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J Effect of Lithium on Aggression, Mania- and Permselective Membranes

The effect of lithium ions on behaviour has been estab- slightly impeded when Li + is substituted for Na + in the

lished beyond doubt during the last decade• Lithflma ions external solution around an axon :s, the recovery period
reduce aggressive behaviour in fish and rodents 1,2 and after spiking is 10-25 times longer in I.i + than in Na +
have been effective in the treatment of human mania 3-e solutions and it blocks impulse transmission in glan-
and beside this sometimes even of human depression 7-1°. glia _9.2°. The simple ionic combination of Li + with phos-

Some b_chemical reactions influenced by lithium have phate sites in the p hdspholipid membrane is probably
been disch_sed in a review n, such as inhibition of carbo- dependent on the of phospholipid. One would

1o 18
hvdrate trkt_sport -' and influence on cvchc AMP assume that aci lipids like phosphatidic acid, phos-

n:etabolisml_nd on the combined effect with dopamine phatid?q-inos: or phosphatidyl-serine combine more
and vanillyl n_delic acid _5. Itowever, the impression strongly than the amphoteric species lecithin and

remained that a l_sic link is still missing in the explana- phosph_ q-ethanolamine in which the phosphate can

lion of the physiolo_cal effect of lithium ions H. be to ammonium or amino groups. This could
Behaviour is contiN lled bv the nervous system. The parts and actions of ti:e neuron to be

excitation wave aloe neurons and synaptic trans- by Li+ to a different extent. But it seems very

mission takes place and across the membranes of :that Li + increases the electric resistance of some
neuron and synapsis. It therefore be pertinent nerve membranes in the same way as it increases the
the lithium ion also has effect on certain ' resistance of our artificial membrane, and that nerve

permselectiven:embranes .lnsomerespectsrese membranes which become sluggish in their electro-
neural membranes and may serve a: physiological behaviour ultimately also reduce more

simplified model, violent psychological effects.
Permselective membranes )assage

of anions or cations according to ionic Zusammen/assung. Nachweis, dass Li+-Ionen den

groups within them are positively ly charged, elektrischen \Viderstand yon permselektiven Membranen,
Such membranes inade of polyethyle )sphonic acid welche Phosphatgruppen enthalten, stark erh6hen. Die
increase their resistance from a few ohn: _er cm-* to some beruhigende XVirkung der Li+-Ionen bei psychischen

100,000 ohms when the?" are }m an alkaline St6rungen k6nnte damit zusammenhS.ngen.
into an acid solution. However, th_ is also

increased a 1000 fold in the even D. KERTESZ and F. DE KGR6SY

in 1 N LiOH which is strongly 1_, 17. phos-

phonic acid content determines l_v in which Division o/ Chemistry, Negev Institute [or Arid Zone

pit range resistance changes n#st quicldv _H. The Research, Beer Sheva (Israel), 2 May 1972.

strongest pH dependence isj6ften in tl{e i_ogical
range of about pH 7. ]" _k

The explanation of the fie phenomena is as folI_ws:

Phosphonic acids graduil_ly -deionize in acid meatus. : M. L. "_VEIsCItER,Psychophartnacologia /5,245 (1969).
..... • ,_t_ : ___,,_.__ __ter and this is tke 2 M H SttEARD Nature LOn(1 zz6, ,tti°r [l_lu].k onsequentlv :nev also lose sxvellln o "it ells 1s ElSe .... , " ", "

- - ' a F J C_.DE Medt Austr 2 349 (1949)
reason that the numbelof aqueons channels across th_k J ....... " "-" " " , : ............

• -- " '* -- ,eoe X_?'_tIK 4 S GERSIION and A. YUV¢ILER Neuropsycmatrla /, zav _lvuvl.
inembrane and hence," tne conauctlvttv flecreases, we _ " . , .,. '. _ _ .......

¢ d _T,l+ _-h_n _5 3[. SCIiOU_ li2 A_l[ltggpYgSSa*l_ LJrig_S (LOS. _. LtARATTIN1 ann
found that tl-ese membranes are more open to Na than _I N G DUKES' Exeer ta Mediea Foundation Amsterda n i967)

to I(+ iu acid and n0'utral PH ranges le. This nle_i_ls _.@ I_ _'80 ..... P "
the size of the unh#drated ion determines permeabilit}_, *._. H. SHEARD, Nature, Lend. 230, 113 (1971).
in this domain. To Eonfirm this conclusion we also used 7 I_LBAAsTPOUp and .M. ScHou, Arch. gen. Psychiat. 16, 162 (1967).

Li+, as the smalles_iatkali ion. Surprisingly, it was found _ T_F REVEand S. R. I'LaTINAU,.'kIn.fl. Ps}.'chiat. Ig2_, 48_29_8) ,,
to 'close' the naem:brane similarly to H +, but even in 9 F. K_GooDWIN, D. L. MURPHY and _. lz. bU, . J .,, • g- -

strongly alkaline solutions. This must mean that the _0 Ps:chN',21'486(1969)'o,t Printin Omce Xatioml Clearin
•+. • n A A TOZZl U. S. G ". g , _, gsmall L_ :on _s attracted so stronglv by the phosphanate _0 A:..:_:, 0_.. ',_ ....................

• -_ - -. • .- . _, • • _" "_ " - • _• _ HOllSe oI_t_MelltaI .-lealtll, llllOrrllaL1oYt .NO. _u._b _i'JlIJ].
:on rnat _ loses its null oi nv:,.ate water moteclHes ana n I 1_ PEARSON and F A JENNER Nature, Lend. 232, 532 (1971).
becomes attached to the phosphonate ions. The latter are :2 C. BATTACIIARYA Biochim. biophys. Acta 135, 466 (1971).
thus deionised, and also lose their hvdration water, so that :_ J. BOSACKoVA and B. K. CRANE, Biochim. biophys. Acts 102,

the membrane shrinks and its conductivity decreases 423 (1965).

strongly. It should be remembered that inorganic LiaPO , 14 T. DovsA and O. HECtVrER, Life Sci. 9, 765 (1970).
is also slightly soluble in water. 1_ F. S..MESSiHA, D. AOALLIANOSand C. CLOWER, Nature, Lend.

The physiological membranes which surround neurons _ 225, 868 (1970).

and are responsible for their excitability always contain _ D. KERTg"SZand F. t)E K6R6Sr, Israel J. Chem. 6, 103 (1968).- D. KER1'ESZ, F. DE I,:6R6SY and E. ?;P:IGERSON, Desalination 2,
phosphate groups bound in their phospholipids. It seems 161 (1967).
more than probable that so:he of these phosphate groups _ E. OVERTON, Pflfigers Arch. ges. Physk)l. 92, 346 (1902).
react with Li + similarly to the phosphouate groups of our _9 R. D. I(EYNES and R. C. S,VAN, J. Physiol. Lend. 1,f7, 591 (1959).

artificial memblanes. Although spildng of nerves is only _0 R. D. KE','NES and 1.'..C. S;V;,N, J. Physiol. 1"17, 626 (1959).

Experientia (Basel) 28, 133B-1340 (1972). LSD 2353

LSD Effects on Signal-to-Noise Ratio and Lateralization of Visual Cortex and Lateral Geniculate

During Photic Stimulation

Signal-to-nc, ise ratios and modulation period changes lateral photic stinmlation. More recently this author _
of visual cortex and lateral gcniculate body have been postulated, on the same experimental grounds, that the

described by Tm,:HUB _,_, during contralateral and ipsi- brain functions as a coherent signal detecte.r.
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Table I. Signal characteristics during contra, ipsi, bilateral photic stimulation at 12 e/see

Cerebralstructure BeforeLSD FollowingLSD

S'/N SIN S"_/N2 S'/N SIN S2/N2

RGB
Contra 1.04 0.04 0.0016 1.17 0.17 0.0289

Ipsi 0.91 --0.09 0.008l 1.07 0.07 0.0049
Bi 0.99 --0.01 0.0001 1.18 0.18 0.0324

LGB
Contra 1.08 0.08 0.0064 1.78• 0.78 0.6080

Ipsi 1.04 0.04 0.0016 1.04 0.04 0.0016
Bi 0.93 --0.07 0.0049 1.37 • 0.37 0.1370

LCtx
Contra 0.95 --0.05 0.0025 1.55 • 0.55 0.3000
Ipsi 0.97 -- 0.03 0.0009 "1.05 0.05 0.0025
Bi 0.76 --0.24 0.0580 1.86 • 0.86 0.7400

S/N, signal-to-noise ratio; S2]N_, signal-to-noise power ratio. Cerebral structures: right (RGB) and left (LGB) lateral geniculate bodies, left
visual cortex (LCtx). • p < 0.01, as compared with 'before LSD' S'[N mean value (t-test).

Previously one of us (ETEVENON 4-6) investigated on Following LSD administration, the signal-to-noise ratio

rabbits the effects of photic stimuli presented contralat- as well as the signal-to-noise power ratio increase during

erally, ipsilaterally or bilaterally and the changes observed contra and bilateral stimulation for RGB, LGB and LCtx
after administration of lysergamide 4,5 (LSD-25, 5 y/kg, structures (Table I). Furthermore, the relative ratio R

i.v.), D-amphetamine sulphate 6 (1 mg/kg, i.v.) or pento- (contra/ipsi) between signal-to-noise power ratios is in-
barbital 6 (3 mg/kg, i.v.), creased more than 50 times following LSD (Table II). We

2_Iethods. Photic stimulation was delivered via fiber observed a discrepancy between right and left responses

optics and hemispheric goggles. Unfiltered tungsten light to contralateral stimulation. In 80% of the rabbits after

sources (4 mW; 430 ft.-candles) were interrupted by contralateral stimulation, the left response was greater
mechanical shutters triggered by a Grass stimulator S 4 at than the right response and this was reversed for 20% of

the chosen frequency (3; 7 or 12 c/see). The integrated- the animals. The relative ratio LGB/RGB, between S/N

raw EEGs were computed for right and left geniculate values, doubles after contralateral stinmlation before LSD
bodies (RGI3, LGB) and right and left visual cortices and increases 2.3 times more after LSD. A 'lateralization

(RCtx, LCtx). The 20 sec integrated EEG preceding each index' may also be expressed by the ratios LGB/RGB and

stimulation was taken as a control period (N) for the LCtx/RGB between R values and indicated avery marked

following 20 see stimulation period (S'). The following increase following LSD administration (Table II).
results are based on 10 acute experiments with curarized Discussion. The homolateral non-decussating fibers in

rabbits placed under artificial respiration, rabbits are estimated to 1°o (SMYTHE 7, POLYAKS). The

Results. Mean ratios of S'/N were computed. Student's relative ratio 1_ has been theoretically related to the 10%
t-test 'following vs. before LSD' reveals significant chan- uncrossed optic nerve fibers in the rat (TREHUB2). The

ges after LSD, during contralateral and bilateral stinmla- range of 1{ values before LSD is consistent with the above

tion (Table I). The control period N was taken as noise hypothesis (Table II). Furthermore, a specific lateraliza-

and the signal S evaluated by the difference between S' tion seems to modulate the contralateral effect. Following

and N. Values of signal-to-noise ratio (S/N is equal to LSD, contralateral stimulation increases signal-to-noise
S'/N minus 1) and signal-to-noise power ratio (S2/N 2 is values as well as lateralization index. After contralateral
S/N squared) were computed (TREHUB'-') with the relative stilnulation, amphetamine increases also the lateraliza-

signal-to-noise power ratio (R) for contralateral vs. ipsi- tion of visual areas, whereas pentobarbital decreases it
lateral stimulation (Table II). towards control prestimulation values and ipsilateral

stimulation effects e. Despite the fact that we have not

used filtered EEG (through a narrow band-pass filter

centered on the stimulation trequency), but raw EEG
Table II. Relative ratios R between signal-to-noise power ratios, for before integration, our results are coherent with TREHUB'S

contralateral vs. ipsilateral stimulation results and such technique appears to be valuable in
studying drug-effects.

Cerebral structure R = (S_/N2h/(S2/N2) z Contra = 1;
Ipsi = 2

i A. TREHb'_, Biophys. J. 9, 965 (1969).
Before LSD Following LSD 2 A. TRErtU_, FEG clin. Neurophysiol. 30, 113 {1971).

s A. TREm_B, Science, 17_I,4010, 722 (1971).
4 p. R. ETEVENO._', Proe. 2nd. Intern. Biophysics Congr, Vienna,

RGB 0.2 5.9 Austria(1966).
LGB 4.0 380.0 5 p. R. ETEVENON,Revue Mdd. adronaut., Paris 21, 35 (1967).

LCtx 2.8 120.0 6 p. R. E'rEVENOY, C. r. 'Acad. Sci., Paris 265, 885 (1967).
Lateralization _ R. H. S._tVTnE, A nimal Vision (C. C. Thomas Publisher, Spring-
LGB[RGB 20.0 64.0 field, I11. 1961).
LCtx/RGB 14.0 20.3 a S. POLVAK, The Vertebrate l'isual System (Unix'. Chicago Press,

1957).
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After LSD 9, the observed decrease in mean EEG in- Rdsumd. L'administration de LSD augmente les effets

tegrated values (proportional to the standard-deviation de la stimulation contralat6rale, la lat6ralisation et le
of EEG over the 20 see integration epoch) and in variabil- rapport signal-sur-bruit. Ces r6sultats sent en accord avec

it 3" coefficient computed between integrated values (in- le mod_le de fonctionnement cdrdbral consid6rd comme
verselv proportional to the signal-to-noise ratio _°) con- un ddtecteur cohdrent en parall61e.

firms the present findings of signal-to-noise increase. This

would indicate not only an increase in signal effects, P. ETEVENON and J. R. BOISSlER
especially during contralateral stimulation, but also a
decrease in background EEG activity taken as a noise

indicator. Unitd de Recherche de Neuropsychopharmacologie,
INSER_I

* L. GOLDSTEXNand R. A. BECK, Int. Rev. Neurobiol. 8, 265 (1965). 2, rue d'Aldsia,
_0 p. R. ETEVENOS, G. GUILLON, J. R. BmSSIER, Agressologie, 10, 641 F-75 Paris ld e (France),

(1969). 20 January 1972.

The Role of Melanoblasts in Melanophore Pattern Polymorphism of Xiphophorus (Pisces, Poeciliidae)

Species and species hybrids in the genus Xiphophorus melanoma or premelanoma bearing animals (see 12, 13
(which includes Platypoecilus) may develop pigment cell in the Table). From these counts there seems to be no

patterns, which consist of extremely varied numbers of correlation between the number of detectable melano-

macromelanophores. These' can be correlated to the blasts and the melanophore promoting constitution of a
genetic constitution of an anilnaH,_. Since melano- genotype, the degree of which is indicated by more or less
phores 3, _ and melanocytes _ are rarely, if ever, observed extended melanophore concentrations.

in division stages, one must suppose that genes influenc- Additional results nmst be taken into consideration for
ing melanophore numbers act at an earlier level of pig- cases of lower maxima (see 4, 7-9, 15 in the Table), which
ment cell differentiation. Therefore, melanoblast _ den- seem not to agree with this general conclusion. Actually,

sities in adult animals of diverse genotypes 5 from pure all numbers given have to be regarded as minimal counts

species and from species crosses have been studied. For only.

practical reasons, counts were restricted to melanoblasts

which are attached to scales. Because of the heterogeneity x Review F. A._DERS, Experientia 23, 1 (1967).
of distribution, only maxima e and minima s are given in 2 C. D. ZANDER, Mitt. Hamburg. Zool. Mus. Inst. 66, 241 (1969).
the Table. s Discrimination between nficro- and macromelanophores is not

The relationship between genotypes and melanoblast necessary, when used in this context. See C. BECKER-CARUS,
densities is considered based at first on the inaximal Sber. Ges. naturf. Freunde Berl., N. F. 5, 136 (1965).
values, since it has been determined that average num- 4 Nomenclature from A. LEVENE, V. J..McGOVERN, Y. MISHIMA

bers for whole animals generally approach them. Densities and A. a. OETTLE, in Structure and Control o] the Mclanocyte

of about 200 melanoblasts per mm 2 (Figure 1) are found (Ed. G. DELLA PORTA and O. M(?HLBOCK; Springer-Verlag, Berlin,
in members of pure species (see 1-3, 5, 6, 10, 11 in the Heidelberg, New York 1966}, p. 1.

s \Ve are greatly indebted to Miss K. KLINKE for providing us with
Table) as well as in hybrids of different genotypes (see fish specimens.
12-14, 16-18 in the Table). The phenotypes within this 6 Maxima are normally found in the ventral ridge, the back beneath
group vary extremely, from animals bearing no macro- the dorsal fin and the throat. Minima often occur in the region of

melanophore spots (see 1, 3, 14, 17 in the Table) to the middle line.

L. _., ,,.* • • "*'_
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Fig. l. Dense concentration of melanoblasts (approximately 200_ Fig. 2. Part of a scale of A'. helleri before (left) and after Dopa incu-
lmu _) on scales in situ covering the belly of an adult X. helh:ri/ bation (right). 2 melanoblasts have been stained, 2 other ones
maculatus hybrid, l,'ach small dot represents one melanoblast (see (arrow) have remained colourless. Interference contrast, × 900.
insert), except in single eases of very small mehmophores. (The whole
fish was fixed n at 4°C for 2 h and rinsed thoroughly overnight.
Dopa incubati6n xl was done for 5-6 h with one change of solution
after 1-2 h). × 20;.insert ×650.


