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Abst ract  

L-Ser ine  is  co ns idered a funct io na l a mino  ac id in  t he cent r a l ne r vous 

sys t e m,  s ince int r acer ebro vent r icu lar  in ject io n o f L - ser ine  induced sedat ive  

and hypno t ic e ffect s in  neo nata l chicks exposed to  acute st ress fu l co nd it io ns .   

Accord ing ly,  L- ser ine  is  a  cand idat e ant i -st ress facto r,  but  t he e ffect  o f da i ly  

int ake o f L- ser ine o n behav io r  o f an ima ls exposed to  chro nic st ress has no t  

been invest igat ed.   I n t he pr esent  study,  we expo sed rat s t o  soc ia l iso lat io n  

st ress fo r  4  weeks ,  and ho me cage t est  and open f ie ld t e st  wer e co nc luded  to  

eva luat e t he e ffect  o f L- ser ine  o n behavio r.   To  invest igat e  L- ser ine  

supp le ment at io n mo dif ies  t he br a in L - se r ine  and it s  met abo l it e  co ntent s,  

fr ee amino  ac id  co ntent s wer e measur ed  by a  h igh per fo r mance  l iqu id 

chro matogr aphy.   L-Ser ine in  t he dr ink ing water  inc reased L -ser ine leve ls in  

so me br a in ar ea s,  but  changes in  it s  met abo l it e s wer e a lmo st  neg l ig ib le .   

L-Ser ine  decr eased loco moto r  act iv it y in rat s exposed to  a fa mil ia r  

env iro nment .   I n add it io n,  L - ser ine  decr eased exp lo rato r y behav io r  o f 

iso lat ed r at s ,  even in  a  no ve l env iro nme nt .   Our  r esu lt s cou ld  suggest  t hat  

da i ly  int ake  o f L -ser ine  can at t enuate sympto ms induced by chro nic  st ress.  
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Int roduct ion  

L-Ser ine  bio synt hes ized fro m a g lyco lyt ic  int er med iat e by 

phosphog lycer at e dehydrogenase ( Phgdh)  is  an impor t ant  nut r ient  fo r  br a in  

funct io n and deve lop ment  as ev idenced by pat ient s wit h Phgdh def ic ienc y 

who  su ffe r  fro m severe neuro lo g ica l sympto m s [19] .   Add it io na l ly,  r esu lt s 

fro m Phgdh nu l l kno ckout  mice  show t hat  t he Phgdh - dependent  pat hwa y o f  

de novo  synt hes is was the p r inc ipa l source o f L- ser ine  in  deve lop ing  

embr yo s.   T h is  pat hwa y is  e ssent ia l fo r  no r ma l embr yo n ic deve lo pment ,  

e spec ia l ly fo r  bra in morpho genes is  [36] .   Mito ma et  a l.  [23]  r epor t ed t hat  

L- ser ine inc reased t he viab i l it y and pro moted t he growt h o f dendr it e s in  

cu ltur ed rat  hippocampa l neuro ns.   T hese fact s ind icat e t he impor t ance o f 

L- ser ine in  t he cent ra l ner vous sys t e m ( CNS).  

I t  has been suggest ed t hat  L- ser ine- der ived me mbr ane l ip ids  a re r equ ir ed  

fo r  deve lop ing neuro ns [17] .   T h is  idea is  suppor t ed by t he f ind ings t hat  

neuro ns canno t  ma int a in synt hes is o f se r ine -der ived l ip ids  w it hout  an 

ext er na l supp ly o f L- ser ine [24,  36] .   Fur ther mor e,  so me r esear ch groups 

have  demo nst r at ed  t hat  chro nic  o r a l int ake o f pho sphat id ylse r ine,  o ne  o f t he  

L- ser ine- der ived  l ip ids ,  pr event s an age - re lat ed  reduct io n in  dendr it ic  sp ine  

dens it y o f CA1 p yr amida l ce l ls  in  t he r a t  hippocampus [ 25]  and impro ves 

me mor y impa ir ment  o f aged rat s  [32] .   On t he  o ther  hand,  Ko utoku et  a l.  [ 20 ]  

repor t ed t hat  int r acer ebrovent r icu la r ly ( i. c . v. )  in ject ed phosphat id ylse r ine  

at t enuated st ress - l ike  behav io r  o f ch icks under  acute iso lat io n - induced 

st ress.   T hey a lso  revea led that  L -ser ine  as a  co mpo nent  o f 
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phosphat idylse r ine  showed a s imila r  funct io n as o bser ved w it h  

phosphat idylse r ine .   T her e fo r e,  it  appear s po ss ib le  t hat  d iet ar y L- ser ine ma y 

a ffect  br a in funct io n and r egu lat e behav io r.  

Soc ia l iso lat io n is  t hought  t o  be st ress fu l fo r  no r ma lly gr egar ious 

anima ls .   Young rat s depr ived o f so c ia l contact  wit h o ther  r at s exper ience a  

fo r m o f pro lo nged st ress t hat  leads to  long- last ing  a lt erat io ns  in  t he ir  

behav io ra l pro f i le  [ 28] .   I t  has been repor t ed that  chro nica l ly iso lat ed r at s 

show so me neuro log ica l sympto ms inc lu d ing  neopho bia  [ 12] ,  lea r n ing  and 

me mor y impa ir ment s [ 4,  26] ,  and lo co mo to r  hyper act iv it y [6,  15] .   Abo ve a l l ,  

t he mo st  co ns is t ent  behav io ra l respo nse  to  iso lat io n r ea r ing  is  

hyper lo co mot io n [22] .   I n t he pr esent  study,  t here fo r e,  we invest igat ed 

whether  chro n ic int ake o f L - ser ine  can impro ve abno r ma l behav io r  o f 

soc ia l ly iso lat ed r at s.  

 

Materia ls  and met hods  

Male  Spr ague-Daw le y r at s,  3  weeks -o f- age,  wer e purchased fro m Japan 

SLC I nc.  ( Ha ma mat su,  Japan) .   To  min imize  an ima l su ffe r ing,  t he number  o f  

anima ls  used was based o n t he min imu m requ ir ed fo r  st at ist ica l ly va l id  

resu lt s ( n = 7 per  group) .   Aft er  ar r iva l,  a l l r at s were immed iat e ly p laced in  

ind iv idua l  p last ic  cage s (38 x 22 x 8 c m) because t he fu l l behav io r a l change s  

asso c iat ed wit h soc ia l iso lat io n o f roden t s fro m wean ing ar e o nly o bser ved  

i f t h is int er vent io n is  co mme nced dur ing a cr it ica l per io d ( fro m po s t nat a l 

da y (PND) 20 to  PND30)  around the t ime o f puber t y [ 11] .   A l l rat s wer e 
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a l lowed  fr ee  access t o  a co mmer c ia l d iet  (MF; Or ient a l Yeast ,  Tokyo ,  Japan)  

and dr ink ing  water.   A 12 - h l ight /dark cyc le  was ma int a ined ( l ig ht  o n at  

08:00,  l ig ht  o ff at  20:00)  t h rougho ut  t he  exper iment  and roo m t e mperatur e 

was ma int a ined at  23±1°C.   T he an ima ls  wer e sub ject ed to  exper ime nt a l 

procedur es descr ibed  be lo w.   T he exper imenta l procedur es fo l lo wed t he 

Guide l ines fo r  An ima l E xper iment s o f t he Facu lt y o f Agr icu lt ure and t he  

Graduate Schoo l o f Kyushu Univer s it y,  a s we l l a s Japanese Law (No .  105)  

and a No t if icat io n ( No .  6)  by the Japanese Go ver nment .  

Aft er  a  5  day acc l imat io n  per iod,  lo co mo to r  act iv it y o f rat s in  t he ir  ho me  

cages was measur ed and then t hey were d iv ided in  t hre e groups so  that  t he ir  

aver age va lues o f lo co moto r  act iv it y were s imila r.   T he t hr ee t reat ment  

groups co ns ist ed o f rat s pro vided e it her  d ist i l led water  (co nt ro l) ,  0 .2% 

L- ser ine ( Kyo wa Hakko  B io ,  Tokyo ,  Japan)  in  d is t i l led water,  o r  2% L- se r ine  

in  d is t i l led  water.   T he water  t reat ment s co nt inued t i l l  t he co nc lus io n o f t he  

exper iment .  

Loco motor  act iv it y in  t he ho me cages  was measur ed  dur ing  t he 12 h dar k  

per iod  at  1 ,  2  and 3 weeks a ft er  t he o nset  o f L - ser ine  t reat ment .   T he act iv it y  

was counted wit h an in fr ar ed beam sensor  (NS- AS01:  Neuro sc ience I nc. ,  

Tokyo ,  Japan)  p laced  abo ut  8  cm abo ve  the center  o f t he cage,  and ana lyze d  

us ing  the so ftwar e DAS- 008 (Neurosc ie nce I nc. ) .  

E leven days  a ft er  t he f ina l t e st  in  t he ir  ho me cages,  lo co moto r  act iv it y i n  

a no ve l env iro nment  was r eco rded emp lo ying t he open f ie ld t e st .   Br ie f ly,  

anima ls  wer e ind iv idua l ly t rans fe r red to  an open f ie ld ar ena.   T he  ar ena wa s  
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c ir cu lar  (d ia meter  60 cm and he ight  35 cm) and made o f black t ak if lex.   The  

t est  was begun by p lac ing ind iv idua l an ima ls  at  t he center  o f t he a rena  and  

the behav io r  o f an ima ls  was t hen o bser ved fo r  30 min under  100 lux 

i l lu minat io n.   Aft er  each t est ,  t he f ie ld  was c leaned w it h a 70% et hano l 

so lut io n.   T he fo l low ing behav io ra l cat egor ies were examined:  pat h d is t ance ,  

t ime  spent  mo v ing,  speed o f mo ve ment  and frequenc y o f r ea r ing  behav io r.   

A l l behav io r s except  rear ing  wer e automat ica l ly ana lyzed wit h a 

co mputer - based video  t rack ing s yst em ( AXI S -90 ; Neuro sc ience I nc. ,  Tokyo ,  

Japan) .   Fr equency o f r ear ing  behav io r  was ma nua l ly  r eco rded.    

At  3  days  a ft er  t he open f ie ld  t est ,  rat s were decap it at ed under  anest hes ia  

wit h pento bar b it a l sod ium and t he br a in  samp les ( cerebr a l co r t ex and 

h ippoca mpus)  co l lect ed.   Samp les  wer e immed iat e ly frozen at  -80°C unt i l 

ana lyzed.    

The co ncent r at io ns o f free amino  ac ids wer e ana lyzed  by h igh 

per fo r mance  l iqu id chro matogr aphy ( HPLC).   T he t is sue samp les  wer e 

ho mogen ized in  ice - co ld 0. 2 M per chlo r ic ac id  so lut io n co nta in ing 0.01 mM  

EDTA 2Na and le ft  fo r  depro te in izat io n in  ice.   Aft er  30 min,  t he mi xt ures 

wer e cent r i fuged at  20, 000 x g fo r  15 min at  0°C and t he r esu lt ant  

super nat ant s t hen ad just ed to  pH 7 w it h 1  M sod ium hydro xide.   Each samp le  

(20 µ l)  was t hen co mp let e ly dr ied under  reduced pr essur e.   Dr ied res idues 

wer e d isso lved in  10 µ l o f 1  M so d iu m acet at e - met hano l- t r iet hyla mine 

(2:2 :1)  so lut io n,  re - dr ied,  and  d isso lved  in  20  µ l o f de r ivat izat io n so lut io n  

( met hano l- water- t r iet hyla mine -phenyl is o thio cyanat e (7 :1 :1:1)) .   Aft er  20 
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min at  room t emper ature,  phenyl iso th io cya nate was a l lowed to  react  wi t h t he  

amino  groups and the samp les wer e dr ied  aga in and t hen d isso lved in 100 µ l  

o f P ico - t ag D iluent  ( Water s,  M ilfo rd,  MA,  USA).   T hese d i lu t ed sa mples  

wer e f i lt er ed through a 0.45 - mm f i lt er  ( Mil l ipo r e,  Bedfo r d,  USA).   T he same  

met ho d was app l ied to  st and ar d so lut io ns pr epar ed by d i lut ing a 

co mmerc ia l ly ava i la b le  L- amino  ac id so lut io n (Type  AN II  and Type B; 

Wako ,  Osaka,  Japan)  wit h d ist i l led wate r.   T hese der ivat ized samp les were 

app l ied  to  a Water s  HPLC syst em (P ico - t ag free amino  ac id ana lys is  co lu mn 

(3.9 mm x 300 mm) ,  All iance 2690 separ a t io n mo du le ,  2487 dua l - wave lengt h 

UV detecto r,  and Mil le nn iu m 32 chro matography ma nager ;  Water s,  Milfo r d ,  

USA).   T hey wer e equ i l ibr at ed wit h bu ffe r  A (70 mM sod iu m acet at e (pH 

6.45 wit h 10% acet ic  ac id) -acetonit r i le  (975 :25))  and e lut ed wit h a l inear  

grad ient  o f bu ffe r  B ( water - aceto nit r i le - met hano l (40:45:15) )  (0,  3 ,  6 ,  9 ,  40 ,  

and 100%)  at  a  f lo w r at e o f 1  ml/ min at  46°C.   T he abso r bance at  254  nm wa s  

app l ied  to  det er mine  co ncent r at io ns  o f fr ee  a mino  ac ids.   Tr iet hyla mi ne  and  

sod iu m acet at e t r ihydr at e wer e pur chased fro m Wako  ( Osaka,  Japan) ,  wh i le  

o ther  d rugs were pur chased fro m S igma (St  Lou is ,  USA).  

Ho me cage t est s were ana lyzed w it h repeat ed measur e ANOVA.  Open 

f ie ld  t e st s and amino  ac id leve ls  wer e ana lyzed wit h o ne - way ANOVA, and  

a Tukey- Kra mer  t est  was do ne as a  po st  ho c t est .   Fu r ther ,  r egr ess io n 

ana lys is between co ncent rat io ns o f L- ser ine in t he cerebr a l co r t ex o r  in t he  

h ippoca mpus and pat h d ist ance,  t ime  spent  mo v ing ,  and frequency o f 

rea r ing behav io r  in  t he open f ie ld t e st  was do ne,  r espect ive ly.   S ign if icant  
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d iffe r ences imp lied  P < 0. 05.   Va lues ar e presented as means ± S.E. M.   Data  

wer e ana lyzed us ing  t he st at ist ica l program StatView Ver s io n 5. 0 (SAS 

I nst it ut e,  Car y,  USA,  1998) .  

 

Resu lt s  

Tota l L-ser ine  int ake  o ver  t he exper imen ta l per io d was 2.00±0.02 g and  

14.38±0.76 g in  t he 0.2% and 2% L- ser ine group s,  r espect ive ly.   F ig.  1  

shows t he e ffect  o f L- se r ine  o n loco motor  act iv it y o f r at s in  t he ir  ho me cage s  

dur ing t he  dark pe r io d.   L-Ser ine s ign if i cant ly [ F ( 2,  1 8)  = 4.558,  P<0. 05]  

decr eased t he lo co moto r  act iv it y o f r at s  which s ign if icant ly [ F (3,  54)  = 

20.453,  P<0.0001]  inc r eased o ver  t ime .   Ther e was no  s ign if icant  [ F (6,  54)  

= 1.425,  P>0.05]  int e ract io n between L - ser ine  t reat ment  and t ime.  

Resu lt s  fo r  t he open f ie ld t e st  ar e shown in F ig.  2 .   While  L- ser ine 

decr eased t he d is t ance t rave led by rat s in t he a rena,  t his  e ffect  was no t  

s ign if icant  [ F (2,  18)  = 2. 530,  P>0.05] .   T he spent  t ime  in t he arena [ F (2,  18 )  

= 2.486,  P>0. 05]  and the ir  mo vement  speed  [ F ( 2,  18)  = 0.873,  P>0. 05]  wer e  

no t  s ign if icant .   However,  L- ser ine s ign if icant ly [ F (2,  18)  = 4.108,  P<0. 05]  

decr eased t he frequenc y o f r ea r ing  behav io r.  

The co ncent r at io ns o f free amino  ac ids t hat  changed due to  L- se r ine  

t reat ment  are sho wn in Fig .  3 .   Ad min is t ra t io n o f L- ser ine in  t he water  

inc reased [ F ( 2,  18)  = 9.442,  P<0. 005]  t he co ncent r at io ns o f L- ser ine  and 

L- cyst at hio n ine  [ F ( 2,  18)  = 5.074,  P<0. 05]  in  t he ce rebra l co r t ex.   

Fur t her mor e,  t he co ncent r at io n o f L - ser ine was s ign if icant ly [ F (2,  17)  = 
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5.154,  P<0. 05]  inc reased in  t he h ippocampus.   A lt hough L- cyst at hio nine 

t ended to  be incr eased,  t he e ffect  was  no t  s ign if ica nt .   No  s ign if icant  

changes wer e det ect ed in t he co ncent r at io ns o f o ther  amino  ac ids (g lyc ine ,  

L- a lan ine ,  L-aspar t at e,  L -g lut amat e,  et c . )  der ived fro m t he L- ser ine  

met abo l ic  pat hwa y (dat a no t  sho wn) .  

 

Discussion  

The so -ca l led  “ iso lat io n s yndro me ” has been we l l char act er ized in  r at s 

and inc ludes spo ntaneous loco moto r  hyper act iv it y,  enhanced r espo nse to  a  

no ve l env iro nment ,  lea r ning and me mor y imp a ir ment s,  de f ic it s  in  pr epu lse  

inh ib it io n [ 8] ,  and abnor ma l hippocamp al st ructur e [ 33] .   T h is  

no n- phar maco lo g ica l an ima l par ad ig m which e l ic it s  ro bust ,  reproduc ib le ,  

deve lop ment a l a lt er at io ns  is  induced  by prevent ing soc ia l co ntact  a ft er  t he  

wean ing per io d .   T his  ma y be an an ima l  mode l fo r  hu man ment a l d iso r der s  

because s imila r  env iro nment a l int er vent ions dur ing ear ly l i fe  in  humans  ma y 

co nt r ibute t o  t he deve lo pment  o f co mmo n psych ia t r ic  d iso r der s such as 

depress io n and sch izo phr en ia [11,  16 ] .   Ther e fo re,  t he rat  soc ia l iso lat io n 

par ad igm ma y enable  d isco ver y and eva luat io n o f no ve l t her apeut ic agent s 

aga inst  menta l d isease.   I n  t he p resent  s tudy,  we invest igat ed whet her  

L- ser ine a ffect s t he behav io r  o f iso lat ed  rat s.    

The lo co moto r  act iv it y o f r at s i n t he ir  ho me cages dur ing  t he da rk per iod  

was decr eased  by t he add it io n o f L- ser ine  in  t he dr ink ing water.   I n  t he ope n 

f ie ld  t e st ,  L- ser ine decr eased exp lo r at io n act iv it y o f rat s in  t he open f ie ld  
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arena (ev idenced by decr eased fr equency o f r ear ing ) .   Fu r ther,  t he 

co ncent rat io n o f L- ser ine  was incr eased  in  t he ce rebra l co r t ex and 

h ippoca mpus by L- se r ine .   T he r egr ess io n ana lys is de mo nst r at ed s ign if ica nt  

negat ive  co r re lat io ns between L- ser ine concent r at io n in  t he cerebr a l co r t e x 

and behav io r a l par amet er s in  t he op en f ie ld t e st .   T he fo l lo wing  in fo r mat io n 

is  t he  det a i led  st at ist ica l dat a o f t he reg ress io n ana lys is .   D is t ance o f path 

(cm) = 10124 (S.E.  2759)  –  2 .02 (S.E.  0 . 85)X  (R
2
 =  0.228,  P<0.05) .   Time  ( s )  

= 462 (S.E.  123)  –  0 .091  (S.E.  0 .038) X  ( R
2
 = 0.234,  P<0.05 ) .   Fr equency o f  

rea r ing  behav io r  ( count )  = 72. 5 (S.E.  22 .05)  –  0 .015 ( S.E.  0 .007) X  (R
2
 = 

0.196,  P<0. 05) .   T hese  resu lt s  suggest  t hat  L- ser ine  accumu lat ed  in  t he br a in  

pass ing t hrough the b lood br a in barr ie r  and changed t he behav io r  o f r at s i n  

bo t h the fa mil ia r  and no ve l env iro nment .  

I f add it io na l g roups o f rat s housed in  company were  pr epar ed  to  have a  

measur e  o f basa l act iv it y in  soc ia l ly - housed rat s ,  t he e ffect  o f L -ser ine  

obta ined her e might  be c lea re r.   I n our  exper imenta l des ign,  however,  rat s 

must  be  measur ed the ir  lo co moto r  act iv it y s ing ly in  t he ir  ho me cage.   I f we  

set  a  group rear ing  co nt ro l hav ing mor e than two  rat s ,  we cou ld  no t  measur e  

loco moto r  act iv it y in  fa mil ia r  env iro nment  o f t hese groups.   Our  mo de l 

cou ld no t  co nf ir m that  t he impro ve ment  by L- ser ine  was co mpar ab le  t o  t he  

co nd it io n in  whic h t he rat s wer e rear ed in  groups.   However,  our  ma jo r  

int er est  is  whet her  L- se r ine  a me lio rat es t he st ress respo nse when co mpared  

wit h the r at  wit ho ut  L- ser ine .   Accord ing to  t hese reaso ns,  we have made t he  

p lan fo r  t he p resent  study.  
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Alt ho ugh the mechan is m whereby L- ser ine decr eased t he e ffect s o f  

iso lat io n st ress was unc lea r,  L -ser ine  may act  t o  counte r ba lance t he 

b io lo g ica l changes induced by iso lat io n st ress.   I nt er est ing ly,  decr eased 

dendr it ic  sp ine  dens it y o f p yra mida l neurons in  t he pr e fro nta l co r t ex and 

h ippoca mpus was  repor t ed in  iso lat ed r a t s [30]  and pho sphat id ylse r ine,  o ne  

o f L- ser ine -der ived l ip ids ,  cou ld ame lio rat e t he dendr it ic  sp ine  loss o f 

pyr amida l ce l l in  aged rat s [25] .   T her e fo re,  L- ser ine ma y a me lio rat e t he 

dendr it ic  sp ine  lo ss o f p yra mida l ce l l  by enhanc ing synt hes is  o f 

phosphat idylse r ine  in  iso lat ed  r at s ,  a lt hough t his  has no t  been invest igat ed .    

On t he o t her  hand,  we repor t ed t hat  cent ra l ly ad min ist er ed L - ser ine 

induced a sedat ive  and hypno t ic  e ffect  in neo nata l ch icks expo sed to  

iso lat io n st ress [1,  2 ,  20] .   These L- ser ine- induced behav io r a l changes wer e  

through t he act ivat io n o f γ - amino but yr ic  ac id ( GABA) A  r ecepto rs [29] .   T he  

funct io na l impa ir ment  o f inh ib ito r y GABAerg ic  int e r neuro n is  r epor t ed as 

one o f t he neuroche mica l changes assoc iat ed wit h iso lat ed r at s [ 14,  27] .   

Fur t her mor e,  it  was co nf ir med t hat  d iazepam ( 0.5 mg/kg,  i. p . ) ,  a  GABA A  

recepto r  agon ist ,  in ject ed fo r  5  days  r educed t he lo co moto r  act iv it y o f 

iso lat ed mice  [ 21] .   I t  is  po ss ib le  t hat  the r esu lt s o bta ined here ma y be 

exp la ined by L- ser ine  e ffect s o n t he  GABAerg ic  syst ems.  

L-Ser ine  inc reased L- cys t at h io n ine  co ntent  in  t he  cer ebr a l co r t ex and  had  

a s imila r  t endenc y in t he h ippoca mpus ( F ig.  3 ) .   L-C yst at hio n ine is 

synt hes ized by co ndensat io n o f L- ser ine  wit h L- ho moc yst e ine  in  a react io n  

cat a lyzed by c yst at hio n ine β - s ynt hase ( CBS) ,  so  it  seems r easo nab le  t hat  



 14 

L- ser ine st imu lat ed L- cys t at hio n ine  syn thes is  by act ing as a  subst rat e fo r  

CBS in the bra in o f iso lat ed rat s.   A po ly mor ph is m o f t he CBS a l le le  is  

s ign if icant ly underr epr esented in  ch i ld r en wit h a h igh I Q,  suggest ing t hat  

CBS ma y in f luence cogn it ive  funct io n [ 3] .   On t he o t her  hand,  a  de f ic ie nc y 

o f CBS causes ho mo cyst inu r ia ,  an inbor n er ro r  o f met abo l is m charact er ize d  

by menta l ret a rdat io n,  se izur es,  p s ych ia t r ic  d ist ur bances,  ske let a l 

abnor ma lit ie s,  and decr eased L- ser ine  and g lyc ine leve ls  in  cerebrosp ina l 

f lu id  [5,  10,  31 ] .   I t  has been repor t ed t hat  o ra l supp le mentat io n o f L -ser ine  

o r  g lyc ine  was use fu l in  decr eas ing ho mocyst e ine  leve ls  o f r at s in  

met h io nine - induced hyper ho mo cyst e inemia  [ 13] .   T hese pheno mena  

rese mble  t he event s o bse r ved in  L - ser ine de f ic ienc y s yndro me suggest ing  

the pr esence o f a  co mmo n mechan is m between t he two  d iseases.   

I nt erest ing ly,  CBS is pr e fe re nt ia l ly expr essed in  t he r ad ia l g l ia / ast rocyt e 

l ineage wher eas it  is  ha rd ly det ect able  in neuro na l ce l ls  [9 ] ,  and Phgdh is  

pre fe r ent ia l ly expr essed in  t he r ad ia l g l ia / ast rocyt e l ineage and o lfacto r y 

ensheat hing  g l ia  in  mo use bra in [ 35]  suggest ing t hat  Phgd h ma y supp ly 

L- ser ine fo r  t he CBS- med iat ed met abo l i sm o f ho mo c yst e ine  in  t hese ce l ls .   

L- Cys tat hio n ine  is  co nver t ed to  L - cyst e ine in  a r eact io n cat a lyzed by 

cyst at hio nine  γ - lyase ,  and cyst e ine  is  t he  l imit ing  r eagent  in  t he  synt hes is  o f  

g lut at hio ne ( GSH),  a  ma jo r  ant io x idant .   In fact ,  L - propargylg lyc ine,  a  

spec if ic  inh ib ito r  o f cyst at hio nine γ - lya se,  resu lt ed in  lo ss o f GSH in t he 

mouse br a in ind icat ing t hat  cyst e ine is  impor t ant  fo r  t he ma int enance o f 

GSH leve ls  in t he CNS [7] .  
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Unfor tunate ly,  in  t he prese nt  study,  t he content  o f L- cys t e ine  cou ld no t  be  

det ect ed because o f t he over lap o f it s  peak w it h L -c yst ine,  a  d immer  o f 

L- cyst e ine .   I nc reased L-c yst ath io n ine  in  t he cerebr a l co r t ex o f iso lat ed r at s  

in  t h is study cou ld suggest  enhanced g lu t athio ne s ynt hes is ,  a lt hough we d id  

no t  a ssa y GSH le ve ls d ir ect ly.   I t  is  r epor t ed that  soc ia l iso lat io n st ress 

causes o xidat ive damage to t he br a in v ia enhanced l ip id pero xidat io n and NO 

product io n,  and the bra in co ntent  o f GSH was s ign if icant ly decr eased in  

soc ia l ly iso lat ed mice in  an exposure pe r iod - dependent  manner  [18] .   

Ther e fo re,  L- ser ine supp le ment at io n co u ld be use fu l t o  suppor t  an 

ant io x idant  sys t e m by inc r eas ing GSH in iso lat ed rat s.    

On t he o ther  hand,  o t her  a mino  ac id s der ived fro m t he L- se r ine  metabo l ic  

pat hwa y d id  no t  change even when L- se r ine  was app l ied.   Asech i et  a l.  [2]  

co nf ir med  t hat  t he  br a in fr ee  L- ser ine  le ve l inc reased a ft er  i. c . v.  in ject io n o f  

L- ser ine,  but  no  s ign if icant  changes in  o ther  amino  ac ids were det ect ed.   

The y d id no t  measure  L-c yst at h io n ine leve ls ,  but  L- cyst at hio n ine  ma y be  a n  

impor t ant  pathway fo r  L- ser ine .   At  present ,  a lt hough it  is  no t  c lea r  whet her  

L- cyst at hio n ine  it se l f funct io ns in  t he br a in,  it s  met abo l it e  L -c yst e ine  had a  

s imila r  funct io n as fo und w it h L-ser ine  [1,  34 ] .   T he funct io n o f 

L- cyst at hio n ine  shou ld  be c la r i f ied in  t he futu re.  

I n co nc lus io n,  our  resu lt s  cou ld  suggest  t hat  da i ly int ake o f L- ser ine  can  

at t enuate s ympto ms induced by iso lat io n st ress in  r at s .   Her e,  we p ropose 

that  t he r equ ir eme nt  o f no nessent ia l amino  a c ids such as L- ser ine sho u ld  be  

pa id  at t ent io n to  car e fu l ly fo r  t he st r ess fu l soc iet y.  
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Figure Legends  

 

Fig.  1 .   E ffect  o f L - ser ine  o n t he loco mo to r  act iv it y o f iso lat ed r at s in  t he ir  

ho me cages dur ing  the da rk pe r io d.   Resu lt s are  expr essed as means±

S.E.M.   T he number  o f r at s used in  each  group was 7.  

 

Fig.  2 .   E ffect  o f L- ser ine  on  ( A)  d ist ance o f path (B)  mo v ing t ime  ( C)  

mo vement  speed,  and (D)  frequenc y o f r ear ing  behav io r  o f r at s in  an open  

f ie ld  dur ing  a  30 min  per iod .   Resu lt s are  expr essed as means±S.E. M.   T he  

number  o f rat s  u sed in  each g roup was 7.   D iffe rent  let t er s ind icat ed  

s ign if icant  d iffe r ence at  P<0.05.  

 

Fig.3.   E ffect  o f L- ser ine  o n the co ncent rat io n o f L - ser ine and 

L- cyst at hio n ine in  t he cer ebr a l co r t ex (upper  pane l)  o r  h ippoca mpus ( lo wer  

pane l) .   Resu lt s are expr essed as means±S.E. M.   T he nu mber  o f samp les  

used fo r  ana lys is  was 6 - 7.   Group w it h d iffe r ent  let t er s ar e s ign if icant ly 

d iffe r ent  (P<0.05) .  
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