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Figure 1 Scattergram to visualize results of
the analysis for physiological stress response
of each participant. BVP-amp = blood volume

pulse amplitude, HR = heart rate, HF = high
frequency, LF/HF = low frequency/ high
frequency. 1: pre-task period, 2: during
speech task, 3: during stroop task, 4: during
calculation task, 5: post-task period.
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B, I —HEOLEWRE I AR5
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FAEDBFEDKE N AT TS (Fig.1),
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Ph, OH
Ph)/z_k B R
> (o}
H'N HO,C HO A
HO Me S e}
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Fig. 1

LINLZeD3 B, KA RIS B O
BTN L . EOFREIIAS CIE
720N, F77. clausenamide DEERLITIEE A
EHESNTE LT, EONAREEEEICRE
A TND, 9 22T, AEFE A 13~ OF
ERNERRARER ¥ T L= MU VAT KD
1,3- 3R F-BRALBUG, foe < SEAEIRAOIE TG
RS ET 5 ()-clausenamide DFHHEA
I Z G HE] LT R RGEZ L 5720120
D1, 3- iR F-BRAV SO 2 SRS & 3 5 HAE
DRSS, QBHAUARD D DONARTEIR )25 TS
& ylactatam {LA2ATHORITIIT R 720,

LI, ZHE TR LN RIRIS OV THEE

% (Scheme 1),
Ph.  OH Ph.  CO,Me

Key B N
Ph ~-— Ph )
(-)-Clausenamide = N (0= N~

RO Hpo RO

Ph, ~—OH
\ CH,OH

Ph KeyAph N0
N O -— = —
= )/Z:\ = G,
RO RO
R= protecting groups

Key A: Stereo selective 1,3 dipolar cycloaddition reaction
Key B: Stereo selective reduction, lactamization

Scheme 1
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FP IS ERDF T R LAFT R
D 1,3 UG EACSINET LTz, J7ebbifi
RO L~ T il A T % HRIREH A, 7K
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FET F /UL D7 mafbz T, = UL
X NRIBMA 1la Z@RIGE 91% THEL
7= (Scheme 2),

"ycoste nned. ML oy
HO TBSO

Reagent and conditions: (a)TBSCI, I, 1- methyllmldazole
CH,Cly, -78 °C-r.t,; (b) DIBAL-H, toluene, -78 °C;(c) NH,OH
HCI, NaHCOj3(aq), EtOH-H,0, r.t.; (d) 'Butyl hypochlorite,
CHCly, -78 °C-r.t.

Scheme 2
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Wifix DA VT & OB LRI ZRRET LTz,
ZOREE HEE LTESN #HVWe, =
RN AR R ZF L& ORSTIRRLF
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Wi, 8 DARRAEINZ DMEN G D Z L H IR
N7z (Scheme 3),

> R
. O
Ph. [ Et;N(1.3 eq.) ) i _Oﬁ\ P
3eq.
N OH o NSO+ 0 Ph
TBSO CHaCl g
0°C-r.t. TBSO TBS Ph O.
1a 24 h 2 3 TBS
R = H; 2 (59%)
= CH,OH; 2 (17%), 3 (64%)
Scheme 3
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Scheme 4
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Ph)/z_\ 7/2_\0 fph
=N

l
MOMO Me e No

8: clausenamides

Reagent and conditions: (a)DMP, CH,Cl,, r.t.; (b) NaClO,,NaH,POy, 2-methyl-2-
butene, 'BUOH-H,0, r.t.; (C) TMSCH;N,, CgHg-MeOH, 3 steps 91%; (d)(CH3)30BF 4,
CH,Cly, rt.; (€) Zn(BH,),, THF, -78 °C, 63%; (f) Zn, AcOH-H20, 90 °C, 66%.

Scheme 5

DLk, F2ld 1,3 3Bt 2 i &
3% clausenamide BA&OHEARRIEAHMENL L
oo At X B mEERT O E» D
(-)-clausenamide DA AFTV O ERKL LFA~
CIEFAL TWE TN EEZ TS,

(51 FHTHR]
1) (a) Liu, S. L; Zhang, J. T. Acta pharm. Sin.
1998, 33, 254.; (b) Feng. Z.; Li, X.; Zheng, G.;
Huang, L. B Bioorg. Med. Chem. Lett. 2009,
19 2112.
2) Fukuda, N.; Sasaki, K.; Sastry, T. V. R. S.;
Kanai, M.; Shibasaki, M. /. Org. Chem., 2006,
71, 1220.
3) (a) Hartwig, W.; Born, L. J. Org. Chem.
1987, 52, 4352.; (b) Yakura, T.; Matsumura,
Y. Tkeda, M. Synlett 1991, 343.; (c) Roberts, S.
M. et. al. Chem. Commun., 1998, 1159.
4) For froxan formation, see; Bode, J. M.;
Carreira, E. M. JJ. Org. Chem. 2001, 66, 6410.
5) Kanemasa, S. et. al. J. Am. Chem. Soc.
1994, 116, 2324.
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TRE D BRIARERR 31T D RIEMZ L OB G

BHDZ LB TNS D2, Fex T2 E T,

~ A 3T3L1 Eifilaz VT, RIEET/V
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FREMERBLRAR A Lie, S 612, Hik
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HhERH L (5),

S1z0 TLR2 12—  Adiponectin
£100 — 1.0
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e
£ &0 0.6
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%] 5 E'aﬂﬁnéﬂiﬂaa:jam‘é%ﬁ%mﬁn%ﬁ@ﬁ%@
TNF-oif 8 Mo B EL BN x5 D S R H sk

D BT
B
ABFFENTIS\NT, B IR HUB R A D

Sk, RRRHIR O RIERIEN 2% 52 5
AIREMEA R Lic, BifE, Fexld, 80%—% /) —
/Vi%i@ﬁlﬁﬁﬁi?/b?ﬂﬂﬂjﬁﬁ/\% HPLC &k
Sy AL L /EEEEE}Z FORIEZEARATEY
%ﬁﬁﬁ@ﬁﬁ%/ BIAATND, 5. =
AU SR E D SRR IR O JSERIEN B 535
RRET D TETHD, £z, AFETIL n
vitro \Z & 5 HMEIREST AT > 7223, 1n vivo L
VDR D 2 & T, Bl ik
\Z X DIRRETS « I CHRT TN EEZ D,

STHER

1) Metabolic
pathological and therapeutic outcomes.
Miranda PJ, et al, Am Heart J. 2005
Jan;149(1):20-32.
2)  Adipokines:
pleiotropic role of white adipose tissue.
Trayhurn P, et al, Br J Nutr. 2004
Sep;92(3):347-55.

3) The citrus flavonoids hesperetin and

syndrome: evaluation of

inflammation and the

naringenin block the lipolytic actions of
TNF-alpha in mouse adipocytes. Yoshida H,
et al, Biochem Biophys Res Commun. 2010
Apr 9;394(3):728-32.
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T, AREHED TN HThH D, BRI,
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BHER Y 1T RNIEMRIRRETH 523, 5+ B TERE
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FEODUT DT D HEGma ML DED B 5,
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1. 1Y — DL
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1) Varki, A., Glycobiology., 3,97 — 130 (1993).

2) Ohtsuka I, et al., Carbohydr: Res., 341(10), 1476
— 1487 (2006).

3) Sadakane Y., YAKUGAKUZASSHI, 127(10), 1693
—1699 (2007).

4) Hatanaka, Y., et al. J. Org. Chem., 65, 5639 — 5643
(2000).

5) Hatanaka, Y., et al. Carbohydr: Res, 294,95 — 108
(1996).
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[KRRER S TRSERFOR
>F+E/—IL(THC). Ao+
ECZ—IL(CBD)HLUH
>FE/—IJL(CBN)fRE#=
BTE5AG IREL/ERIZES
ERSL EA

LA 55
SUMBERALASE - SR - T/ Aok RL R
AT
TMRRERHLAE: - SEE - SEEF

B fET

TMRHERRALRS: - QOL BFcHHs

[iIZCoIZ]

KIFRD = RFH%5y THC (Tetrahydrocannabinol) |

CBD (Cannabidiol) X TN CBN (Cannabinol)
AELTDHITE A RIE ¥ b e P450
(CYP) Ik VEfbaszit, flix OTEMEHE)
AL, RMEEME RRREH DWiTEnll
Dkfx T FGEERER 273 2 E BB L E 72o
TW5 Y, LLAans, ARNICEIT 520
FERHEE M CH Y | SRR S
LTV, FHZAT B4 RV TIER
RERT OREEN AT B A RERIZESEL L TV
HZ L EHWEST, CYP I X DEENLFE
—ThHHZ eI TWD, Lo,
T A R E AT e A RGHZIIRA
RS BIR L TRV, ZORERE LT
SERZERT 2 AHEMRH D (Fig 1),

HFx Lo E CIZEIRIER 2R S 720 CBD
P AERPRIZEBOCTHCICE S5 = & 12,
F I UABEUIEREER Vo T b
EMZL TS, E£7=, CYP19 (7T r~&—1)
\Z& D THC B X CBD 23 5EER(L <4 CBN
(T END Z LA LY,

AENE CYP19 O 5457 ReAxTmr
(AND) BLOTZ 2Ty (TES) LR

17 o -hydroxysteroiddehydrogenase (17 e -HSD)
DREGI %57 FrATry (AND) BLU=
A hry (ED) OREHCRIET I FE T
T A RO OV TR LT,

OH

CYP2C11

CYP2C11

Testosterone

Fig. 1 Chemical structures compared with
A%tetrahydro- cannabinol (A%-THC)
and testosterone

(WF7E51E]

A, CYPIOBLWI17a-HSDIZLDHATEHA R
{32 %IES THC, CBD 35 XUV CBN D%
100uM Steroids (androsterone; AND, testosterone;
TES 3L\ estrone (E1)) %, 25 pmol Human
CYP19 (BD Biosciences, MA, US.A.) H DU NE
0.2g e.q. rat liver microsomes (17 « -HSD {i 1) , 0.1
mM NADPH, 50uM cannabinoids (THC, CBD ¥5
L OVCBN) #5100 mM Y S FEkEfERR (pH
74) 025mL 1, 37°CC 30 LG Lz, S
TR, SOSNRIRZFR%ETF /L 3 mL Chlit,
FRE 2 TR L— 1 ethanol 100 pL [ ZIAfF,
Z P 20uL % GC/MS IZIEA LT &4 T o172,

B. GC/MS JlESM:

HEE ¢ Agilent 6890N GC/IMS-AMSUN200, 777
2t HP-5 (025 mmid. X 30m, f%E 025 um) .
717 KR 0 180-280°C (10°C/min THAIR) .
AHE L OMHEHERE :300°C, 1 41k 70 eV,
X¥ UT7—HA () : He (ImL/min) DOFAE
TIRIE % S LT,

[R5 - B2
TES #HE L L7 CYPI9 2k AT r~HZ—

PiEMFEE=%, THC, CBD. CBN (21 0 &~
16. 60, 46%T&H VY . AND TII&5~%7. 73. 79%
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Table 1 Inhibition of CYP19 (aromatase) by THC, CBD and CBN

Androstendione to estrone (E1)

Testosterone to estradiol (E2)

umol/mg protein % of control umol/mg protein % of control
Control 48.4%£5.9 100.0#£12.2 11.7%£1.3 100.0#£12.3
woke weke weke
THC 44.8%£5.9 92.6£12.2 9.9240.1 84.21 0.6
* * * *
CBD 12.94£7.6 26.6 £15.7 4.61£1.2 39.6£11.4
CBN 103430 2034 617 63421 541419.3"

*<0.05, **<0.01 (v.s. control)

Table 2 Inhibition of 178-hydroxysteroid dehydrogenase (178-HSD) by THC, CBD and CBN

Androstendione to testosterone

Estrone (E1) to estradiol (E2)

umol/mg protein % of control umol/mg protein % of control
Control 104.6 £ 3.7 100.0£ 3.6 11694+ 9.1 100.0£ 7.8
THC 81.3£16.9 77.7%16.2 90.8£10.9 77.74 9.4
ek
CBD 81.74 2.0 7814 207 820+ 4.0 700+ 3.5
%* * * *
CBN 81.6£11.9 78.0£11.4 91.6+ 6.5 7831+ 5.6

T -7, CBD 3L OCBN IZ CYP19 (Z L 51
TEMEC U CREZRMEZ R LT, —J7, AND
Z 3 L U7z 17 o -HSD #EMEPH X, THC. CBD.
CBN (2 & V9T 20%, E1 Tl 422, 30,
W% EARBIRMAEL R LI, ZOZ Lk, K
AT, b T e/ A RaMRLE
 DERU B DL T L TWD EEZ
5D,

At Rz o=~ 7 7 FRGY DN
WS ERRER 2 ST 5728, = A b
07 R & O EER 25,

[ciik]

1) I. Yamamoto, K. Watanabe, T. Matsunaga, T.
Kimura, @ T.  Funahashi, H.  Yoshimura,
“Pharmacology and Toxicology of Major

*<0.05, **<0.01 (v.s. control)

Constituents of Marijuana — On the Metabolic
Activation of Cannabinoids and Its Mechanism”,
J.Toxicol. TOXIN REVIEWS, 22, 577-589 (2003).

2) 1. Yamamoto, K. Nagai, K. Watanabe and H.
Yoshimura, A Novel Metabolite, an Oxepin Formed
from Cannabidiol with Guinea-pig Hepatic
Microsomes, J. Pharm. Pharmacol., 47, 683-686
(1995).

3) K. Watanabe, E. Motoya, N. Matsuzawa, T.
Funahashi, T. Kimura, T. Matsunaga, K. Arizono, 1.
Yamamoto, Marijuana extracts possess the effects
like the endocrine disrupting chemicals, Toxicology,
206, 471-478 (2005).

4) FHERAART, HEAERE, F BT, A
B, EOFIA, B b CYP19 (2K D FERFRK
SO, BARER R TR 28 R ().
A ELRAE, 122-123 (2009).
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FREpBeE U=, 4 H#. RS U A /LA A2 Kk (3x
10°PFU) %[RRI IR T CRESUEG S E 7, T
Yt (mock infection) <~ 7 AIZIZFEEIC
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D% Fifi% JEE i LRI 23 Ol
FEL. L T80 CTIRIELTZ, B, ~
AT RET PELL R AERE LT,

BALF H1 IFN-y DFEELT, eBioscience £k

#o Mouse IFN-vy ELISA % v k& TS
D7 b a—WIHEL T To 7=, 7. MiiflRk
HH D RANTES SBinT-OFRBEIL, U T4 A L
RT-PCRIEIZ L W 4T -7 2,

A IV AJE e T A OJE BRI 2 AR
P, FERL~ U R TCEER. BF) FLIR
ETREIZERT IR E LTz,
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T —BRDEA TS YT A TN
TEMA I L7~ P> 7L A 0.5, 5 mg/kg %
BRHZBWT, RS UA VAR L g &iE s
SNBIROREN~—T1— & LTHHILTH
% IFN=y (2D VT BALF D L~V & T E R LT,
ZORER, T A BHRETO BALF 1D
IFN-y LoyUd, SR (0 mg/kg) & e A1
OO oT FEFIITRST), £, s
R Z 1T RO LT b A laligt L= fg{k
FH T A FEA X DR OTEEIEEE
DO Tn, I T, BGREL~VL)
SORREEATY Z & L L, flikOHEE(IZEES-
L. DO RF R 25 CE TR L ~L
N EFA 2 Z L BRI BN Uiz 2 I
EHA > RANTES DBz 2OV TiRT L7z,
JitikE#% o> RANTES mRNA &, N7 ZF—t°
VLA D BT 7T nRNA BRCHEER L LT
£Lz (X1,

Bl-1 Effects of TiO2 exposure on the levels of RANTES
mRNA in lung tissues of Mock or RSV-infected mice

1.40 g RSV-infected
120 I *% Mock-infected
1.00 | ‘
080 |
060 [
040 |
020 [ B
000 0%

TiO2 (mg/ke)

*P<0.05, **P<0.001

RS WA VA e~ 7 AT, BT Y
VNN R 5 2 LG, RANTES mRNA £:73
HEIZEF LW, —J5, UA VARG~
7 ACIL RANTES &5 - OFEL EFITERO Hi
I (LT X I NAREIC X DT RS

RANTES mRNA
(percentage B-actin mRNA)
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D OIE FEDOGRIRAEZ TR KT 5 Z & 1ZEE
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e
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1) Chen, H.W., Su, S.F., Chien, C.T., Lin,
W.H., Yu, S.L.
nanoparticles induce emphysema—like lung

Yang, P.C. Titanium dioxide

injury in mice. FASEB. J. (2006) 20,
1732-1741.
2) Watanabe, W., Shimizu, T., Hino, A.,

Kurokawa, M. Effects of decabrominated
diphenyl ether (DBDE)
immunotoxicity in offspring mice. Environ.
(2008) 26, 315-319.

Shimizu, T., Hino, A.,

A new assay system for

on developmental

Toxicol. Pharmacol

3) Watanabe, W.,
Kurokawa, M.
evaluation of developmental immunotoxicity
of chemical compounds using respiratory
syncytial virus infection to offspring mice.
Environ. Toxicol. Pharmacol. (2008) 25,
69-74.

4) Watanabe, W., Shimizu, T., Sawamura, R.,
Hino, A., Konno, K., Hirose, A., Kurokawa, M.
Effects of

brominated flame retardant,

tetrabromobisphenol A, a
on the immune
response to respiratory syncytial virus
infection in mice. Int. Immunopharmacol.
(2010) 10, 393-397

5) Watanabe, W., Shimizu, T., Sawamura, R.,
Hino, A., Konno, K., Kurokawa, M. Functional
disorder of primary immunity responding to
respiratory syncytial virus infection in
offspring mice exposed to a flame retardant,
decabrominated diphenyl ether, perinatally.

J. Med. Virol. (2010) 82, 1075-1082.
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