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The polyamines putrescinc, spcrmidine and spermine 
owe their trivial names to an association with 
putrefying matter or seminal fluid. yet they are 
ubiquitous in body tissues. Spermidine and sperminc 
are to be found in high concentrations in nervous 
tissue. Indeed. a basic compound named neuridine 
which had been isolated from brain tissue in 1885 
was subsequently established to be identical with 
spermine. The term polyamine is perhaps something 
of a misnomer since it suggests a high molecular 
weight compound with multiple amine residues 
whereas putrcscinc is a simple diaminc: H,N(CH2),- 
NH, and spermidine and spermine are low molecular 
weight bases with three H,N(CH,),NH(CH,),NH, 
and four H,N(CH,),NHICH,),NH(CH~)~NH, basic 
ccntres, rcspcctivcly. Howcvcr the metabolic inter- 
relations of these compounds make it dcsirablc that 
they should be classified together. 

The biological role of polyamines is the subject 01 
several reviews and monographs [l-6] but these are 
mainly concerned with peripheral tissues or bacteria 
since most research has hitherto concentrated in 
those areas. It is now opportune to review the progress 
that has been made in the rclativcly neglected area 01 
the study of central nervous functions of polyamincs. 

SYSTHESIS. DISTRIBL’TIOS AND METABOI.ISM 

It is generally accepted that the main pathway fol 
polyaminc synthesis is the same in the central nervous 
system as in pcriphcral tissues, though the chardcler- 
istics of the enzymes concerned may vary from tissue 
to tissue. In cssencc, putrescine is synthesised from 
ornithine by ornithine dccarboxylase (I.-ornithine 
carboxy-lyase. EC 4.1. I. 17) and converted to spermi- 
dine by a specific synthase (5’-deoxyadcnosyl-(5’). 
3-aminopropyl-( I). methylsulphonium salt: putres- 
tine 3-aminopropyl transferase. EC 2.5. I. 16) which 
utilises decarboxqlated S-adenosyl methionine as a 
propylaminc donor. A sperminc synthase (5’-deoxy- 
adenosyl-(5’). %aminopropyl-( I), methylsulphonium 
salt: spcrmidinc 3-aminopropyl transfcrase) converts 
spermidine to sperminc using the same donor. All 
the enzymes involved in polynmine biosynthesis are 
soluble [7]. 

Ornithine decarboxylasc has a half life of only lO_ 20 
min which is probably related to rapid enzyme 
degradation [7] but which could also be explained by 
dissociation of the loosely bound pyridoxal cofactor 
[Xl. The rat brain enzyme has a hlghcr afTinity for 
ornithine than the liver enzyme and is only weakly 
inhibited by putrcscinc [9]. Changes in ornithine dc- 

carboxylase activity take place during early brdln 

development. activity being generally increased in 
rat brain from the 14th day after conception to the 
12th post natal day but showing regional variation. 
The greatest activity generally parallels periods of 
cell proliferation. The clear post-partum peak of 
activity which occurs 4 hr after birth is prevented by 
administration of cycloheximide suggesting that de 

no~o enzyme synthesis is the prime determinant of 
activity [lo] though more recently a cycloheximide 
sensitive inhibitor protein has been detected in thyroid 
tissue [ 111. In adrenal medulla there is evidence that 
ornithine decarboxylase activity is regulated by c- 
AMP and experiments with glioma and neuro- 
blastoma cells have shown that agents such as nor- 
adrenaline and prostaglandin E which increase cellular 
c AMP content also increase ornithine decarboxylase 
activity [ 123. Brain putrescine content is increased by 
the administration of L-DOPA [I 31. 

There is now evidence to indicate that ornithine 
decarboxylase activity is a sensitive index of brain 
maturation in that the pattern of change in activity in 
developing brain is accelerated and compressed by 
thyroxine which accelerates maturation. and extended 
and depressed by cortisol which slows maturation 
[14]. Brain ornithine decarboxylase activity is also 
stimulated by growth hormone, prolactin. human 
placental lactogen [ 151 and nerve growth factor [ 161 
and by insulin. The effect of insulin is unrelated to 
hypoglycaemia but may be exerted through an adenyl- 
ate cyclase since it is suppressed by lithium [17]. 
Administration of opiates to newborn rats or to their 
mother delayed changes in ornithine decarboxylase 
activity [IS. 191 whereas ethanol administration pro. 
duccd less dramatic effects which were dependent on 
the duration of exposure to ethanol and the time of 
withdrawal [20,21]. More recent expcrimcnts indi- 
cate that removal of rat pups from their mother for 
as little as one hour produces a significant decline in 
ornithine decarboxylase activity. Since this decline 
was also present in pups allowed access to an anaes- 
thetised mother which was able to support suckling, 
it was concluded that the decline was related to 
deprivation of normal ‘mothering’ behaviour [22.23]. 

In normal adult brain ornithine decarboxylase 
activity is low but it increases after ischaemia [24] 
and after convulsions produced by electrical stimula- 
tion [25]. Electrical stimulation of snail brain results 
in an increase in its putrescine content [26]. 

Brain S-adenosyl methionine decarboxylase (S- 
adenosyl+.-methionine carboxy-lyase EC 4. I. I .50) is 
strongly putrescine dependent but probably not 
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pyridoxal dependent. Activity in rat bram remains low 
until after the 10th post natal day and subsequently 
increases [27]. In the monkey. adult values are 
reached after one month ;~nd thcrcafter remain 
constant [28]. Increased S-adcnosyl methionine dc- 
carboxylase activity. like that of ornithinc decarboxy- 
lase. has been reported to follow electrical stimulation 
or ischaemia [24. ZS] but the response occurs later 
than the ornithine decarboxylasc rcsponsc and may 
in part be a response to increased putrcscinc concen- 
tration arising from ornithine decarboxylasc activity. 
This for example might explain the first component 
of the biphasic rcsponsc seen after electrical stimula- 
tion. Like ornithinc dccarboxylase this enzyme has a 
short half life (X--60 min) but its strong dcpcndcncc 
on putrescine suggests that it might not be rate 
limiting. This suggestion is supported by, the ohserva- 
tion that, at 18 days, the brain spermldmc and sper- 
mine content of dilute lethal mice is normal whereas 
the brain S-adcnosyl methioninc decarboxylase act- 
ivity is only 20 per cent of normal [ZY]. In addition 
there is no correlation between brain spermidinc and 
spcrminc content and S-adcnosyl mcthioninc dc- 
carboxylase activity during early brain dcvclopment 
[JO]. However. methylglyoxal bis (guanyl hydrazone) 
which is a potent and fairly selective inhibitor of the 
enzyme [31] does inhibit spermidine synthesis in rat 
hrain [32]. 

Spermidinc synthasc is a stable enzyme with a much 
greater activity than S-adcnosyl mcthioninc decar- 
boxylase and a specific rcquircmcnt for putrescine 
[X3]. Spermine synthasc is also stahlc hut its activity 
is lower than that of spermidine synthase. It is strongly 
inhibited Fy putrescine and has a specific rcquircmcnt 
for spermldlne. The activity of this enzyme is probably 
rate limited by the availability of propylamine ~OI 
which it has a high affinity. In brain. synthase activity 
is clearly separable from decarhoxylasc activit! L33]. 

The polyamincs have been detected in the hruins 
of all species so far cx;tmined. During hrain dcvclop- 
mcnt the putrescine content directly rcllccts ornithine 
dccarboxylase activity. As might bc expected from 
the reduction in ornithinc decarhoxylasc activity 
which takes place hcforc adulthood. putrcscine 
is present in the hrains of most adult mammals and 
birds in a concentration ol’ only a few nmoles. 2 which 
is only _ 2--J per cent of the spcrmidinc conccntrntion. 
However. in fish brain the putrescine content exceeds 
that of spcrmidinc or spermine [34]. The ION concen- 
tration of putrescinc in mammalian brain makes 
accurate quantitation diflicult and ostimutcs vary with 
different methodology. Perhaps the most acceptable 
estimates arc those obtained by mass spcctrometry 
of the dansyl derivative. These show a wide variation 
in the putrcscinc content of diflcrcnt brain regions 
with higher concentrations in the spinal cord. 
ccrcbcllum. hypothalamus and ccrchral cortex [35]. 
Values ohtaincd by cn/ymatic assay. whose speci- 
ficity is suspect. arc higher and more uniform [36]. 

During curly brain dcvclopment in the rat thcrc is a 
reduction in both spcrmidinc and spcrminc concen- 
tration over the first three post natal weeks [JO] but 
over the next 31 months spermine concrntr;ttions 
remain constant as do those of spcrmidinc cxccpt in 
the hypothalamus. corpus striatum and pon+medulla 
whcrc increases arc reported [?71. Since brain weight 

Increases rapidI! over the flrsl ICN months 01 111~. 
polyumine synthesis must hc mnintaincd in order to 
sustain these near constant coiiccntr;ltion,. In adult 
animals brain spcrmidinc conccntr;ltion shoas \iitlc 
rcgional variation. The hiphest ColiCCiitr~rtioiis. ap- 
proaching IO0 nmolesg. arc to he li~ncl 111 rhc hrall; 
stem and spinal cord and in rcpions compohcd mainI> 
of white matter [3S. 3X] whcrcas ~IIIWIII~I~ in frc\ 
matter arc low. In gcncral. lhc cc~nccnlr:ilion ol‘ 
spermidine parallels the white matter content ol’ the 
area though higher values than might kc prcdictcd 
on this basis have been rcportcd irl the ~olllculi 
[3X. 391 and in the hypothalamus 01 the monkq ! 301. 

The spcrminc content of the btxin is in ~X>SI 
species lower than that of spcrmidinc I3S.301 ;I 
finding which concurs with the rclativc act;\;it!; of the 
respective synthascs. The distribution of spcrminc is 
much more uniform than that ofspormidinc hut thcrc 
is pcncral uprccmcnt lhal lcvcls in ccr~l~clluni arc 
high and. in the rat. high concentrations ;trc reported 
in the olfactory lohcs [35. 3X]. Sonic studic> have 
reported high lcvcls in -the ccrchral cortt’u [.W. II 1 
but this is not a consistent finding. 

Very little information is ;~v:lil;thle conccrninp the 
degradation of spermidinc and spcrminc. One reason 
for this is that the process is \cry SIGN. In rat br:iin 
spermidinc formed from putrcscinc 11~1s ;I h;llf-lift 01 
several days and dcpradatlon ol’ spcrminc iz 111)t 
detectable over a two week period [42,43]. It is usually 
assumed that polyaminrs arc mctahnliserl h> ;II~ 
oxidativc process since putrcaninc ! 43. 45 1 and 
spcrmic acid [40] ;lrc both present in hr;un. Thc\c 
arc. respectively. t.hc carhou>lic acids which would IX 
produced hy oxidativc dcamin;ltion of thr* ;Imino- 
propyl rcsiduc ol‘ spermidine or 01‘ both rcsiducs 01 
spcrminc. The corresponding :lldch~lles wollIll lx 
unstable [47]. Osidase activit) iiiib lxxn dcmon- 
stratcd in chick crnhrT(T brain 14x1 and incorpor;ltion 
of label from spermldme into putreanme has hcen 
dctcctcd in rat btxin ! 19 1 and in mulcted I~II~LIW 
ncuroblastoma ccllh !50] bul ihc cii/>nic 11~11 1~14 
not yet been isolated from brain. It ih now hccoming 
clear that interconversion 01‘ pol~aniincc can ;iI\o 
take place. Putrcscine can bc formed from spcrmldinc 
[SO] and the conversion ol’ spcrminc IO spcrmidinc 
has hccn reported in rabbit brain ! 5 I I and in retina 
[52]. Thcsc s;lmc convcrGons citn IX c;lrricd 0111 I>\ 
the verv active nuidnsc lixlnd in ruminant strum anil 
result in the form:ltion of the c!totouic ;~ldch+ 
acrolein [S3] as ;I dcgradnlion prodiicl ~II’ lhc :imiiio- 
propql rcsiduc. Clearly. thsrc is ;I rcc~uircnicnl li)r 
further study of ~hcsc pathways :~nd l’or char:lctcris+ 
tion of the hrain oxidativc cnync. 

II should hc mcntioncd thaw putrcscinc i\ ;IIMJ 
converted IO enmma-aminohrlt!-ric AtI ! 54 56 I. 

Interztctions between polyaminos and nucleic acids 
were reported early in the history ol’ polyaminc 
research and have occupied the attention nl many 
workers ever since. The initial ohscrvxtions olhinding 
with and stabilisation ol nucleic acids have been 
culcnded to rcvr‘;ll possible roles I’or polyiniincs in 
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nucleic acid and protein synthesis. Thus, in peripheral 
tissues or bacteria spermidine has been shown to be 
required for optimal activity of DNA replicase, 
DNA-dependent RNA polymerase and f RNA methyl 
transferase. to overcome inhibition of ribonuclease 
by Poly A or Poly G and to stabilise ribosomes. 
Inhibition of ornithine decarboxylase in hepatoma 
cells stopped cell proliferation and the incorporation 
of thymidine into DNA and addition of putrescine. 
spermidine or spermine restored cell replication. In 
chick embryo brain, spermidine and spermine ac- 
celerated the incorporation of formate into both 
DNA and RNA and led to the formation of poly- 
ribosome aggregates [48]. Intracisternal injection of 
putrescine into rats accelerates uridine incorporation 
into RNA [57]. and spermidine and spermine in- 
creased valine incorporation into a microsomal 
fraction of rat cortex [5x]. Many observations have 
confirmed that polyaminc synthesis is accelerated in 
rapidly dividing tissues and it is now clear that blood 
polyamine levels can be used as markers of cancer 
and other proliferative disorders. 

In view of this impressive body of evidence it is not 
surprising that many attempts have been made to 
correlate changes in brain polyamine content during 
development to change in DNA or RNA content. In 
studies of developing fish [34] or rat [59] brain there 
was a good correlation between spermine and DNA 
content and between spermidine and RNA content. 
It has also been suggested that in rat cerebellum there 
is a similar developmental pattern of change in poly- 
amines and nucleic acids, especially DNA, whereas 
in cerebral cortex spermidine correlates with DNA 
and spermine with RNA [30] though this latter 
correlation was rather poor. A more detailed study 
of the regional distribution of polyamines in relation 
to that of nucleic acids again suggested a correlation 
of spermidine with RNA except in the medulla. 
spinal cord and peripheral nerve and a correlation of 
spermine with DNA, though the spermine: DNA ratio 
in the brain stem, cerebellum and cord was only half 
that in diencephalic and telencephalic structures [35]. 
It must be said that these latter ‘correlations’ are far 
from convincing and a study of several bird and mam- 
malian species subsequently failed to reveal any simple 
relationship between polyamines and nucleic acids 
[40]. To expect to find a simple numerical relation- 
ship between polyamines and nucleic acids in a 
heterogeneous organ like the brain is, on reflection, 
perhaps fatuous. 

Attempts to relate polyamine distribution to that 
of protein have been largely unsuccessful. The some- 
what tenuous relationship claimed in fish brain 
[34] was not substantiated by studies on rat brain 
[30,35]. 

Polyamines, being cationic, will bind to any acidic 
macromolecules including phospholipids. Arguably 
the most striking relationship seen in studies of the 
distribution of polyamines is that between spermidine 
and myelin. Other evidence supports this relation- 
ship. Deficiencies of spermidine are seen in the myelin- 
deficient quaking or jimpy mutant mice. In quaking 
mice the most marked deficiencies of spermidine are 
in the hind brain and spinal cord. Deficiencies in the 
jimpy mutant are less dramatic and are confined to 
the hind brain [60]. In an autoradiographic study of 

the distribution of putrescine and its metabolites in 
rat spinal nerves and ganglia it was found that the 
labelling was largeiy confined to the myelin sheath 
though this was interpreted, almost certainly errone- 
ously, as evidence for binding to a nucleic acid com- 
ponent [61]. Some binding to nuclei was also detected. 
In this study which investigated the three day period 
following putrescine administration, the label was 
present as spermidine and putrescine not as spermine. 
In brain a second [62] autoradiographic investigation 
indicated that myelin rich structures were labelled to a 
smaller extent than grey matter but since this study 
occupied a 28 day period following the administra- 
tion of putrescine the label was probably present 
mainly in spermidine and spermine. 

Sucrose density gradient centrifugation reveals 
binding of added spermidine or spermine to several 
subfractions of brain tissue but in ~rticular to the 
nuclear fraction and also to myelin and synaptosomal 
components of the crude mitochondrial fraction. In 
fractionated rat hypothalamus [63] binding of sper- 
midine to the nuclear fraction was substantial, 
accounting for some 60 per cent of the added spermi- 
dine. However, in guinea pig cortex only some 
20 per cent of added s~rmidine or spermine was 
present in the nuclear fraction, the majority being 
present in the crude mitochondrial fraction. Sub- 
fractionation of the endogenous amine content of the 
crude mitochondrial fraction revealed substantial 
binding to both myelin and synaptosomes [64]. 
Experiments using mouse cerebral hemispheres car- 
ried out in our laboratories are to a large measure in 
agreement with this finding. An interesting observa- 
tion made in guinea pig cortex [64] was that, in a 
sodium diatrizoate gradient with a balanced ionic 
composition. binding to myelin was reduced in com- 
parison with that to synaptosomes. After hypo- 
osmotic shock the polyamines were largely bound to 
membrane fragments of the synaptosomes. Whereas 
polyamines bound to myelin could be displaced by 
the addition of excess polyamine, binding to synapto- 
some membrane fragments was resistant to displace- 
ment. There was some evidence for binding of sper- 
mine to synaptic vesicles and spermine or spermidine 
have been shown to inhibit the binding of acetyl- 
choline, but not of gamma-aminobutyric acid, to 
synaptic vesicles [65]. 

NEUROPHARMACOLOGICAL PROPERTIES AND 
POSSIBLE ROLE IN CENTRAL SYNAPTIC TRANSMISSION 

It has generally been assumed that the polyamines 
have little pharmacological activity and indeed, if 
their effects on peripheral tissues are considered, this 
is so. High doses are required before responses in 
isolated tissues are observed and effects on the central 
nervous system are only produced by massive doses 
[66]. However, entry of spermidine and spermine 
into the central nervous system from the periphery 
is restricted by a barrier phenomenon [67] and if 
this is circumvented by the use of intraventricular 
injection much more dramatic responses can be 
produced. In mice putrescine had little effect unless 
it was given in very high doses, but a few micro- 
grammes of spermine or spermidine produced seda- 
tion and hypothermia lasting a few hours. Spermine, 



which was more potent than spermidinc. also pro- 
duced convulsions. These developed over ;I period of 
several hours and the animals hccame extremely 
hyperexcitablc so that convulsions wcrc prccipitntcd 
by the slightest sound or touch [68]. Similar cffccts 
were produced in rabbits by somewhat Iarpcr doses 
and in addition LI marked tachypnoca was noticed. In 
rabbits. sperminc or spermidinc given by intravcntri- 
cular iniection produce hyperglycaemia probably by 
acting on the ventral brain stem [69]. Spermidine is 
very much less active than sperminc in producing 
convulsions. but high doses produce ;I patholopiaIl 
syndrome consisting initially of ataxia which appears 
after 24 hr. but cvcntually developing over several 
days into qundriplcgia. The animals sho)v anorcsia 
and adipsia and bccomc moribund after about five 
days. This syndrome is produced by ;I focal cnccph~tlo- 
malacic lesion located in the ventral medulla and in- 
volving pyramidal tract destruction. Lesions arc also 
scattered superficially down the spinal cord [6X]. A 
subsequent investigation established that. following 
intraventricular injection. spermidinc is distributed 
by ccrcbrospinal fluid and accumulates in the lowct 
brain stem [7Ol, ;I finding consistent with the locus 
of the hyperglycaemic effect and of the Icsions. A 
plausible. though unsubstantiated. explanation of the 
IcsioninF is that metabolism to acrolein might bc 
respomablc. Whcthcr such Iesioninp bears any r&I- 
tionship to human disease remains to be cstablishcd. 

The neuropharmacolopical actions of spcrmidinc 
and especially of spcrmine raise the possibility that 
these substances may modulate or even mcdintc ccn- 
tral synaptic translnission. Possible cvideilcc of a 
modulator role is provided by the obscrvntion that 
polyamines may activate or inhibit cholincstcrasc 
[7l J hut doses id spcrininc or spermidinc sufficient 
to produce central cffccts were without cfKcuct on 
brain acetylcholine content [72] or on that of nor- 
adrenaline, dopamine, S-hydroxytryptamine or 
gamma-aminobutyric acid. 

Putrcscinc. spcrniidinc and spcrminc pcrfuscd in 
concentrations up to 10 -’ M had no effect on the 
spontaneous activity of the isolated ncrvc ring of the 
snail but gamma-aminobutyric acid was alho inactive 
1261. Marc rcccnt experiments carried out on rat and 
cat brain stem ncuroncs have shown that polyumincs 
can inllucncc ncuronal firing In these experiments 
1731 depression was the commonest response. occur- 
ring in some 35 per cent of neuroncs lcstcd. but this 
was usually rapid in onset and wiis always tcrminatcd 
rapidly. Excitation which occurred half as often. 
developed more slowly but outlasted the period of 
application and in sonic ncurones firing rcachcd three 
to five times control Icvcls. Responses to spcrmine 
and spermidinc wcrc always the same on an! one 
neurone and did not correlate with rcsponscs to 
noradrenalinc or- acctylcholinc. This suggestcs that 
responses to polyamines might bc unique to thcsc 
substances and not mediated through the qcnc!: of 
other neurohumors. Clearly. further studies arc 
appropriate. 

For many putative transmitters, density pradicnt 
centrifugation has provided useful information in 
support of a neurotransmitter role. but the prcsrncr 
of multiple binding sites for polyamincs in sub- 
fractions of brain tissue makes it certain that sccon- 

dary rcdistributioo will occur during proccsslng and 
therefore accurate intcrprctation of the results is im- 
possible. The observation that binding is influenced 
by the ionic composition of the 1nedium also compli- 
cates the issue. Unfortunately the subccllular localisa- 
lion of the synthetic en;lymcs is also of littlc help 
bccausc thcsc arc all soluble. ‘I‘hough most of the orni- 
thinc dccarbo~ylase activity and all of the S-adenosyl 
mcthionine dccarboxylasc activity present in the 
crude mitochondrial fraction is prcscnt in the syn- 
aptosomal subfraction I.271 this rcprcscnts only a 
part of the total activity. 

‘I here is 3trong cvidcncc lo suygcst that polyaminss 
arc associated with glia in that large increases in brain 
polyuminc content occur in astrocytoma tissue [h7] 
and the incrcascs in scrapic [74] have been attributed 
to astrocytc hqpertrophy. In chick brain spermidinc 
concentration peaked both during gliogcncsis and 
during neuroblast formation [Sh]. Autoradiographic 
studies have associated polyamincs with both plial 
[6l] and ncuronal [h2] clcmcnts. Some further studies 
iiivoI~iliFclcctron microscopcautoradio~raphy would 
help to clarify the position. 

Sonic years ago it was suggcslcd that polyamincs 
could be transfcrrcd from one brain repion to another 
[43] and this was substantiated by our more recent 
study !7OJ which concluded that polyumincs injected 
into the cerebral vcntriclcs arc taken up by many 
brain regions and subscqucntly released and redistri- 
buted to other regions b!: transport in ccrcbrospinal 
fluid. Although cerebrospinal fluid polyamine content 
is increased iii acute Iymphoblastic lcuke1nia 1751 
normal lcvcls arc ver! low in comparison with tissue 
concentrutionh. Rcccnt Kork using vcntriculo-cis- 
ternal perfusion indicates that spcrmidinc and sper- 
1ninc can bc cleat-cd from ccrcbrospinal fluid by an 
active transport system located in the choroid plexus 
[X1. This system had a high affinity for both spermi- 
dint (K,,$ 21 jtMl and sperniine (h’,,g 14 jtlvl) and 
spcrmidinc clearance was reduced by spcrminc and 
vice versa 4usgcst1ng lllal ;I conltnon carrier is 
operating. 

In moubc ccrcbral hcniisphcrcs ;I IOU. affinity 
uptake system for >pcrmidinc which was scnsitivc IO 
tcmpcraturc and mclabolic inhibitors and inhibited 
hy spcrminc has hcen described 1771. A similar uptake 
h!htcm for hpcr1ninc was also prcscnt. though at low 
incdium conccntr3tions this was inscnsitivc to tem- 
pcraturc or metabolic inhibitors and uptake at thcsc 
concentrations could well bc cxplaincd by binding to 
cellular coniponcnta. At low conccntrutions it was 
also> impossible lo detect ;I tcmpcralurc 5;cnsitibc 
component d uptake inlo synaptosomcs [64]. In 
reconl. as yc~ unpublished. cxpcrimcnts using rat 
cortex slices. WC have charactcriscd a temperature 
scnsitivc uptake system with a similar affinity for 
spermidinc to that found in mouse helnisphcrc slices. 
Extremely high affinity tcmpcrature inscnsitivc com- 
poncnt. probably related to binding. were also present. 
h- polyainincs were involved in central synaptic lrans- 
mission an uptake system would probably be ncccs- 
sary for removal ofrclzased polyamincs since cnzymic 
destruction. being <;o slow. could not possibly bc in- 
Vlll\Cd. 



The pol~amines in the central nervous system 5 

Axonal transport may also play a part in the distri- 
bution of polyamines. In goldfish optic nerve spermine 
is extensively trans~rted in the intact nerve but 
transport decreases in early nerve regeneration. Con- 
versley, spermidine is transported more slowly than 
spermine in intact nerve but transport increases 
during regeneration and putrescine is transported 
only in regenerating nerve [7X]. This evidence sug- 
gests that sperminc is the most likely candidate for a 
role in neurotransmjssion whereas putres~~ne and 
possibty spermidine might be more important in 
growth. Pharmacological data supports this in that 
spermine is the most. and putrescine the least. active 
of the three substances. 

There is some indirect evidence which suggests 
that polyamines may be released from cerebral cortex 
tissue in that it has been shown that the spermidine and 
spermine content of rhesus monkey motor cortex can 
be decreased by electrical stimulation [39]. Putrescine 
content was unaffected. Whereas a subsequent study 
using guinea-pigs pdiled to confirm this observation 
or to detect a reduction in cortical polyamine content 
(or for that matter g~~mrna-~minobutyri~ acid con- 
tent) foIlowin~ topical appli~~~tion of solutions rich 
in potassium, experiments recently undertaken in our 
laboratories using rabbits have detected a 10 per cent 
reduction in cortical spermidine and spcrmine con- 
tent following a five minute period of stimulation. 
Following a more subtle stimulus. supramaximal 
stimulation of the median nerve of the fore limb. a 
small but statistically insigni~cant reduction in the 
spcrmine content of the contralateral cortex was 
produced. whereas spermidine content was un- 
changed. These experiments are, to say the least, 
equivocal, but they do provide encouragement for 
further study. Clearly the more direct approach af 
measuring the released amine. rather than the amount 
remaining in the tissue, is required and such studies 
are being actively pursued in these laboratories at 
present with promising results. 

BEHA\ IOCIHAI. STUDIES 

Although polyamines in brain arc not labile their 
~on~ntratjons may be changed over a period of 
several weeks and such changes may parallel be- 
havioural change in the animal. Thus, Japanese in- 
vestigators have claimed that in mice made aggressive 
by isolation, there is an increase in brain spermidine 
content which parallels the dcvclopment of aggres- 
sion. This response does not occur in non-aggressive 
isolated mice 1[79]. Return of aggressive isolated mice 
to grouped housing. which renders them non- 
aggressive, reversed the increase in spermidine con- 
tent [80]. A small increase in brain spermme con- 
tent was reported in isolated aggressive mice but 
much larger increases were produced in animals made 
aggressive by electro-shock [79]. The same group 
have also reported regional changes in rat brain 
poiyamine content following bilateral destruction of 
the olfactory bulbs [gl]. Con~rm~~tion by other 
groups of these findings is awaited. 

Despite their long history, the attention given to 
polyamines is meagre in comparison with that lavished 

on comparable substances present in the brain. With 
the present level of specialisation in neuroscience it 
is all too easy to disregard developments which are 
not directly related to one’s own restricted sphere of 
interest. The objective of the present commentary has 
been to draw attention to these fascinating substances 
and to point out areas in which the application of 
freely available techniques should provide answers 
to important questions. 

ft is far too early to draw any firm conclusions 
about the rcile of these substances in central nervous 
function but a rcile in brain growth during early 
devclopme~~t, or following injury, seems likely. This 
r8le might be mediated by interactions with nucleic 
acids. Such a function dots not preclude other r6les 
for polyamines in the nervous system, and spermine 
is perhaps the most likely candidate for a modu~tor 
or transmitter function. It is the conviction of the 
author that further study of these amines is well 
worthwhile and his hope that this article will help to 
provide the necessary stimulus. 

I. H. Tabor vnd C. W. 1 ahor. f%~rrrrcrc,. Rer. 16. 245 (1964). 
7. E. J. Hcrbst and U. ~~l~hr~~~h. .4trtt. ,V.): .4rutl. Sci. 171, 

691 f 1970). 
3. S. S. Cohen, /~~tr.r>t/u~.rior~ /o the I’dytrrnirw.~. Prcnrice- 

Hall, New Jersey (1971). 

6. R. A. Campbell. D. R. Morris. I>. Bartos. G. D. Duvcu 
and F. Bartos. (Eds). :lt/~%untx>.s in Po/.wminr~ Rwarch 2, 

Raven. N.Y. I 197X). 
7. A. Raina and J. Jannc, M&. Rirti. ~;~l~~n~j 53. 121 (1975). 
8. G. Litwack and S. R. Rosonfield. Bicrt km. hiopkp. Rrs. 

Commw?. 52. 181 f 1973). 
9. S. R. Rutlcr and S. M. Schunberg L&* Sti. 1X. 759 (1976). 

10. T. R. Anderson and S. M. Sehnnberg, J. ~~t~~~~f~~~f~~~~. 19, 
1471 (1972). 

I I. Y. Friedman. S. Park. S. Levasseur and Cr. Burke. 
Rio&m. hiophys. Arru SW 29 1 ( 1977). 

12. II. Rachrach. Proc. IWM. Awtl Sci. I!.S..,l. 72. 3087 
(i975). 

13. S. H. Snyder. E. G. Shaskan and S. Harik, in Pohytrmirw 
in Mormd uml ~(/[~p~~~sri~. (ir(~~~~~i (Ed. D. H. Russell) p. 
199. Raven. N.Y. I 1973). 

14. 7’. R. Anderson and S. M. Schanhcrg. BiocIu,r,~. Pktrrortrt~. 
24.495 (197.5). 

1.5. L. J. Roger. Elrlr,c.rinntct~~~ 9s. 904 ( 1974). 
16. M. E. Lcwis,J. Lakshmanan, K. Nag&h. P. C. MacDon- 

nclt snd 6. Gurofl, Pnw. WIX hrtl. Sri. L’.S..-k 7s. 1021 

(197X). 
17. L. J. Roger and R. E. Fellows, F&z Prrtt. 34, 253 f 1975). 
1 X. S. R. Huller and S. M. Schanherg. Hidwm. Phtrmtrc. 24. 

191s (1975). 
19. T. A. Slotkin. C. Lnu and M. Rartolom& J. Plmrmtn. ~9s~. 

Ther. 199. 141 (1976). 
20. P. V. Thadani. C. Lau.T. A. Slotkin and S. M. Sohanberg. 

Biochcm. Phurmut~. 26, 513 (1977). 

21. P. V. Th2rdani.C. Lau.T. A. Slotkin and S. M. Schanberg, 
Nrifrctpilurnttrco;[i~l~ 16. 2X9 ( 1977). 

22. S. R. Dutlcr and S. !vt. Schanberg, I,@, 3%. 21. X77 (1977). 
23. S. R. Rutlcr. M. R. Suskind and S. M. Schanberg. Shwu. 

IV. x 199, 44s ( 197X). 
24. P. Kleihucs. K. A. Hossmann. A. Pegg K. Kobayaqhi 

and V. Zinrmermun. RI-&~ f&x 95. 61 f 1975). 



6 G. G. smw 

25. A. E. 1. Pajuncn, 0. A. Hietala. E. L. Virransalo and R. S. 
Piha, J. Ncwruwhem. 30, 281 (1978). 

26. R. M. Gould and G. A. Cottrell. Corny. Bitt&cm. P~r~si(~/. 
4sH. 591 (1976). 

27. G. L. Schmidt and G. L. Cantoni, J. Ncwrodrem. 20. 1373 
f 1973). 

29. E. G. Shasknn and J. M. Marshall, F&r f’rcw. 32. 429 
f 1973). 

30. E. G. Shaskan, J, H. Haraszi and S. H. Snyder, J. Nntro- 

53. R. A. Alarcon, Archs /lioc~h~v~r. Bicrp/t,n 137. 265 ( lY701. 
54. N. Seiler. M. W. \Siccbman, H. A. Fischer and G. Werner. 

&win Rex 28. 317(1971). 
55. N. Seilcr. NI. J. Al-Therm and K. Katuoka. .I. Nwrcr- 

dtcm. 20, 699 { 1973 1. 
56. K. Sobue and T. Nakztjima. f. !V~,~~~~~~~:~I}I. 3% 277 f 197X). 
57. A. F. Rcvnolds and D. 11. Russell. i:c& f’w. 32. JLl9 

11973). - 
5X. P. P. Giorgi, Hiodrrm. J. 126. 643 (10701. 
SY. N. Seiler and U. Lamhertv. .r. Nnrrcdwm. 24, 5 i 1975). 
60. D. H. Russell and H. Me&. J. ~~(,f{r~~~~i~)~. 6. 267 (lY75). 

L’hwn. 20. 1443 ( 1973). 61. H. A. Fischer. M. Schroder and N. Seilcr. %. %djfkwh, 

31. H. G. ~ill~~ms-Ashm~in. A. Corti and R. Tadolini. Ital. 128.393 (1972). 

J. ~~f~t.~i~~?J. 25. 5 ( 1976). h2. H. A. Fischer. H. Koor. N. Seiler irttd (;. \Vcrnw, Brrrnr 

32. J. A. Sturman. L(/i, Sci. 18,879 f 1976). Rcs. 39. 197 (lY72). 
33. A. Raina and P. Hannonen, FESS 1x//. 16. I 11971). 63. I. A. Michaelson and Ii. R. Smithson. Rioc~hcw. I’lrrrrrrw. 

34. N. Seiler and U. Lamberty, J. Neurochem. 26. 709 20.1091 (1971). 
(1973). 64. N. Seiler anti K. Deckardt. ,V~~r{~f~;,~r~,~i~. Kcs. I, 469 

35. N. Seiler and T. Sohmidt-<il~newinkol, J. ,~~,f~~~j~~if~~. I 19761. 
24.791 (197.5). 65. K. Kurivanta. E. Rohcrts and J. Vw Hrtrirr Rr,\-. 9. 231 

36. S. Ha& and-S. H. Snyder, Bruin Rex 66.328 (1974). (196X). * 
37. f% G. Shdskan, f. .~~~I~~()~~~~~. 28. 509 (1977). 66. G. G. Shaw. :lrcks iitr. P~~~~~~~I~~~IJ(~~~I. ‘f’irt;r. 19X. 36 
3X. G. G. Shaw and A. J. Pateman. J. Nrurochcvn. 20. 1225 I IY72). 

(1973). 67. L. T. Kremzner. R. E. Rarrctt and M. J. Tcrrnno. ,lirrr. 

39. 

40. 

41. 

47. 

43. 

44. 

45. 

46. 

47. 

4x. 

49. 
SO. 

51. 

53. 

D. H. Russell. E. Gfeller. L. J. Marton and S. Le Gcndre. %. 1: :lcctd. sci. 171. 73s (1970). 
jI. ~~*c~r[~bj~~~. 5. 349 (1974). 6X. I). J. .Andrrson. .I. Crossland and G. (;. Sh;tn-. .‘Vrtow- 
N. Seiler and U. Lambcrty. Cornp. Bicwham. Phrsiol. phrrinfrrr.olr~~/~ 14, S? I ( I Y75i. 
52R. 419 (1975). 69. D. J. Anderson and Ii. G. Shaw, I&. .I. f’hwmw. 52. 205 
H. Shimiru. Y. Kakimolo and 1. Sane. J. ~~i~r~~ili~. exp. t 19741. 
7‘iter. 143. I99 i 1964). 71). C. A. Halliday and G. G. Shaw. .I. .Veuro&m. 26. I IYY 
D. H. Russell. ‘V. J.‘Medina and S. H. Snyder. J. hiol. 
C’hert,. 245. 6732 ( 1970). 
E. G. Shaskan and S. H. Snyder. J. .~~u~~J~/r[~f~i. 20. 1453 

I I Y73f. 

T. L. Perry. S. Hansen and M. Kloster. J. ~V~~~~rf?~~~~. 
19. 1395 (1972). 

71. 

72. 
73. 

74. 

(107hl. 
R. Anand. M. G. <iore and G. A. Korkut. ,1. N~wrdwm. 

27,381 t 19761. 

Y. Kakimoto and T. Nakajima. J. hi&. C!wrn. 244.6003 
IlY69). 

7s. 

76. 

P. P. Giorgi. F. .I. Field and G. Jnyw. .t. !V(*~~r~)(,~r(‘f}l. 19, 
255 (1973). 

N, Imaoka and Y. Matsuoka. J. Neurrwhcw~. 22. X59 

(IY74). 
B. W. Lines and D. R. Morris. Bi~)~~ti~~f. hioph_w Adu 

228.223 (1971). 
C. M. Calderara, M. S. Morruzzi, C. Rossoni and 13. 
Harhiroli. J. N~~~~r~~c,~z~~i. 16, 309 (1969). 
T. Nakajima. J. N~~rl~~h~~z. 20, 735 (1973). 
1.. T. Kremzncr. J. M. Hiller and E. J. Simon. J. Nvwo- 

c~hrm. 2s. xx9 ( 1975). 

77. 

7x. 

0. M. Rcnnert. I). I.. Lawson. .I. R. Sbukla and ‘1’. II. 
Mialc. Clinicrc c~hint. ;lvrtr 75. 365 ( 19771. 
C. A. Halliday and G. G. Shaw. J. ~V~~I(r~~(.~z~~~z. 39. 807 

I lY7X). 
A. J. Patcman and Ci. (i. Sha\\. J. Newuchrm. 25. 331 

i 197% 
1\;. X. Ingoglia. J. A. Sturman and R. A. Fisner. Brctiri 
Rrs. 130. 433 (1977). 

79. 

C. A. Hallidav and G. G. Shaw. J. Nawo~kcw. 26. 1199 
11976). _r 

T. Tadano. M. Onoki and K. Kisora. /:r~ritr phcrrnrrw.,~trp. 

70,9 11974). 

J. A. Sturman. N. A. Ingoglia and T. D. Lindquist. r.Qh 
SC+. 19. 719 flY7hl. 

80. 
Xl. 

7‘. Tadano, I:‘o/itr p/~~rr~i~~f~.. jq. 70, 457 ( lY741. 
T. Sakurada, M. lmai. T. Tadann and K. Kisxa. J(rp. .I. 
Phtrrnrrrc. 26. 509 I lC)MI. 


