb, TON 4 4 e L v BER
S FREET® A, 2007 4F1C Steven V. Ley H 12 &
D I17TEDKH 2T CTEAERA % S/, Fig
3 |2 Nat. Prod. Rep. 1993, 109-157 |2 8 #& X 1L 7=

Azadirachtin O SCRROBEE % 7R 3. 2 FH X R FEH DS
A APk L Azadirachtin 7217 T 1500 # DLk
DL b, G TIIRETTRELINTE
D, WG )E/ AL FORELEEZS. MBI
Chukrasia tabularis (Indian mahogany, Meliaceae) (3
A 2RO O & DT, FFIZHOK THE < FHl S
No. FHEREL B LTBYIERIET SY
Khaya senegalensis (African mahogany, Meliaceae)
(E 1990 4EAR, F 72V E A FIFSEO HER A
WCEREBRFOMEFELLERIZ 2T OLI2£ <
DO LA EE ST 5. Y Xylocarpus granatum
(Meliaceae) (ZFIATHR T eV F LTINS
R 7U—TO1HETH L. RKERBIZ=HHE
RFEERERAEGEWELLEL YT VP2
O— NS IS0 L) IC5ETENITW
Wip bk Blo 72 2Tl Chukrasia tabularis 7> 5
BoizH# ) £/ A4 N% Fig. 312, Chukrasia
tabularis, Khaya senegalensis, Xylocarpus

granatum DB H.% Fig. 4 |28,
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Azadirachtin
+ lsolated in 1968 by Morgan and Butterworth

* Comect structure assigned 17 years later by Ley and co-
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3.7ryxa-Nn

Y v & VR (Scheme 1) 7 ¥ ¥ = T — N
(Carapa guianensis, Meliaceae) (& 2T @ T AR Hb 4y
THEE4AOmEITE2EARTHL., 7Ty zu—
NIET =V VO, B, B 5VIEE#T
BAELEIN, KE(TE-2EZDLEDDOHLES
DIFLONHEMTH L. T T o a—NORITEK
BTCREDNANED L) REEDIT L. Fik
65% DM % & F, —ARKODKIZ 200 kg DFEx D
F5. 7T~V YO ERIIMHALD O, 4
RHAECTT YV u—NafisoTE # (B
) XIEBER R A RIS, T A VISR &
)R BHDS BEF ) MKE G 2oz E
2. T UYL a—NOKDEHRE S 1E meliacins
(gedunin) & FFIEN BT VY (VE/ A F) 12
BRI S, 215D meliacins (& F = — & & A&
DL~ T ) THEEEAFEOZ EHSLN TV D,

4. 7oz Q-NEHOUVE/ AR

2009 FENZT RV LNZON ) DB BHEEH LI
REEFRFONRBLELZ P T >V 20—
INAEH D T F A% W7z 72nTz, TFR AN A7
Co— VI, [ThidAaxRTy vy v b o] &
FENWThHol, 7y zua—1N"O)E/ A FIZ
OWT LM EZXIT - 72 T A, 7-deacetoxy-
7-oxogedunin (seeds),” 6B,11B-diacetoxygedunin

(trunkwood),” andirobin (seeds),” epoxyazadiradione,

CG-1

Fig. 5

6a-acetoxy-epoxyazadiradione, 60-acetoxygedunin,
60-hydroxygedunin, 7-deacetoxy-7-oxogedunin,”
andirobin, Me angolensate, 60,11B-diacetoxygedunin
(heart wood),'” 1,2-dihydro-3B-hydroxy-7-deacetoxy-
7-oxogedunin'” @ Gedunin # 5 #3 X % Andirobin
B 1RO RO o7z, XRFAYXRFXYDT ¥
TVxua— NfElERE ) ATV T A THEEL
72& 25, Fraction 29 2*5 Gedunin #17) £/ 1 ¥
BIELNTz. )E A FIEKERIZWMAE E - 72 &
) BERIEDT ENT 7 ATH DI LDV,
COILEW CG-1 2T IR RFE LR/ TH o 72
D% JTRIT Z OEFITVIT 5 EEK L 72
Z DALEW CG-1 (7-deacetoxy-7-oxogedunin) (Fig.
5) X7 ¥z a = NFEil A S RN HEE L 721L
EWTLH Y, BT L o TUIFFIZ BV ANDSHR L,
ZLTCEZObEWIIPIsERE L LT, BiR#Al
ELT, BWIIAPFAFE LTT I VN TIEE
WD TS, RO FRSIEFE T < R {E 2
#7879 CG-2 (6u-acetoxygedunin) TH 5.

HARMIZT vy 2 a— B FRSIE 7)) &
A FENRMBETH 205, €OHIHLEED) €
A NHREEND. EREED T IR TR
EDVREEREDLZ VLEMTH L Z L) -
72. Gedunin B!V €/ A N OREEBITIIES 72 -
7275, CG-4, CG-5 & \» o 724 72 Phragmalin %!
VE A FIESMES Lz WlRikFESPE <,
MREERELZS AT VLRI Z P 2L
TWITNMR Z T3 20128 FHM -7z L
ML, LIEs T EeENL fEulidh 535S
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Fig. 6 CD spectra of CG-11, Xyloccensin Q, and Kayanolide C

CG-22

CG-10: R, =R, =Ac,R; = H,
CG-12: R, = COCH(CHj),, R, = Ac,R; = H,
CG-13: R, = Tig, R, = Ac, Ry = H,

CG-27: R, = Tig, R, = H, Ry = OCOCH(CHy),
CG-28: R, = Ry = COCH(CH;),, R, = H

CG-34: R, = Ac, R, = H,Ry = OCOCH(CH3),

0
| cG-3s

CG-29: Ry =Ac, R, =H,R; = OCOCHCH;CH,CH;

Phragmaline-type

CG-26

‘O oo
0
ﬁ/ \i O}/O OR
CG-5: R =Ac

CG-11:R=H,
€G-23: R = OCOCH,CH;

&

CG-19:R=H

&

OR CG-4: R =Ac
CG-8: R = Ac, A, s-ene
CG-20:R=H

,OYO

Fig. 7 New Limonoids from the flower of Carapa guianensis (Andiroba)

TR ERALEWIIEO N0 o720,
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G | Jun Wu 5 2SHLEE L 72 xyloccensin Q > O
AR TdH Y, 24K phragmalin-8,9,30-orthoacetate
I xyloccensin Q D 1 I L 22772, LA L Wu
HA xR 2, BEICHES. & 41T\ b khyanolide
CLHETAIELIZLNESTC1ITR EFIRL
TWw/z, PYTFAURYDLESERINE)E /4
RIZZF O F A =DHFIET 2D1EH ) v
Db L, £ OHEBED CD AT b VIENT, O
YT A= A= a YEHIZED Wu b D'
revise 35 & & AT & 72 (Fig. 6). ' MK F A

OHFHIBEEN L CHHE-> T Nz, FICHPE
CIRATWEZADNT I 20— Nl 54 <L
DOFHY € A F (Fig. 7) &= H.EE L& % I L
f:.15717)

5, 7o 1zO—-NEFOHRY €/
1K

WIZT T 2B —= L IZOWTHRE L7z, 7
YTV zU—=NEWZ T EIET V) K HWR
o —LMEThs. RO L LTHiE
HENTWS, 7oy — I35, 4+2



Vol.12 (2018)

87

:::::::::: 28
6 29
o [¢]
.g R
CarapanolideA(1) : R="" T
i
[¢]
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o ) o
Xylogranatin A
S.Yinetal., Org. Lett. 2006, 8, 4935-4938

hainangranatumin A

P.J. Yue et al., J. Nat. Prod. 2007, 70, 682-685

NOESY spectrum of 1

Fig. 9 Carapanolids A and B

SEFORFBATH - 72 L/ AR & 6 Fifllor
HETH - 72 BB E ST 2T B
LZ50EOHH ) £/ A NE HEELREEZ e
L7z, ZOBROBLFES AT LD I
DALEM R HEEL TNz SEliEEn s odi)
5% L \» phragmalin-8(14)-ene 1) €/ £ N T&
% Carapanolide K @ #4 15 & HMBC, NOESY #H B4
%~ (Fig. 8).

Carapanolids A 3 & U B I¥ mexicanolide %! 1) £
JARDCYONME 10N THIIEN-DL, C-2
fir & C-10 L3 — 7 VG L7z 2 TITHIH)
DHEWVAET Y E/ A FTdh o7z NOESY A
N MVIZEY, C2IFRELE, C8BLUCH
D 2D 3% OH Id v b o BLE & FEE L 7.

Fig. 9 |2 Carapanolids A, B, B X 0N EHHMAK L E 2
5 1 % Xylogranatin A & hainangranatumin A @ 1
ARG

Guianolide A & B I phragmalin-1,8,9-orthoacetate
T& ) DEPT #EEg 7 & 1 @ phragmalin V) £
JAREYDXAF LA AL, R ED 1
M & opdotz. ThEE 19MOMTS Z
JhrEEHLEYE A FT, —7F, HMBC
ANRZ MVOH-11 & C21 EDOf o710 AYE—
7, ThbbLEED)E /A FTIEALNRWH
B0 CERO AL E 2 S RERHEL TV 5
DTk v b HEE L7z, Pl IL HMBC B
L OVH-'H COSY A7 PVIZ & D, ARSI
NOESY ICX W RET H T EHTEZ S5 I0HE



88

EWERE D /2%, Guianolides A O HifE & X #E &
fEMT 24T o728 2 A, FidABEDO 7 aa kLA 2
BT ERIEAAT VI, BT TR i 15 % i
ETHICEST. TNSH DK% Fig. 10 12R$. "
Guianolides A & B (& Fig. 10 [Z/R$ & B, HiBl
D7\ AL A, B,B, B, C,D,E.FD9 BN
GAOMBRFEREATHIEPHRIC R 7.
ORTEP X% /L% & DB & furan R CTH 5 E BRI

Guianolide A R =Ac
GuianolideB R=H

NOESY

H1l——0

HMBC and COSY

ZIZRTPT, EBREIBEODL £ ) YHEIIBER
EATICME S 2. R E L WIEZ LTn 5.

Guianolide A, B @ Biogenesis % Scheme 2 (2
7R L 72. Guianolide 1 & 2 D HIBKIKIZ T 2 + ~
& (ii) % 1% % 72 ® @ 11-hydroxy phragmalin-1,8,9-
orthoacetate & J& M L 7z. (i) (X 4 - W Friedal
Crafts FUIG, 2\ TERALIUSA%EE Z 1) Guianolide
1E2%HEMT 5.

ORTEP drawing

Fig. 10 Guianolides A and B

OR
OCOCH;

Scheme 2. Plausible Biogenetic Pathway for 1 and 2.
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Carapanolides M-S & phragmalin-1,8,9-
IKWEHE, 3712 acetyl 2, 30
712 propanoyl 2 7 2-methylpropanoyl %5 D 374

orthoacetate @ 2 i/ |2

A, I 6L, 1167, 12 fE 2 KR FE R acetyl JE&
R FO—HEDILEWHTH D, ZDO L) BALEIC

W% 3% B e 2% % ¢ O phragmalin B! £ / 1 FI3%A
EROLNT, INHIET v Tu—NEEOLEY
ML 525 (Fig 11). %

Guianolactone A & B (34l 13 —HRE & B3
SADKEBASD CTHEE, iz EO Tz
EWTH A, T Z Tl Guianolactone A @ 'H, “C
NMR #% Fig. 12, 12" 12 78 3. Guianolactone A @
P A X HMBC A7 M VIZ X D) g L7z,
Guianolactone A @ffi%?"\é HIZYE A NIZB
WT [E] LZEZONL2EHEIEIBRICMET S
C-30 D ERICHEAI L, DEDC-30 & & D3R
EDRPOLERINTVELETH 5.

1 2: Ry = 2-methylpropanoyl, R; =

3: Ry = 2-methylpropanoyl, R; =
OH
5: Ry = propanoyl, Ry =H,

4: Ry = propanoyl, R, =

OAc
OH

Fig. 11 Carapanolides M-S

s

Fig. 12 '"H NMR spectrum of Guianolactone A (1)

13C-NMR (150 MHz, CDCl;)

furan

6 x Me

4xCH,

8x CH (5 x sp3, 3xsp?)

11 x C (5 x sp3, 6 x sp?)

Fig. 12° *C NMR spectrum of Guianolactone A (1)
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C-30 2MRfr§ 5 2 L2 & ) B BRI d-lactone, Di
I3 tetrahydropyran 38, D2 id 8-lactone ZRD 5,6,6,6,6
ring system Z 2% L T\ 4. —75, Guianolactone
B (X ¥ i T keto-enol H. 28 2 1% o - i iR &
Y <& A DE K F T iL enol form (2a) & HL 5.
Guianolactone B D f§# 1% C-2 %% hemiketal 1 %
WhH, oxMLTC30 LA SHITC2IF
C-3&, C31EC30LAMELTBERADBL, B2
5% 5% 6,6,5,6,6 ring system Z L L T\ 5 1TI2dH
% . Guianolactone A O iffi X 18 1 X MG b AT
® Flack 77 A — % — —0.01 (6) (CCDC 1529043)
IZ& D 18, 2R, 58, 8R, 9R, 13R, 14S, 175, 30R, B &
UF Guianolactone B @ i i £ 15 13 Flack /¥ 7 £ —
% — —0.1 (2) (CCDC 1529043) |2 & 1 25, 3R, 8R,
14S, 17R, 30R & BT 5 2 & A3 K7 (Fig. 13). 2

CNLEILE L DY E A FHRFRE SN TS
%%, Guianolactone A (1) & B (2) (& 1912 K%

== RfbEWMTH A, 1 L 2D Biogenesis &
Scheme 3 |Z7/R 7.

Guianolactone A (1) @ 4 & X : Chikurasone %% 1
OFIEEE L Bbits, 8-OH D 2-C=0 ~DIE &
Chikurasone @ C-2 & C-30 D FIZ4IZ X V) dfE{E (I)
AL L. @i LT, C-16 & C-17 DDA
& C-15~D T £ F IV IOIFFEAIZ L Y H K A1)
%52 5. RWTC30 DR L E 74 5 — ALl
£ 1) Guianolactone A (1) £ 9 5 & & 2 7-.

Guianolactone B (2) DA A& i) : C-8 — C-30 D .
HREEICHET 2 RKBELEIZ LY, andirobin 7 5
A av) 24 L7z, 30-0H O 7 2 F ik e C-8
EC2DMDT & — WALIZHRAE (V), C-16 -
C-17 DMK E C-15 ~D T £ F IV EDIF A
WX DA VD, ZLT, 927 b oARIZE D
Guianolactone B (2) 24K T H L W) HEETH S
(Scheme 3).

HMBC, COSY

Guianolactone B (2a, 2b)

Fig. 13 GuianolactonesA (1) and B (2a, 2b).
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IS, T rY =A% 80 f
D HHACEMHBE SN P F2o—F %
Fig. 14 127”7
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6. 7y xO-/NBEH

20154512 H, 7y zu—N"oREEmE
FCLF U HFBHZRERRETHRFOF [E
BEREPOEY 2T BIERE TR TH S5,
mexicanolide #11) £/ 4 FOZERLEZ b, %
7R T 1B L 2 BEEE] D 7 W chukrasone
R € A R SIS HAEHERE S T
Wh ZHEIKEZETH - 72,

B, MREBTHS NI REEO) £
A FORE & & EBEMED 2 #f D Chemical Reviews
FlcklFEwENTwE Y

7.V /1 FOEMEFNE

WA AEFEE AR COWTHE L., 7Ty
O— NFEf»SHELZHHY)E/ AR -

Chukurasone /=0
&

(%)

120
100
80
60
40
20

0 1 31030 0 1 31030 0 1 3 1030 («M)

(%)

120

100 g
80 -
60 -
40 -
20 -

30 0 1 3 1030((M)

4 5 L-NMMA

5 B & U positive control T & % N°-monomethyl-
L-arginine acetate (L-NMMA) |2 2 \» T LPS ¥ #&
RAW 264.7 #1515 5 NO EEA BB % 17 -
7Z. Mexicanolide 1) €/ 4 N 1 (ICs0: 22.0 uM)
& 2 (ICs0: 23.3 uM) (X L-NMMA & [d] £ @ NO i
A IEREE 2 R L7225, 57§ DK &\ Phragmalin
B E A FIMEADHRL Bdrodz

SHIIZ9MED Y E/ A FIZDW T L NO
IR 24T o728 25, Gedunin B £/ A
}3,6,8 (IC503: 13.7 uM; 6: 4.9 uM; 8: 10.8 uM)
L-NMMA X 0 & 58\ NO A 25 HL & 7z,
%8B, 5T DK E > Phragmalin-8,9,30-orthoacetate
ThBHILEW 4,6 12 IHIEH AL SN 72DI
PLRZE S, >

Mexicanolide /o
&

Fig. 16 Inhibitory activities on NO production of 1-5 and L-NMMA.
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e #0-1 BT 111

m Froduced MO

A R LR R D R G HIRJe R & o4k
[ W %8 C P. Falciparum FCR-3 O 51 % Fi v 7281
~ 7)) TiEEREEA T o7 ROVWIFELT v
A TdH > 72 ME 5|2 To-deacetoxy-7a-hydroxy-6a.-
acetoxygedunin (Fig. 18) |2, $L~ 7 ) 7{EEA
ek & D RN E W) FHERPASNTZORT
Hote ¥ T TEFERERA LMD N
FIHIHENS Z & TGS 22 RE A
T, INFUBOT 7 71 T90% D& EEE
HOLES L WEREATH 5.

K2 TB. Pereila » D 1% 4T D 7 XL (Malaria Journal
2014, 13, 318-324) 30 % ¥4 5.

X7 THEOHRDOEEIIT Y 2 a— N
NHWLNE. ZOWEOBWIX, C. guaianensis
(7ryzu—nN) ORBEFPO5HES NS
T/ A FORBENTEAEAT~Y T ) T L
MEEEEZFMT L2 THo72. TPz

O—/xD1) &/ A F, 6o-acetoxyepoxyazadiradione
(1), andirobin (2), 6a-acetoxygedunin (3), B L
7-deacetoxy-7-oxogedunin (4), 6a-hydroxy-
deacetylgedunin (5) 1%, ~F V) 7EH K1 EEIZH
LTI7u - 7 ANl TRl Az 7>
TVza—=NIZEINDL 1)~ B) D5 HEOLLEY
D in vitro EERIZ BV TIEEWFO/LEW b 1Cs,
1£20.7-50 u M TH Y, —J, #@EMIL (MRC-5
human fibroblasts) |2 (X & VEIE 222> 72, SH DAL
AW D9 B, 6a-acetoxygeduin (3) & 7-deacetoxy-
7-oxogedunin (4) DR RLDEINL TV 72, In vivo E
B4 HMo oo d Y EZMEOY T T
i (NK6S #k) 12 &G & & 5 72 BALB/c ¥ 77
A (NI HARXI) ~ND@B) L @) DT ES
W&o CEHili s 7z, #5813 50 & UF 100 mg/
kg/ HCTH o7z, iR, invivo EERIZBWTLE
Pr3i1x 4 k0 bBELRII~T ) TIEMEERLL.
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6a-acetoxygedunin (3), 7-deacetoxy-7-oxogedunin
@®DET7 vy o= NEHDOESTTH S CG-2,
CG-1Th5.

Gedunin #11) £/ 4 FOHL~ T TIHHEIZDO W
TR 2D, FHEd, FKELME Ledro
7z, MRS, LAL, S senl:.

IR FOFNNEAHZ L RFEETT vV o
O—NEMBLOET2OHEEL-YVE /AR
IZDOW Tk MFEMAL HepG2 fFLIZ BT 5 it

Isolated Limonoids from Seed Oil or Flower Oil of Carapa guianensis

R* R? R* WP

R
al
< andirolide A¥ 'a-OAc o-OAc H  OH
: LR andirolide H? o-OAc o-OH H H coHsoop o
! )/L andirolide)? 0-OAc a-OAc H H
N 1o © carapanolide J¥  H, =0 OH H
o 5 ! !
Y gedunin? H, a-OAc H H R [ RY
R 6a-hydroxygedunin? o-OH o-OAc H H andirolide BY  w-OAc H BOH  H,
7-deacetoxy-7-hydroxygedunin?  H, a-OAc H H ;}(L
ideCl an ~
7-deacetoxy-7-oxogedunin?  H, =0 H H andirolide €1 a-OAc T FoH - H
andirolide DY a-OAc "\H\/ p-OH H,
hragmalin-type o
phrag| P @ Rl R andirolide L "\‘ S A i H,
, <
andirolide £ Ac “ Y™ andirolideM?  G-OH a’H\ «OH ahn)\
P o o
andirolide V3 H s
s andirolide T a-OH Ac a-OH ~
carapanolide L® H \0/\ °
andirolide X a-OH  Ac  o-OH *’}l)\
o
carapanolide C¢ a-OAc 'ﬂ\ " a-OH H,
i o
=
Y o i1 carapanolide D®  o-OH “}H\/aw a-OAC
X SR o
Ay < A carapanolide 9 H, "’}H\ wOH  H,
o
h 9 - ~ -
o (‘7 carapanolide R o-OH T( a-OH  a-OAc
andirolide K2 methyl'angolensate'?) carapanolide S¥  a-OH ?}(L @-OH  a-OAc
o

Experimental Protocol of Effects on Oleic acid-Albumin (OA)-Induced
TG Accumulation in HepG2

Protocol

Seeded HepG2in 48 well plate (5x10° cells/well) 1507

l 14d,37°C, 5% €O, s,k
T

Replaced the medium with
5% OA and a test sample-contained DMEM

| 2437 5% co,

1004 115.6

Replaced the medium with ?
5% OA and a test sample-contained DMEM - Y &
1 24d,37°C, 5% €O, teSt Sample

Removed the medium and
added distilled water 37.4

|

TG/protein (og/mg)
w
<

fGNG (TG) Gl 52 B At L7z, Fig. 19
I2/RT & B 7-decetoxy-7-hydroxygedunin (5), 2
T gedunin (3), andirolide J (2) (ZHHAZP R PERE I
BEERT IS5 L% A L7 (Fig 19).

FEREE 7OV 3 — AREHIC &0 BEICHEIE &2 B &
F72GEAI2IE, gedunin B € A4 R4 I
e R E 2 RS e 2 A L7z K
|2 gedunin (3) [ OF 7-deacetoxy-7-hydroxygedunin
5) \ZEEE WA B L 72 (fig. 20, 21).

Relationships between Fatty Liver and Life-Style Related Diseases

? Obesity
- Chronic

Excessive Intake of

FFA

Adipokines
—_—
] Insulin resistance

inflammation
in adipocytes

Energy Muscle, etc.

Glucose FFA (lipids)

Fatty Liver

!

Arteriosclerosis l
Hypertension -" Diabetes

States in Fatty Liver /
Glucose uptake a3
Insulin resistance -

Gluconeogenesis
Hyperllpldemla

tnglycerlde
cholesterol

Cholesterol synthesis I
Fatty acid synthesis

Effects of Limonoids from Seed Oil or Flower Oil of

Carapa guianensison OA-Induced TG Accumulationin HepG2 (1)
eanane Iy e ; rejorain™

i (% of control)

\
,
‘
|
|
|
|
|
|
|
|
|
|

Homogenized with sonication 0 T

Determined TG and protein

o - .
concentration in the homogenate 5% (ufv) oleic acid-albumin

Replaced with
Distilled Water

DMEM (5%
OA) ‘ Determined TG and
m -—) -I. mm) protein concentration in
ogc o 5 ... AT c the homogenate
HepG2 Sonication

Each bar represents the mean with SEE.M. (N=8 or 4). Asterisks denote significant differences from control group, * p<0.05, ** p<0.01

I
- |
|
N one I
X HIEEY
6a-hydroxygedunin (4) |
\
1225405 | T ’
[ 13278500 |
- o CooH
; , o ¥
1 s Lon PN
: SRRIn-S
- Roocdiine!
i ~one o
7-deacetoxy- 1 . o
Thydroxygedunin (5) 1deacetony-7-oxogedunin (6)  CGSS (7) ®) bezafibrat
1
976430 |1 | 1219438+ 121,941 .4%* 92.045.2 85.7:40.8*
1
115.542.1 ]l: [(12331207 | [ 1270380 | | 117636 80.140.9%*
=

Each value represents the mean=£5.E.M. (N=4). Asterisks denote significant differences from control at *p<0.05, **p<0.01.

Fig. 19
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Experimental Protocol of Effects on Effects on TG Contents in

High Gl

Protocol

HepG2 (109 cells/well/48-well plate)
in MEM containing 10% FBS

ucose-pretreated HepG2

Effects of Limonoids from Seeds or Flower Oil of C. guianensis on
TG Contents in High Glucose-pretreated HepG2

(% of control)

3 oM

- o -
iy o uy
o o

g TG/protein A

Sy om o one
24h,37°C,5% CO; atmosphere ; andirolide H (1) andirolide J (2) gedunin (3) 10 oM
replaced with DMEM (high glucose: 4500 mg/L) low glucose: 1000 mg/L  high glucose: 4500 mg/L = o
cultured for 6 days at 37°C and changed Ol red Ostaining 88.813.5 89.542.6 74.342.2%% 30 vl
the fresh medium every 2 days \ =
86.0H1.9% 96.843.1 =
55.0143.6
replaced with DMEM (low glucose: 1000 mg/L) test sample o o
containing a test sample 100 20h 70.245.0 85.543.7 49942 5%*
cultured for 20 h at 37°C, 5% CO, S <\T )
91.9 & ¢
aspirated the medium £ 75 -
added distilled water (105 oL/well 2 o o
sonicated = ? > T
| ki 50 0= >~ ou ° ~"0
determined TG and protein concentrations g 42.4 7-deact y in (5) 7-deacetoxy-7-oxogedunin (6)
s homoggnate - " a 25 93.642.7 71.941.0%* 82.54.2%*
Triglyceride E Test Wako = 8 - - ! - -
and “BCA protein assay kit" 107.348.3 35.443.0 75,4402+
0 348, 443 44,
low glucose high glucose 79.844.1%* 32.043.0%* 79.643.0%*

(1000 mg/L) (4500 mg/L)

Each bar represents the mean with S.E.M. (N=4). Asterisks denote significant differences from control group, * p<0.05, ** p<0.01

Effects of Gedunin (3) and 7-Deacetoxy-7-hydroxygedunin (5)

on TG Contents in High Glucose-pretreated HepG2

Each value represents the mean=S.E.M. (N=8 or 4). Asterisks denote significant differences from control at *p<0.05, **p<0.01.

Structure-activity Relationships of Gedunin-type Limonoids on TG
Contents in High Glucose-pretreated HepG2

NH NH -
TG/protein (% of control)
S~
N N R R 3aM 10 M
70.2%5.0%
7-deacetoxy-7-hydroxygedunin (5) metformin 1 OAc OH 888%35
2 OAc OAc 89.5+2.6* 85.5%3.7*
5 +90% +3.6%
E 100 4 3 3 H OAc 14.3,2.2 35.07 3.6
]
2] N *
« 80 *k T = * 79.8+4.1*
eg * 4 OH OAc 936*27
< *x
c 60 T *x +1.0% +3.0%
3 3 5 H OH ZI.B_I.O 25.4_ 3.9
2 40 e 1on "
5] i 6 H -0 82.5k1.2*% 79.6+3.0
) L 1 e | . .
0 3 10 30 0 3 10 30 0 3 10 30oM
gedunin (3) 7-deacetoxy-7-hydroxygedunin (5) metformin

Each bar represents the mean with S.E.M. (N=8 or 4).

Asterisks denote significant differences from control group, * p<0.05, ** p<0.01.

“,,

gedunin (3)

Each value represents the mean with S.E.M. (N=8 or 4). Asterisks denote significant differences from control group, *p<0.05, **p<0.01

Fig. 20

7-deacetoxy-7-hydroxygedunin (5)
Fig. 21
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—7J7, FEHSD—DTdH 5 gedunin (3) DI
PRI T 20 5, ERE SV O — AR
LEVFHESINS FAS OB AT 5 Z EHH

&7z (Fig. 22).

Effects of Gedunin (3) on Expression of FAS Protein
in High Glucose-Pretreated HepG2

&

“"OAc

Protocol "éedunin (3)

HepG2 (106 cells/well/6-well plate)
in MEM containing 10% FBS

l 24 h, 37°C, 5% CO, atmosphere

replaced with DMEM (high glucose: 4500 mg/L)
cultured for 6 days at 37°C and changed
the fresh medium every 2 days

replaced with DMEM (low glucose: 1000 mg/L)
containing a test sample

J cultured for 20 h at37°C, 5% CO,

harvested the cells and extracted protein

!

SDS PAGE

—&bV)ic—
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