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Abstract 

The acute toxicity of caulerpin and caulerpicin isolated from the green algae Caulerpa was studied in the 
mouse. The lack of toxicity of these compounds indicates that they are not responsible for the toxic symptoms 
observed after ingestion of these algae. On the other hand, comparative studies of various Cazilerpa scalpelli- 
formis extracts show that the aqueous fraction is poisonous. Chemical and pharmacological characterisation of 
the toxic substances in this extract provides a new approach to the investigation of the mechanism of Caulerpa 
species toxicity. 

Introduction 

The genus Caulerpa of the family Caulerpaceae is 
represented by numerous species of algae eaten in 
the Philippines and various other countries of the 
Pacific (Doty and Aguilar-Santos 1966). 

Certain varieties were first investigated because of 
their peppery taste though the active metabolite 
could not be isolated. Several compounds were cha- 
racterised however, including caulerpin (Aguilar- 
Santos and Doty 1968, Aguilar-Santos 1970, Agui- 
lar-Santos and Doty 1971, Maiti et al. 1978), cauler- 
picin (Doty and Aguilar-Santos 1966, Aguilar-San- 
tos and Doty 1968, Mahendran et al. 1979, Nielsen 
et al. 1982), palmitic acid, ß-sitosterol and taraxerol 
(Aguilar-Santos and Doty 1971), caulerpol (Black- 
man and Wells 1976), flexilin and trifarin (Blackman 
and Wells 1978). 
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A second more important problem concerns the tox- 
ic symptoms affecting certain individuals after the in- 
gestion of algae of the Caulerpa genus (Doty and 
Agui1,ar-Santos 1966, Aguilar-Santos and Doty 
1968, 1971, Doty and Aguilar-Santos 1970). The 
toxic effects described include a mild numbness of 
the tongue, dizziness, coupled with a cold sensation 
in the feet and hands, difficulty in breathing and loss 
of balance. 

It may be remarked that these symptoms are rather 
similar to those reported in ciguatera poisoning, 
which is prevalent in coastal areas of the Pacific 
where the coral abounds (Bagnis 1973). It is now 
shown that the causal agent is the dinoflagellate 
Cambierdiscus toxicm and that the toxic complex re- 
sponsible for ciguatera intoxication consists of two 
lioosoluble substances of different size (cieuatoxin 
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and saxitoxin) and a water-wluble subitance, maito- 
toxin (Bagnis er id. 1980, 19Sl).  

The deterioration ot the marine en\ ironment stimu- 
late\ phitoplankton growth and i t  is not impossible 
that the algae are contaminated by this dinofl:igel- 
late. particularly as the former is considered to be 
toxic during the rain] season in the Philippines 
( Aguilar-Santos and Doty 1'468 J. 

Ciguatera, howe\er. is unhnnwn in this country (Do- 
ty and Apilar-Santns 1966). According to Doty and 
Apilar-Santos ( 1970). "Caulerpin and caulerpicin 
are physiologic all^ acthe and toxic in the mouse and 
rat" (unpubl. rcwlt<). 

From the structural point ot kiest. only caulerpin has 
a no\el 4tructure 1 (R  = CH?). Caulerpicin has been 
shown t o  be compcxed ot a mixture of homologow 
hydrox] amide\: N-ac) Isphingnsine< 2 ( hlahendran 
er t i l .  1977) and N-acylsphinganine4 3 (Nielwn ci cil. 

1 q82 ). 

CO, R 

CO, R 

1 

CH,(CH,)- CH=CH-CHOH-CH-CH~OH 
12 I 

NH-CO(CH,) CH, n 
2 ; R = 12 , 14 .20 ,22  - 

CH,(CH,)- CHOH-CH-CH,OH 
14 I 

NH-CO(CH2) CH, n 
3; n =  16,18,20.22,24 

We have been able to purity these hqdroxy amides 
ourwl\es from all the Ctritlerpn ipecies of Ne\\ Cale- 
donia and from the Caulerpales: T~&wzt~tiiri expedi- 
rimtiis AL 106. The forms .? and 3 seem to coexist 
with one  ot the t\io form\ predominating in each 
ipecies. 

These hydroxy amides iire al\(> found in the red algae 
. 41 ) i t~ i z s r~  yloiizcrtitti aiid Lrrzrrt.ticitr tiitlifictr (CardeIli- 
n a  tat d. 1078). Finalli it \hould be noted that sphin- 
gosine is the major precurwr tor all the animnl 
sphingolipids and ha\ not  s o  tar been <ho\in to be 
toxic. 

To sum up, n n  pharmacological studies habe been 
carried out to imestigate the toxic metabolites re- 
sponsible for the symptoms described above Mhich. 
according to several reviews (Andrews er til. 1079. 
Halstead 1 98 1. Naqui I WO) and boohs (Southcott 
1979. Hoppe et cil. 1979. 1982. Irwin 1963). are 
pïobably of clinical importance. We have therefore 
decided to present our onn findings concerning the 
acute toxicity of the two metabolites. caulerpin and 
caulerpicin and of arious extracts of Ctrirlcrpt~ .sed- 
p ~ ~ l l i f c ? r f ~ z i , ~  AL 111. 

Materials and Rilethods 

All the algae uied for the \tudy nere collected from 
New Caledonia. C r i i d c v p ì  r t i c c ~ ~ i o ~ t r  \ar. cltr\fifcrtr 
AL 153 was har\ested at a depth ot one metre all the 
year round from Canard Island: Cazrlerpi cactoides 
(Turner) C. Aprdh forma AL 150 at a depth of 
13 m in hfay ISS2 from the Cymenia reef: Cairlerpi 
c~rprcssoitie.~ AL 1 b-t at a depth nf 1 metre. rill the 
year round from Canard island and C'tiirlerpcz ,sctilpcl- 
lijorrriis A L  172 (P.B.R.) C. Agardh at a depth of 
7(1 m in hlay and June 198 1 troni hlaitre island 
channel. 

Et trtrctioii rrriti clitirtictrri~titicrri of crrirlcrpiii 1 ( R  = 
C ' H , )  irtiti ctriiIcrpiciïi 7 ritirì 3 

Caulerpin I ( R = OH?) was purified from Ciiirkvpr 
rmxr~iosi i  \ar. cliiivfcrti AL 153 and C'iirrlcvptr ciiprt's- 

\oit/$ A L  Ih4  by ether extraction in a Soxhlet appa- 
rati~\ fnllo\\ed bi iecrisrnllisation from ether and 
then from acetone, \ \ i th :i yield of approximateli 
0.3",, o f  the dr) \\eight of the algae. It could not bc 
recovered from Criiilerpr scrrlpellifornzis AL 122. Its 
characteristics complied \\ith those gnen in the liter- 
ature (hlaiti er ( I I .  1078): hklting point (acetone) = 
3 17 "C: hl* 3%. H'NhlR: "C NhIR (DhlSO-do): 
165.81 (C = O);  52.10 (OCH,): 141.58 (CX = C )  
137.35 (CH = C-): 137.57 - 132.91 - 176.98 - 
115.93 - 122.93 - 171.b(I - 117.81 - 11 1.1(1 ( in-  

dole). 

Caulerpinic acid I ( R  = H ). Melting point = lSh "C 
dec. hlc 370 nas prepared by hydroly\iz of caulerpin 
I ( R  = CH?) with eth;inolic potasmm hbdroxide un- 
der a reflux condensor (yield = 95'?0 ). 'H NhIR (€'y 
d s ) :  SH (6.85 m. ArH): 2H (8.1 s. CH = Cl: 2H 
(17.5). "C NhlR (CD,COCD-,): lh7.3S (C = O):  
143.12 ((TI = CJ 133 19 (CH = C-) 138.cIS - 
178.72 - 127.03 - 133.74 - 1 lS.h7 - 1 l2.Yl and 
1 11.W (indole 1. 
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Caulerpicin (2 and 3) was purified by ether extrac- 
tion in a Soxhlet apparatus followed by recrystallisa- 
tion from ether and then from methanol. The yield 
was approximately 0.15% dry weight from Caulerpa 
cactoides AL 150; 0.02% dry weight from Caulerpa 
racemosa var. clavifera AL 153, Caulerpa cupres- 
soides AL 164 and Caulerpa scalpelliformis AL 122. 

The previously published spectral ' data were con- 
firmed (Mahendran et al. 1979, Nielsen et al. 1982). 
Caulerpicin is a mixture of N-acylspingosines 2 and 
N-acylsphinganines 3.  The mixture gives two spots 
on TLC using a silica chromatoplate and a hexane- 
ethyl acetate mixture (20/80) as the mobile phase. 
The mixture methylene chloride-methanol (92/8) 
gives a single spot. In 'H NMR (CDCl3), the integra- 
tion of the ethylenic signals at 5.3 is extremely varia- 
ble. In l3CNMR these signals appear at 129.4 and 
129.9. 

The intravenous study was performed using only the 
sodium salt I (R = Na). As the volume injected was 
limited to 0.2 ml for a weight of 10 g, the maximum 
dose administered was 0.2 g kg-'. 

Toxicity of the different extracts of the algae Caulerpa 
scalpelliformis AL 122 

The dried algae powder (100 g) was extracted suc- 
cessively, at a low temperature, with methylene chlo- 
ride, methanol and water to give, after decantation, 
filtration and concentration, crude methylene chlo- 
ride CS1 (yield: 2.5%), methanol CS2 (yield: 30%) 
and aqueous CS3 (yield: 19.5%) extacts. The experi- 
mental conditions for the study of these extracts 
have been described already. The animals were giv- 
en a single dose of 1 g/kg by either the oral or intrap- 
eritoneal route. 

Acute toxicitJ, Results 

Male mice of the "Swiss" strain were used in this 
study. They had an average weight of 20 g k 2 and 
were maintained in an air-conditioned animal house 
(21 k 1 OC). Water alone, without feed, was given 
for 24 hours before drug administration. 

Each dose was administered to groups of 10 animals 
and the number of groups varied with the number of 
dosages used. For the behavioural studies each test 
was carried out in the presence of a control group 

Acute toxicity study of caulerpin 1 (R = CH3) 

Animals were monitored for 15 days after the oral 
administration of the maximum dose of 2 g kg-' and 
no mortality was observed. The LD 50 must there- 
fore be higher than this value. 

There was no significant difference in the variation 
in body weight or the mean body temperature be- 
tween treated and control animals. 

which received the corresponding dose of the vehicle 
alone. The experimental conditions for monitoring 
the animals were those de,scribed (Irwin S. 1964). 

Toxicity of caulerpin arid caulerpicin 

The products for oral and intraperitoneal adminis- 
tration were given in a 3% aqueous gum solution. 

The oral toxicity study (gastric incubation) was car- 
ried out using doses of 0.5 - 1 - 1.5 and 2 g kg-' of 
caulerpin I (R = CH3) and its sodium salt I (R = 
Na). 

Caulerpicin was given at a dose of 1 g kg-l. During 
the study the body weight was monitored by weigh- 
ing the animals before drug administration and then 
on days 5 ,  10 and 15. The rectal temperature was 
taken before drug administration and then at times 
1, 2, 4 and 6 hrs. 

The intraperitoneal study was carried out under the 
same conditions by the administration of a single 
dose of 1 g kg-' caulerpicin. 

Caulerpin was not resorbed after intraperitoneal ad- 
ministration and a soluble caulerpin was therefore 
prepared by simple hydrolysis of two methyl carbox- 
ylate groups. The diacid sodium salt obtained I (R = 
Na) was freely soluble and could be used for further 
acute toxicity experiments. These are important as 
the native population chew the Caulerpa leaves and 
the saliva may stimulate the absorption of caulerpin. 
The oral toxicity study carried out as described 
above gave the same results except that one of the 
mice in the 2 g kg-' group died on the tenth day. 
During the monitoring period the body weight and 
temperature were the same as the controls. The tox- 
icity therefore remained very low and the LD 50 was 
above. 2 g kg-'. 

No mortality was observed after the intravenous in- 
jection of 0.2 g kg-' which was the highest dose that 
could be administered. 

In conclusion, in the mouse the LD 50 of caulerpin 
and its sodium salt is greater than 2 g kg-' after oral 
administration and the LD 50 of the sodium salt af- 
ter IV administration is greater than 0.2 g kg-'. 
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In view of these results. caulerpin may be classed as a 
drug with low toxicity. Taking into account the cau- 
lerpin content of the edible algae, it alone cannot ex- 
plain the acute poisoning that may occur in man. al- 
though long-term toxicity after repeated administra- 
tion was not inve5tigated. 

Acicte rosicity stirdy of cairlerpiciri 2 onil 3 

This mixture of hydroxy amides was shown to be 
non-tosic after oral and intraperitoneal administra- 
tion of a I g/kg dose under the conditions described 
above. No behavioural modifications were observed 
either. The LD SO is therefore greater than 1 gihg.  

Toxicity stirdy of exrrmts o,f die r i l g r c ~  Caulerpa scal- 
pelliformis ,4 L 122 

As the two metabolites caulerpin and caulerpicin 
could not account for the toxicity of Caiclerpn spe- 
cies. the presence of small quantities of other toxic 
metabolites in the plant was investigated by screen- 
ing with three types of extract from the algae Cnicler- 
pli ~crilpelliformis: methylene chloride (CS,). me- 
thanol (CS2) and aqueous (CS?) extracts. which were 
prepared in large quantities. As has already been 
shmvn. this algae does not contain caulerpin but only 
small amounts of caulerpicin which can be recovered 
from the CSI extract. 

A 1 g k8-I dose of either the CSI or the CS. extract 
\vas not toxic after intraperitoneal or oral adminis- 
tration ( n o  mortality). No behavioural modifications 
were ohserved in treated animals. 

On the other hand. although 5 1 g kg-l dose of the 
aqueous extract CS? was non-toxic after oral adniin- 
istration. there vias 10Cl'k mortality in the group of 

animals receiving the same dose by the intraperito- 
neal route. Thirty minute4 after administration mo- 
tor activity was reduced in 50% of the animals and 
other tests for muscular and nervous lesions gave 
positive results in 60% of the animals. Death oc- 
curred 24 to 18 hours after administration. 

This toxicity was confirmed after intravenous injec- 
tion of CS3 in the ethyl-urethane-anesthetised gui- 
nea-pig. The simultaneous recording of the respira- 
tory rhythm and the electrocardiogram demonstrat- 
ed that death occurred a< a result of respiratory ar- 
rest within an hour of administration of a 80 mg kg-' 
dose. 

Conclusion 

The pharmacodjnamic tests that \\e habe carried out 
using the two metabolites present in Crriilerpn spe- 
cies. caulerpin and caulerpicin. have demonstrated 
that these tMo substance\ are definitely not respomi- 
hle for the observed toxicity. If one discounts the hy- 
pothesis that this algae is contaminated by the dino- 
t'lagellate Grimhiertlisciis [osiciir which causes ci- 
guatera poisoning. fresh insight into the problem of 
Crriclerprr intoxication may follow the characterisa- 
tion of the toxic metabolites discovered in the aque- 
ou\ extract ot C'intlerprr .rcrrlpellifi)rmi~, 
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