THE APPLICATION OF 5-METHYL-1,3-BENZENEDIOL OR
DERIVATIVES THEREOF IN THE PREPARATION OF MEDICINES AND
FUNCTIONAL FOODS FOR TREATMENT OR PREVENTION OF

7 DEPRESSION FIELD OF THE INVENTION [1] The present invention
“ relates to the application of 5-methyl-1,3-benzenediol or derivatives
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to 20% of the total popu@gg{}Eiw Il%v' %ggﬂms of depression are
common: persistent or recurrent depressed mood, anxiety, agitation, sleep
disorders, abnormal stress response, and cognitive functional impairment,
FIHEP OVerihdigsasiNd@oades, many accepted animal models have been
loped to evaluate the activity of antidepressants ni r the impetus of |
O e B R e o e FR e g i rveives
thetes] andthentaibsitapensiposiestsinsodanig. theredanihyepisaraany sfusli€Scines or
f showefd that constant darkness, sleep deprivation, and chronic
unctional foods . . .
unpredictable mild stress are etiological models for the occurrence of
depression. These models laid the foundation for the study of
BAGRIGEteprassapisIAdthovgRthenpathogenesis of depression is still not
entirely clear, changes in hi%Eo_campal synaptic plasticity (for example,

[0 REPBotehHBIY 4IRS FSREIR HBGARA o nidy s srleopuiation. The
follk@3hnashapisims doslediing.depiessioneldddnMethilitarkrprenadiQod, anxiety,

_(commonly known as orcinol) is usually used as an inhibitor of thermal
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actionyletbylido-Renzenediohanthifs dgr ﬁ%@ﬁﬁm\{@l%@@%t%ﬁglﬁsed models

ntipxidants and theyheios ess a degree of antibacterial activity. So far

e B TE S HBGH ABGLT tHESP BEBSIRiSaE RS S raL8TaH, ety studies
shoggitationosirepddisurdessenbemivand stred shesponges|icridogritiveess are
etiofd Q@Hﬁﬂ@éém Rt LM %%Ya@%nT 'T'Eaéé“éﬁ%'él?l&?&%%%&ﬁ%h%?% study

for treatment or prevention of depression. More specifically, the present
of ‘WRFé’HEFSFf‘i%sdﬁB&éé}’t@%PFﬁ‘é‘%ﬁiﬂ?ilféi%%%%&ib?l O deriritichcleerebgss in
hipphertnpaltsnestofpdispeag sfonesanig adlatgdeitinpssekang thé icauseintibaisee
fundiSR 86 e (Gl TRECRIRLALS A NRINEREN:IRYRNNion are S-methyl-
3-benzenediol or its derivatives thereof represented by Formula I:
[00¥Y hrdMeinfR-1 itk oxEd2dind lyaiogely, kB Drglucepyianasyhily used as an inhibitor of
13-D-glucopyranosyl-(1-,6)-P-D-glucqpyranosyl, mannosyl, 2, 3,4, =
e B R ROy ThOa) I BAAEIBSgY S ebeiodyls o
a refiipas§dr desydifarahina sy @CetRINAropiaeml NenBaeGNBRRO) L SRS have
methyl, e(tlh I,lﬁ)r%%l, butgl, or benzyl. [7] More preferably, the compounds
OB e B U R IGh  RRHRL2 98156 S AT R AS Bt Bstere s o
repbQRERSCIHEEBY ifr esdeilay deprdsiidd] anxIMpeseia A, I51ERAQ8RBrs, abnormal stress
13-D-glucopyranosyl, 3-D-glucopyranosyl-(1-.6)-P-D-glucopyranosyl,
reSpORSH G5 P I e AR Rl IFRRLERSP-D-glucopyranosyl, allosyl, galactosyl,
rhamnopyranosyl, fucosyl, xylosyl, arabinosyl, acetyl, propionyl, benzoyl,
SURINDGMQYE SHECRYEREIGK, ethyl, propyl, butyl, or benzyl.
[008]Morepreferably,whereinRlishydrogen;13-D-glucopyrano syl;
P-D-glucopyranosyl-(16)-13.-D-glucopyranosyl,whichislistedasorcinol,or
[008)dip Prase1BvEntNICsHFaifodit fpicsee SimedyBI-ghuzenediol or derivatives
the€OPYEARH e oy iananide 1R0R] Mate BIGIRHARY. Plnedicines or
compounds of the present invention are the derivatives o
5-methyl-1,3-benzenediol represented by Formula Ill: Me R20 OGlc Il
wherein R2 is p-D-glucopyranosyl, :
P-D-glucopyranosyl-(1->6)-P-D-glucopyranosyl, 2, 3, 4,
6-tetra-O-acetyl-P-D-glucopyranosyl, mannosyl, allosyl, galactosyl,
rhamnopyranosyl, fucosyl, xylosyl, arabinosyl, acetyl, propionyl, benzoyl,
cinnamoyl, succinyl, methyl, ethyl, propyl, butyl, or benzyl, [10] Especially,
R2 is P-D-glucopyranosyl,
[3-D-glucopyranosyl-(1-*6)-P-D-glucopyranosyl, or rhamnopyranosyl.



[11] More preferably the compounds of the present invention are the
derivatives of 5-methyl-1,3-benzenediol represented by Formula IV: IV
Wherein R2 is b-D-glucopyranosyl,
- f3-D-glucopyranosyl-(1-i6)-P-D-glucopyranosyl, 2, 3, 4,
6-tetra-O-acetyl-P-D-glucopyranosyl, mannosyl, allosyl, galactosyl,
furf RN AREARP I SO S lp VIR Y 8‘!@9{7‘?&%&.%‘EFX'?@E%P%Q%V'&%%S%X!’invemion
cinnamoyl, succinyl, methyl, ethyl, propyl, butyl or benzyl. [0 [2]
is giesteddbly; RIS D3 Pedzepeabiolp0dgtetyike- Degtat pytharicsymen ada@spression or its
rell%%%&%?s%%ﬁ i&g,c§§59§§§§peegsi%&t e Diagnosti_c and Statistical Manual of
Mental Disorders, tourth edition (DSM-1V) published by the American
[00Pkyidi aricpAesbcidtibn, e thevatemmatondinGlagsifid dtoreafiDiseasesderivatives
tenth edition (ICD-10), includes different subtypes of mental illnesses and
the&‘?é?%fé??%?fﬂ.’%%%%?ﬁSsion and mood disorders, such as depression,
mania, mixed mania, and hypomania; (2) depressive disorders, such as
depressive disorder and bad mood; (3) other affective disorders, for
example, caused by ill-healthMRhich include different mental illnesses or
subtypes of disorders with charggiteristics of depressive disorders and
affective disorders caused by s @ &R}or example, addictive drugs) or
therapy (such as surgery, radiotherapy, or chemotherapy); (4) bipolar
disorder or bipolar affective @é%rder, which contains two or more episodes
of depression and hypomania, and alternating episodes of mania and
depression. [14] Besides the sympton{s of depression described in
D$Mdmand L&D-b, thegeesent inventionrglso inyplvgsthe treatmemt @Rdranosyl,
BIgrevention of circadian rhythm disorders, sleep disorders, chronic stress,

BieapyaRoRd-Clratl frdsisaniaivhent, or B8GRARWE functiohal 3, 4,
6-tHRPBLERRNI PO AIRRIIG SodID] BRIIACSHARBRSSIOMatRR PIRSERIINVERNON xylosyl,

also involves the therapy and prevention of diseases associated with
arapipesyidRetHy B PR RS RRERO Y5 8Pt durenehidpiRy s, RapRib utak gtdenzyl.
[0039r§/§§6i @%ﬁ&%@ﬂm@@!{m@e&m@{ Spﬁi_@igt\é@em Wgﬂﬂ@h imﬂﬁaﬁ% PE_benzenediol or its
disorders. In addition, the present invention also involves the prevention
deriigt et rapsyteddsiardt Bxample, suicidal thoughts and behavior),
mood disorders, and abnormal acute stress response. [16] Sleep and
circadian rhythm disorders: Sleep disorder, a very common disease in
patients with depression, is one o fie contents of rating scales to
evaluate the extent of depression, Can éh thm disorders refer to the
most essential physiological function\Ih¢ normal circadian rhythm is
driven by alternating light and darkTime difference, season, life habit, or
inheritance can result in circadian rhythm disorders, which can further
result in deficits of higher brain functions, such as depression and
cognitive functional impairment. Accordifig to DSM-1V or ICD-10, sleep

disorders are diyided into three major ories: (1) dyssomnias, such as
T e o S s B e CopvranosyL,
maangytjrcadian;rivytkra-Cetated-sieepdigeraessi (2 0ayasgbias] Suaaspyranosyl,
ni Etmfre sleep palnic, and sleep walking; (3) health-related sle%)
FaCgigl LR P AR G e R ARG S s EHERY, (15 ehehr BY., ety propyl

butgldictreytirugs) or therapy (such as surgery, radiotherapy, or
chemotherapy). [17] Anxiety is a very common symptom in patients with

[008&preddish. 1t iR Bl U-guidBMiEito eiluatdsthe EXFEAESE depPeRszbisopyranosyl;
p-IABIR AissaersIpchibe e MaiRs sateaories: (1)panigdisorders: fQkinol, o
example, agoraphobia, particular panic disorders (such as fear of
orholiciidr BrHeRI  @sifShments, or blood transfusion, social phobia, or or
obsessive-compulsive disorder), posttrzaumatic stress disorder, acute
stress disorder, and extensive anxiety disorder and (2) health-related
anxiety disorders and substance-induced disorders (for example, addictive
drugs) or therapy (such as surgery, radiotherapy or chemotherapy).
Elevated plus maze and freezing behavior are widely used rodent models
to evaluate the anti-anxiety activity of drugs. [18] Stress is defined in
biological systems as any condition that seriously perturbs the

physiological or psychological homeostasis of an organism. Stress is
halievved to he nne of the main fartare avacerhatina ar leadina t0o mMmanyv




[29] 3. When R1 andR2 are alkyl, orcinol or orcinol glycosides are
dissolved in tetrahydrofuran or dimethyl sulfoxide by addition of sodium
hydride and stirring for 30-60 min. After addition of the corresponding

- alkylogen, the reaction mixture is further stirred for 3-5 11, and then

- poured into water and extracted with chloroform to give a crude product

hich i her purified to give alkylated products. EXAMPLE 1 Extraction

Orcﬁr?é%é%%%ﬁg%fc glfg%%o Yﬁ(gfﬁ-ﬁig%é%%ff%‘{%%?é@? orcinol, and

[008tcivte 1p0efe-BID)-ghscopympmonly- Io{ 1t6 ) frkSeR-glucapytanaside [3Q]vatives of
Curculigo orchigldes Garr w llec ried in the shade or in the sun,

S"Héerﬁh %lld% Bred ?gigﬁﬁeq:ﬁ%eﬁtg\?v%)éc%gn r‘ﬁt%ctjgﬁal (20 kg) was extracted 3 times
with 90% ethanol (200 kg) under reflux for 2 h each time. The extracts
were combined and concentrated tgabout 30 kg, and filtered after 12 h
deposition. The crude extracts were tiyeR chromatographed on a D-101
macroporous resin column (the weig @Q¢ksin was 20 kg) and eluted
successively with 100 kg distilled wayer, 60 kg 70% ethanol, and 60 kg
90% ethanol. The 70% ethanol eluent and the 90% ethanol eluent were
separately collected and evaporated toIHryness to obtain 70% ethanol

wisent (346 -preh965¢raibanokatuentdeR abs[Bal Thepobiaingd, /A%y, 2, 3, 4,

ethanol eluent (340 g) was dissolved in methanol and absorbed in 400 g
O RS H P Rrdr 8iarantd Rerost tetiputatertctprlsoligropgayranosyl, fucosyl
xylpHiverized Fndieyerant aubissied 4o siliea1 08l cRMA.ghiomAto Woutyl,
(2.1 kg, 200-300 mesh) and eluted with chloroform@rﬁethaﬁr{% -%a@}er&r @p% O
ben(”’9(6):10:1 to 70:30:3, v(v/v) to obtain 26 fractions. Each fraction was 1500
[Olml-ﬂgﬁ@&g@ﬁ%{z"’r)& VEelﬁegWEw&%gsﬁ,o@- —%ﬁ{@gﬁ?raﬁ@Qfﬁfyg?}l-lg-%gﬁm%yranosyl, or
ethanol to give orcinol (5 g). Fractions 9-15 were combined, concentrated,
rhagygpeFyatailized from ethanol to give orcino1-1-0.43-D-glucopyranos de
(01630104 TREHARS2 226 WRHBSAMPIBEdneoneaRy AR ANd GYSBlIZ8d vatives of
from ethanol to give
S-msibihd B-Peopmdiflesprspeatrddpl X erms) F8-D-glucopyr, oside (10 g). [33]
Structure determination: The optical rotation was measured with a
SEPA-300 polarhneter; UV-VIS spectra were obtained with a UV-210A
spectrometer; IR data were collecteéd on a Bio-Rad FTS-135 spectrometer

with KBr pellets; nuclear magnetic =/:e nce (1H NMR and 13C NMR)

spectra were run on a Bruker DRX paeter in CDC]) with TMS
as internal standard. Materials for c® chromatography and thin-layer
chromatography silica gel were fropi Makall Group Co. Ltd. (Qingdao,
China). [34] Name: Oreinol-l-&-%-D-gIueopyranoside 7 Molecular
formula: CI3H1807; Me, Molecular weidht: 286;5 6 /OH Properties: Light
ellow,pawder; HO 6'2 [a]r, -6 ' (¢ 5.95, methanal);5 4' UV (methanol);
R G T R e R AT R R
6-tdiita-Brjcerll B8 4R00 338 s 1D 20ad9, 11651 1Q 402 cibnkiob MBS fucosyl,
lé-ﬁ,:lttilz 285 [(M-1)-, 100], 123 [(M-I-glc)-, 87]; 1H-NMR (CD30D, 400 MHz)
VI AN 8- PJORIR PP PRI T8 IHRYS, BethyL By (pigpyd, Byl or
benzyl.3 Hz, H-1'), 2.22 (3H, s, 13C-NNIR (CD30D,100 MHz) de: 160.1 (s,
C-1),111.4 q,_c-zg, 159.2 (s, C-32, 102.4 (s, C-4), 141.3 (s, C-5), 110.0 (d,
[01E Befoabhidt ¢ 7) S 1b P ipHa®- 1ot P rgleonyyanasy qerced), 71.6 (d,
(0183 Bapréidn(ds GeRnv&2i e BrldodRNIMEHQANAL A MRIREHES sorders, fourth
formula: CH 602,Me \ 6/ Molecular weight: 124; \---=-/ 3 Properties: Light
editier ghahiiite p6lirded; bche 2 oa7i¢rrdishisiy Asieriationend g (8iaoytions

C}a@ii‘%%}iogg@'%é%é, tenth edition (ICD-10), includes different subtypes of mental illnesses

and disorders with: (1) depression and mood disorders, such as depression, mania, mixed mania,
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IR (KEr): v"," 3313, 1629, 1601, 1512, 1477, 1332, 1208, 1148, 1032, 973
catf-; EI-MS (70 ev): nez 125 [(M-1),8], 124 [M 100], 123 [(M-1E, 55],
107[(M+1-18)- ], 95(12), 77(8); -H-NMR (CD30D, 400 MHz) 814: 6.14
~ (2H, bra, H-2, 6), 6.10 (111, brs, 11-4), 2.16 (311, s, H-7); 13C-NMR
~ (CD30D,100 MHz) de: 159,2 (sx2, C-1, 3),108.7 (dx2, 0-2, 6), 108.7 (s,
2 7), |0
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epi&QRsO{defe@)ord 8 Dy(soBaii), iﬂd].aﬁeﬁdaﬂag)zpils@ﬂeB éﬁnﬁn&) alD8ePréshida-6),

1021 (d, 0:1), 74.8 77 71.3 (s, 0-4Y),
o1 BRSBTS e i i cotyt DO g g sk mverion
alsd info(CkCeltt Yredifu@nfchrd- &év&ﬁ&(bf@rﬁza)dlﬁ%ﬁmEl&)tBéQQ@I&%BQﬂs@rfdlss chronic

3-0-diacetyloreinol [37] A 100 ml round-bottomed flask was charged with
Sy A (46 HR IS E T BRSO TP PG 0 B LI e st ATRR e Uit rders.

[01stiBeddat tenmien pRrpitkaandtacstiaanislvidansbhyyas @pideshtion of diseases
dropwise. After being stirred for 24 h at room temperature, the reaction

assqidirtre s Psatia inbythmo dheetste werer SREERIx P HasSERttacditety, acute

strapdth &idal mtmr{ti%zséé@ogmvér he@kganisiaysisverecamiingdspashed present
3 times with 5% )gdrochlorlc acid, 3 times with saturated Nal-1003 aq.,

invepIP AlFAERVRlitRs s e HSHH T RIEH 06 CaPRS SR reRpBRS O gifte Eigughts and

betBRE SRR AIRAIQJEYAGSS HAL et MR GHETr [ G ude product was
subjected to silica gel column chromatography and eluted with petroleum

[Oléi RéBfoHE bR Tyt dierivis: 1S13en-draedssy o Hemcion®n gispietdromgisnts with
de;ﬁ%@i&lam @nd of thQ@fé%é'%Mm% Mg.Mgl %glz'lll.?zﬁéocﬂ@ H@en@&ﬁ-h’épq‘gs%n( Ercadlan

OAc 3 AcO Molecular weight: 208; Properties: Colorless oil Structural
ThyHatlisprEes-Gipisc gy peieteria) mlelqwﬁ faaipe-Aapomgkaepdisnaskythm is
drivef e&é%ﬂ%g% t]aé}lg%ailkél%g'ﬁﬁ%r&l%gzse}sjogs 113611?&%1t 1831§h%mahc% Jalrl‘l result in
NMR (CDC13) 814: 6.78 (2H, s, = 1.9 Hz, H-4, 6),
cirqadpy chgbn3tisorders] W)nczl 1A SirEr) reE8ICiN W%@D%@@@d@%@%@ns such as
1
depgél-ﬁo(;i%d Q)%)Qtl(’%’ ﬁ}!{éﬁgg_ é%é%{%l%ﬁ%é&%b& rFi 1%26(319(:&) ggﬁ% ) ee disorders
are@H@@O}lt@@@(ma@p@@@prlgxﬂWtﬁlﬂli@se@alm;sonsomma hypersomnia, narcolepsy,
I nol- 6 traa 1)+ opyrano ide [39
bre T}%}%(}%%SG m %vg)é% sso Cflc |Cﬁ?l pﬁlllhr Pat%! ‘?heorgaslg ion rréitﬁ’lf‘éasommas

suctvas sigirexhat OEm mmmardtuf&anmhhc@uc@nﬂrgaﬂhdela(@c’é dpeRSiBumIBl} and sleep

disvas acciguesgdd{)op l@garégtser elng stlrred rt24 h at room tem era‘tﬁtg , the
reaction mixture was pouré B8 i SRR eSS ieve (Tid as surgery,

rad@(h&'amg&wﬁbneﬂhyf@wtate (3x20 ml). The organic layers were combined,

o1 %éad 3 times with 5% hydrochloric acid, 3 times with saturated

TR e, SR S RS ARG AR L it SERISHES: s Pesaf guideines to

evahla@S@ cliltared, andeavaporaleefoidraasSitiIEey UasUHbr TRRESHE (1) panic

product was subjected to silica gel column chromatograph%( to give

d*S%f%ﬁféc@fy?%mﬁ‘ofcffeEbﬁbg BB D3RI RIS TtElb iy P s¥iawriagar animals,

en\ﬁﬁglrﬂéﬁlg 88%0)k100d transfusion, social phobia, or obsessive-compulsive disorder),

posttraumatic stress disorder, acute stress disorder, and extensive anxiety disorder; and (2)
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[40] Name: 3-0-Acetyl-oreinol-1-0-(2, 3, 4, 6 -

tetraacetyl)fID-glueopyranoside Molecular formula: C23H280121 7

Molecular weight: 496;Me 4 53 Properties: White amorphous powder;

OACc60AcC 6' ESI-MS (+) m/z: 519 [M+Na]T;4'25 0 M IR (KBr) v,"x: 1759,

1625, 1590, 1373, 1241, 1211 cm-I;MOO 2' OAc 1H NNIR (CDC13) SR:
hea§h6z%lg'éd a%’xi]e éf]d%cj;'(@r’s Qh(a &g‘s]tahc&lflau%eg !ﬂs@m@r??fé}gaxf?}g djgignve )1’(ugs) or

0-5.22 (m, 211), 5.14 (t, 1H

themeMQrwrztﬂ,) ra@hS@e@%thmh@MXsE@H)ecﬁp% (82BHNI X10& s behavior

o S TS Rt A R RS2 =

[018HSBS), :sageﬁx(g; @H@@@pxamsgs(ws: 8), 51 Drditicn 1)hat A@:6o(s)] prEbt,urbs the

phyﬁlf%g(éq épré))s c}li Bg(xaé%o gj's%7?§ %bj%a%??%(ttre 15% %Livg? (6 lgd 0}1)6 of the main

fac@i.s ExXgre@bA308) 201 (q, rﬁﬁylﬂ(ﬁ@seé) EXAM Pt Blseparatiocogiitive functional
di ino t1t rlaO atce Irha{néw pyranose 1[4d1]l .

lSqresf'ra- TERhN AR RS SIS S (3R as e diled ity Aiduipey (Tog person to
- persah) OfaRirgy @bﬁ@fmuilba@ideﬁ,nﬂ)ﬂ@ﬁﬁm;ﬂal&dﬁhﬁweaﬁiganommfgmﬁﬁfiﬁﬂ such as
for5hu der light-protection. The reactlonéplxture was poured into 500 ml

UG d A r S B PR W etRACAiEale { SOBRP AVL 5 ¢he BIRfaHC Indicators to

evakaaerswwammkblaedcmaﬁmdeselmﬁcwm \WH@Io s ibMe T WiEBeB0 and cortisol in
CO3 aq., and 3 times with saturated sodium chloride, dried over

hurma@sethmt&aeédeagn@ SOt oSBT HELE S SRS e lyife the damage of
hipHRtAnBaaCaipitarpRAMANAsy WRIPMaidealfidh Qrtinaletle Oh WaSnal experiments,

dissolved in chloroform (20 m t?;[ﬂThe reaction mixture was stirred and 5%

coragamlyr PRAAGSIIBLBIEBIESD T Sherk aadiEy. Aevisd e fRsmperature was
[015818861Ac20E oROUIIAN Rl tha fetraOnasRMhamneRY anqeM-DIOMIdEns memory,

(0.12 mol) dissolved in chloroform was added dropwise. The reaction

ianﬁ%&ﬁ; rengRstitaerad Strereiontifel senetion M adtd miptesas Mhdisosdsuran patients
su dg1§9rmt ahiceWateL IhgHhas R YISt A1With 240 hEOSRIBHG the idea
aci

The mixture was extracted with ethyl acetate. The organic layers
thatygreaRién BRI aliers e thovithrisattirkrenl B didnineRonden dAéd dlisrhypothesis was

valli@ePR %x&%%s %ﬁyéa%ﬁa&% t@s@&&@x%ﬁ%%g@arm\@f:%@ te]'_rg%&reldqgnon (LTP).

product was subjected to silica gel column chromatography and eluted
How?mregqﬁaa@gtém@gM&@gﬁp@%c{gﬁgjlwﬂwt@gp@ed to treat depression in the clinic.
Bet?gplm %J&Efracgré‘&%%ﬂ‘&%”]{?éip%a%%&@ %ggdewgggl Q %’)ug%)%éM Bkgé synaptic

Preparation of oreinol-I-rhamnopyranose [4
plamdmmﬁmimmmé@mgl)wamwmg@lmn‘@fcauses
0281(%“1% elt?f)g acettylc)ﬂ:rg)gn%gq‘o}/l(,% ncz)esseéé" 1b4 %rect ethrs]eadn %l Q% Hjeg form or in

stlrre for 2 h at room temperature, the re Action mixture was

phanmenaatlzddcmtbpﬁ%rtwdmmhmbedq»ﬁaﬂiheememanmbwammmm&d Wihd@evs weight
afESHum e addion ol ditiiednaler (o0 milThe Mure uas exiacied

With 1I ’) The’ organic ?aye SWere com & PvasHad Wit
[Ozsatwated mdm mhechlarig@adiiecovercMazs e/ diltergdeasndheyaperate htde solid,

s T e B ST Ty i ccuic
corfpisainiads 1od- Bxﬁk@mgmmaﬁopremr@&m@@rmago&o EXAMFE 1oves various
dissolved in water for injection. After bacterial filtration (0.2-0.45 am

PhaFRREEHGE 1K e SOMUBHF WASRITB D ACk AT It ASHab ke SRPI SRR St 28l -known
tectRiQive iinjaCHRMN Of PreiRadodiOsB R AR PYHARRSIEIS. Lot AM Rbde plaid Rk cipients or
Oreinol-1-0-B-D-glucopyranoside prepared according to EXAMPLE 1 was
diediofierpirPlsatiisirRie REdP R e SHORCIFHEISGR RN Wagiffiérey Bigpensions,
vacuum filtration using a Buchner funnel, filtered with a precision filter
(0.2-0.45 itm filtration) under bacteria- fsree conditions, sub-packaged into
ampoules, and sealed after lyophilization to give lyophilized powder for
injection of oreino1-1-0-B-D-glucopyranosicle. EXAMPLE 8 [46]
Orcinol-1-0-B-D-glueopyranoside prepared according to EXAMPLE Iwas
mixed with excipients to give powder injection of
orcinol-1-0-B-D-glucopyranoside. The weight ratio of the former to the
latter was 9:1. EXAMPLE 9 [47] Orcinol-1-0-B-D-glueopyranoside was

nranaread aceordinn to0 EXAMPI E 1 Tahlete canciilee and Aaraniilece ware



EXAMPLE 11 [49] Orcinol-1-0-13-D-glucopyranoside was prepared

according to EXAMPLE 1. Capsules and granules were prepared by

mixing orcinol-1-0-B-D-glucopyranoside with excipients in a weight ratio

of 5:1. EXAMPLE 12 [50] Oreinol-1-0-13-D-glueopyranoside (12.4 g)

prepared according to EXAMPLE 1, starch (600 g), lactose (200 g),

menthol (5 g) and sodium carpoxy, tFyI starch (183 ere mixed.and.
e BTGt (5 e ea a F ekl e L R Bisotved or
suspehdierstandiag of the essence of the invention, the pharmacological effects

harmaceutical compositions containing oreinol or its dP%ivativ,es and

of e
(0223 h i HhiscHERRERT dRHTRYE Tor B CTBREIS wilrd SRR RFRS fyfection. or infusion
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and OR with dose-effect relationship in the tail suspension test (TST) and
admfoigierdiewim test (EST) in rats and mice 1.1 Experimental methods [52]
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orcinol-1-0-[f3-D-glucopyranosyl-(1->6)]-13-D-glueopyranoside (ORGG),
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to Examples 1, 2, and 3. Animals were divided into an experimental group
deprggtio Rl B IINTBS SEESRSHRISI GISETO R IO B StV EshiBI GPEBjby e tmpairment.

containing an hnipramine group (Sigma, Batch No.106k1 588) and a
DETAHIERIRE GRERBION ¢HaREEUBRNCENRE 0., Ltd., Batch N0.200701001).

[53] Drugs: ORG was dissolved in normal saline. In positive controls,
[025mipraislingiog ventgfaxiteonbs tudpeidetcimpornmil wdlmetowht&inthgudrstanding

% CMC-sodium by sonicatign. The dose af imiprcimine or venlafaxine was
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~ consisted of a cylinder (24 cm high x15 cm diameter) filled with water to
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ST in‘mice: All dfugs and vehicles were administered 24 h and 5 h
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The significance level was set at P <0.05. The ED50 values were
calculated using GraphPad Prism software. 1.2 Results 1.2.1
Antidepressant effect of ORG (i.g.) on FST in rats Table 1.
Dose-immobility time relationship of ORG (i. ) in FST in rats Group Dose
(mg,/kg) Number of animals Immobility time (s) (mean --i. SEM) P value
NS 1 m1/100 g 30 179.50 5.32 ORG 0.0625 10




187.20 11.97 0.60 0,125 20 181.50 8.19 0.86 0.1875 20 138.9013.31*
0.006 0.2520 121.05 9.44*<0.001 0,520 113.70 6.74*<0.001 20
96.87 7.40* <0.001 2 2091,60 7.06*<0.001 4 20 84.40 9.20* <0.001

[028] 2. When R' and R? are acyl, orcinol or orcinol glycosides are dissolved in pyridine by the
addition of the corresponding acid anhydrides or acyl chlorides and 10-20%
4-dimethylaminopyridine and stirring for 3-5 h at 60-120°C. The mixture is poured onto water and
then extracted with chloroform to give a crude product which is further purified to give acylated
products.

[029] 3. When R and R? are alkyl, orcinol or orcinol glycosides are dissolved in tetrahydrofuran or
dimethyl sulfoxide by addition of sodium hydride and stirring for 30-60 min. After addition of the
corresponding alkylogen, the reaction mixture is further stirred for 3-5 h, and then poured into water
and extracted with chloroform to give a crude product which is further purified to give alkylated

products.

EXAMPLE 1
Extraction and isolation of orcinol-1-O-B-D-glucopyranoside, orcinol, and
orcinoi-1-O-[B-D-glucopyranosyi-(1—6)}-p-D-giucopyranoside

[030] Curculigo orchioides Garr. was collected, dried in the shade or in the sun, and powdered.

[031] The powdered material (20 kg) was extracted 3 times with 90% ethanol (200 kg) under reflux
for 2 h each time. The extracts were combined and concentrated to about 30 kg, and filtered after 12
h deposition. The crude extracts were then chromatographed on a D-101 macroporous resin column
(the weight of the resin was 20 kg) and eluted successively with 100 kg distilled water, 60 kg 70%
ethanol, and 60 kg 90% ethanol. The 70% ethanol eluent and the 90% ethanol eluent were
separately collected and evaporated to dryness to obtain 70% ethanol eluent (340 g) and 90%

ethanol eluent (60 g ).

[032] The obtained 70% ethanol eluent (340 g) was dissolved in methanol and absorbed in 400 g of
silica gel. After being dried at room temperature, the solid was pulverized and sieved and subjected
to silica gel column chromatography (2.1 kg, 200-300 mesh) and eluted with
chloroform-methanol-water (90:10:1 to 70:30:3, v/v/v) to obtain 26 fractions. Each fraction was
1500 ml. Fractions 2-3 were combined, concentrated, and crystallized from ethanol to give orcinol
(5 g). Fractions 9-15 were combined, concentrated, and crystallized from ethanol to give

orcinol-1-O-B-D-glucopyranoside (50 g). Fractions 22-26 were combined, concentrated and

7



8 20 94.30k 9,86* <0.001 16 2091.40 11.36* <0.001 3219 107.26 Li-
10.74* <0.001 64 20 105.90 19.77* <0.001 128 20 103.00.42* <0,001
Venlafaxine 15 10 100.80 -= 9.84* <0.001 Imipramine 15 29 92.72 7.09*
<0.001

crystallized from ethanol to give orcinol-1-O-[B-D-glucopyranosyl-(1—6)]-B-D-glucopyranoside
(10 g).

[033] Structure determination: The optical rotation was measured with a SEPA-300 polarimeter;
UV-VIS spectra were obtained with a UV-210A spectrometer; IR data were collected on a Bio-Rad
FTS-135 spectrometer with KBr pellets; nuclear magnetic resonance (‘H NMR and BC NMR)
spectra were run on a Bruker DRX500 spectrometer in CDCl; with TMS as internal standard.
Materials for column chromatography and thin-layer chromatography silica gel were from Makall
Group Co. Ltd. (Qingdao, China).

[034] Name: Orcinol-1-O--D-glucopyranoside

Molecular formula: Ci3H307; —l/\/le
Molecular weight: 286; S
: 6 37OH
Properties: Light yellow powder; HO—6' S T o
[a]p -63.03° (¢ 5.95, methanol); 5-0
+(OH
4 ¥
UV (methanol): Amax (loge) 279 (3.19), 273 (3.21), 219 (3.99), 203 !
OH
OH

(4.58);

IR (KBr): Vimax 3495, 3385, 1620, 1596, 1175, 1076, 1032 cm’™';

FAB-MS (-): m/z 285 [(M-1), 100}, 123 [(M-1-glc), 87];

"H-NMR (CD;0D, 400 MHz) dy: 6.41 (1H, s, H-2), 6.36 (1H, s, H-6), 6.29 (1H, s, H-4), 4.84 (1H,
d,J=7.3 Hz, H-1"), 2.22 3H, s, H-7);

BC.NMR (CD;0D,100 MHz) de: 160.1 (s, C-1), 111.4(d, C-2), 159.2 (s, C-3), 102.4 (s, C-4), 141.3
(s, C-5), 110.0 (d, C-6), 21.6(q, C-7), 102.5(d, C-1"), 75.0 (d, C-2"), 78.1 (d, C-3"), 71.6 (d, C-4"),
78.2 (d, C-5"), 62.7 (t, C-6").

[035] Name: Orcinol

7
Molecular formula: C+HgO»; Me
5
Molecular weight: 124; G@OH
Properties: Light yellow-white powder; HO 12

UV (methanol): fmax (loge) 281 (3.20), 275 (3.22), 204 (4.59);

IR (KB1): Vimas 3313, 1629, 1601, 1512, 1477, 1332, 1208, 1148, 1032, 973 e’

EL-MS (70 ev): m/z 125 [(M+1)",8], 124 [M’, 100], 123 [(M-1)", 55], 107[(M+1-18)*, 7], 95 (12),
77(8);



*[) <0.05 (one way ANOVA followed by LSD). [58] The dose-effect
relationship of ORG administered orally in rats was evaluated. ORG
decreased the immobility time and the effect was significantly dependent
~ on the dose (Table I). The dose of the best efficacy was 4 mg/kg, and the
117E OO, [ : idep i i .
R D R e L Stereh o, SR
PCaNdIB. 113 fOre IHENEST) Statted Tha, ifinohility firae ddtaseadsh@4), 141.2 G,
C_@ffgtfts\[{{asc%gnificantly dependent on the dose (Table 2). The dose of the
éeste ﬂfacy was 3 mg/kg, and the ED50 was about 0.22 mg/kg. Table 2.
Dose-immobility time relationship of ORG (i.g.) in FST in mice Group
[038b¥amsidAgrRiatBdPdt- hﬁ?ﬁ&ﬁ%ﬁ?ﬁﬁ(bﬂﬁrﬁﬁ%n@e‘)@}‘(?ﬁé&‘fﬂosm) r
MIBMBNS Badanel10,0,1.08 178.50 3.04 ORG 0.093 40 169.35 4.32 0.26
0.186 30 155.30 1 9.19* 0.01 0.3725 30 137.57 6.41* <0.001 0.75 60=

Molecular weight: 448; 57
. . 6 OH
Properties: White amorphous powder; HO— 6" b Jin 3
M.p.: 117-119°C; 5, OO
4' 4 OH, 1

! 2||

FAB-MS (-) (m/z): 447 [M-1T, 123 [M-1-2glc]; .
OHon oM &y

'"H NMR (400MHz, CD;0D) 8y: 6.43 (1H, brs, H-2), 6.40 (11,
brs , H-4), 6.28 (1H, brs, H-6), 4.82 (1H, d, J = 7.30 Hz, H-1}, 4.40 (1H, d, /= 7.73 Hz, H-1"), 2.21
(3H, s, H-7);

BCNMR (125 MHz, CD;0D) 8¢: 160.0 (s, C-1), 102.0 (d, C-2), 159.2 (s, C-3), 111.2 (d, C-4),
141.3 (s, C-5), 109.8 (d, C-6), 21.7 (s, C-7), 102.1 (d, C-17), 74.8 (d, C-2"), 77.7 (d, C-3"), 71.3 (s,
C-4"),77.5 (d, C-5), 69.6 (t, C-67, 104.6 (d, C-1"), 75.2 (d, C-2"), 77.8 (d, C-3"), 71.5 (d,C-4"), 77.9
(d, C-5"), 62.6(t, C-6".

EXAMPLE 2
Preparation of 1, 3-O-diacetylorcinol

[037] A 100 ml round-bottomed flask was charged with pyridine (40 ml) and orcinol (1.24 g, 0.01
mol). The reaction mixture was stirred at room temperature and acetic anhydride (3 ml) was added
dropwise. After being stirred for 24 h at room temperature, the reaction mixture was poured into
200 ml of ice water. The mixture was extracted with ethyl acetate (3x50 ml). The organic layers
were combined, washed 3 times with 5% hydrochloric acid, 3 times with saturated NaHCO; aq.,
and 3 times with saturated sodium chloride, dried over Na,SOy, filtered, and evaporated to dryness
under vacuum. The crude product was subjected to silica gel column chromatography and eluted

with petroleum ether-acetone (90:10, v/v) to give 1, 3-O-diacetylorcinol (1.87 g, yield 90%).

[038] Name: 1, 3-O-Diacetylorcinol 7

Molecular formula: C;1H2O4; 5



139.45 7.04* <0.001 1.560 127.23 6.63" <0.001 378 114.41 6.23*
<0.00 6 70129.76 1 5.99*<0.001 12 70 122.71 5.56'<0.001 24 70
121.57 6.13* <0.001 48 69 135.36 4.60* <0.001 96 50 145.34 1 5.39*
<0.001

Molecular weight: 208;

Properties: Colorless oil

Structural data of 1, 3-O-Diacetylorcinol:

ESI-MS (+) m/z: 231 [M+Na]";

IR (KBr) vimax: 1769, 1602, 1592, 1466, 1434, 1369, 1292, 1198, 1124, 1036 cm™;

'H NMR (CDCl) 8y: 6.78 (2H, s, J = 1.9 Hz, H-4, 6), 6.71 (1H, d, J = 1.9 Hz, H-2), 2.30 3H, s,
H-7), 2.19 (s, 6H); |

BC NMR (CDCls) 8¢: 169.0 (s, CH3CO), 169.0 (s, CH;CO), 150.9 (s, C-1), 150.9 (s, C-3), 140.3 (s,
C-5), 119.7 (d, C-4), 119.7 (d, C-6), 112.5 (d, C-2), 21.2 (q, C-7), 20.9 (q, CH3CO), 20.9 (q,
CH3CO).

EXAMPLE 3

Preparation of 3-O-acetyl-orcinol-1-O-(2, 3, 4, 6-tetraacetyl)-p-D-glucopyranoside
[039] Orcinol (286 mg) was dissolved in pyridine (20 ml). The reaction mixture was stirred at room
temperature and acetic anhydride (2.5 g, 25 mmol) was added dropwise. After being stirred for 24 h
at room temperature, the reaction mixture was poured into 50 ml of ice water. The mixture was
extracted with ethyl acetate (3x20 ml). The organic layers were combined, washed 3 times with 5%
hydrochloric acid, 3 times with saturated NaHCOj3 aq., and 3 times with saturated sodium chloride,
dried over NaySQy, filtered, and evaporated to dryness under vacuum. The crude product was
subjected to silica gel column chromatography to give 3-O-acetyl-orcinol-1-O-(2, 3, 4,
6-tetraacetyl)-B-D-glucopyranoside (421 mg, yield 85%).
[040] Name: 3-O-Acetyl-orcinol-1-O-(2, 3, 4, 6 - tetraacetyl)-p-D-glucopyranoside
Molecular formula: Cy3Hy3017;
Molecular weight: 496;
Properties: White amorphous powder;

ESI-MS (+) m/z: 519 [M+Na]’;

IR (KBF) vimax: 1759, 1625, 1590, 1373, 1241, 1211 em’™;

"HNMR (CDCls) 8y: 6.68 (1H, s, J= 1.9 Hz), 6.63 (1H, s,
J=19 Hz), 6.54 (1H, s, J= 1.9 Hz), 5.30-5.22 (m, 2H), 5.14 (¢, 1H, J = 9.7 Hz), 5.06 (1H, d, J =
7.5 Hz), 4.28-4.14 (m, 2H), 3.89-3.85 (m, 1H), 2.31 (s, 3H), 2.27 (s, 3H), 2.08 (s, 3H), 2.05 (s, 3H),

" 2.04 (s, 3H), 2.03 (s, 3H);
10



Venlafaxine 15 78 134.28 w 3.76* <0.001 Imipramine 15 79 131.20 1
3.91* <0.001 *Il <0.05 (one way A_NOVA followed by LSD). 1.2.3
Antidepressant effect of ORG (i.g.) on TST in mice [060] ORG was

~~ administered i.g. at 24 h and 5 h before the TST started. The immobility
time decreased and the effect was significantly dependent on the dose

‘%Gﬁﬁzﬁi%@’bcm% d%@.@%‘*ﬁ%@%,effﬂ@%%,"@ﬁé@)m%@(s"f‘%?—l}_bi%)EPc@% A8H,C0),

about 0.73 mg?kg. Table 3. Dose-immobility time relationship of ORG (I')

1693 TS ThhGRbel 65raup Base [hhd/ky)NUMbErofsakirhalsl Mantabilig).tihd (i, C-4),
EM)P Vv 1/10 161.18.547 QF lafaxin

10%%.‘1%‘?7’35‘-26 %46%3 %%g'@g%ggﬁ%% 3% 81518, @RS ¥elgfaXing ¢o0 ¢,

C-6"), 21.5 (q, C-7), 21.1 (q, CH3CO), 20.6 (q, CH3COx4).

EXAMPLE 4
Preparation of orcinol-1-tetra-O-acetyl-rhamnopyranose
[041] Tetra-O-acetyl-rhamnopyranose (36 g) was dissolved in a mixture (100 ml) of hydrobromic
acid and acetic acid. The reaction mixture was stirred for 5 h under light-protection. The reaction
mixture was poured into 500 ml of ice water and extracted with ethyl acetate (3x500 ml). The
organic layers were combined, washed 3 times with water, 3 times with 5% NaHCO; aq., and 3

times with saturated sodium chloride, dried over Na,;SOs, filtered, and evaporated to dryness under

vacuum to give tetra-O-acetyl-rhamnopyranosy! bromide.

[042] Orcinol (12.4 g) was dissolved in chloroform (20 ml). The reaction mixture was stirred and
5% sodium hydroxide solution (20 ml) was added. When the temperature was raised to 50°C,
solution of the tetra-O-acetyl-rhamnopyranosyl bromide (0.12 mol) dissolved in chloroform was
added dropwise. The reaction mixture was stirred at 50°C until the reaction was completed, then
poured into 150 ml of ice water. The pH was adjusted to 7 with 5% hydrochloric acid. The mixture
was extracted with ethyl acetate. The organic layers were combined, washed with saturated sodium
chloride, dried over Na;SOy, filtered, and evaporated to dryness under vacuum. The crude product
was subjected to silica gel column chromatography and eluted with ethyl acetate-petroleum ether

(5:1, v¥) to give orcinol-1-tetra-O-acetyl-rhamnopyranose (1.87g, yield 90%).

EXAMPLE 5
Preparation of orcinol-1-rhamnopyranose
[043] Sodium  methoxide (0.18 g) was added to a  solution  of
orcinol-1-tetra-O-acetyl-rhamnopyranose (4.14 g) in methanol (20 ml). After being stirred for 2 h at
room temperature, the reaction mixture was neutralized with 5% hydrochloric acid. The methanol
was removed under vacuum after addition of distilled water (50 ml). The mixture was extracted
with n-butanol (3x50 ml). The organic layers were combined, washed with saturated sodium

chioride, dried over NaySOyq, filtered, and evaporated to dryness under vacuum. The crude product

11



40 155.68 6,77 0.52 0.5 30 125.30 1 6.93* <0.001 0.7530 117.33 6.56*
<0.001 1.530109.27 6,81* <0.001 3 30 98.07 =5.95* <0.001 6 30
89.73 1 5.02* <0.001 12 30 77.67 5,33* <0.001 24 30 91.03 7.44*

was crystallized from ethanol to give orcinol-1-rhamnopyranose.

EXAMPLE 6
[044] Orcinol-1-O-B-D-glucopyranoside prepared according to EXAMPLE 1 was dissolved in
water for injection. After bacterial filtration (0.2-0.45 pm filtration), the solution was sub-packaged

into vials, sealed, and sterilized to give injection of orcinol-1-O-B-D-glucopyranoside.

EXAMPLE 7
[045] Orcinol-1-0-B-D-glucopyranoside prepared according to EXAMPLE 1 was dissolved in
bacteria-free water for injection. The solution was filtered by vacuum filtration using a Buchner
funnel, filtered with a precision filter (0.2-0.45 pm filtration) under bacteria-free conditions,
sub-packaged into ampoules, and sealed after lyophilization to give lyophilized powder for injection

of orcinol-1-O-B-D-glucopyranoside.

EXAMPLE 8
[046] Orcinol-1-O-B-D-glucopyranoside prepared according to EXAMPLE 1was mixed with
excipients to give powder injection of orcinol-1-O-B-D-glucopyranoside. The weight ratio of the

former to the latter was 9:1.

EXAMPLE 9
[047] Orcinol-1-O-B-D-glucopyranoside was prepared according to EXAMPLE 1. Tablets, capsules,

and granules were prepared by mixing orcinol-1-O-8-D-glucopyranoside with excipients in weight
ratios of the compound and excipients between 1:5 and 1:10.

EXAMPLE 10
[048] Orcinol-1-O-B-D-glucopyranoside was prepared according to EXAMPLE 1. Oral liquid of
orcinol-1-O-B-D-glucopyranoside was prepared according to conventional methods.

EXAMPLE 11
[049] Orcinol-1-O-B-D-glucopyranoside was prepared according to EXAMPLE 1. Capsules and
granules were prepared by mixing orcinol-1-O-B-D-glucopyranoside with excipients in a weight
ratio of 5:1.

12



<0,001 48 20 100,20 10.46* <0.001 96 15 19 20 107.68 -.1 8,85* 102.85
1 9,34* <0.001 <0.001 Im pram ne 15 40 105,65 5.71* <0,001 *P <0.05
(one way ANOVA followed by LSD) 1.2.4 Antidepressant effect of OR
(i.p.) on FST in mice [61] In this study, OR was administered i.p. at 24 h
and 5 h before the FST started. The immobility time decreased (Table 4).
Table 4. Effect of OR (i.p.) on immobility time in EST in mice Group Dose
(mg/kg) Number of animals Immobility time (s) (mean - SElel) P value NS
0.1 m1/10 Q9 156.56 19.78 EXAMPLE 12

[050] Orcinol-1-O-B-D-glucopyranoside (12.4 g) prepared according to EXAMPLE 1, starch (600
g), lactose (200 g), menthol (5 g) and sodium carboxymethyl starch (183 g) were mixed and further

prepared to be troches as functional foods.

[051] For a better understanding of the essence of the invention, the pharmacological effects of
pharmaceutical compositions containing orcinol or its derivatives and pharmaceutical carriers or
excipients were studied.

Experiment 1
Pharmacological study of ORG and OR
1 Antidepressant effects of ORG and OR with dose-effect relationship in the tail suspension

test (TST) and forced swim test (FST) in rats and mice

1.1 Experimental methods

[052] Kunming mice and Sprague-Dawley rats (Certificate Number: A4CXK(Chuan)2003-16)
from the Institute of Experimental Animals, People's Hospital of Sichuan Province, were used. The
mice were 3-4 weeks old at the beginning of experiments and weighed 25-30 g. The rats weighed
250-300g. The numbers of animals in each group are shown in Tables 1-5. Orcinol (OR),
orcinol-1-O-B-D-glucopyranoside : (ORG),
orcinol-1-O-[ B-D-glucopyranosyl-(1—6)]-B-D-glucopyranoside (ORGG), 1,3-O-diacetylorcinol
(OR-2Ac¢), and 3-O-acetyl-orcinol-1-O-(2, 3, 4, 6-tetraacetyl)-B-D-glucopyranoside (ORG-5Ac)
were prepared according to Examples 1, 2, and 3. Animals were divided into an experimental group
with different doses, a vehicle group, and two positive control groups containing an imipramine
group (Sigma, Batch No.106k1588) and a venlafaxine group (Wuhan Yuancheng Co., Ltd., Batch
No0.200701001).

[053] Drugs: ORG was dissolved in normal saline. In positive controls, imipramine or venlafaxine
was suspended in normal saline containing 0.5 % CMC-sodium by sonication. The dose of
imipramine or venlafaxine was 15 mg/kg. The i.g. or i.p. injection volume was 0.1 ml/10 g in mice
and 1 ml/100 g or 0.1 ml/100 g in rats.

[054] FST in mice: The apparatus consisted of a cylinder (24 cm high x15 cm diameter) filled with
water to 17 cm deep, at a temperature of 24+£2°C. All drugs and vehicles were administered 24 h
and 5 h before the FST started. The immobility time of mice during the last 4 min of the total 6-min

period was recorded manually.
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OR 10 10 82.40 10.64* 0.005 Imipramine 15 13 96.38 1 12.04 0.15 "P

<0.05 (one way ANOVA followed by LSD) 1.2.5 Antidepressant effect of

the derivatives of ORG (i.p.) on FST in mice [62] In this study the

derivatives of ORG (ORG OR-2Ac, and ORG-5Ac) were administered by

intraperitoneal (i.p.) injection at 24 h and 5 h before the FST started. All
(05 eleFivhivestsf DRGVES tecreussdhdeasimeisbititpdimendfiinice ipretiest=&/im session
for MOERH (FARBrrlRAblgdSHERELfide tuAtINaSQf RREG (1 2R IRUHOBUN e corded

tin]? ir} T.in rpéc Gtr.oup Dose (in /K tNur;?lber %ffanlmals Immogg% J
maRilr(<f (S SR EVatie K8 6% oot BidBasy P ERES e o
vehiied 8412 @dministeGd OvddRaORaA O 0after the pre-test swim session. Twenty-four hours
after the pre-test swim session, the immobility time during the 5-min test session was recorded
manually.
[056] TST in mice: All drugs and vehicles were administered 24 h and 5 h before the TST started.
Mice were suspended by a adhesive tape to attach their tails at 2 cm of the tail tip to a horizontal bar
that was placed 50 cm above the floor of the testing chamber. The immobility time during 6 min
was recorded manually.
[057] Data analysis: The results are expressed as mean = SEM and were analyzed using SPSS 11
software. Comparisons between groups were made using one-way analyses of variance (ANOVA)
followed by the least significant difference (L.SD) test. The significance level was set at P <0.05.
The EDsg values were calculated using GraphPad Prism software.
1.2 Results
1.2.1 Antidepressant effect of ORG (i.g.) on FST in rats

Table 1. Dose-immobility time relationship of ORG (i.g.) in FST in rats

Group Dose (mg/ke) Number of Immobility time (s) P
animals (mean = SEM) value
NS 1 mi/100 g 30 17950+ 5.32

0.0625 10 187.20+11.97 0.60

0.125 20 181.50£8.19 0.86

0.1875 20 138.90 £ 13.31* 0.006
0.25 20 121.05 £ 9.44* <0.001
05 20 113.70 £ 6.74* <0.001
1 20 96.87 + 7.40* <0.001
ORG 2 20 31.60 + 7.06* <0.001
4 20 84.40 + 9.20* <0.001
8 20 94.30 £ 9.86% <0.001
16 20 91.40 £ 11.36* <0.001
32 19 107.26 + 10.74* <0.001
64 ' 20 105.90 £ 19.77* <0.001
128 20 103.00 = 17.42%* <0.001




10 170.10 6.37* <0.001 ORG-5Ac 10 10 178.90 9.61* 0.003 Imipramine

1510 146.00 6.46* <0.001 *P <0.05 (one way ANOVA followed by LSD)

1.3 Therapeutic Index (11) of antidepressant activity of ORG [63] In the

acute toxicity test, when Kunming mice were administered ORG at a dose

of 1750 mg/kg, the saturated concentration, ethological and histological
vdnygstigation found nothing abnarmal. $o theioegtiantexic dose (TDsa) eb.oo1

ORG-was-higherthan-1750-mglkg—{64} The-therapeutic-index{T1 of
In@R@iire hice in EST z-- TD50- £D50= b1750 MRy 8952 mg/kg -= | <0-001

E’@;%?Qi?%glé’%éggé%%ﬂ%\l%g%:g OTORG INmMice In ST =1TDS

0.7 @é 97 Experiment 2 Antidepressant
[058krdbe of RS AtRetivRaHue YR PeAtEHEE AT doPERl diiftteBReFS Ty fed ORG
decrede®] Zht imxpeinpetial methoabedichidsunnmitgmice ¢carriibeate disstresie 1). The
A40C((Chuan)2003-16) from_the,Institute of Experimental Animals,
o R e ora weeks
L2 giantidpr st affegtof PR @lisliondiid dhdrigeeighed 25-30 g. The
[05AUm ey redcanimals UREask: gratipiasrehgven 24 T alles 6b8foRke WIS tarted. The
imdERAred as,described in Bxample |, Animals yere QAXE‘%gdA%% GERCHREM). The
groupvs With different doses and vehicig con rngr ups. I

dospefrthniatsh etk oy B Xpegiie AtdItDdSikm W6 ) ORG 3vegldissolved in
normal saline 3) Béifferebl epRsRhtations: Ak g anddireir vehieles

WWWWW;' f
ministration: [68 Qwirnalshwém tfeated with DRGH{Btyrtghegyor NS 1to P
i) jithift 22 h

oS . . .
imes oral y W Thealnrpmrggblllty time was rec%rg%glgph after the

value

last ORG treatment. 2.1 .3 Comparison of differpnt(rggaqpq and frequencies

ofBdministratidri®/j6® Mice we¥treated once with’8-PIgIRLORG or twice

with 3 mg/kg ORGewithinjZ24 h. 4fe immobility timeq gyas regagpded 5 h aftier ¢ 26

the last ORG trﬂ%%“gent 21-4-Effect of ORG-on angadggegslghf activity
. _ T ) 155. 0% 1o
(onset time andbmalntenance time): [70] Mice Weregt‘reaJTred with ORG (3 0.01

mg/kg). Ninete@AR6urs after addinistration, anothié?7 doseodfl ORG (3 <0.001

mg,/kg) Was givgH5 {7 1] The mggobifity time was \geuidies gi=2-5 1, 51 =5 501
24 h, 72 hhand 2 weeks after the second administration. 2.1.5 Data

analysis: |[72] THE results are e?(?)resse:i as mean' f SEN ?0/%3.*The <0.001
iIMR®Dbility times of the NS groups were 114.41 £ 6.23% <0.001

6 70 129.76 + 5.99*% <0.001

12 70 122,71 £ 5.56* <0.001

24 70 121.57 £6.13* <0.001

48 69 135.36 £ 4.60%* <0.001

96 50 145.34 £5.39% <0.001

Venlafaxine 15 78 134.28 £ 3.76* <0.001
Imipramine 15 79 131.20 +3.91* <0.001

*P <0.05 (one way ANOVA followed by LSD).
1.2.3 Antidepressant effect of ORG (i.g.) on TST in mice

[060] ORG was administered 1.g. at 24 h and 5 h before the TST started. The immobility time
decreased and the effect was significantly dependent on the dose (Table 3). The dose of the best
efficacy was 12 mg/kg, and the EDso was about 0.73 mg/kg.
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set as 100%, and the antidepressant effect of each group was calculated
based on the NS group. A better antidepressant effect is shown as a lower
percentage value. This normalization method permitted comparisons
among the experimental groups. Statistic analysis was one-way ANOVA
followed by the LSD test. A value of P <0.05 was considered significant.
2.2. Resulisi2 2 Dodntislepsansant-atRabai@REoridifferantitequensies of

s@ﬁﬁf’canlﬁ?ﬁ?ﬁ@%}‘@& Ds treated 2 or B times v_wt&_f%l?g éﬁﬁﬁle 6). The| .
results chow th he hact dmg effect was.ohtained atter 2 or 2 times of
adnNtinistrationl withing24| h at imtgrvals of 10-19 fe1Tiables 87 Frequency of]
administration a ntigepressant effect of ORG on FST inmice Grouy.
Dose (mgrkg) ?—"igzgencv of adfinistration in 2% h NdriBers of animals | 9%
Immobilityl (%NS)7émeanh -= SEM) P Value NS 156530% 73 1 10 83.57 1] s
6.66 0.098—3 110 64-985-960-001t ORG
0.5 30 12530+ 6.93* <0.001
0.75 30 117.33 £ 6.56% <0.001
1.5 30 10927 £ 6.81* <0.001
ORG 3 30 98.07 + 5.95% <0.001
6 30 89.73 £ 5.02% <0.001
12 30 77.67 £533% <0.001
24 30 91.03 £ 7.44% <0.001
48 20 100.20 £ 10.46%* <0.001
96 19 107.68 + 8 .85% <0.001
Venlafaxine 15 20 102.85 £ 9.34% <0.001
Imipramine 15 40 105.65+571% <0.001

*P <0.05 (one way ANOVA followed by LSD)
1.2.4 Antidepressant effect of OR (i.p.) on FST in mice

[061] In this study, OR was administered i.p. at 24 h and 5 h before the FST started. The immobility
time decreased (Table 4).
Table 4. Effect of OR (i.p.) on immobility time in FST in mice

Group Dose (mg/kg) Number of Immobility time (s) P
animals (mean + SEM) value
NS 0.1ml/10 g 9 156.56 £ 19.78
OR 10 10 82.40 £ 10.64* 0.005
Imipramine 15 13 96.38 £ 12.04 0.15

*P <0.05 (one way ANOVA followed by LSD)
1.2.5 Antidepressant effect of the derivatives of ORG (L.p.) on FST in mice
[062] In this study, the derivatives of ORG (ORGG, OR-2Ac, and ORG-5Ac) were administered by

intraperitoneal (i.p.) injection at 24 h and 5 h before the FST started. All derivatives of ORG
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331065.65 9.67*0.001 4 1089.81 16.50 0.302 351091.26 5.93
0.375 < 0.05 (one way ANOVA followed by LSD) 2.2.2 Comparison of
antidepressant effect among different frequencies of administration with
-the same final dose within 24 h [74] When mice were treated once with 6
mg/kg ORG or twice with 3 mg/kg ORG in 24 h, the immobility times

dectegredsednnEligiupsihakle He BYUE adiett€rabitett was shown in mice
treated twice with 3 mg/kg ORG in 24 h. Table 7. The same dose

administefdt Wit hahs attes ahtideh e st BIOA e TRHERST in mice
G ARSIl of Iepmbi] (ENS) P oris S () Pualuc
animals (mean = SEM)
NS 0.1ml/10g 10 213.60£3.77
ORGG 10 10 18420+ 11.29* 0.012
OR-2Ac 10 10 170.10 £ 6.37* <0.001
ORG-5Ac¢ 10 10 178.90 £ 9.61% ‘ 0.003
Imipramine 15 10 146.00 £ 6.46% <0.001

*P <0.05 (one way ANOVA followed by LSD)
1.3 Therapeutic Index (TI) of antidepressant activity of ORG

[063] In the acute toxicity test, when Kunming mice were administered ORG at a dose of 1750
mg/kg, the saturated concentration, ethological and histological investigation found nothing
abnormal. So the median toxic dose (TDsq) of ORG was higher than 1750 mg/kg.

[064] The therapeutic index (TI) of ORG in mice in FST = TDs;+ EDsg= >1750 mg/kg + 0.22
mg/kg = >7955.
[065] The therapeutic index (TI) of ORG in mice in TST = TDso+ EDsy = >1750 mg/kg + 0.73
mg/kg =>2397.

Experiment 2

Antidepressant effect of ORG with time course-dependence in forced swim test (FST) in
mice
2.1 Experimental methods
[066] Kunming mice (Certificate Number: A4CXK(Chuan)2003-16) from the Institute of
Experimental Animals, People's Hospital of Sichuan Province, were used. They were 3-4 weeks old
at the beginning of the experiments and weighed 25-30 g. The numbers of animals in each group are
shown in Tables 6-8. ORG was prepared as described in Example 1. Animals were divided into
experiment groups with different doses and vehicle control groups.
2.1.1 Administration and Experimental Design:
[067] ORG was dissolved in normal saline (NS) at different concentrations. All drugs and their
vehicles were administered orally in a volume of 0.1 ml/10 g,

2.1.2 Frequency of administration:
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(mg/kg) animals (mean SEM)value 24h NS 31100 ORG329

64.03 7.20* <0.001 ORG 6 1 30 80.70 4.64* =0.002 *P <0.05 (one way

ANOVA followed by LSD) 2.2.3 Antidepressant effect of ORG with fast

onset and long-lasting maintenance in EST [75] Mice were given ORG

orally (3 mg/kg). Nineteen hours later, another dose of ORG (3 mg/kg)
[O6§adngriven WEHtetimarad bility (e Wamgdanrdedlat 216 A, thres 2deliy 7@thimAd h. The

imrfoWBERIAMELs RESELONE Adrinisiatar; dhe.antidepressant effect of

ORG occurred, rapidly at 2.5 h after the second administration. The best

213 mppu i of Sfterent Spsss and deasacie A AL ISR 4R the effect was
[06Phaihtaimedt fosatdleast ¥2h { Taltke SR Ghe resudtyishdvintiat ORGwWitiéna24 h. The

imrB5hPaRk AIdcRes SRR AR BElS Qe At least 72 h Table 8.

Time-response relationship for ORG in FST in mice Group DoselTime
2.1.5%‘%% ({ﬁ.@ %?Tigapﬁwgﬂra?ﬁwi(ﬁ)(onset time and maintenance time):

[070] Mice were treated with ORG (3 mg/kg). Nineteen hours after administration, another dose of
ORG (3 mg/kg) was given.

[071] The immobility time was recorded at 2.5 h, 5 h, 24 h, 72 h and 2 weeks after the second
administration.

2.1.5 Data analysis:

[072] The results are expressed as mean = SEM (%).The immobility times of the NS groups were
set as 100%, and the antidepressant effect of each group was calculated based on the NS group. A
better antidepressant effect is shown as a lower percentage value. This normalization method
permitted comparisons among the experimental groups. Statistic analysis was one-way ANOVA

followed by the LSD test. A value of P <0.05 was considered significant.

2.2. Results

2.2.1 Antidepressant effect of ORG at different frequencies of administration within 24 h on
FST in mice.

[073] ORG (3 mg/kg) was administered 1-5 times within 24 h. The immobility time decreased
significantly in the groups treated 2 or 3 times with ORG (Table 6). The results show that the best

drug effect was obtained after 2 or 3 times of administration within 24 h at intervals of 10-19 h.

Table 6. Frequency of administration and antidepressant effect of ORG on FST in mice

Dose  Frequency of administrationin ~ Numbers of  Immobility (%NS) P
Group (mg/kg) 24 h animals (mean = SEM) Value
NS 10 100
3 1 10 83.57 £ 6.66 0.098
3 2 10 64.98 + 5.96* 0.001
ORG 3 3 10 65.65 £9.67* 0.001
3 4 10 89.81 £6.50 0.302

3 5 10 91.26 £ 5.93 0.375




Number of animals Immobility (%NS) (mean = SEM) P value NS 50 100
ORG 6 2.5 20 73 63 4.21* <0,001 65 20 71 92 6.05* 0.001 624 20 62 83
3_6.59*<0.001 61 (772077.33 6.07*0.002

*P < 0.05 (one way ANOVA followed by LSD)

2.2.2 Comparison of antidepressant effect among different frequencies of administration with
the same final dose within 24 h
[074] When mice were treated once with 6 mg/kg ORG or twice with 3 mg/kg ORG in 24 h, the
immobility times decreased in all groups (Table 7). But a better effect was shown in mice treated
twice with 3 mg/kg ORG in 24 h.

Table 7. The same dose administered twice had a better antidepressant effect than when

administered once within 24 h

Frequency of

Dose Number of  Immobility (%NS) P
Group administration in
(mg/kg) animals (mean + SEM) value
24h
NS 31 100
ORG 3 2 9 64.03 £ 7.20* <0.001
ORG 6 1 30 80.70 + 4.64* =0.002

*P <0.05 (one way ANOVA followed by LSD)

2.2.3 Antidepressant effect of ORG with fast onset and long-lasting maintenance in FST

[075] Mice were given ORG orally (3 mg/kg). Nineteen hours later, another dose of ORG (3 mg/kg)
was given. The immobility time was recorded at 2.5 h, 5 h, 24 h, 72 h and 2 weeks afier the second
administration. The antidepressant effect of ORG occurred rapidly at 2.5 h after the second
administration. The best effect occurred at 24 h after the second administration and the effect was
maintained for at least 72 h (Table 8). The results show that ORG has a fast onset of antidepressant
effect that lasts for at least 72 h.

Table 8. Time-response relationship for ORG in FST in mice

Dose Time after last Immobility (%NS) P
Group Number of animals
(mg/kg) | administration (h) (mean = SEM) value
NS 50 100
ORG 6 2.5 20 73.63 £4.21% | <0.001
6 5 20 71.92 £ 6.05% 0.001
6 24 20 62.83 £6.59* | <0.001
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6 2 (weeks) 20 99.54 az 5.54 0.954 *P <0.05 (one way ANOVA followed
by LSD) Experiment 3 Antidepressant effect of ORG in the chronic
unpredictable mild stress model in mice [76] Chronic unpredictable mild
- stress (CMS) is considered to be a depression model that has the same
etiology of chronic stress that exacerbates or causes depression in

humans; A V@rieﬁy of unpredictable mild syigsses such asdrink pr.foqd ; )

restrictian; At-and-swimming—may-lead-animals to-alack-of

response to feward (8.gvssligiar diink preféfence). Immeobifity:tingd is | 0.954

signit Iy Incre FST.and [ST after CMS exposure, naicating

m%?ebggg re e %ﬁ@gﬁ‘ %%lfg)wedc?m% >W|dely used to evaluate the effects

of antidepressants on depres&or@éﬁﬁi’ééﬁ‘ﬁ?stress 3.1. Experimental

m i e ( ficate Numbe
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each mouse randomly within 24 h, and the same stress did not appear

twice consecutively. The stress period lasted for 8 weeks. In the last
S1yfemerigeralmeti¥hinistered orally once a day for 7 consecutive days.

[07Fh Kiméndoraior SORHE i TR 30N HIRCK e eu2e0s Emfrmistr aborinstitute of
Exﬁéﬂ&né}ﬂﬁﬁmiﬁléeﬁé@ﬂew&foéﬁim@lﬂtyhﬂﬁﬂx@fﬂvﬁh@eE&Te%@&h]_ﬁfgymvgf’&3%eks old

a0 e rpllce he metep ds f FS‘E %r%'f[’g d dat ana%/5|s ?fre as
ESS%I]BG& &Bove, §H5 e8iIts 32 egpressan Folt SFORG s proup are
sharnaniBhiee 8 enfniecORG pPORGrsigAificasstybde crdixgauithe Animelsititgyreidtgded into
exﬂ&&ﬂ&ﬁ,&guﬁﬂﬁ&h&i?&f&ﬁtﬁdéé@r% significantiy dependent.emapasdabiSp (Sigma,
%%g%se for, tthe antld pressant effect was 20 mg/kg, and the
Was a?ﬁl [T 2BIED. Dose- -immobility time relatlonshlp of ORG
[071) Eﬁg'&@MW@@&M%I&%@&&P@§@I&G&Q{K@MWE Qf S were reversal

Immobility time (s) (mean = SEm) P value NS 0.1 m1/10 g 28 208.00 5.57
of qireatligp rj}g@ugocgglgqpus light, cold, damp bedding, tilt cages, food and water retriction, and

ani

restraint. Only one of these stresses was given to each mouse randomly within 24 h, and the same
stress did not appear twice consecutively. The stress period lasted for 8 weeks. In the last week,
ORG was administered orally once a day for 7 consecutive days. The behavioral test was carried
out 30 min after the last administration. The parameter tested was immobility time in the FST and
TST in the CMS model mice. The methods of FST and TST and data analysis were as described
above.

3.2. Results

3.2.1 Antidepressant effect of ORG in FST in CMS model mice

[079] ORG significantly decreased the immobility time in the FST, and the effects were

significantly dependent on dose (Table 9). The best dose for the antidepressant effect was 20 mg/kg,
20



0.255 2.511177.00 11.78* 0.033 ORG 510 177.50 12.39* 0.043 10 19
170.84 =10.48* 0.002 20 20 164.95 11.36* <0.001 Im pramine 15 10
166.00 13.84* 0.005 *PC 0.05 (one way ANOVA followed by LSD) 3.2.2
“ Antidepressant effect of ORG in TST in CMS model mice [80] ORG
significantly decreased the immobility time in the TST, and the effects
andWMRIEISigRficagithy, dependent on dose (Table 10). The best dose for the
antidepressant effect was 20 mg/kg, and the ED50 was about 4.22 mg/kg

Table 1820505 pirmiBinhy tniencielatership of GHGHA ST VSIS atied
mice Group Dose (mg/kg) Nurﬂg%gjoqnimalslmgmlﬁlf%g% (s)

Group Dose (mg/kg) P value
animals (mean = SEM)
NS 0.1ml/10g 28 208.00 + 5,57
1.25 10 190.90 = 12.94 0.255
2.5 11 177.00 £ 11.78* 0.033
ORG 5 10 177.50 + 12.39* 0.043
10 19 170.84 + 10.48* 0.002
20 20 164.95 + 11.36% <0.001
Imipramine 15 10 166.00 £ 13.84* 0.005

*P < 0.05 (one way ANOVA followed by LSD)
3.2.2 Antidepressant effect of ORG in TST in CMS model mice
[080] ORG significantly decreased the immobility time in the TST, and the effects were
significantly dependent on dose (Table 10). The best dose for the antidepressant effect was 20
meg/kg, and the EDsy was about 4.22 mg/kg.
Table 10. Dose-immobility time relationship of ORG in TST in CMS model mice

Dose Number of Immobility time (s)
Group P value
(mg/kg) animals (mean = SEM)
NS 0.1ml/10 g 16 185.25 * 6.66
1.25 10 171.20 £ 13.02 0.392
5 10 , 146.30 £ 11.66* 0.018
ORG
10 16 14531 £12.41% 0.006
20 16 140.69 £ 14.14* 0.002
Imipramine 15 9 131.22 +10.61%* 0.002

*P < 0.05 (one way ANOVA followed by LSD)

3.3 TI of ORG in TST and FST in CMS model mice
[081] In the acute toxicity testing, when the mice were administered ORG at a dose of 1750 mg/kg,
the saturated concentration, ethological and histological investigation did not find abnormalities. So

the median toxic dose (TDsg) of ORG was higher than 1750 mg/kg.
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(mean SEM) P value NS 0.1 m1/10 g 16 185,25 6.66 ORG 1.25 10
171.20 13.020.392 510 146.30 11.66* 0.018 10 16 145.31 =12.41*
0.006 20 16 140.69 =4.14* 0.002 Imipramine 15 9 131,22 10.61* 0.002
<0.05 (one way ANOVA followed by LSD) 3.3 Tl of ORG in TST and FST
in CMS model mice [81] In the acute toxicity testing, when the mice were

ThAHIPINSIREHORS &t 8rdo3eafid R0 T/ke ~the Aatuy i%%qggﬁzgu%mo.

ethological and histological investigation did not find abnormalities So the

Theniessasrtisxiedeto SEL PDSHDIORE wides Highe F thahPr5 6 Phgrkgl 750 mgke + 4.22
mg/kg = >415,

Experiment 4
Antidepressant effect of ORG in the constant darkness (DD) model in mice

[082] The DD model is an etiological model reported recently that is used to study depression
associated with circadian rhythm disorder. In this model, the animal’s circadian rhythm is changed
in a continuous dark-rearing condition that induces or exacerbates depression. So in this study, the
DD model was used to cause or exacerbate depression and the antidepressant effect of ORG was
then tested in FST and TST.

4.1 Experimental methods

[083] Kunming mice (Certificate Number: A4CXK(Chuan)2003-16) from the Institute of
Experimental Animals, People's Hospital of Sichuan Province, were used. They were 3-4 weeks old
at the beginning of the experiments and weighed 25-30 g. Numbers of animals in each group are
'shown in Tables 11 and 12. ORG was prepared as described in Example 1. Animals were divided
into experimental groups with different doses, vehicle control groups, and an imipramine group
(Sigma, Batch No.106k1588) as positive control.

[084] DD model in mice: Mice were kept under 24 h continuous dark conditions. The replacement
of padding, addition of food and water, and other operations were undertaken in the condition that
the intensity of red light was less than 1.0 lux. The period of this condition lasted for 28 days. In the
last week, ORG was administered orally once a day for 1 week. The FST and TST were carried out

30 min after the last administration. Methods and data analysis were as described above.
4.2 Results
4.2.1 Antidepressant effect of ORG in FST in DD model mice
[085] ORG significantly decreased the immobility time in the FST, and the effects were
significantly dependent on the dose (Table 11). The dose of the best efficacy was 10 mg/kg, and the
EDs; was about 1.48 mg/kg,

Table 11. Dose-immobility time relationship of ORG in FST in DD model mice

Number of Immobility time (s) P
Group |Dose (mg/kg)
animals (mean + SEM) value
NS 0.1ml/10 g 32 193.13 £ 5.57
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The therapeutic index (Tl) of ORG in CMS mice in FST = >1750 mg/kg
0.81 mg/kg = >2160 The therapeutic index (Tl) of ORG in CMS mice in
TST = TD50 ED50 - >1750 mg/kg 4.22 mg/kg = >415. Experiment 4
Antidepressant effect of ORG in the constant darkness (DD) model in
mice [82] The DD model is an etiological model reported recently that is
used to study [deprgssion associgted with cirgagian_rhytiyn disorder lg, o
thisimodel, the-animal's-eiteadian-rhythm-is-ehanged-in-a-contindods
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=11.890.134 !5 10 16 14531 £ 12.41* 0.006
20 16 140.69 = 14.138* 0.002
Imipramine 15 9 13122+ 10.61* 0.002

*P <0.05 (one way ANOVA followed by LSD)

Experiment 5
Antidepressant effect of ORG in sleep deprivation (SD) model in mice
[087] Sleep disorder is one of the symptoms of depression. It may be one of the pathological factors
that leads to or exacerbates depression. Depression-like behavior such as immobility is enhanced by
sleep deprivation. Then, the SD model was used to cause or exacerbate depression and the
antidepressant effect of ORG was then tested in FST and TST in SD model mice.

5.1 Experimental method
[088] Kunming mice (Certificate Number: A4CXK(Chuan)2003-16) from the Institute of
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10 161.70 = 14.89* 0.016 10 21 151.86 = 8.89* <0.001 40 10 156.60

13.86* 0.005 Imipramine 15 11 161.22 13.08* 0.019 *P <0.05 (one way

ANOVA followed by LSD) 4.2.2 Antidepressant effect of ORG in TST in

DD model mice [086] ORG significantly decreased the immobility time in

the TST, and the effects were significantly dependent on dose (Table 12).
ExpenieneiaseAfithes bashefficheyiwas 3R mmglkgoane therk RO was akeut-4 weeks old
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experiment groups with different doses, a vehicle control group, and an imipramine group (Sigma,
Batch No.106k1588) as positive control.

[089] SD model: A modified method with multiple platforms in a water environment was used to
establish the SD model in mice. Mice on the platforms were free to eat and drink. However, if it fell
asleep, it fell into the water because of the loss of muscle tone. The fallen animal climbed onto the
platform again via a tilt pole which propped up the platforms. After 72 h of sleep deprivation, ORG
was administered orally 24 h and 5 h before the FST started. The immobility time of animals were
recorded. Methods and data analysis were as described above.

5.2. Results

5.2.1 Antidepressant effect of ORG on FST in SD model mice

[090] On the third day of the three days of sleep deprivation, ORG was administered twice at 24 h
and 5 h before the FST started. ORG significantly decreased immobility time in the FST, and the
effects were significantly dependent on dose (Table 13). The dose of the best efficacy was 10 mg/kg,
and the EDsg was about 3.79 mg/kg.

Table 13. Dose-immobility time relationship of ORG and TST in SD model mice

Dose Number of Immobility time (s) P

Group .

(mg/kg) animals (mean = SEM) value
NS 0.1ml10g 26 189.27 + 9.67

ORG 1.25 10 198.00 + 11.43 | 0.570
ORG 2.5 12 177.67 £ 15.95 0.421
ORG 5 10 160.80 = 11.64 0.064
ORG 7.5 10 153.00 + 11.83* 0.019
ORG 10 22 148.23 + 7.80% 0.001
ORG 20 21 162.67 £ 9.27* 0.029
Imipramine 7.5 11 150.27 + 13.17* 0.009

*P <0.05 (one way ANOVA followed by LSD)

5.3. Therapeutic index of ORG in DD model and SD model mice
[091] The median toxic dose (TDsg) of ORG was higher than 1750 mg/kg (see above). The
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10171.20 13.02 0.392 510146.30 = 11.66* 0.018 10 16145.31 12.41*

0.006 20 16 140.69 _ 14.138* 0.002 Imipramine 15 9i131.22 10.61*

0.002 *P <0.05 (one way ANOVA followed by LSD) Experiment 5
- Antidepressant effect of ORG in sleep deprivation (SD) model in mice

[87] Sleep disorder is one of the symptoms of depression. It may be one
thegfpiwei paties| oG fadidy snibatd EF&dS-tOIoy €Xine rbatesidepiessions mg/kg =>1182.

ThOgREERRIANlkS BebRAn BIshA% 'm@Pm%soe"éﬁncegﬁxoﬂgggg +1.75 mg/kg =

de rivation. Then, the SD model was used to cause or exacer
resh Bﬁaﬁqﬂt%@%ﬁfe%%ﬁpeﬁéﬁ BrORG Was theRstesteld 19 pgfke +3.79
mgﬂrgi:'ﬁg?mn SD model mice. 5.1 Experimental method [88] Kunming mice
(Certificate Number: A4C,CK(Chuan)2003-16) from the Institute of 23
Experimental Animals, People's Iﬁosgltal of ichuan Province, were used.
They were 3-4 weeks old at the bec |nn|ng o the experiments and

weighed 25-30gP i@ peplepisad Branrharsiinsisth e ofP&Shown in
[09-5?%%%%%0&%\/1(95% c@g r@f fa %tsq%ﬁc nb dc!)rrll 1onedD ke 1. énslsrqg'l? elnts are widely

divided into experiment groups wi erent oses a vehicie contro
acagptrdpaamd & ifoipreanmieg o (i ghmanpdatc R Mdenl-O6Kiln8 Bleesnpoisitivaor when
SD madel: A modified method with multlpl Iatf rmsin a
ave\/r\?zla\feers%rrr%\?ﬁgé?ﬁ% V\/ev%zllrtjegzelagfo es%b?l ?ﬁmvgﬁsﬁ?ndﬂe?m TGS njuisyiable fear
stirthodi, p!sactﬁﬁmﬁsawmeecﬁmelm elateaccot biodky lﬂmwemrs dritntedk dsleep ctofRling posture.
|Xn(t)? ngg ter ecause of Bhe Ios of.m S Iet I%\;f llen nlmal . .
el Mo the prattorm agaim c\)llg.né pé’lé I%Iﬁ gﬁ‘@&e Bfjdnaze is a widely
acqetaetbmmeuﬁﬁtemaavhlmskeepadﬁpfmtmnerﬁmmsewmm isteredtomlased on the
fg 5h bef re th FST started. Th? immobility time of animals were

o S BRI A4 S B o BB s gt e rodens

‘spdn@sedsid héndsntiste pires saimt efteed oIRGBl fuSRMAdek-MiCherefore, the
[090] On the third day of the three days, of sleep deprivation, ORG was
n"%?&?h‘fﬁ%?é?@%f“t%f@é‘&f B AN SN PRI ThenE S Riarby ARRgenics.

.19 pHicasiadaeneased immobility time in the FST, and the effects were

bl
R R L . o

ExpsHEenan A tﬁ’?ﬂé’ Fost AespiElipt &@R@Pé%n?wwsﬁs%m| Wsrea -4 weeks old

at the beginning of the experiment and weighed 25-30 g. The numbers of animals in each group are
shown in Table 13. ORG was prepared as described in Example 1. Animals were divided into drug
administration groups with different doses of ORG a vehicle control group, and a diazepam group
(Jinyao Ltd. Co., Batch No. 106k1588) as positive control.

[094 Footshock-induced freezing behavior: Animals received an i.p. injection of ORG or vehicle
24 h and 5 h before being placed in a standard conditioning chamber (Med Associates, USA) for a
10 min training session. Two, 4, 6, 8, and 10 min after the onset of the session, a footshock (0.8 mA,
2 s) was delivered through the grid floor of the chamber. The freezing time during the last 5 min
were recorded. Rats were placed in the chamber again without footshock 24 h after the first training,

and the freezing time was recorded.

[095] Elevated plus maze (EPM): The EPM had two open and two closed arms of equal size (30
cm long x 5 cm wide). The two closed arms were connected by a central 5 cm x 5 cm area. The
whole maze was elevated to a height of 35 cm. ORG was administered i.p. 24 h and 5 h before the

test started. Mice were individually placed in the center of the maze facing a closed arm. Each
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Group Dose (mg/kg) Number of animals Immobility time (s) (mean = SEM)
P value NS 0.1 m1/10 g 26 189.27 9.67 ORG 1.25 10 198.00 11.43
0.570 ORG 2.512 177.67 15.95 0.421 ORG 5 10 160.80 11.64 0.064

- ORG 7,5 10 153.00 = 11,83* 0.019 ORG 10 22

animal was tested for 5 min in a single session. The number of entrances into open arms, the
number of entrances into closed arms, the total time spent in open arms, and the total time spent in
closed arms were recorded; a standard of entry was defined as all limbs entering the arm. The
number of entrances into open arms and time spent in open arms were the major indexes to evaluate

the anxiety level of the animals, for the more entrances or time, the less the anxiety level.
[096] Data analysis: The results of the test are expressed as mean = SEM. One-way ANOVA was

used followed by the LSD test with SPSS 11 software. The significance level was set at P <0.05.

6.2 Results

6.2.1 Anti-anxiety effect of ORG in the footshock-induced freezing behavior test in rats

[097] The freezing time was reduced significantly in rats when ORG was administered
intraperitoneally 24 h and 5 h before the test started (Table 14).

Table 14. Dose-response relationship of ORG in footshock-induced freezing behavior test in rats

Dose Number of Duration of freezing (s)
Group P value
(mg/kg) rats (mean= SE)
NS 0.1 ml/100 g 10 227.90 £ 20.70
5 10 203.90 + 34.09 0.523
ORG
20 10 100.70 £ 21.78% 0.002

*P <0.05 (one way ANOVA followed by LSD)

6.2.2 Anti-anxiety effect of ORG in the conditioned fear stress-induced freezing behavior test
in rats
[098] The rats were given ORG 1ip. twice at 24 h and 5 h before receiving footshocks and
re-exposure to the same environment without footshock 24 h later. The fear memory retrieval
induced by environmental cues leads to conditioned fear stress-induced freezing behavior in rats.
ORG remarkably decreased the freezing behavior (Table 15).

Table 15. Dose-response relationship of ORG in the conditioned fear stress-induced freezing

behavior test in rats

Dose Number of Duration of freezing (s) P
Group
(mg/kg) rats (mean = SEM) value
NS 0.1 ml/100 g 10 285.40 £ 4791
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148.23 = 7.80* 0.001 ORG 20 21 162.67 9.27* 0.029 Imipramine 7.5 11
150.27 13.17* 0.009 *P <0.05 (one way ANOVA followed by LSD) 5.3.
Therapeutic index of ORG in DD model and SD model mice [091] The
median toxic dose (TD50) of ORG was higher than 1750 mg/kg (see
above), The therapeutic index of ORG in DD mice in FST = TD50 ED50=
>1750 mg/kg [1.48 mg/kg ¥ >1182. The therapeytig index,of ORG i@gg
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were the major indexes to evaluate the anxiety level of the animals, for the
more entrances or time, the less the anxiety level. [96] Data analysis: The
results of the test are expressed SPRERFISEM. One-way ANOVA was
used followed bypihghaiderh P BSR L dnseftuare of braignificance
level was set at P <0.05 6.2 Results 6,2.1 Anti-anxiety effect of ORG in
the footshock-induced freezing behavior test in rats [97] The freezing time
was reduced significantly in rats when ORG was administered
ntraperitoneally 24 h and 5 h before the test started (Table 14). Table 14.
Dose-response relationship of ORG in footshock-induced freezing
behavior test in rats Group Dose (mgikg)
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Number of rats Duration of freezing (s) (mean 4 SE.) P value NS 0.1
m1/100 g 10 227.90 20.70 ORG 5 10 203.90 t 34.09 0.523 20 10 100.70
21.78* 0.002 *P <0.05 (one way ANOVA followed by LSD) 6.2.2
Anti-anxiety effect of ORG in the conditioned fear stress-induced freezing
behavior test in rats [98] The rats were given ORG i.p. twice at 24 h and 5

1oB1b§IPers% rﬁcgé\ﬁﬁ]&i f?r? t%r&?oéﬁa?nsgrstgm%xggsg ¢ tc%r‘ig% %teg%llrgct)in{n perturbs the

without footshock 24 h later. The Tear memory retrieval induce
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1mpoaf1ri;g;[:§1t% lix%';g)org:a%];gg seyznlzql 1ésp?la(q}§1ty, lgellf?xl}gl?g,l eil'n R memory. The concentration of serum
corticosterone is one of the most common indications to evaluate stress levels.

7.1 Experimental methods

[101] Rats weighing 250-300 g, from the Institute of Experimental Animals, People's Hospital of
Sichuan Province, were used. ORG was prepared as described in Example 1. Fluoxetine was from
Wuhan Yuancheng Technology Co. (Wuhan, China; Batch No: 1004-0801002).

[102] Measurement of serum corticosterone: Radioimmunoassay (RIA; DSL 80100; Texas) was
used to determine the effect of ORG on the concentration of serum corticosterone. In the
non-stressed group, blood was collected by cardiac puncture under ether anesthesia at 1 h afier
ORG injection. In the stressed group, 1 h after ORG injection, rats were subjected to elevated
platform stress for 30 min, and then were sampled in the same way. The blood samples were kept
for 4 h at room temperature and then centrifuged for 15 min (3000 rpm). The supernatant (serum)
was collected and stored at -20°C.

[103] Method of long-term potentiation (LTP) recording in hippocampus: Excitatory
postsynaptic potentials (EPSPs) in the hippocampus were recorded to determine the anti-stress
effect of ORG. Stress impairs LTP in the CAl area of hippocampus, and this can be rescued by
anti-stress drugs. Rats were stressed by footshock as follows: 1 mA, 2s, 5 times at intervals of 2 min.
Hippocampal slices were prepared, incubated for 1 h at 34-36°C, and then kept at room temperature.
ORG was applied in the bath solution. EPSPs mediated by NMDA and AMPA receptors in the CAl
region were recorded until the baseline was stable for 20 min. Then high frequency stimulation
(HFS, 100 Hz, 100 pulses, 20 s interval) was used to induce LTP. The EPSPs were recorded for 1 h

after HFS.
[104] Data Analysis: Data are expressed as mean = SEM and LTP is expressed as the percentage of
the average amplitude of the last 10 min relative to the baseline. One-way ANOVA was used

followed by the LSD test with SPSS 11 software. The significance level was set at P <0.05.

7.2 Results



Ivalue NS 0.1 m1/100 g 10 285 40 47.91 5 10310.30 66.19 0.776 ORG

20 1095.00 17.73* 0.004 *P <0.05 (one way ANOVA followed by LSD)

6.2.3 Anti-anxiety effect of ORC in the elevated plus maze test in mice
= [099] ORG administered twice at 24 h and 5 h before the elevated plus

‘maze test significantly increased the number of entrances into open arms

the total S rms Tables This result

7 2a1n iCate easss‘fgnéf?cfrﬁ%tcrilg r?met’f/cél t es% % C‘i Eér O c)ort'costemne
levﬂh{:reased the total time spent in the open arms in mice Group Dose

ntin the open ar
[10% ué‘fr@o%r oErlrngzc;c%r 1%31')'11'[}1@&3 9% f%ertlp mP ctlon %l&é(ncontrols or after 30
min stress experience. ORG significantly decreased the level of serum corticosterone in a

dose-dependent manner (Table 18).

Table 18. Dose-corticosterone level relationship of ORG (i.p.)

Concentration of serum
Dose Number of P
Groups corticosterone (ng/m}) (mean +
(mg/kg) animals value
SEM)
0.1 ml/100
Non-stress + NS 16 116.06 £27.84
g
0.875 8 209.02 £ 52.77 0.197
Non-stress + 3.5 8 166.06 £ 41.90 0.649
ORG 14 16 70.04 £ 14.75 0.084
28 8 63.13 £ 22.21 : 0.122
Non-stress + 15 16 167.20 £ 31.35 0.559
Fluoxetine 30 8 178.14 + 38.77 0.490
0.1 ml/100
Stress + NS 16 324,30 £ 48.81
g
0.875 8 349 85+ 61.75 0.706
3.5 8 263.63 £ 49.14 0.372
Stress + ORG
14 16 237.63 £ 32.45 0.120
28 8 137.41 £ 26.84% 0.007
Stress + 15 16 331.35+ 46.43 0.899
Fluoxetine 30 8 324.58 £ 58.63 0.997

*P <0.05 (one-way ANOVA followed by LSD)

7.2.2 Restoration effect of ORG on stress-impaired hippocampal LTP

[106] Hippocampal slices were prepared from rats after exposure to footshock stress, which is a
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0.1 m1/10 g 10 3250 8.93 ORG 5 10 50.00=8.99 0.151 20 10 16.50 =
3.60 0.188 100 10 70.60 11.56* 0.003 Diazepam 2 10 46.90 = 7.19
0.236 *P <0.05 (one-way ANOVA followed by LSD) Table 17. ORG (i.p.)
increased entrances into the open arms in mice Group Dose (mg/kg)
Number of mice Number of entries into open arms (mean = SEM) P value

weN%cQé&te@%{%t%c%l to impair hippocampal LTP. In slices incubated with ORG for 1 h, baseline
EPSPs were recorded for 20 min. ORG restored the stress—impair‘ed LTP and even increased LTP
significantly at the dose of 5 uM/L, showing a dose-dependent effect (Table 19).

[107] The above results show that ORG has a significant anti-stress effect and has important clinical

value in treating depression with a stress etiology.

Table 19. Dose-effect relationship in hippocampal slices incubated with ORG

on restoration of stress-impaired LTP

Number of Average of last 10 min P
Groups Dose
slices (mean + SEM) value

Control 5 134.52 +10.71
Control +

SuM 11 122.93 £3.75 0.453
ORG

0.1
FS + NS 11 113.22+£6.77 0.234
mi/10.g

FS + ORG 50 nM 9 128.99 + 7.30 0.732
FS + ORG 5uM 8 189.56 £ 23.6% 0.002

*P <0.05 (one-way ANOVA followed by LSD)

Experiment 8§
Pharmacological study of ORG and enhancement of learning and memory

[108] The Morris water maze (MWM) is widely used in studies of hippocampus-dependent learning
and memory and its cellular and molecular mechanisms. It is well accepted that the MWM is an
effective method of pharmacological evaluation of learning and memory. Escape latency, strategy,
and trajectory of the animals are automatically tracked and analyzed to investigate their spatial
learning and memory. After the animals learn how to escape, the hidden platform is removed to test
the retention in the target quadrant. A longer time spent in the right quadrant indicates a better
memory.

8.1 Experimental methods

[109] Kunming mice (Certificate Number: A4CXK(Chuan)2003-16) from the Institute of
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10 3.50 0.87 ORG 104.50 0.580.279 20 101.801 0.79 0.069 10010
5.90 0.57* 0.012 Diazepam 2 10 4.80 0.77 0.161 *P <0.05 (one-way
ANOVA followed by LSD) Experiment 7 Pharmacological study of
- anti-stress effect of ORG [100] Stress is defined in biological systems as
any condition that seriously perturbs the physiological or psychological
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Anti-stress & flecPSFORG (NBYShhclite She8sihthibe dBeVisitof jserfim
corticosterone \e¥ske) mice (s) (mean = SEM) value

NS 0.1ml/10 g 10 27.10£2.79

ORG 1.75 10 2818+ 1.70 0.74

ORG 35 10 3424£201%* 0.03
Fluoxetine 15 9 32614220 0.11

*P <0.05 (one-way ANOVA followed by LSD)
8.2.2 Effect of ORG (i.p.) before retrieval in the MWM test
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[105] Blood was collected by cardiac puncture 1 h after i.p. injection of
ORG in controls or after 30 min stress experience. ORG significantly

decreased the level of serum conicosterone in a dose-dependent manner
(Table 18). Table 18. Dose-cort costerone level relationship of ORG (i.p.)
Groups Dose (mg/kg) Number of animals Concentration of serum

nspRisasiEronednalio: e RENMMEAILe Nanstiesst NSO KA, org
[ g?16 S e s 9Ty s Wi
wag aipBndperdd. 0 Bis43fad ErFRD4A G084 RErieval was enhanced significantly
(Table 21).
Table 21. Spatial memory was enhanced in mice with ORG administered 30 min before retrieval
Number of Time spent in the right quadrant (s)
Group Dose (mg/kg) P value
mice (mean = SEM)
NS 0.1ml/10 g 10 2795+2.19
ORG 1.75 10 29.38+£2.16 0.65
ORG 3.5 10 35.52 £243% 0.02
Fluoxetine 15 9 2944 +214 0.65

*P <0.05 (one-way ANOVA followed by LSD)
Experiment 9
Toxicity test of ORG
9.1 Acute toxicity test of ORG in mice
9.1.1 Experimental methods
[114] Kunming mice (Certificate Number: A4CXK(Chuan)2003-16) from the Institute of
Experimental Animals, People's Hospital of Sichuan Province, were used. They were 3-4 weeks old
and at the beginning of the experiment and weighed 25-30 g. ORG was prepared as described in
Example 1. ORG (1750 mg) was dissolved in 10 ml NS to give a concentration of 175 mg/ml. Mice
were divided into two groups, the ORG group for evaluation was given ORG and a group was
treated with NS for vehicle control. ORG and NS were given to each group orally at a volume of
0.1 ml/10 g.
9.1.2. Results
[115] When ORG was administered at 1750 mg/kg to mice in an acute toxicity test, the appearance,
behavior, mental status, appetite, hair, color, and breathing of the animals were observed for 14 days
and nothing abnormal was found. All mice survived the experiment and the weight gain was normal.
There was no significant difference between the two groups. All mice were sacrificed on day 14,
and the heart, liver, spleen, lung, kidney, pancreas, ovary, testis, small intestine, and other visceral
organs were investigated by pathological section and also had no evident abnormalities.

9.2 Subacute toxicity test of ORG in rats
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8 63,13 'at- 22,21 0.122 Non-stress + Fluoxetine 15 16 167.20 31,35
0.559 308 178,14 38.77 0.490 Stress + NS 0.1 m1/100 g 16 324,30
48,81 Stress + ORG 0.875 8 349.85 61.75 0.706 3.5 8 263.63 49.14
0.372 14 16 237.63 32.450.120 288

9.2.1 Experimental methods

[116] Rats (Certificate Number: A4CXK(Chuan)2003-16) from the Institute of Experimental
Animals, People's Hospital of Sichuan Province, were used. Their weight was 250-300 g. ORG was
prepared as described in Example 1.

9.2.2 Results

[117] ORG (1750 mg/kg), which is 7955 times the EDs; in mouse FST and 2397 times the EDs in
mouse TST, was administered orally once per day for 14 consecutive days. The appearance,
behavior, mental status, appetite, hair, color, and breathing of the animals were observed for 14 days
and nothing abnormal was found. All rats survived the experiment and the weight gain was normal.
There was no significant difference between the two groups. All rats were sacrificed on day 14, and
the heart, liver, spleen, lung, kidney, pancreas, ovary, testis, small intestine, and other visceral
organs were investigated by pathological section and images of the tissue sections showed no

evident abnormalities.

Pharmacological summary of S-methyl-1,3-benzenediol and its derivatives

[118] The dose-effect and time course-response of antidepressant effects of ORG and its
derivatives were studied using the models FST, TST, DD, SD, and CMS. The results indicate
that OR, ORG and its derivatives exhibit activities useful to treat and prevent depression and the
symptoms suggesting depression: circadian rhythm disorders, sleep disorders, and chronic stress.
Studies of the antidepressant mechanism showed that OR, ORG and its derivatives repair the
impairment of hippocampal LTP, enhance hippocampus-dependent learning and memory, and
treat and prevent depression-related factors such as anxiety and acute stress. The mechanism of
hippocampal LTP is mainly related to NMDA and AMPA receptors and their molecular and cellular
pathways. In conclusion, OR, ORG and its derivatives may adjust these targets as regulators and
produce the effects of treating and preventing depression through restoring hippocampal LTP.

[119] Since neurons mainly communicate via chemical synapses, and memories are believed to be
stored within these synapses, LTP is considered to be one of the major cellular mechanisms
underlying learning and memory. Therefore, OR, ORG and its derivatives can also be applied to
treat and prevent other disorders such as Alzheimer’s disease, childhood ADHD, autism, and

schizophrenia. Since more than 90% of all diseases can be induced or exacerbated by stress and the
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137.41 26.84* 0.007 ; Stress + Fluoxetine 1516 335 46.43 0.899 308
324.58 58.63 0.997 *P <0.05 (one-way A_NOVA followed by LSD) 7.2.2
Restoration effect of ORG on stress-impaired hippocampal LTP [106]
Hippocampal slices were prepared from rats after exposure to footshock
stress, which is a well accepted protocol to impair hippocampal LTR In

._slices incubated w'tI'LORG for 1 h, baseline ERSPs were reco %&?ﬁl for20. . .

A T 0 ELE i SY | PG AR e e Qo R, o dervatives

masigrificeidlyl at the wasecat, praMilticshandnehabilnsestependenlieiestin the clinic, for
(Table 19). [107] The above results show that ORG has a significant

exaipifsfrag S St HRS RO AN GariRe iR era it tephedafopnd cancer of

cardiRRIHEES LU RhleAdROSeaeskrelatignshipn hippocampal
slices incubated with ORG on restoration of stress-impaired LTP

[12@ roapdbed ol fiseictibivefage Brasipoynsipfameas(viedxisEMyp ORG and its
den&%!fi%s&é%%&?legf Ja%ﬂ"légu%ggﬂl tgé) %ﬁﬁe@t&ﬁdsppé%t%lgg c%ﬁre%szg QAP tiolo gical

causes of depression with characteristics of high efficiency and low toxicity. Other uses of OR,
ORG and its derivatives are applications in the treatment and prevention of symptoms suggesting
depression such as acute stress and anxiety. The mechanisms involved in the antidepressant effect of
OR, ORG and its derivatives are the regulation of serum corticosteroids, hippocampal synaptic
plasticity including NMDA and AMPA receptors and their intracellular signaling pathways, and
learning and memory.

[121] Therefore, the therapeutic uses and beneficial effects of the present invention of OR, ORG
and its derivatives are as follows: (1) therapeutic effect on depression; (2) therapeutic effects on the
causes of depression; (3) therapeutic effects on the symptoms of depression or similar sympfoms of
other diseases; (4) their potential uses to treating and preventing depression, and may also be useful

for other diseases involving stress, anxiety, and cognitive functional impairment.
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11 m1/10 g 113,22 6.77 0.234 FS + ORG 50 nM 9 128.99 7.30 0.732 FS
+ ORG 5 p,M 8 189.56 23.6* 0.002 *13 <0.05 (one-way ANOVA followed
by LSD) Experiments Pharmacological study of ORG and enhancement%% P
learning and memory [108] The Morris water maze (MWM) is Widel)Mf%
in studies of hippocampus-dependent learning and memory and its
cellular and molecular mechanisms ShaIMS| accepted that the MWM is
an effective method of pharmacological evaluation of learning and
memory. Escape latency, strategy, and trajectory of the animals are
automatically tracked and analyzed to investigate their spatial learning
1. HerfrieMehy-ARebeivs edin alsitederivabyesocassaped thebhiguenlplatform
is removed to test the retention in ti’m:etarget guadrant. A longer time spent
in the right quadrant indicates a better\memory. 8.1 Experimental methods
[109] Kunming mice (Certificate Num oA A(Chuan)2003-16) from
the Institute of Experimental Animals, edple's Hospital of Sichuan
Province, were used. They were 3R4@Veeks old at the beginning of the
experiment and weighed 25-30 g. Numbers of animals in each group are
shown in Tables 20 and 21. ORG was prépared as described in Example
1. Animals were divided into drug administration groups with fluoxetine or
different doses of ORG and a vehicle control group. The drug _
in gharirnrEIOATgRetic reeeivBeromPEIRgHdgr Sieatishiy NG SRt Erpe s,
Whg}g/l_lég of quo_xeti_ne. Animals r_e_ceived a single i.p. inj(_-:'ction of drug or
vehicle 30 min either after training every day or 30 min before the
R’ fetentiegenebilbaluenpBanasyd] Mbelicoraranesid z6t-The Ml soaganosyl, 2, 3, 4,
erformed in a circular pool (1 in di er 6 ' it
o BB B L oo
arabiatay lsuctadeprbp@podanasy s einnamdeld soycyell puvetuytaithy Wwitiopgifféngyltor benzyl;
shaped markers hanging in e uadrant. The tim nt to find the
R T bGPV R Ot B RTFRBEIOE Weht TP ioms. 2. 3. 4
6-1ERRNDLHREy FFAMoHaypykaio dy MMeewSICNtRce ddmihsypaahimbng, thedbedylosyl,
hidden platform. On day 8, the platform was removed and the time that
arafpjposyb el dpRiPiAHe diraraptwasctalmist i gthmrserybdutyl, or benzyl.
swimming. [111] Data analysis: The results of the test are expressed as
mean th SEM. One-way A_NOVA was used followed by the LSD test with
2. BrIS5iYebiinatd cTrracsighificiieilatispsyarr gspid PydroBuls B: Results
8.2.1 Effect of ORG (i.p.) immediatelyeafter training in the MWM test [112]
When ORG was given after daily trainipigRthe spatial memory retrieval (the
time that animals spent in the target q nBR/vas enhanced significantly
by influencing memory consolidatiop§Table 20). Table 20. Spatial memory
was enhanced in mice with daily ORG adﬁﬂnistration after training group
Dose (mg/kg) Number of mice Time spent in the right quadrant (s) (mean
-th SEM) P

in the preparation of medicines or functional foods for treating or preventing depression,

wherein:

R! is hydrogen, B-D-glucopyranosyl, B-D-glucopyranosyl-(1—6)-B-D-glucopyranosyl, 2, 3, 4,
6-tetra-O-acetyl-B-D-glucopyranosyl, mannosyl, allosyl, galactosyl, rhamnopyranosyl, fucosyl,
xylosyl, arabinosyl, acetyl, propionyl, benzoyl, cinnamoyl, succinyl, methyl, ethyl, propyl, butyl, or

benzyl.
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value NS0.1 m1/10 g10 27.10 th 2.79 ORG 1.7510 2818 1.70 0.74 ORG

3.510 34.24 2.01* 0.03 Fluoxetine 159 32.61 -th 2.20 0.11 *P <0.05

(one-way ANOVA followed by LSD) 8.2.2 Effect of ORG (i.p.) before MCSLLP
retrieval in the MWM test [113] Training was finished after 7 days. The

retrieval test was carried out on day 8. When ORGwas administered 30

3. MiRebefore retirual spatiaimamory fetdeval was enhansegesignificagiiyopyranosyl,
(Table 21). Table 21. iﬁatial memory was enhanced in mice with ORG
B-Daalviprstarasy 30 mif Hefort ramiEnrartrotp bode (i) EFRbE Bralirapyranosyl,

man A6y 1SAfJ3 li, IR Heht GUARIEARDs(MaRAs ,E(M))f Vaiugahio®il m1/10 g
10 2€7.95 :§-/ %19 ORG ORG@9 gm ﬁ) Y %

4. The use according to Claim 3, wherein R is hydrogen, B-D-glucopyranosyl, B-D-glucopyranosyl
-(1—6)-p-D-glucopyranosyl.

5. Use of 5-Methyl-1,3-benzenediol derivatives represented by Formula III:
Me

QOGIC
2

RO
I

in the preparation of medicines or functional foods for treating or preventing depression,

wherein:

R? is B-D-glucopyranosyl, B-D-glucopyranosyl-(1—6)-p-D-glucopyranosyl, 2, 3, 4,
6-tetra-O-acetyl-B-D-glucopyranosyl, mannosyl, allosyl, galactosyl, rhamnopyranosyl, fucosyl,
xylosyl, arabinosyl, acetyl, propionyl, benzoyl, cinnamoyl, succinyl, methyl, ethyl, propyl, butyl, or

benzyl.
6. The wuse according to Claim 5, wherein R> is  B-D-glucopyranosyl,
B-D-glucopyranosyl-(1—6)-B-D-glucopyranosyl, 2, 3, 4, 6-tetra-O-acetyl-B-D-glucopyranosyl,

mannosyl, allosyl, galactosyl, rhamnopyranosyl, fucosyl, xylosyl, or arabinosyl.

7. The use according to Claim 6, wherein R? is  B-D-glucopyranosyl,

B-D-glucopyranosyl-(1—6)-p-D-glucopyranosyl, or rhamnopyranosyl.

8. Use of 5-Methyl-1,3-benzenediol derivatives represented by Formula IV:
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1.751029.38 26 0.65 3.510 35.52 2.43* 0.02 Fluoxetine 159 29.44
2.14 0.65 *P <0.05 (one-way ANOVA followed by LSD) Experiment 9
Toxicity test of ORG 9.1 Acute toxicity test of ORG in mice 9.1.1
Experimental methods [114] Kunming mice (Certificate Number:
A40CK(Chuan)2003-16) from the institute of Experimental Animals, MCSLLP
Peoples Hospital of Sichuan Provint&, were used. They were 3-4 weeks
old and at the beginning of the experi e and weighed 25-30 g. ORG
was prepared as described in Exampd OR®44750 mg) was dissolved
in 10 ml NS to give a concentration of #5'mg/ml. Mice were divided into
two groups, the ORG group for evai@ation was given ORG and a group
was treated with NS for vehicle control. QRG and NS were given to each
group orally at a volume of 0.1 m1/10 g. 9.1.2. Results [115] When ORG
was administered at 1750 mg/kg to mice in an acute toxicity test, the

in AERFAIANGS: R aR e AL SRS, SRASIIL. AL Ol AN ResaLIng
of the animals were observed for 14 days and nothing abnornial was

whigreind, All mice survived the experiment and the weight gain was normal.

5T as no significant difference betwee 0 groups. All. mice were
s O SRR e S R e
6-teVaY;ake st -Smdiciiiaating;| anehott el ¥iBeeralgans, warenspestigaieticosyl,
by pathological section and also had no evident abnormalities. 9.2
XY Gt ERE EOXICH RSP IOPIORG BV 9 aMexharsfigntankthsly gy butyl, or
bedzgts (Certificate Number: A4CXK(Chuan)2003-16) from the Institute of
Experimental Animals, People's Hospital of Sichuan Province, were used.
Their weight was 250-300 g. ORG was prepared as described in Example
5, 12 ABSHISSLAIRGLIPRMYE W 7985 times the ED5O
in mouse FST and 2397 times the ED50 iR motise TST, was administered
B-IonglHyopmeaqsel-day foB- adurswoundss! days 4Théctipeareint8; Dahmejontanosyl,
mental statys etite, hair, color, and breathing of the animals were .
R e o St R b8 agriony
beithey B xpetimsait @nddisyiveight gain was normal. There was no significant
difference between the two groups. All rats were sacrificed on day 14, and
the heart, liver, spleen, lung, kidney, pancreas, ovary, testis, small
10inestiRecandipiheicviseeal Reganr wereInyestigatedbypasholegaical ranosyl, 1,
section and images of the tissue sections showed no evident .
3-QuiirsrRiisneias] Pharmacsbgietduntingry ob S-Frstrsatt)Rremresadianeside-
its derivatives [118] The dose-effect and time course-response of
antidepressant effects of ORG and its derivatives were studied using the
I nbelets #eTdNs R DDOSDfARIGM S Thevhemintthindisttenioat ORI R late
hipRbehitp Aerfratives SxhibitRatNbRs usefuitertreal ad.Brevsat depression
and the symptoms suggesting depression: circadian rhythm disorders,
sleep disorders, and chronic stress. Studies of the antidepressant
chanism showed that OR, ORG and its derivatjves repair the
LS b SR ISR e B e bl e
(1)l apringoanddniesaeyisaddrireatians qugvanemessioprdaliate diiaetiofspression, and
such as anxiety and acute stress. The mechanism of hippocampal LTP is
map{e HPHSa S A XBRIRMSA and ANLPA receptors and their molecular and
)RBraRalivaYS, NERUHSIORARG §sdgHvatives may adjust

these targets as regulators and produce the effects of treating and

(B)praventieni vepresdson thibagaffedieridtiflspoeansganLmpntah liopseace disorders of

o AN SO 18 T g, AL o

sutpfativesméjor eelimide. mathainsmBugadestyitigigarnisg-hnes memgery. radiotherapy, or
Therefore, OR, ORG and its derivatives can also be applied to treat and
prevent other disorders such as Alzheimer's disease, childhood ADHD,
autism, and schizophrenia. Since more than 90% of all diseases can be
induced or exacerbated by stress and the hippoca.mpal functions of
stress regulation involve synaptic plasticity, OR, ORG and its derivatives
may be beneficial in the treatment, prevention, and rehabilitation of many

diseases in the clinic, for example, drug addicts who experience extreme
ctrace diirina the withdrawal nearind and cancar or cardiovvacerilar dicaace



CLAIMS 1. Use of 5-Methyl-1,3-benzenediol or its derivatives represented
by Formula I: Me in the preparation of medicines or functional foods for
treating or preventing depression, wherein: R1 is hydrogen, MCSLLP
f3-D-glucopyranosyl, 13-D-glucopyranosyl -(1-6)-fi-D-glucopyranosyl, 2, 3,
chedhobrtetpayacetyl-13-D-glucopyranosyl, mannosyl, allosyl, galactosyl,
hamnaqsyl, fucosyl, xylosyl, arahinosyl, acetyl, propionyl, benzoyl :
4 BRI S R ST OSSR S B P e i gdpesion and
hypSnh@lusopitannsid cp8cDegifcapyianosipridsion6)-f3-D-glucopyranosyl,
2, 3, 4, 6-tetra-0-acetyl-3-D-glucopyranosyl, mannosyl, allosyl, galactosyl,
rhamnosyl, fucosyl, xylosyl, arabinosyl, acetyl, propionyl, benzoyl,
13. CIRBaIROM c SUGENY ae Nl o th)inkyapy, tautyhpeiRenRpMsdion #igudes symptoms of
preparation of medicines or functional foods for treating or preventing

depgRspiRas Sfo B RIS RS g s of- g IuBeisi g spimptoms comprise circadian
rhyﬁﬁP‘Qiéb?@é?é(f%ié%?h{é%‘ra@s‘}%ﬁ%ﬁ%ﬁ'&%@M@B&?ﬁ% Acedstress-induced impairment, or
6-tetra-0-acetyl-f3-D-glueopyranosyl, mannosyl, allosyl, galactosyl,
cogrhiavafiopyicmbiyhaitieeyydr diderdgrsarabinosyl, acetyl, propionyl, benzoyl,
cinnamoyl, succinyl, methyl, ethyl, propyl, butyl, or benzyl. MCSLLP 3.
The use according to Claim 2, wherein R' is hydrogen,
14. 49-gle acpydanosyhnp-rgifcipimanasyl o lwheleR-Deghicap fradomyglyge 8aily foods,
4, 6-tetra-0-acetyl-P-D-glucopyranosyl, mannosyl, allosyl, galactosyl,
bevﬁﬁ%&?ﬁﬂBb@Pﬁ%ﬁsyl, fucosyl, xylosyl, or arabinosyl. 4. The use according to
Claim 3, wherein le is hydrogen, P-D-glucopyranosyl,
13-D-glueopyranosyl -(1->6)-p-D-glucopyranosyl. lll in the preparation of
15-rrféuia}tfégp&%awcﬁaﬁ&rﬁ%éfa}%&ﬁr?gbswﬁr@gé%uﬁfg o plsbgpyes represented by
FoMErgin: R2 is p-D-glucopyranosyl,
13-D-glucopyranosyl-(1-*6)-13-D-g eeopyranosyl, 2,3,4,
6-tetra-O-acetyl-P-D-glucopyranosyl, ynannosyl, allosyl, galactosyl,
rhamnopyranosyl, fucosyl, xylosyl, @ b@eetyl, propionyl, benzoyl,
cinnamoyl, succinyl, methyl, ethyl,n%ro yt; butyl, or benzyl. 6.
TheuseaccordingtoClaim5,wherei c—lisz-D-gIueopyranosyl,
p-D-glucopyranosyl-(1--*6)-p-D-glucopifianosyl, 2, 3, 4,
6-tetra-O-acetyl-P-D-glucopyranosyl, mannosyl, allosyl, galactosyl,
rhamnopyranosyl, fucosyl, xylosyl, or arabinosyl. 7.
whdBguseaccordingtoClaim6,whereinR2isp-D-glucopyranosyl,
, p-D-glucopyranosyl-(1->6)-3-D-glucopyranosyl, or rhamnopyrangsyl. 8.
R® 9rbeeneryny’s Qr&ﬂéﬁ%&ﬁpaﬁvﬁ*&iﬁ?@éﬁré’ﬁ&&@HYéﬂwk&r%éﬁ IV:
64%‘@54&%55’)-@\{%6(?&%&4%9&% megicipasassfunatinmabieads,iofucosyl,
eating or preventing depression, wherein: R2 is 13-D-glucopyranosyl,
xylgsdmr@tm‘@gﬁyﬁgmgmr@i@g)ugewuégwmsw’cgpg; methyl, ethyl, propyl, butyl, or
perOietra-0-acetyl-13-D-glucopyranosyl, mannosyl, allosyl, galactosyl,
rWa'mnopyranosyl, fucosyl, xylosyl, arabinosyl, acetyl, propionyl, benzoyl,
cinnamoyl, succinyl, methyl, ethyl, propyl, butyl, or bcnzyl. 9. The use
accordiré%t Claim 8, Whe[iein th is 3:D-g&LécoQ¥ranosle2 s p-D-glucopyranosyl
]6'13TI1.°)€59I tb%ﬂﬁ??(%@&/l-fﬁ@}f?@-aIuco%i}lranOSyl, ??@3“4, - glucopy b
p-ISdRberA-aceik 13-6)-piDcamtanasyly mannesyh, abosyh-gadaetdsyD-glucopyranosyl,
rhamnopyranosyl, fucosyl, xylosyl, arabinosyl, acetyl, propionyl, benzoyl,
mapisdn B brealReERy MR PRY YO AUBPaihg ¥ Elhaith B2 WS in R2 is
2, 3, 4, 6-tetra-0-acety1-13-D-glucopyranosyl, |, 3-0-diacetylorcinol, or
3-0-acetyl-orcino1-1-0-(2, 3, 4, 6-tetraacety1)-13-D-glucopyranoside. 11.
17 THEhgsertiseoreiptto 2099T6HE ot CIiadmL tdo10, WhrsBin Rhe ihedid2nglasppyranosyl,
irectly 1 te. hipnocampal gical
b Ig Ejggﬁ%rgrggg%e% a%go?écc%:?b%% Ie\r/lglgé}.ii ’gﬁ%ﬁﬁ%@%@é@dmg to any one of
Claims 1 to 10, wherein the depression includes: (1) depression and
mood disorders, such as depression, manic depression, mixed
depression, and manic disorder, or hypomania;




(2) depressive disorders, such as depressive disorder and dysthymia; (3)
other affective disorders, such as affective disorders caused by mental
illnesses or disorders of different subtypes showing characteristics of MCSLLP
depressive disorders and affective disorders caused by substances (for
example, addictive drugs) or therapy (such as surgery, radiotherapy, or
18. Me Skl sleemntheramsingr {nhinolas disoredor Ripalarrifiestive represented by
disorder containing two or more episodes of depression and hypomania,
Forﬁk‘i&a}{ernatlng episodes of mania and depression. 13. The use according
to any one of Claims 1 to 10, wher#in depression includes symptoms of
depression or symptoms suggesting gepression, and wherein the
symptoms comprise circadian rhyth
stress, anxiety, acute stress-induced bapairment, or cognitive functional
impairment or disorders. 14. Therise according to any one of Claims Ito
10, wherein functional foods include da{ly foods, beverages, or drinks. 15.
An antidepressant comprising 5-methyl-1,3-benzenediol or its derivatives
wheiresented by Formula 111:  1ll wherein: R2 is p D- glucopyranosyl,

p-D-glucopyranosyl -13-D-

Rz ~agblcg @‘E?‘/‘P%Ybﬁg]'}a cOPYFANS %fﬁngﬂ—%@s osy 5’1’3(52}/(%52yl?’ 4

6-tdRamnepyranosylufusasibssylasyhasabinesy) saretyty Dropiomygyhasadyfucosyl,
einnamoyl, succinyl, methyl, ethyl, propyl butyl, or benzyl. 16. The

xylesidetiaesdnicstioPaRiP R leire Y sc iHEI RISGEY: ﬂlﬁm&oﬁw&raﬁgw > butyl or

benQyP glucopyranosyl-(1-),6)-3-D-glucopyranosyl, 2, 3, 4,
6-tetra-0-acety1-13-1)-glucopyranosyl, mannosyl, al losyl, galaetosyl,
rhamnopyranosyl, fucosyl, xylosyl, or arabinosyl. 17, The antidepressant

19. aCﬁ? d'%l&% ?J?s'mtlaacﬁ‘é? @n BZ 'élgrﬁﬁD‘ﬁﬂueQ@éF@lﬂosw is Flucopyranosyl
3-D- glucopyranosy (1--46)-P-D-glucopyranosyl, or rhamnopyranosy

B- DM@H?@SSMIMGHWQBMWLS@Q 8, n@th@@r&@mz@héd%gbwmranosyl

denv t ps repr sente Formula IV Wher

o B B 51 BB 1 AT D o R, S5y propiony

benéo@&@n@nﬁ@ﬁt}dr%u&:nglueopyranosyl mannosyl, allosyl, galactosyl,
rhamnopyranosyl, fucosyl, xylosyl, arabinosyl, acetyl, propionyl, benzoyl,
cinnainoyl, succinyl, methyl , ethyl, propyl, butyl or benzyl. 19. The

20.antigiepressantacaardingde-&aim &8, wmﬁemwls%’a@ngluqvpyranosul 3, 4,
f3-D-glucopyranosyl-(1-46)-13-D-glueopyranosyl, 2

6-teaePracesyabaRy R OPyTaReranosyfl, madrdEy, aIIo]syI ga?a@té%??tylorcmol or

3-CHBIPURNI JS0RY. AUASUy RIAPINARY, AERNaproPIonyl, benzoy,
einnamoyl, or succinyl. 20. The antidepressarit according toclaim19,
whereinR2 is2, 3,4,
etra-0- ace tyl- luco Byranas I agv%té{JOBchq 1?Jt d £
21 A o O R il e ARy e dose o
5 mmﬂnlgdapﬁeam aﬁamrdrm@vhs anyqoiredab Glains msvamﬂﬂ:pwm@e;mmhwherem the
effective dosa of 5-methyl enze rivatives is required to
A S e e&‘@ﬁ%@sﬁdﬂg 3]?@ @%%iﬁ% ae%fﬁ‘?ﬂ)’e dosage is between
0.1 mg/adult/day and 12 g/adult/day. 22. The antidepressant according to

Claim 21 herein the effective dosage is 50-200 mg/adult/day.
22. The antidepressant according to Claim 21, wherein the effective dosage is 50-200 mg/adult/day.
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