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F U R U K A W A ,  T ,  K Y A M A D A ,  Y K O H N O  A N D  N N A G A S A K I  Bram serotomn metabohsm wtth relation to the 
head twttches ehctted by hthturn m combmatton with reserptne m mtce P H A R M A C  B I O C H E M  B E H A V  10(4) 547-549, 
1979--Lithmm alone, which scarcely induced head twitches, &d not affect brmn 5-hydroxytryptamlne (5-HT) levels but 
increased 5-hydroxymdoleacetlc acid (5-HIAA) levels However, the combined use of hthlum chlonde (2 mEq/kg×5, SC) 
and reserpme (5 mg/kg, SC) administered hourly markedly ehclted the head twitches, together with the pronounced 
decrease of 5-HT levels and increase of 5-HIAA levels as slmtlarly seen by reserpine alone Pretreatment with 
p-chlorophenylalamne (PCPA) strongly potentmted the twitches ehclted by the combined administration of htluum and 
reserpine, along with reducing the significant decrease of 5-HT levels and no change of 5-HIAA levels as compared with 
those levels m the PCPA-treated mice The results imply that hthlum produces the head twitches m the presence of 
reserpine, and an increase of 5-HIAA or a decrease of 5-HT levels do not necessarily interfere with the incidence of the 
twitches, and that the receptor sens~t~vlty to 5-HT is strongly revolved m the incidence of the head twitches 

L~thmm Reserpine Head  twitches  Serotonerglc neurons  5-HT 5-HIAA 

IT HAS been proposed that the serotonerg~c neurons are 
revolved in head twitches, since large doses of 5-hy- 
droxytryptophan (5-HTP) induce head twitches m mice, 
concomitant with an mcrease in formation of  brain 
5-hydroxytryptamlne (5-HT) [4, 7, 9, 12] However,  in spite 
of the fact that both tricychc antidepressants and monoamlne 
oxldase mhlbltors cause a further increase of the brain 5-HT 
level m the 5-HTP-treated animals [2,10], the former drugs 
inhibit the 5-HTP-lnduced head twitches whereas the latter 
potentiate thzs behaworal pattern [4,7] Recently, ~t was re- 
ported that the 5-HTP-mduced head twitches were poten- 
tinted by an increase of 5-HT level and reduced by an m- 
crease of  5-hydroxymdoleacetlc acid (5-HIAA) level or a 
decrease of  5-HT level in the brmn of mice using lsocar- 
boxazld, amltnptyhne and probenecld [10] Therefore, the 
serotonergic mechanism revolved m the head twitches may 
be more complex. The present authors recently found that 
hthmm or rauwolfia alkaloids alone did not ehclt twitching 
but the combined administration of  both drugs &d ehclt the 
twitches m mice [15] 

The present investigation was performed m an attempt to 
understand the serotonerglc mechanisms revolved m the 

combined use of hthmm and reserpine-reduced head 
twitches by determining brain 5-HT and 5-HIAA levels. 

METHOD 

Ammals 
Animals in the expenment  were healthy ddY male albino 

mice obtained from Kyudo Ammal Laboratory (Kumamoto, 
Japan) They were caged m groups of 10 for a week before as 
well as throughout the experiment. The body weights of mice 
were 22-26 g at the beginmng of experiment The food con- 
slsted of  MF, Oriental Yeast Ltd The ammals were perm~t- 
ted food and water ad hb except dunng the experimental 
trials. All trials and breeding were carried out at an environ- 
mental temperature of 24 -+ I°C and a humidity of 50 -+ 10% 

Procedure 

Measurement of head twttches Head twitches are pro- 
posed to be spontaneous irregularly occurnng head-shakes, 
which resemble a strong pinna reflex involwng the whole 
head of the animal but occur without tactile stimulation un- 
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hke the pinna reflex or  a slow s~de-to-slde movemen t s  of  the 
head [4] A group of  5 m~ce were  placed m a plastic box 
(33 × 25 x 11 cm),  and the number  of  th~s type  of  head twitch 
was counted for a 10-mm period 2 hr af ter  mject ton o f  reser- 
psne or  sahne as control  

Assaymg the endogenou6 amine The m~ce were  ktlled by 
decapttat~on 4 hr after the last snjectmn of  l i thmm, 2 hr after 
reserpine or  9 hr after the last mject~on of  P C P A  The brain 
was raptdly r emoved  and, after r emovmg  the cerebel lum,  the 
brain t~ssue was f rozen at - 2 0 ° C  and stored until homogem-  
zatmn Simultaneous determlnatmn of  5-HT and 5 -HIAA 
was done m each brain by the method descnbed  by Curzon 
and Green [6] w~th a modificat ion [8], and f luorescence  ln- 
tenstty was de te rmmed by a spec t rof luorophotometer  
(Slmadzu RF  501) 

Admmlstrat~on o f  drugs The mine were  treated with a 5 
t~mes hourly lnjecUon of  sahne as a control  or  of  li thium 
chloride (2 mEq/kg,  SC) Reserpine (5 mg/kg, SC) was ad- 
mlmstered 2 hr after the last mject lon of  h thmm. PCPA (300 
mg/kg×3,  PO) was admmtstered 49 hr, 25 hr  and 1 hr before  
the first rejection o f  h thmm 

Drugs 

The drugs used were  h thmm ch londe  (K~sh~da Chemi- 
cals), reserpine (Apoplone,  Danch~ PharmaceuUcal) ,  dl-p- 
chlorophenyla lanme (Nakara~ Chemicals)  and carboxy-  
methyl  cellulose (Ish~zu Pharmaceutmal)  L~thmm ch londe  
was d~ssolved w~th distdled water ,  s t enhzed  and admmster-  
ed subcutaneously  using a 0 5 ml synnge  m a vo lume  of  0 1 
ml/10 g PCPA was administered as a suspension m 0 25% 
carboxymethyl  cellulose 

Stansttcal Analyst s 

The number  o f  head twi tches  and t~ssue amine concen-  
trations were  expressed  as mean values +- s tandard er ror  of  
the mean,  and statistical analysts was calculated using the 
two-tailed Student ' s  t-test 

RESULTS 

Head Twttches Induced by Ltthlum Admtntstered tn Combt- 
natron wtth Reserptne 

As shown m Table 1, 5 t~mes hourly administrat ion o f  
hthtum (2 mEq/kg×  5, SC) or  single m lect~on of  reserpine (5 
mg/kg, SC) exhibi ted occasional  head twitches  m a small 
proport ion of  mice (0 3-1 3), whale the marked head twstches 
(8 1 _+ 1 4) were  ehcl ted by the combined t reatment  w~th 
h thmm and reserpine The twitches were  markedly  increased 
(18 0 _+ 3 9) by t reatment  with PCPA (300 mg/kg×3,  PO) 
before h thmm and reserpine 

Effects o f  Ltthtum :n Combmatton wtth Reserptne on Brain 
5-HT and 5-HIAA Contents 

As shown in F~g 1, the control  levels of  brain 5-HT and 
5 -HIAA obtained from the sahne-treated mice (n= 16) were  
406 +__ 10 ng/g and 351 --- 14 ng/g, respectsvely L~thmm 
alone d~d not affect 5-HT levels but  increased 5 -HIAA 
levels Admm~stratmn of  reserpme exhlbtted a marked de- 
crease  of  5-HT levels  and increase of  5 -HIAA levels The 
combined admm~stratmn of  h thmm and reserpine also de- 
creased brain 5-HT levels  to 48% and increased 5 -HIAA 
levels  to 248% m c o m p a n s o n  with the control  levels  After  
mjecnon of  PCPA, brain 5-HT and 5-HIAA levels were mark- 

F U R U K A W A  ET AL 

T A B L E  1 

NUMBER OF HEAD TWITCHES AFTER ADMINISTRATION OF 
DRUGS 

Drugs N Head twitches 
(mean +_ SE) 

Sahne 10 06 ± 03 

L12mEq/kg x 5 I0 1 3 _  08 

Reserpine 5 mg/kg 10 0 3 __ 0 2 

h 2 m E q / k g  x 5 20 8 1 ± 14" 
+ Reserpine 5 mg/kg 

PCPA 300 mg/kg x 3 
+ LI 2 mEq/kg x 5 10 18 0 _+ 3 9"~ 
+ Reserpine 5 mg/kg 

M~ce were treated w~th a 5 t~mes hourly mjectton of sahne as a 
control or of hthmm chloride (L0 Reserpine was administered 2 hr 
after the last rejection of hthmm p-Chlorophenylalanme (PCPA) 
was administered 49 hr, 25 hr and 1 hr before the first m.lectlon of 
hthmm The number of head twitches was counted for a 10-ram 
period 2 hr after rejection of reserpine or sahne as control *S~gmfic- 
antly dtfferent from the sahne-treated group, p<0 01 (two-taded 
Student's t-test) 

tSlgmficantly different from the hthlum plus reserpine-treated 
group, p<0 01 
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FIG 1 Effects of hthmm m combination with reserpine on brain 
5-HT and 5-HIAA contents m the non-pretreated and PCPA- 
pretreated mice Ammals were kdled by decapitation 4 hr after the 
last rejection of hthmm (L0, 2 hr after reserpine or 9 hr after the last 
mjectmn of p-chlorophenylalanme (PCPA) Number m parenthes~s 
indicates number of mice used *Stgmficantly different from the 
sahne-treated group, p<()01 #Slgmficantly dsfferent from the 

PCPA-treated group, p <0 01 
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edly decreased  to 39% and to 46%, respect ively ,  f rom the 
control  levels  The combined administrat ion o f  hthlum and 
reserpine m the PCPA-t rea ted  mice reduced a significant de- 
crease  of  20% in brain 5-HT levels and no change m 5 -HIAA 
levels  as compared  with those  levels  obtmned from the 
PCPA-t rea ted  mice 

DISCUSSION 

Shaw and Ratcliffe [14] have  p roposed  that hthlum m- 
creases  tu rnover  of  5-HT through increases m release,  reup- 
take and mtraneuronal  b reakdown After  t rea tment  with 
h thmm in this s tudy,  brain 5-HT levels were  not  al tered but 
5 -HIAA levels  were  increased Therefore ,  h thmm seems to 
faclhtate a re lease and subsequent  tu rnover  of  5-HT Segawa 
and Nakano  [13] also reported that 3 t imes hourly admmls-  
t ratmn of  h thmm did not Inhibit but twice  daily admmlstra-  
tmn of  hthlum for 4 days did Inhibit the reserpine- induced 
release of  5-HT m rats by interfering with the releasing 
mechanism of  reserpine at the synaptlc vesicle  Administra-  
tion of  hthlum in combinat ion  with reserpine exhibi ted here- 
m a marked decrease  of  brain 5-HT levels and increase o f  
5 -HIAA levels  as similarly seen by reserpine alone Accord-  
mgly,  the repeated injections o f  h thmm in one day did not 
reduce the deplet ion rate of  brain 5-HT and the increase rate 
o f  brain 5 -HIAA elicited by reserpine The 5-HTP-mduced  
head twitches  were  inhibited by t n c y c h c  ant idepressants ,  
which reduced an increase of  both 5-HT and 5 -HIAA levels,  
and by probenecld ,  which caused an increase o f  5 -HIAA 
levels without  affecting 5-HT levels  in the brains of  5- 
HTP- t rea ted  mice [10] There  has been,  thus, the proposal  
that the increase o f  5 -HIAA or decrease  o f  5-HT inhibits the 
head twitches [10] Howeve r ,  in the present  studies, the re- 
markable  reserpine-produced increase of  5 -HIAA levels  and 
decrease  of  5-HT levels did not p reven t  an incidence of  head 
twitches ehcl ted by hthlum m combinat ion  with reserpine 

Meanwhile ,  it was reported that t r lcychc ant idepressants  
inhibited the uptake o f  t ryptophan [2] and 5-HT [3], de- 
c reased  the 5-HT deplet ion after synthesis  Inhibition [2,5], 
and retarded the disappearance of  labeled 5-HT from the 
brain [11], suggesting a decrease  of  brain 5-HT turnover  
caused by the drugs Therefore ,  a decreasing actmn of  
t ncychc  ant idepressants  m brain 5-HT tu rnover  seems to be 
a possible mechamsm involved  in the inhibitory effect of  this 
drug on the 5-HTP-mduced  head twitches.  

It was proposed  that destruct ion of  the central  serotoner-  
glc neurons  by t reatment  with 5 ,7-d lhydroxyt ryptamme 
resulted m producing the postsynapt lc  supersensi t ivi ty [1] 
Admlmstra t lon  of  PCPA revealed a marked decrease  of  brain 
5-HT levels  Therefore  it can be assumed that compensa tory  
mechamsms,  1 e ,  postsynapt ic  supersensi t ivi ty to 5-HT, de- 
velops  as a consequence  of  a deplet ion of  5-HT after treat- 
ment  with P C P A  In addition, as suggested hereto by 
changes in 5-HT and 5 -HIAA levels,  the combined adminis- 
tration of  h thmm and reserpine seems to reduce a release of  
residual 5-HT even m the PCPA-pre t rea ted  mice but to a 
smaller  extent  than that observed  in the PCPA-unt rea ted  
mice Accordingly ,  the pos tsynapt lc  supersensi t ivi ty o f  
5-HT receptors ,  which seems to be act ivated by newly syn- 
thesized and released 5-HT by hthlum m combinat ion with 
reserpine,  may account  for the potentiat ion m the head 
twitches  observed  by pre t rea tment  with PCPA,  a 5-HT syn- 
thesis inhibitor 

These  results imply that an Increase of  5 -HIAA or a de- 
crease  of  5-HT levels does not  necessari ly interfere with an 
Incidence of  head twitches  and that pos tsynapt lc  serotoner-  
glc receptor  ac twl ty  plays an important  role in the appear-  
ance of  this behavioral  pattern 
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