U

DOH§6.TD-B-111-TMAD2 { H)
& & %% : DOHI95-TD-B-1 11-TM002 ¥

AR LRt EFEAEARNE

N-methylglycine (Sarcosine) A # %& 8JE 2 76
N-methylglycine (Sarcosine) for Treatment of Major
Depressive Disorder

PATHAE L BALRAKRE

HEXHA BT

MEAR  REN - ZHWABNH

BATHAE: 95 £ 01 A19 BE 95 H12 A9 H

x AFEREBREL > ARELFTER REQZRAK: 4o ¥t
BBEHAARARRFABRELTRAEX



B & (2)
TXER (3)
Ex#Hz (4)
FAE (3)
R R (7)
28R (13)
ST X ] (15)
12~ £ XK (16)
TN R (17)

AV EEEHEETERERRANAEZ AREY ——(23)



4

f

#% % : DOH95-TD-B-111-TM002

4 x # %+t §# B ° N-methylglycine (Sarcosine) ARNEPE2
G

REHAERT

BATES  BXAHAE
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HEBH

FgreinBRE4HAAR BAHHBWMER (dhik &R B
#] » SSRIs) - 454 3 % MM &% LR - sarcosine (— &M RH glycine
transporter I #p4I#]) 7T £142 8 NMDA St BEAERFIHEL
Ex BBk (B%2005)  #HTBRLER glycine transporter-I
wHREHAEAROEBREREN AR E T % sarcosine &4
B R -UREBELEENR sércosine A ahik ¥ i NMDA shieH
M & Bz mRNA &R A KB *
MEAE

GRS ERS DSMIV E8 8 SH2 &4 PR
2 Real time PCR @47 mRNA 4#f ° AEUMAREFASRSE RTE
% A8 8y citalopram( — # ¥ 7 & SSRI X 20-60 mg/day )&, sarcosine (0.5-2
g/day) -
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EWETS L BB R EH Hisarcosine @37 L EFFH2OLED
= % 2 @2 K ; citalopram £ 38 £ 8 EPLF 31 LESRAR 2B
2% o W[ HEAT 4 o & R BT B4 A sarcosine 2 R A & citalopram 2
My EAEBREER AREE (BREBEIRENTHR 50% 2, 14
E) SR8 2129 (72%): 1731 (55%) - ¥ @% > dae &l4ER 88
$ER - BEAZHRE -

Sarcosine &1 B %35 # 37 &9 PSAT] 2 mRNA & REMNER R B AL L
BB R G £ 4 R84 - SHMT2 2 ASCT1 2 mRNA AR ¥R R4 2
£ - £ citalopram W EFRERRAREERLRRBELHZRE
%2 mRNA AR ESE&AHER -

24} it Sarcosine #7 B8 BA e HOR 24 SSRI - HEABK
BAHEA B NAGENERZEA - it # sarcosine 74 R & 4L &
g sk b PSAT] 2 AR B hib AR £ 4 RFRUK - LB RTA B

AR L B Z B R - ARAERAHEEE 4 NMDA BRBETR—F R

Bt - §8 5 > sarcosine » KB AH,
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of Major Depressive Disorder
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$.47 B4 B X % #  National Cheng Kung University

ABSTRACT :

The etiology of depression remains unclear. Current treatments, such as
SSRIs, have met unresolved problems. Sarcosine (an endogenous glycine transporter
1 inhibitor ) can enhance NMDA peurotransmission and improve depressive symptoms of
schizophrenia patients (Lane et al. 2005). Animal studies also suggest that . glycine
transporter-I inhibitors can relieve depressive and anxious behaviors in rodents. This study
aimed to investigate the antidepressant effects of sarcosine. In addition, we also explored

the relationship between antidepressant effects and mRNA expressions of some

NMDA-related genes.

Method:

We enrolled patients with major depressive disorder (by DSM-IV criteria)
from psychiatric OPD. The patients were all rated by Hamilton’s Depression
Rating Scale. Prior to treatment, blood samples were drawn for mRNA
expression assay using Real time PCR. Patients were randomly allocated to 6
weeks treatment of citalopram, a commonly used SSRI, at 20-60 mg/day or

sarcosine at 0.5-2 g/day in a double blind manner.



Results & Discussions:

We enrolled 75 drug-free patients with a DSM-IV diagnosis of major depressive
disorder. In the sarcosine group, 29 of the 37 patients completed at least 2 weeks of therapy,
thus eligible for analysis; in the citalopram group, 31 of the 38 patients completed at least 2
weeks of treatment. Sarcosine tended to be superior to citalopram with response
(Hamilton Depression Rating Scale [HDRS] score reduction by 50% or more )
rates of 21/29 ( 72% ) in the sarcosine group vs. 17/31 (55% ) in the citalopram group {p =
NS). The two groups of patients were also comparable in their adverse events and tolerated
the treatment well.

In the sarcosine group, baseline (prior to treatment) mRNA expression of
PSAT1 was lower in responders than in poor responders. Responders and poor
responders had similar mRNA expressions of SHMT2 and ASCTL. In the
citalopram group, responders and poor responders were comparable in mMRNA
expressions of each of the 3 genes.

In summary, sarcosine’s efficacy for depression treatment was at least
equal to that of an SSRI. Larger sized studies are warranted to elucidate the
efficacy profile of sarcosine. In addition, mRNA expression of PSAT1 was
lower in responders than in poor responders. The findings will help to develop
individualized medicine of depression treatment and lend support to the

NMDA theory of major depression.

Keywords : major depression, sarcosine, gene expression
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58 7 (major depressive disorder ) % & % g BATE(B M 8-12%;

o

4otk 20-26%)(Boyd et al 1985) o & &ty 5 &4 % - A B R R foh REEHR ;
EXRERBEHRERERE AE -

FEEA—BERDS RFasps BERE—RRXE—RERF
L E - B AR SR RESRRR  NRLT RO LARE
QRS RAER LA BAT LT S EREED A HERRITEET
(monoamine neurotransmitter)(ko : a3 % + E¥ LB A~ 5 EHFIEHAR
AR EBR FRBMAYEE 34 Bt B R B ER
AHAANGEARR 3 A B R A G S A bR OB AR B B
bk AAEALEA T B AR A SR 8Lk &% =ik # Al (SSRD
(4 : fluoxetine ~ citalopram - sertraline ~ fluvoxamine %) M ¥ xBEH
— M #% citalopram e

Glutamate R AT A EREZT & —EHmABBEFERT - A
olutamate receptor ¥ » % — #6541 4% & N-methyl-D-aspartate (NMDA)#%
B4 > 2 —#6 8 T M (lonotropic) % # » Ere KA > 28 LHHREEN
& & - NMDA £ 88 3 A& F #0308 & & & 2 (Depoortere et al 2005) %

# 2 B 77 (Tsai et al 1995; Olney 1995) e mEgHz — - BELAFTX



Bk 43 % NMDA %’i‘.ﬂ% $E.4% 1 Al (4o : D-serine)(Tsai et al 1998; Lane et al
2005) % glycine transporter 1 ¥p 4 #(o N-methylglycine » & # sarcosine)
3% JA #6449 7 5 40 9% 80 36 7 (Tsai and Lane et al 2004, Lane et al 2005) »
EhT P g R e BEMRIARF AR - AMERE S 2000mg
& sarcosine F T REBCH 5 - AR BEAEHHIEEELY
550 % #  $(Lane et al 2005) » 10 & 2B R RBE R LR RN Arch
Gen Psychiatry ( Lane et al 2005 ) » Arch Gen Psychiatry % 8 4% B 240
M4 B — sy B gt > SCI B ¥ 12.6 - MIEER RN RERE-FRE
A HRES HANERA -

$h4 AR %+ glycine transporter I 4 Al R G LM HREHHBAR
#h &8 5 ¥ - Depoortere 2 A(2005)1% — T i 4 glycine transporter 1 I
#I(SSRS04732) 4T S ¥y T 2 - SFRALEFH I REREEHA T > ©£5
W4 prepulse inhibition 448 » 3% d-amphetamine 3% 55 ¢ 38 Sy (hyperactivity)
BH o R phencyciidine JlenEENIEN lﬁﬁ(seiected attention
deficits) » M 4 & # (chronic mild stress) & % & (ultrasonic distress
vocalization in rat pups)# X, % » glycine transporter I ¥4 &1 7F fe X
BROEBRERER -

Bt A BACRER T R 4T T DALY sarcosine monotherapy

(n=10)» 41 % & R, sarcosine ARUEEEAE R FHRFARBE
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5724 MO EARES TREHBRRE 50% - RIFRBERTIOR
B AR T A TR S AV AT RERP CHERRFRE - ALRERT
AEARZEV RA2AABEXRGEY AT sarcosine & & R,
F B E AE AR BAE-FRRERART A EERE
b AMEZ TR FDRERG N RAN - HEFFE i 30p ) 3
(SSRI)—citalopram » & & sarcosine # T i EFASHARERT &
HFEAGKENMDA 24 -

Sarcosine & — #& P9 B4 (endogenous)# Hﬁeﬁ& #| B #7 & .k » sarcosine
£ 2gday hiE ABIEL bR BRAEMABRGEER LA RIIAE
456 kb o B g &) 38 ¥ (Tsai and Lane et al 2004; Lane et al 2005) -
sarcosine ity A RER B EEZR BX & o EFE AT R Bl e R
YR BE - B ﬁ% % sarcosine dehydrogenase ¥ i) %ﬁé@ sarcosinemia
BS 5 b &R @ 4 8% #7 K(Levy et al 1984; Eschenbrenner and Jorns
1999) -

HEEHHET a%‘%’f%{&i&&»#&ﬁﬂ » 454w : 5-HTT - MAOA ~
BDNF % ; % 7T ABEM 25 - mRNA ARBNRLERHEBHARLY
weeR EALERKREBADREREFHXING B B B fa 8 AR
#E4E R 6 faik ) mRNA(blood-derived mRNA)% % & — & K o 74

(Tsuang et al 2005) L5 R Wil G aRORRE PRWE L SRS



(probe) (Gladkevich et al 2004); AEFREE £ &8 & # 23 DRD4 £
2% > mRNA # 2 % A5 f&(Rocc et al 2002) » # CREB mRNA & R.% E
% AEE  EKEBYER R u(Lal et al 2003) « K » KE A EE
ERAAMSYAF AAMLIAR - EB NCBI z UniGene & # B
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=unigene) s HA B E
182 MR A AR R H# G oA MRNA ARNEER > A THRMER
wﬁﬁiﬁﬁ#ﬁﬁﬁzﬂﬁﬁﬁ%£M%£ﬂ’eﬁiwm
hydroxylmethyltransferase 2 (SHMT2 » # glycine $3&4 #) (Schirch et al
1980) ~ phosphoserine aminotransferase 1 (PSAT1 - §t L-serine & /LBE
% M) - serine transporter (ASCT1 » & # e 8L 2 B = # i) (Kanai and
Hediger 2003) iﬁ%%&iﬁi&ém%éﬁ mRNA 2 RAHEHRERFAHE
BEDHRLHOEHIRT ERABMBSHEFHELR - |
SR —H % > B & D DE K NMDA % 78 oh e AR & B
(sarcosine) 3B % A 57 SSRI friLig > 2)7 mEBE EHABRES
@k 8 NMDA & # 2 fics8 B £ B 2 mRNA RN AR RRHBK

b 14
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K~ HERT &

AL — S ARLAL BRBRAMBRER & A b A
#7734 & & # 5 (major depressive disorder ) & A-9f 4 # 7% #£ Ak (without
psychotic features) Z &4 - M BRRE FRoARBE  RTFAEHY
citalopram(20-60 mg/day)zk sarcosine(0.5-2.0 mg/day) - #4 i 418 A B ¥
HERABRE2M TRESN @ £ AP E B fE 1 NMDA £ f8 2) f6 7T
MO ER  URHEE R 4% % 4 B8 9 R M (realtime RT-PCR)Z &
B HER T e mRNA ZRE it R R BERREHAREARR

> £ 8 %8 5 A sarcosine e BT e

BESE

. HALESHBRERTERSHAKY TR % v3 jg (Diagnostic and

Statistical Manual of Mental Disorders-Fourth Edition, DSM-00) % BEE
( major depressive disorder ) @ & &S M W R E 4 ( without psychotic

features) Z L BTR R | W % # % &5 4k Structured Clinical Interview for

DSM-IV (SCID) (American Psychiatric Association 1994 ) AT ©

2. @t 18-55 &

3. gatbateARHARESRAR MAEERER—BRTRE

MR e EFERA
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4., AR Z24AERE # 5 & & (Hamilton Depression Rating Scale,
HDRS)# 445 18 (L8 )4 £
5. KEBBKESREAEARBAREH

6. Aieh TREARILERE LEFAEES

HERAR
I Rk RAMAAE - BREH RN TRE - RAPERE
2. %Mk

3. A RECEEREERSFIE

&R 8

1. 24 @# K %% % ¥ &(Hamilton’s Depression Rating Scale, HDRS)—- it
BESHBRBFETE

2. UKU &4 M & & (Lingiaerde 1987)

(4 L3R B B HEFE—R)

Enind

s ik B — L6 R AT IR SRR R 10ml (— AT EABERE)
H & skt DNA f2 RNA % - #8800

A% &AM S 4K B (Realtime quantitative RTQ-PCR)—
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/M & @& SHMT2 - PSAT1 ~ ASCT1 ¥ 2N EH & a¥2 mRNA £ R
¥ o i3 %k % i3] B OB UniGene system
(http://www.ncbi.nlm.nih. gov/entrez/query.fcgi?db=unigene) s 5 ] B& & B

AR B AR o

-
SHM - R EF RS ABE 3BT citalopram(20-60 me/day)
sarcosine(0.5-2.0 g/day) » i #is4H<H - HHBPH—RK ¢ P H B3

aENEREE - RBEZEREASGERRBRAWEE TR

HEHaH

L REEHRBERAXREBETRADTHR SO% % & A R4
(good response) ©

2. WBENMCHARE  FIREBARAEARTGERE  RXK
(response rate) £ & ~ Bl/E R B BN LR F - FRRRER - ERRE
EEgASRH2ZHGEMME -

4 MBSV HRADERK B Ee LKL mRNA ARFR

sarcosine 5B ALz A48 & -

i3



82
EEAAEH

APCHRFHIIBKE TS R ERERSARFRERZEL - &
% sarcosine 42 37 £ 8 F ¥4 29 £ £ ® & 2 B2 # K (endpoint dose =
0.7 + 0.3 g/day) » T #4744 ; citalopram @ 38 ZEEF LA 31 £LED
%% 2 Bz 5% (endpoint dose =27.5 +13.5 mg/day ) » T #AT 2 #7 - B &
2 AAEH BASE HERANEREBEEABIERBAER

(Table 1) -

G R

&£ TR e B B .45 1 % 4 & F (sarcosine: n = 4; citalopram: n=
2)~ AR 8 £ ME4¢ ( sarcosine: n = 3; citalopram: n =3 )~ 55 1§ k& it # (sarcosine:
n= 1; citalopram: n=2) ~ & &/4E A (sarcosine: n=0; citalopram: n=1) -
MERBEEEER -

# A sarcosine EEEEREBEFTRAINEGRAL T A BRBRZA
# (p = NS) (Table 1)« F14 st R8T &A% A sarcosine ZH R A F7
citalopram Z 4% > ek 4 HBAELE RAEE (BREBEERAES
TR S0%R L) 2% A& 21729 (72%) : 17/31 (55%) (p=NS)-

288 75 » sarcosine A Z BER A RV HEE  ERhan R &5
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% % E(Table 2) » % — {24 A citalopram #) &5 B R R A& B SFMA M B

B oo Rinh S AN 0 BETAE -

mRNA (R f 65 R EXBHHE

F5%E ¥ & » &I Real time PCR 7% % SHMT2 » PSATI ~ ASCTI
mRNA AR EHA - SEAHMER 23 FEESTFRE R >09-
PCR #4578 4 % B % # % >95% o Sarcosine 40 B e AT ey PSATL 2
mRNA 2R ENsRRAELE (EREBEAIHRTR 50% % & B RAEAE)
1 BUE £ & R 438K (Table 3) 5 sarcosine a4 SHMT2 2 mRNA
ﬁﬁ%%%&&@ﬁ%&%&&@%%ﬁﬁﬁzﬂ%’ﬁiﬁﬁ%ﬁ
(Table3); ASCT1 = mRNA AR ER KB 2R (Table 3)e

%7 citalopram 4284 &4 B 6 % RUB AR H PUA R KR £ 4 R ERA

45 PSAT1 ~ SHMT2 - g2 ASCT1 2 mRNA R R & ka2 B (Tabled)-
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g4 1 ik - sarcosine #H3t B E & F MR KR EEMF 2R SSRI »
EEARAGHME 2REBEFER- ok A AR A BN AR LR
KRZHRA -

S oh + t sarcosine 36 B B4 & Kt & sk PSATI 2 &RFLE
B FIB £ A RAFRAE » 42X SSRI Gt B AR AR R 0 bR PSATI
z & 5% NMDA shicsa b LR ER—F BA BN ERLERZE

R B @A EEEe NMDA BRKEEE—D EE -
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Table 1. Characteristics and Treatment Response of Depression Patients Assigned to

Sarcosine and Citalopram Treatment

Sarcosine, Citalopram,
n=29 n=31 Difference?

Gender (No., female/male) 19/10 22/9 NS
Age (years) 35.6(9.1) 36.5(1.7) NS
Education (years) 12.9 (3.5) 13.3 (4.5) NS
Age of illness onset (years) 31.3(6.7) 30.0(5.9 NS
Hamilton Depression Rating Score

Baseline 243 (8.7) 25.4 (6.9) NS

Endpoint 10.5(6.9) 12.5(6.4) NS
Responders b /non-responders (No.)  21/8 - 17/14 NS

Standard deviations in parentheses.

8 As assessed by two-sample t-test, or x2 test where appropriate.

b As defined by 50% or more reduction in Hamilton Depression Rating score from

baseline.
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Table 2. Adverse Events During the Study

Sarcosine, Citalopram
Adverse Event No. of 29 Patients No. of 31 Patients Difference?
Insomnia 6 9 NS
Palpitations 3 6 NS
Tension 3 5 NS
Fatigability 2 5 NS
Orthostatic dizziness 2 4 NS
Weight loss 2 4 NS
Weight gain 3 3 NS
Sedation 3 2 NS
Hypersomnia 3 2 NS
Constipation 3 1 NS
Others 3 2 NS
Total 33 43 NS

3 A assessed by y2 test or Fisher’s test where appropriate.
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Table 3. mRNA Expression Prior to Treatment in Sarcosine Responders and

Non-responders

Responders Non-responders
mRNA Expression  n=21 n=8 . Difference?
PSAT1/GAPDH 0.8 (0.6) 2.2(0.9) 0.04
SHMT/GAPDH 1.0 (0.8) 3.1(1.2) 0.07
ASCT1/GAPDH ~ 0.3(0.7) 0.5(0.9) NS

Responders: Hamilton Depression Rating Scale (HDRS) score reduction from baseline 2
50%; non-responders; HDRS score reduction < 50%

Standard deviations in parentheses.

4 As assessed by two-sample t-test.

Table 4. mRNA Expression Prior to Treatment in Citalopram Responders and

Non-responders

Responders. Non-responders

mRNA Expression  n=17 n=14 Differenced
PSAT1/GAPDH 1.2 (0.7) 1.6 (0.8) NS
SHMT/GAPDH 1.9(1.1) 2.1(0.9) NS
ASCT1/GAPDH 0.3 (0.8) 0.4 (1.0) NS

Responders: Hamilton Depression Rating Scale (HDRS) score reduction from baseline =
50%; non-responders: HDRS score reduction < 50%

Standard deviations in parentheses.

4 As assessed by two-sample t-test.
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WY EFEHEEEARAARAHLAETZARER
(REHASHILANERRRSE )
g z #% : N-methylglycine (Sarcosine) A& # 5 X 45

¥ A BAR 31 & 4% : DOH95-TD-B-113-TM002
l. At &2 MBRAIMER

At & 53 8 41k A sarcosine Z M R A ##* citalopram 2 A8 ¥ {2 K E AR
SR RRBE (BREBETRABLS TR SV HULE) 454 21/29
(72%):17/31 (55%) - %@ w35 > kR aBAZ 2R E47R
MR HF o
Sarcosine 4 & 4 5 37 49 PSAT] 2 mRNA £, W6 R R B F b6 &
R 2 £ R84 s SHMT2 #t ASCT1 2 mRNA %R ER| ez ] -
Fpcitalopram e B E R ERRRBEEREBEBLEEN =HEE2
mRNA %R EL L@ ER -
&34 k3 rsarcosine # 7 & 8 & o) & % R 7 SSRI- b sh» #f sarcosine
B EIEE AN G ok F PSAT] 2 AR b6 4 R B 24 RF 8L
ERTFENERICERZBER - ARETHEBEH NMDA BRE
% — % Rk o
2AHEHRIFBAHEFTEZZ AR
EBEAERESYRAE RAONBHGHE (ohk e FEiivrH A
SSRIs )» 475 & ¥ % M & & 7% % Bk - sarcosine ( — # /N 14 glycine transporter
Tip ] B ) T8t NMDA £ 806k BREBAERHIHAEBETAY
FEmik (8% 52005); 4% sk 5 glycine transporter-1 #p ] B 4t

HREXBHEBRERENT - ARBAKAF A B9 sarcosine
HEERZ YA -

3AHEHERHA N R ARER
BN AR AN ER GBI ANE REERANHESR CERLA

R A
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TERELEE TS FERIRRRSRAARHE ARREEEL

BATHRE  BAIRHIRERRER EFHA BAT

¥ 44  [N-methylglycine (Sarcosine) i 7 % # 5 2 4%

it E4%3% [DOH9S-TD-B-111-TM002 | $hfT#A#2 95/01/19-95/12/19

MERREEEHRLGER

. #EXHACRR TSI ESE B8 (37 5 sarcosine 4 » 38 4 citalopram
)  HF 29 4 sarcosine & 31 4% citalopram &1 2 ‘b & e BB G H#&
Ji & 2 & #& sarcosine 70% vs. citalopram 55% - #& gene ¥R F &
PSAT1 expression f& sarcosin non-responders #: responders & - 4
citalopram group RSt 2 B - B2 R AT HHREETHRKR > ARF
R REHSKFLHER -

2. Atk Ast E B AARRE-FHMARY > RARREHR
Fu A placebo group & active control + 3 A %3t 7 K 3t B Ak KRB -

3. MABBXI AL BEARARBFTIME St TR E -

#wir

[ WEEXE S

[ %EELBERBIHARELE
(] #46:

#E5%A BliEHE - SAHE -~ HREN TR - FRE




