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198R.-Two c:iscs of 1ium:in.intoxic:ition carrsccl hy the lyophili7cd powder of Lissoclinttm bisrmrtrm 
Sluilcr, :I Ncw Calcdnnian ascidian, iirc rcporlcd. Tlle symptoms ohserveti wsrc c:iiiscd hy a 
srrhslíincc designalcd histramidc A (C,o14ARN,0R),of hitherto iinknown chernichl stritcturc. Prelimin- 
ary loxicolog¡cal invcsligations indicntv thnt histramidc A may:elfccl the central nervnirs systcm, 
Icíiding to p:ircsihcsia and loss of musclc Ionc. A progrcssivc dccrcasc in cardiac rhythm was also 
ohscrvcd in animíils. Ristríimidc A ( I  .4 x 10 M) did not :iller !he rcsting potcn1i:il or frog hear1 
:ihd skclctal nirisclc hilt rcditccd Ihr amp!ilildc and duration of cardiac aclion polcntial ant1 
prolnggcd thc intcrval hclwccn iiction potcnli:ils. l3islra"m¡tle,A also has a markccl cytotoxic clfcct on 
canccrwlls K R (1~!~ ,=4 .5  x 10 A M) and P 388 (if-w= 2.0 x I0 M) and on normal cndothcli:il cclls 
(ic,,=?.ZX I0 R'M).'lb.vcvcr. i t  lias not. hccn pnssihlc In rclatc the cybloxic property In thc 
syniplnmc of intoxication. Ristrírtnidc A may originatcl from thc c1rochord:rtc jtsclf nr rrom 
sytn hint ic :IIF:IC, 

LissruYirrrcrri /*is/rtrrrtnt Sluilcr: isoliitiar iind' preliminary cl?;iractcrizaiion. To,vicoft 26. F I 129- 1 136. 

A FIW tiiinuks after handling the lyophilizcd powder or :I New Caledonia ascidian. 
I .  i.vsoc*lirI io) I his I rut I .  SI II i t c r , :I 1 a bora tor y work c r c 2: pc r i cn ccd symptoms of i n to x i ca t i  on . 
Thcsc saine erects. fclt to a lcsscr dcgrcc by a scc,ond pcrson in thc same room. wcrc, 
dcscribcd as being Ilikc a statc of shock. í i t  first, rollowed by paralysis or numbness around 
the inouth and licavincss, in the limbs". As no chemical or pharmacological study had bccn 
carricd ou t  on this urochordíitc. this cxpcriency Icd lis to isolatc thc subst$ncc rcsponsiplc', 
for thc itltoxicirtion and thcn to,study i t  toxicologically and to search for thk possible origin ' 

of thc toxin (urochordatc itsclf or  symbiotic algac). 
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MÁTKRIA'LS A N D  METlIO1)S 
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/ . W / ~ ~ i í J l l  t l /  rirc fo .y j i i  
S:implcs of Lissrditittirr hkfrtmtr~t Sliiitcr W C I .  collcclcd ncar 1 IA islct in New Cilcdnnia. in Fchrriary 19x6 hy 

tliifcrs of ORSTOM Noiimk:i. Spccinlcns wcrc idcntificd hy Dr 1;. Monnint (Mrisi.um National d'l-lisloirc 
Nitwcllc. Elris) who kcpt one samplc. The animals wcrc immcdiatcly frozen at - 20°C and lyophilizcd. 
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Toxin iilways lncnlizcd in Y fractinns. 
Chromtrtcqmphy I: ph:isc ." Silicngcl-60 7012(KI lini . . fim g: 

solvents ...- ElOAc: fractinn A (4  litrcs): r rxt inn 11 f7'litrcs): McOl 1: 
friiction C (2 litrcs). 

C1irnni:itoaraphy ?: dh;isc . Siliciipcl-fill 40:70 itin . 4110 p: 
solvcnts .:- !:*OAc: fr:iclinn A (4 litrcsl: frwticrii I3 (h litrcsl: 
hlcOl I :  rrrictcon C' f,? litrcs). 

<'hromatngriiphy 3: I pliasc .- I.ichrnprcp*-tlinl 3 / 4 0  lini 
3tMl g: solvents tt-hcxnnclEtOAc ( 5 5 ) :  fr:icticw A f I .Z  lilrcs): 

fr:iction R (4 litrcs): RtOAc: fraction C ( I  litrcl. , .  
, .  , "  8 ,  

In cirdcr 16 tlctcrininc tlic toxicity. :i. rractinn c i l '  :hc powtlcr was cxtritctcd scpaTatclv rising w:itcr. iilcolinl iind 
t1iclilvromcth:inc solvcnts: thc tlichlcirnmcthnnc cxtracl wris morc toxic. Tlic lynphilizccl powdcr ( 2 . 5  kp: 4?"% irr  
.Ilic fresh weight) was rtirrctl s i i  times in IOlitcrs or dichlnrnmcthnnc (CH~CI:) at 2O.C. This soliitinn was 
conccntr:ilccl.in :i rnl;iry cwipvriitor iintlcr rctliicccl prcsscirc :il 3 l W  t i t  irhtain :I viscniis cxtriict I 10 g: 0.7f3"4 nf thc 
dry wight) .  Thin4:iycr cliriimrilnpraphy of this cxlriicl on silica-gcl pl:itcz with cthylncct:itc/propnnol-? (9: 1 ,  v!v) 
rhoiwtl :in inlcnsc spot IR, 0.2) iintlcr 1i.v. light :il 254 nm and withsitlhtric iicid spray. This cx1r:icl W:IC clulccl on ;i 
cliroinntngraph (Prcp:tmiilic 1,;C-L Jtrhin-Yvon:.ri.v. 254 nm dctcctioiil rising tlic rol lowin~ phnscs: silica-gcl-fiO 
70:2n0pm nnd 40/701tm with cthyl ncctatc and thcn I,ichroprcp~;:clinl 25/4o~tm (Mcrck) with n-hcx:inc/ethyl 
iicctiite ( 5 : s .  viv) (Tahlc I ) .  

Thc piiritv nT thc toxin was checked hy 14PIJ.' (IJW C'nnst:inirtric 111. ERC: 7Sln liRMA OPTICAI, R I  
clclrcli*r) on S Irm I~liliar Lichrnsnrh" columns (Mcrck): diol with n-licx:inc,/clhyl acct:iic (ffi:40. vlv): S i 4 0  witli 
iliclilnronicth:inc/mctliiinnl (979. viv): ancl RP,. witti mclli:tnol/w:ilcr (75:2S. viv). 

1;:mt ritom homhrirdmcnt mass spcctrii of histramidc A wcrc ohtaincd on  :I Kratns MS-50 diiiihlc-fwiisinp m:iw 
zpccirnmctcr. Thc simplcs wcrc tlissolvcd in thioglyccrol. and II smrill tlr,np nT tlic saniplc solirticiii was placctl on 
tlic copfer lnrgcl or lhe VAß tlircct inscrtion prcrbk. Tlic snmplc wiis homhnrdcd with R kcV xcnim ritoms. iind thc 
ions prcrluccd wcrc accdcrntcd through R kV. hihigh rcscilution mass spctr t im was recorded on il Kratns MS-50 
hy irsing il dircc? inscrtion prohc in thc followink ccmditian:: ionizing cncrgy 70cV. accclcrkting pi9lcnti:il R kv. 
m i r c c  tcmpcr:ihirc 250'C (,~Iicniicril' ioni7.lion m:iss spcctra (Ni l , )  wcrc rccortlccl nn a Rihcrmag R I0-ln 
fcomhinctl with a R i h q  400 data syqtcm mass spctrnmctcr at 70cV hy iisinp c1ircc.t inscrtipn). 

'II-NMR cxpcrinicnts wcrc pcrrnrniccl o n  ;i,s:irhplc cnnt;iining 12 mg of hislrnmiclc A iii 0.S ml nTCDC'I, iisiiip 
TMS :is internal rcrcrcncc. All flic N M K  cpcctr:t wcrc rccordcd nn a:ßritkcr AM 4CI(),u%lc horc spcclrirmrlcr 
crycríiling at 40o.I!4 and 100.h14 M11z Tor I11 and 'C ohscrvntiniis rcspclivcly. All spcctm wcrc :icqiiirctl iisinp :i 
5 mm il .l/'"C eluiil tunctl prcrhc. Tcmpcratrirc was rcgiiliitcd at 25'C.' 

Anrino iicitl iiniilysiu wiis donc with a ßcckmiinn typc 1 I9 CI, iccitd~innlyscr. A small amniint nf histrnmidc A W:IS 

hytlriilysctl cisinp IIC'I at 1 In"<' for 24 hr in a scnlctl ll:isk. Aftcr 1ycipliilir:itinn. this h~drnlyq:itc \v:isdiwlvrcl in ;I 
hiifl'cr soliitinh with nnrlciicin ;is internal stant1:i.d. Rcactinn of :imim* functions witti ninhydiin W:IS irscd for fhc 
tlctcctinn. 

~ 

7 i l  rknlvgkd srrtrlr 
/Ic.ttrr In.uicif.t- fJn Siii.w. ntn/C'micc ( 2 0 j 5  a) .  Exlriicls wcrc injcclrct i.p. into micc in thc'fnllnwing condilinnr: 

rwtcr cxlrítcf up ln 20 mp/kg qf hotly wcipht: :ilcohol cxlrnct in :in :ilcohnl trimcthylcric glycol solution ( I : > ,  VI'V) 

prcparcd a l  a concentration or 4mg/ml nnd' injcctcd in a dosc of lip to 20mg/kg or hody wcipht: Jntl 
clicliloromc,thanc extract in H tlimcthylculfoxidc (I)MSO)-.II,O mixtcirc I l:4. v/v) at 2 mglm1 up to IOmglkp nr 
hndy wcipht. Asscssmcnt nf t h w  of thc toxin hy ¡,p. injcclion wns :wording In thc m c t h d  cif Lt~(~it:i . i)  iind 
WIiX'OXON (1949)- Thc.tnxin was adminidtcrcdi lo fivc micc in c:ich groiip in :i 1:9 Iv/v) DMSO 4.{$ soliition 
(0.1. mplnil) at doscs of0.5; I. 1.5. 2 
injcctcd into a cnntrnl group. 

Prclin~innry /n.riro/ngicd ,wrc tv th i~  !in r o & t t / ~ .  Prcliminnry vrccning whs.prrnrmct1 on the toxin using ihrcc 
:mimals of onc spccics (cithcr niiilc Wistrir <'f riilsa Swiss m:ilc inicc. nr r;ihhits) pcr tczl. Ancdhcsin. whrn 
pcrfnnncd (SCC hclnw). was hy i.m. injcction r kctnminc 175 mg/kp (Kctalarn. Pnrkc-Davi<. 50 mp!inl). 1-nc:iI 
iincslhctic nctivity (RI:I;NIT.R. 1020) was dctcr x, ince1 hy administc:rinp the toxin in Ihrcc drops or 2.5 mplml 
DMS0-1~1~0 solution (1:9, v/v) pl:iccd on thc rahhit cornca iintl hy intriiclcrmnl injcctinn in :I DMSO 1 1 . 0  

;kg or hotly wciglrt. :intl a DMSO . 1 1 ? 0  solution f1:4. v/v) W S  
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stdulion fl:4, v/v) a l  doscs of 2 and ZOmg/kg of hody wcighf in tats (2SOf20e) (MACK and NSLSON. IW.3). 
.hnalgcsic activity according to the tail-flick method (D'AMOIIR and SMITH, 19411 was dctcrmincd in T ? ~ S  

"I) hy ¡.p. in.icction in a,DMSO7H,O solution (l:9. v/v) at doscs 6f 1 antl 2mg!kp of hody wcipht. 
Paralyzihg curar i fqm activity w'as tcstcd on an ancsthctizcd rat (250f 20 i) ,sciatic nervc pastrocncmiris 
p r c p a r a h n  (PRESTON snd VAN MAXNI:N. 1453). Thc ncrvc. discngagcd hut lcft intact h l  .ritet was siimrrlalcd 
clcctrically. Thc  contractions of gaslrocncmius muscle were rccordcd aftcr i.v,.injcction at a dose of 5 mg!kg of 
hody wcight. Elccttocardiograms wcre made on anesthetizcd mice (2Of 5 g) and rats (2SO-f. 20 p) hcforc and aficr 
administration of the suhstatlcc hy i.p. injectinn in :I DMSO-FI,O solution (S:95, v/v) at  a dose of 2 mg/kg o f  hndy 
wcighl:FIcniatograhs and blood gas lcvclswcrc measrireil in aneslhctizcd rats (250* 20 g) 15 min and 30 min nficr 
i.p. injection of a DMSO-HJI solution of the toxin (l:9, './VI at a dose of I ,  IO and 20 mglkg o f  body wcighi. ' ' 

E l c c f r o ~ % ? . s i o l ~ g i ~ ~ ~ /  stirdirs. Expcrimcnts wcrc pcrformcd on wholc clcnncd frog sartorius musclc isolatcd rrnm 
the Icg and hn a spontancobsly heating alriun. isolated from lhe sino-atrial region of thc hcart o f  Rnno rsrtrktttn. 
Transniem6rane resting and action potentials were rechrdcd with glass r&todlcclrodcs f 15-25 MR; tip polcn- 
lial S k.3 mv) fillcd with 3 M KCI and connected to a d i h e n t i a l  vnltnpc follower hy hyhrid Ag. AgC'I. pl:itiniim 
hlack clcctrodcs (SA~JVIAT and FBUVRAY. 1386). Thcsc polcntials wcrc displayed on an oscilloscope (Tcktro- 
nic 51 101 and photographcd f w  analysis on an IFELEC X-Y plottcr. Rcsulis arc'cxprcsscd as mcan valr~cs o f  In) 
ckpcrimcntsiS.E. Thc c,nmposition of thc stavdard Ringcr solution was (mM): NaCI. 110.5; KCI, 2.5; CaCI,. 2; 
llcpcs h u l k .  5: pH, 7.2. Toxin was dclutcd rt  1 mg/ml in .DMSO or  in clhanot and siorcd at 4°C. The cnntrol 
solritioh thus contained the same nmoiint of  solvcnt as thc toxin solution. 

Ci*/.o!osicif,v ~ n : ~ " m a l i r ~ n  ec/k. Ttsls on Kd and P 3RR canccr ccll straink'wcrc performed according to the 
NCI protocol (GIJERAN cf d.. 1972). The cdnccntration for 50"A inhibition ofccll.grow\h (ICJ was risctl to cxprcss 
cylotoxic aciivity. Endothclial cells wcrc taken from human.umhilical cord iind m:iinlaincd in v i m  in crrliurc with 
RPMl 1640 mcdirim. .For thc test. cells were distributcd in microwells .(7 x IO5 cclls/ml). :tnd thc toxin was 
incorporated immediately into DMSO solution. Each conccntration was tcstcd twicc. and :I cnntrnl DMSO w:\c 
donc c:ich timc. (*cl1 growth (irw) was calculatcd hy colorinktry aftcr 72 hr incuhntion :II 37.C. Thc rcdriclinn of 
3-~4.~-tlimcthylthiazol-2-yll-2.S-cliphcnyl tetrazolium hromidc (M.T.T.) added in microwclls Icd. nflcr 4 hr. to 
formation of  violcl cryslnls dissolved in propyl chloridc (MOSMANN. 1983). IC.;" is cxprcssed as thc mcan V : I I I I C  of ' 

scvcn ëxpcrimcnts* S.E. 
Toxici!,v on ollirr nrgctni.tms. Gram-ncpativc hacteria teslcd included ,!&hcric./tin mli (four strains), h'lc~hsirlln 

pirimioninr (threc strains), Morgrmr//rr tmrgmrii, Profecr.i nrirnhilis (four strains). Promm wt/gnri,Y, P.rrtrr/rinimn.v . 
ocrcrginh.ro (Ihrcc strains) and Serrrr/io neor;*cst.enk (threc strains). Gram-positivc bactcri:i *crc Sfop/t ,vlnrnm~s 
ncwct).~ (6vc strains) and ;S/rrp/ococccc.v group D (two strains). Thcsc tests wcre carritxi ou1 in microwclls, with ihc 
toxin incorporated into Mucllcr-Flinton culturc medium at a conccnlration of 500/cg/ml in a, hncterial suspension 
of IO' hactcr¡a/ml. After 24 hr incubation at 37'C. hoclcrial growth WRS measured aiilomaticirlly hy an aulorcatlcr. 
Tn dctctminc effccts'on Artemio sotinn (hrinc shrimp). thc toxin was dissolved in 0.01 ml of DMSO nntl 
incorpornted into S ml o f  sea water containing tcn Artrmio. E:ich condcn~rntion, was tcstcd five limcs. antl ir 

control DMSO was donc ccich timc. Thc mortality rate was c:~~crrlatcd aftcr 24 hr (I,D,,J. To tcsl CITCCIS on 
Gunihit.viaufini,v (mosquito fish). thc toxin w;Ls dissolved in O. I ml of DMSO and incorporated intn 200 ml of wnlcr 
containing five fish. Each conccnlration was tested Iwicc, and :I control DMSO was donccach timc. Mortality was 
notcd i f tc r  2. h'and 72th.  

' 

RI:.SUI,TS . 

lvnlrrtion of tAc ro.tiji 
The toxin substancc was obtaincd rrdm the dichloromctlianc extr;icl. in which i t  shnwcd 

ils grcatcst toxicity as c6mpnretl to the othcr cxtrxls.  Following i.p. injcctions into micc. 
no toxic cKcct was observed with thc water extract in doscs up to 2C)mg/kg. Wilh thc 
alcohol extract thc first symptoms appcarcd at IS mg/kg. whercns thc dichloromcthnnc 
cxtract produced the first symptoms L,  I mg/kg and was lethal at IO m.g/kg. An amount or 
4.8 g or the toxin was obtained rrom 19 g'of the dichloromcthane cxtríict. giving a yicld or 
0.I6% compakd to Ihc dry weight or the ascidian. This chromatographicall$ pure 
substance. with the pamc the was the letha3 Tc 10 0 0 40 9 337.1 139.8 Td(c)mg/kg. the  first Ihc pur. 

the was or w a s  was 8Tj/F1 1 Tf -0.02 Tc 10  0 6.9 528.8 187.704d(was )Tf 0.10999 Tc 11.1 0 0164 9 516.3 151.(Ci,,H,,N,O,).(first )Tj/F1 1 6.03999 Tc 10 0 0 27 9 316.3 151.0 Td(anf )0j0.03999 T4f4.95 noicall$ L, p u r e . 0 1 0 0 9  f i r s t  w a s  8 T j  / F 1 .  first  wat w a s  was or  o r  

p u r e . 0 1 0 0 1 1  6 . j  0 . 0 1 m i c c : w e i g h t  o r  w a s  or  
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wcrc íi I'cw isolatcd cases of myoclontis of thc dorsal miisclc which viiricd in intcnsity 
according to the animal: at I .5 mp/kg of hody wcight (I.!>%) thcrc WM ii dccrcasc in motor 
activity I 5  miti.after i.p. injcction, with yppearan'cc of myoclonus and spasm. particularly in 
thc dorsal tcgion. Dcath duc to rcspiiiitory dcprcssion occurrcd scvcral hr aTtcr thc dosc 
was adminiskrcd; at IOmg/kg o f  body wcight. thc samc symptoms a s  Tor thc t n n  wcrc 
observed after 15 min, and rcspiratory. Crificultics hccamc morc marked aRcr 45 min. with 
aplrca and cyal(osis rotlowcd hy biiralysis or the lowcr límhs. Ocath of thc animals occurrcd 
'within ahout 1 hi .  Thc control group ïnjcctcd with DMSO-H,O solution showcd nd 
symptoms of' intoxication. Macroscopiy cxaminiltion ripon autopsy of animitls which had 
rcccivcd a Icthal dnsc showcd no ahnormalitics. with ncithcr hcmorrhngc nor lcsions in  vital 
organs. 

Prcliminnry srrceniit~ on ror1wr.v 
No local ancsthctic ,activity, nor analgcsic cfkct WiIS obscrvcd aftcr ;idminisIralion of 

histramidc A. Thc muscle contractions of thc i incsthct i~d .rat sciatic ncrvc gíistrocncmius 
prcparation wcrc not altcrcd. Intracistcrnal, injcction oT thc substancc a t  íi dosc lcvcl of 
1.5 mg/kg of body wcight (a dose cqual to thc ¡.p. ID*,,) did not causc mortality in micc: hot. 
immobility with loss of muscle tonc was rapidly apparcnt ( 5  min after injcction). Howcvcr. 
intr;iccrchrnvcntricular injcction of hislf;imidc A (I  mg/kp) ciiiiscd loss or iiirisclc tonc :ind 
rcspintory dis'obdcrs followcd hy the dcath or .thc riils within 5 hr. Analysis of blood 
samplcs taken 15 min. after i.p. injcction of the siihhtancc rcvcalcd na iihilormalitics 
(99% O, saturation of hcmoglobin and no hcmolysis). Howcvcr. 30 min after injcction of 
I O  mg/kgi.p. in thc rat. hcmoglobin 'saturation was only 9Sn/n. The PO? lcvcl dccrcascd 
( I  1.0 kPa). whcrca!: pCO? (6.0 kPa) incrcascd ils compirrcd to controls (PO!= 13.5 kPiI. 
pCO,= 5.7 kPa). Elcctrocíìrdiograms in micc and rats showcd a ncgntivc chronotropic 
clTect after 20 minb Cardiac rhythm whs rcduccd by 36% in micc lind 41 '!!n in rnts (TahlL; 2) 
with T-wirvc invcrsion after IO min of toxin application. 

~1cc.fropli~:~inlo~iccrl srtr(!t 8 

Riatramide A ( 1  .4 x IO ' M) did not modify thc rcstiirg mcmhranc potcntial (RP) df froc. 
3 skeletal musclc. In 27 impalements of thrcc musclcs. RP was - 88.8 f 1 .O niV in thc 
prcsencc and -87.7f 1.1 mV in  thc ahscncc of toxin in Ringer solution.. DMSO ( I / l O n O l  
did not altcr. thc RP which w;rs -t16.6f2.3 mV ( I S  impnlcmcnts fromatwo mrrsclcs) in 
Ringcr solution. In hcart musclc' (Fig. I ) .  thc :rlcnhnlic solution of histramidc A 
(I .4 x I O -  6 M) did not cha'ffp the RP. whcreas thc amplitudc of thc spontancous action 
potcntial (AP) was rcduccd hy ahout 12% and tlic crvcrshool ahnlishcrl. Morcovcr. 
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FI(; I ACTION I’OTI’NTIAI R I  U ) R I ) 1  I> ON SPONTAN1 0llSI.Y 111 ATIN(; I ROC; ATRlllM PHI PAKATION IN TFII 
(‘ONTROI. F~)I.lITlON ANI> 15 MIN Al  TI’H Ill TRAMIIW ( 1  4 X 10 ‘ M )  AI’I’I.If‘ATI0N ON TWO 1)ll I I R I  N7 

I I N H l  9. 
t Jppcr Iiori7on1;tl linr ilr$icelcs O m V  nicmlmnc potcntinl 

bistramide A shortcncd tlic AI* duration (APD,, measured a t  a mcmhranc potcntial 10 mV 
highcr than RP) by 1 1 % .  In  the prcscncc of toxin, thc inlerval hclwccn two AP was 
increased by 8%. Rcsults arc sunimarimi in  Tahlc 3. 

To.uic.itj* on tuIlrilm organisrtrs 
The IC,, for KR, P.788 canccr cells or  normal human cndothclial cclls W;IS of thc 

samc ordcr sf magnitudc: 4.5 x IO-* M (3.2 x 10 rtO.3 pg/ml), 2.0 x 10 II M 
( I  .4 x 

To.yÌrity ori otlicr organisnis . 
Distramide A sliowcd no antibactcrial’ activity a t  St90 pg/ml.. Thc L D , ~  nT bistramide A 

was less than 1 Icg/ml in Artpitrici  salirio. ’Mortality in  ichthytoxicily cxpcriincnts on 
C;mnhir.~in ofinis was O’?? 7 2  hr a fp r  application of O. I mg/ml o f  histramitlc A but IOO?’n 
iirtcr 2 hr at 5 mglml and 6 hr a t  1 mg/ml. 

f0 .4  pg/ml) and 2.2 x IO-R M ( I  .6 x I O -  50 .6  jrgjml) rcspcctivcly. 

DlSClJSSlON 

Contrary to findings Tor most other marinc toxins. bistramidcA was found in largc 
quantities (O. 16% or the dry weight of tha’lscidi;in in Lissoclinririt histru/rirn). Thc 

A’PD,,, A P  inlcrv:il os I Tol:tl AP 
(mscc) . .  I (mscc) , 

Rr 
fmV) (mV) ln iW 

,,, <:onlrol I - X8..9:+ 1.f) . , +33:2rto.x 9 3 . 2  t. 1 .1 ,  , . 3nsf?, . , , 74R 4; 21  
, ( u = I ? )  
.. Toxin - 8 7 . 8  3.  1 .o . R2. I :k 1 .x . 271 $:4 U09 t 14 

( n = ? I )  

RP = resting polcnli;ll Os = ovcrshoot: Tolnl AP = total ampli(udc of the aclion’polcntial: APD,, = iiclion 
potcnlinl diir;llinn’mc;isurcd al mCn1hr;inc polcnlinl IO tnV hiphcr than RP: AP’inlcrv:ll= inlcrwl hctwccn Iwc? 
conscculivc AP: thc Ringcr control solution conr,tinctl clh;lnol I/lnnfl. Expnsurc lime wits IS min. Rcs~ills arc 
shown as means S.E.M., 

. I  
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sriFistdnccs prcvioiisly isolatcd from ! l e  L i w d i t w v  Fcnus wcrc always cyclopcptidcs 

n'istriimicîc A is not R cyclopcptidc (no;;imino í\cid) ;ind its chcmic;iI formirla f ~ ~ l l , ! - l , , u N ~ ~ u )  
t16cs not correspond lo any known cornpound. 

Thc aculc toxicily of histrainidc A 'is fairly high ( I . I > ~ , , =  1 . S  mg/kp hy i.p. injcction in 
micc). This virluc is closc to that of lophotoxirl o r  brcvctoxin R. bnlh ni;ir.inc Inxins with 
msn viilucs rcspcctivcly o f  8 and 0,2:mi/kg of hody wcight (i.p. injcctinn in miccl. 
H owcvcr. thc f.ow of hisrriimidc A is l'iw hiphcr than tliosc of most ollicr known mnrinc 
toxins (KAw. and DAITARI. IO#$). Thc iiction of histramidc A is vcry fi isl.  syniptoms 
appearing IS min aftcr i.p. injcction in micc. which suggests that thc sirhs1;rncc dirfuscs 
rapidly and is hi'ghly toxic. The symptoms in rodcnts wcrc idcntical to tliosc ohscrvcd with 
thc dichloromcthanc fractim from which bislriimidc A was isolíitcd. :incl similar to thosc 
dcscribcd by thc laboratory workcrs ,who wcrc intoxici\tcd. Thc parcsthcsia around. t hc 
mouth fclt hy thc intoxicated workcrs suggcstcd a locnl mcsthctic or  íiniilgcsic cVcct. hut no 
cvidcncc of this typc of activity wits kickclcd cxpcrimentiilly. Howcvcr. this píircsthcsi;l 
symptom in humans was followcd by haivincss in thc limbs, whcrcas mice wcrc alTcctctl hy 
;I dccrcasc of motor ;ictivity which coiild lcad to píirdysis and itllimtilcly dcath al'tcr 
rcyiralory dcprcssion (apnea. cyiinosis). Thcsc symptoms sccm lo stlgpcst :i corarcmimctic 
x t i o n :  h'owcvcr. no cfkccts wcrc ohscrvcd on ;incsthclircd rir1 sci;itic ncrvc p;istrocncinins 
prcpíiriition. which lccl tis to cxclridc 'thc possihility of itny cVcct on ncrvc. musclc or cnd 
pliitcs. Intr;icislcriinl injection (i.e.) Icd to riipid immohility. with loss of miisclc lonc. 5 min  
aftcr injection. which would sccm to arguc in fiivor of ;i ccntríil cffcct of thc toxin. Idowcvcr. 
i.c. injection of thc i.p. inw dosc y t s  not Icthal in micc whilc intraccrfchrovcntriciil~ir 
injeciion of a similar dosc ,,catiscd ,thc dca!h of thc rats. - In!rnperitccncal injrction or 
histríimidc A in micc and ri ts  caiiscd progrcssívc slowing of cardiac rhythm. A I  thc I.%, 
dosc in mice, histr;tmi<lc A had a ncgativc chronotropic clTcct which might contrihutc to i t s  
Icthal action. Howcvcr. thc product's lcthal cfT'cc! in rodcnts would sccm 10 bc csscntially 
duc to respiratory depression. ln fact, rcspiratory disordcrs occnrrcd ciirly (IO min aftcr 
iidministration) in :rssociiition with myoclonus. Thc partial hlood oxypcn' prcssirrc (PO,) 
mcasurcd latcr in thc rat (30 min after i.p. administration) was dccrcascd. whcrcos pC0:  

, varied invcrscly. Thc fact that cyandis  prcccdcd thc dcath of thc animal ergiics in favor ol' 
;I c;irdiac arrcst auhscqucnt lo tcspiratory íirrcsl. 

Elcctrophysiolo€ic;il study indicntts that bistramidc A did not modify rcslinp mcmhranc 
potcntial in frog skclctal or heor! mjr.tclc, This ohscrvation i s  of intcrcsl sincc it indicates 
that  lhc high toxicity of thc compoued is  not duc to cli:inpx in rcsting mcmbranc potcntial 
linked to an incrcosc of rcsting ioniciconductancc or to crc:itirrn of toxin-formcd chiinncls. 
Frnni this point or vicw. histríimidc;A diffcrs from hrcvctoxin R which has hccn shown to 
dcpohrizc skclctnl miisclc (SIfINNIC#-C,AI.r.hC;HER, 1980): this depolarization i s  hlockcd hy 
low Na solution and tetrodotoxin. it specific inhibitor of thc sodium channel (Ghi,i.h<;iii:~ 
ancl SHINNI~.K-C;AI,I,A~;HI~R. 1980). According to CATTKRAI. and GAINER rlOR5). it appcitrs 
that brcvctoxin I3 ; ids  i i t  ÍI ncw ncurotokin rcccptor sitc on t h c  sodium chítnncl. Prcscnl 
rcsults also indicíitc thiit onc of Ihc cfTc?ts of bistramitic A on cxcitahlc mcmhranc may k ÍI 
hlockagc of N a  conducriincc ;IS st!ggcstcd by thc disappcariince of ovcrshoot and the 
rcdiiction in action .potential durplion. Similar ohscrvíitions havc hccn rcporlcd for 
tctrodotoxin. a spccific inhibitor of Na conductancc. in clog Purkinji: fihcrs K h u n o r x F  r'/ 
d., 1979) and frog atrial fihrcs (Sauviíit. M. P.. Doclnratc Thcsis. IJniv. or Riris. 1981). 
Moreover. thc reduction in action otcntiiil duration with thc Icngthening nf Ihc intcrval 
hclwccn two conscculivc ;)clion p (r ,tciitiaIs might .;iccoiint for flic ncpilivc chronotropic 
cflkci of histr;im¡dc A ohscrvcd in d;irdi:ic miisclc. 

(~Rl: lAN13 ilnd sCHIXJI!R, 1980: 1RlI,hNlj;'[ d., 1982: W A S Y 1 . W  f ' l  d.. 1983: SI3IN r /  ( I / . ,  loX6). 
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Rist riiinitlc A.  Iwht io i i  iind Ttixicolnpy I l l 5  

Ristramide A lias very high cytotoxicity and arl'cccts dirl'crcnt ir1 i-itro ccll typcs: murinc 
lcukcmic ccllz. huni;in canccr dclls ;inri nornial hum;iti cndothelial cclls. At thc prcscnl st:igc 
of our studies. wc cannot dctcrniinc wlicther or  not this cytotoxicity is linked to thc 
symptoms caused hy thc toxin. 

I I  hiay bccìii surprising liia1 ttic toxin. i n  vicw or i t s  high coriccntration in /,i,woc/ir?imi 
6"A of thc dry wcigkt). has no cffcct nn thc ascidian itsclf. whcrcas i t  is highly 
hçr invcrtcht':itc (Artrmia solirici) and ;i 'f ish (dmthirsin nfliuis). Howevcr, sincc 
;] IC  is rich in qymhiotir iIIg;IC [ Prodrhron sp. (prochlorophyfa)] (GRIFrITIIS 

and LWNW 19R3). i t  was dilficult for us to dctcrminc tlic exact origih of tlic toxin ohtaincd. 
Noncthclcss, certain fcaturcs or its. structurc (cthcr hriclgcs. hcmiaccl;!tic function) ;irc no t  
iinlikc /ho<<bf various olhcr niarinc t h i n s  from microorganisms such :is tlchromoaplysia- 
toxin from wvcral cyanophytcs ( M Y N I > ~ : R s ~ ~  e/  N I . .  1077) or pcctcnotoxins from scvcr;il 
pyrrophycophytcs (MIIRATA c/  d.. 1482). Morcovcr. sincc procliloropliytcs arc vcry siniilar 
lo hactcrin r ch tan t  to thc toxin. i t  t1i;ly hc posI~il:i~cd that Ihc toxin is produccd hy thc 
Procltlorort in which it accumulatcs. In this case, onc aspect of the symbiosis could bc thnt 
tIic ~rnc/i/ororr serves to protect tlic asciciiati against prchators. 

.Ir~kr~nii~k~t~~crrtc.rlls .. Wc t h a n k  Prof. M. LAZI)~JNSI('I (I3icichcmistry Ccnlcr. ('NRS. Nicc) f o r  his 
colliihoralion in tgxicoloQicnl.ptndv. Thanks arc also duc (o  J .  Lri I~oTKR~~I~ anti ('.,GRATAS Tor tlicir 
clficiclil technical :issisliincc. '$nd l o  p. MnNNIOT for l:ixori,omy studics. 




