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ITOH, Y ,R OISHI, M NISHIBORI, K SAEKI, K FURUNO, T FUKUDAANDY ARAKI Lack ofewden~eforthe 
mvolvernent of ~ate~holarnmergic mechanisms in the behavioral antt-methamphetamme effect of L-htsttdme m the mouse 
PHARMACOL BIOCHEM BEHAV 24(3) 571-574, 1986 --The effects of L-hlstldine (HIS) on the hypermotihty and the 
changes m brain monoamme dynamics reduced by methamphetamlne (MAMP) were examined m mice HIS (1000 mg/kg) 
completely inh~b~ted the hypermotiltty induced by MAMP (1 mg/kg) MAMP (1 mg/kg) s~gnificantly Increased the dopamme 
level and decreased the 3,4-dihydroxyphenylacet~c acid level MAMP (5 and 10 mg/kg) also produced changes in the levels 
of noradrenalme, serotonin and their metabohtes HIS administered alone caused no significant changes m the levels of 
these amines and metabohtes, nor did ~t affect MAMP-induced alteraaons m monoamme dynamics These results suggest 
that catecholamlnergmc mechamsms are not revolved m the behavioral anti-MAMP actmn of HIS 
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HISTAMINE (HA) acts as a neurotransmitter in the brain 
[4, 19, 21], yet details on the physiologically related func- 
tions are not well understood We reported that L-histldlne 
(HIS) inhibits the methamphetamme (MAMP)-Induced in- 
crease in locomotor activity measured by an open-field appa- 
ratus in mice and this effect seems to be mediated by the 
activation of histamlnergic neurons [6] However,  the signif- 
icance of the hlstamlnerglc system in the control of  behavior, 
including those induced by MAMP, remains obscure Josht 
et al [7] observed that HIS (850 and 1000 mg/kg, IP) antag- 
onized the MAMP (5-7 mg/kg, IP)-Induced but not the 
apomorphine (0 5-1 5 mg/kg, SC)-induced stereotypy m 
mice and suggested that HIS inhibits the dopamme (DA) 
release enhanced by MAMP Although behavioral effects of 
MAMP such as hypermotihty and stereotypy are mainly due 
to its effect on the dopaminerglc system [3,11], norad- 
renallne (NA) [13] and serotonln (5-HT) [2] neurons are also 
involved in the behavioral actions of MAMP There is appar- 
ently no documentation on the influence of the hlstammerg~c 
system on MAMP-mduced alterations In the central 
monoamine dynamics Since we could confirm, using an 
automated activity meter, the inhibitory effect of HIS on the 
MAMP-induced hypermotihty previously observed m an 

open-field apparatus, the influence of HIS at a dose effective 
in the behavioral antI-MAMP action on the MAMP-lnduced 
changes in brain monoamlne dynamics was investigated For 
this purpose, we simultaneously determined the levels of 
DA, NA, 5-HT and their metabohtes, in the same brain 
samples, using high performance hquld chromatography 
with electrochemical detection (HPLC-ED) 

METHOD 

SubJects 

Male dd-Y mice weighing 30-35 g (Shtzuoka Laboratory 
Ammal Center, Hamamatsu, Japan) were housed in an en- 
vironmentally controlled room maintained at 22±1°C 
Animals were given food and water ad lib All experiments 
were performed between 10 00 a m -2 00 p m 

Drugs 

L-Htstidme hydrochlorlde (HIS, Nakaral Chemicals C o ,  
Kyoto, Japan) and methamphetamine hydrochlonde 
(MAMP, Dalnippon Pharmaceutical C o ,  Osaka, Japan) 
were dissolved in saline HIS (1000 mg/kg, IP) or saline was 
administered 1 hr before the IP injection of MAMP or saline 
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All drugs were injected in a volume of 0 1 ml/10 g body 
weight 

Lot ODlOtor At  lll'lty 

Locomotor ActIvtty was measured for 5 mm before and 
30, 60 and 90 mm after MAMP admmlstratton, using a Nat- 
sumex actiwty meter (KN-70H, Natsume Setsakusho Co , 
Tokyo, Japan) 

Assay o f  Brain Momoamlne~ and Their Metaboltte$ 

Mice were decapttated and the whole brain excluding the 
cerebellum was removed and tmmedmtely homogemzed with 
3 ml of 0 4 N perchlorlc actd containing 0 1% L-cystelne and 
300 ng of eplnme as an internal standard After centnfuga- 
tton, a 20-/zl ahquot of the supernatant was injected onto 
HPLC for the determmahon of DA, 3,4-dlhydroxyphenyl- 
acetic acid (DOPAC). homovanllhc acid (HVA). 5-HT and 
5-hydroxylndoleacetlc aod  (5-HIAA), according to the 
method of Magnussen et al [10] with a slight modification 
For the determination of NA and its metabohtes, we used the 
method of Olshl et al [15] Briefly. NA in the remaining 
supernatant was adsorbed on 50 mg of alumina at pH 8 3, 
and eluted with 0 5 ml of 1 M formic acid after washing the 
alumina with redlstilled water After centrtfugatlon, a 20-/zl 
aliquot was injected onto HPLC To the restdual solution 
after alumina adsorption were added 4 g of K2HPO4 and 0 5 
ml of 1 M borate buffer, pH 10 5 Normetanephrlne (NM) 
and 3-methoxy-4-hydroxyphenyl glycol (MHPG) were twice 
extracted by shaking with 9 ml ofethylacetate The ethylace- 
tate layer was evaporated and the residue was dissolved in 
0 5 ml of I M formic acid A 100-tzl aliquot was injected onto 
HPLC The HPLC-ED system consisted of a pump (L- 
4000S, Yanaglmoto Mfg Co , Kyoto, Japan), a Yanapack 
ODS-H reversed phase column (250×4 mm, 1 d , 5/.tin) and a 
thin layer voltammetrlc detector (VMD- 101) 

The concentration of NA and its metabohtes were de- 
termined by comparing the peak heights from the brain 
samples with those from the standard mixtures extracted 
using the same procedure The recovery of the authentic 
NA, MHPG and NM was 85, 94 and 63%, respectively 
Other metabohtes of NA were difficult to separate from m- 
terfermg substances in brmn samples using the present con- 
dmon 

Starts/t( 

Data analyses were performed by the two-tmled Student's 
t-test for the bmchemicai data and Mann-Whttney U-test for 
the behavioral data 

RESULTS 

MAMP (1 mg/kg) slgmficantly mcreased locomotor acttv- 
lty and its maximum effect was observed 60 rain after the 
injection (Fig 1) HIS (1000 mg/kg) alone dtd not show any 
mfluence on the spontaneous locomotor acttvlty, however, 
HIS completely inhibited the MAMP-mduced hypermotihty 

As shown m Fig 2, MAMP (1 mg/kg) significantly in- 
creased the DA level and the maxtmal effect was observed 60 
min after the MAMP reJection The DOPAC and HVA levels 
were lowered by MAMP The decrease m the DOPAC level 
reached the maximum 30 min after, significant changes being 
observed up to 120 mln after The decrease m the HVA level 
was significant only 120 mm after MAMP had no sigmficant 
effect on the levels of NA, 5-HT and their metabohtes at any 
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FIG 1 Effect of L-histldlne (HIS) on methamphetam|ne (MAMP)- 
reduced hypermotlhty in mice HIS (1000 mg/kg) was administered 
IP 1 hr before the MAMP mjecUon (l mg/kg. IP) Each point repre- 
sents the mean-S E M of 6 ammals C, C sahne--sahne treated 
group, & ~ HI~-sahne treated group, O----Q sahne--MAMP 
treated group, • • HIS--MAMP treated group Data were 
analyzed by Mann-Whitney U-test *p<0 05 as compared with 
sal|ne--sahne treated group *p<0 05 **p<0 01 as compared with 
sahne--MAMP treated group 

times tested No significant dtfferences were observed in the 
levels of all these substances between the groups pretreated 
with HIS (1000 mg/kg) and saline HIS (1000 mg/kg) adminis- 
tered alone caused no alterattons in the steady-state levels of 
these amines and metabohtes, nor did It have any influence 
on the MAMP-lnduced changes in DA dynamtcs MAMP at 
higher doses (5 and 10 mg/kg) produced changes m the 
dynamics of not only DA but also NA and 5-HT (Ftg 3) 
While the DA level was still elevated at both MAMP doses, 
the DOPAC level decreased dose-dependently The HVA 
level increased at 10 mg/kg of MAMP The NA level de- 
creased and NM level increased at these MAMP doses 
There were no stgnlficant changes in the MHPG and 5-HT 
levels The 5-HIAA level decreased dose-dependently The 
pretreatment with HIS had no influence on the changes in 
monoamlne dynamics induced by higher doses of MAMP, 
except for those in the 5-HIAA level 

DISCUSSION 

As for the effect of MAMP on DA metabolism, the pres- 
ent findings are generally consistent with those obtmned by 
Kuzenski [8], in the rat stnatum MAMP elevated the DA 
level and this may be due to an increase in the DA synthesis, 
since amphetamine is considered to release DA from an un- 
bound cytoplasmic pool [8] and which regulates the DA syn- 
thesis through a feedback inhibition on tyroslne hy- 
droxylase The dose-dependent decrease in the DOPAC 
level might be associated with blockade of the presynaptlc 
neuronal re-uptake of DA and/or monoamlne oxldase inhibi- 
tion However, the latter posstbihty seems unlikely, since 
the HVA level increased at l0 mg/kg of MAMP, in contrast 
to the DOPAC depletion Compared with doses of MAMP 
effective in altering DA metabohsm, larger doses of this 
compound are required to produce changes in the NA me- 
tabolism This suggests that the dopammerglc system is 
more sensitive to the MAMP action than is the noradrenerglc 
system The NA level decreased after the admlmstratton of 5 
and 10 mg/kg of MAMP, in good agreement with the results 
of other invesUgators [14,18] Although amphetamine re- 
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FIG 2 Time course of the effect of MAMP on dynam=cs of brain (A) dopamme (DA), (B) noradrenalme (NA) and (C) serotomn 
(5-HT) m hlsttdme (HIS) treated mice HIS (1000 mg/kg) was admm=stered IP 1 hr before the ]P mjectmn of MAMP (l mg/kg) 
Each point represents the mean+_S E M of 5 ammals © © sahne treated group, • • HIS treated group Data were 
analyzed by Student's t-test a, p<0  05, b, p<0  01 as compared w=th the values at t=me 0 m sahne treated group c, p<0  05, d, 
p<0  01 as compared w=th the values at t~me 0 m HIS treated group 
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FIG 3 Effect of L-h)st,dme (HIS) on methamphetamlne (MAMP)-mduced changes in the dynam=cs of brain (A) dopamme (DA), 
(B) noradrenahne (NA) and (C) serotonm (5-HT) HIS (1000 mg/kg) was administered IP 1 hr before the IP rejection of MAMP 
Mice were decapitated 1 hr after the MAMP treatment Each point represents the mean~S E M of 5-7 ammals © © sahne 
treated group, • • HIS treated group Data were analyzed by Student's t-test a, p<0  05, b, p<0  01 as compared with 
sahne--sahne (dose=0) treated group, c, p<0  05, d, p<0  01 as compared with HIS--sahne (dose=0) treated group e, p<0  05, f, 
p<0  01 as compared w)th the corresponding sahne--MAMP treated group 
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leases  both  DA and NA [3], the effects  on these amine levels 
are qutte the opposi te  Th~s may be related to the different  
synthes is  ra tes  [1] or s torage m e c h a m s m s  [12] be tween  DA 
and NA The re lease  of  NA by M A M P  ,s also suppor ted  by 
marked  e leva tmn of  NM level 

The M H P G  level d.d not change after  the admmls t ra tmn 
of  M A M P  m the p resen t  s tudy Since M A M P  mh,b. ts  the 
re-uptake o f  N A  [5], the M H P G  level might not increase  
after  the M A M P  t rea tment ,  despi te  the e n h a n c e m e n t  of  NA 
release  

In our s tudy,  M A M P  caused  a d o s e - d e p e n d e n t  dec rease  
m the 5-HIAA level, m good agreement  w~th the data re- 
por ted  by Lokmc et  a! [9] H o w e v e r ,  we have no explana-  
tmn for th~s ac tmn of  M A M P  The p re t r ea tmen t  with HIS 
reve r sed  the decrease  in the 5-HIAA level reduced by 5 
mg/kg of  M A M P  Th~s reversal  m.ght be due to a release of  
5-HT by HIS Such a view ms suppor t ed  by the data repor ted  
by Pllc and N o w a k  [17], that  mtracerebrovent r lcu la r ly  m- 
.lected HA reduced  the 5-HT level and increased the 5-HIAA 
level in the rat hypotha lamus  Howeve r ,  m the present  
s tudy,  such an effect  of  HIS was not  obse rved  when  admlms-  
tered tn combmat lon  with i and I0 mg/kg of  M A M P  Thus,  
the changes  m the 5-HIAA level cannot  be explained clearly 

Subramanmn and Mulder  [20] demons t r a t ed  that the re- 

lease of  ~H-DA from rat s tnatal  shoes m the presence  o1 a 
h~gh concen t r a tmn  of  K ~s reduced  by premcubat lon  w~th 
HA In our p revmus  report  [6], 1000 mg/kg of  HIS produced 
m mine a clear mh~bmon of  the M A M P - m d u c e d  hypermotfl-  
~ty as well as a s~gmficant e levatmn of  brain tcle- 
methy lh l s tamme which serves  as an index of the brain hls- 
t ammergm activity [16] Therefore ,  1000 mg/kg of  HIS seems 
sufficmnt to enhance  the activity of  h~stammerg~c neurons 

However ,  m the present  exper iment ,  such a t reatment  
had no influence on the action of  M A M P  on the dynamm 
states of  DA and NA despi te  the comple te  an tagomsm to the 
behavioral  achon  of  M A M P  

In conclus ion,  we found no e w d e n c e  for the influence on 
the M A M P - m d u c e d  changes  m the catecholamnne dynamics  
after the adminis t ra t ion of  HIS 

The proposal  that  behavioral  ant~-MAMP actmn of  HIS 
m~ght be due to ~ts effect  on the dopammergm sys tem was 
not suppor ted  as far as the present  results  were concerned  
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