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1. The latex of Euphorbia splendens var. hislopii - ;
(LDY0 less than 1.5 ppm or 1.5 ug/ml) against the vector fnai}ll: solfl‘ Z:lil::;cs:t:li:::“oﬂ at low concentration
2. In the present study, the latex in natura or after lyophilization was sl'meitted to th
and the chromotest to evaluate genotoxicity, to the Microtox System to determine acute toxi:;).t ¢ Ar;es test
Chinese hamster ovary cell assay (CHO) to measure cytotoxicity. ity, and to the
3. The latex had no mutagenic activity in the presence or a
TA100 strains of Salmonella typhimurium (Ames test) at coscentrations ut;sf:;i)gilet::mﬁr: ,?;:;39,:\ :nc:‘
200 ug/plate (lyophilized). The lyophilized latex had no genotoxic activity (Chromotest) and no acute tox(i)c
effect on Photobacterium phosphoreum at concentrations up to 445 ug/ml, whereas the sample in natura had
a toxic effect with an EC50 of 148,000 ul/1 (or ppm). In the CHO/cytotoxicity assay, the lyophilized latex had
no cytotoxic effect in quantities up to 200 ug.
4. The latex was found to have no acute toxicity or mutagenic activity at the concentrations of 10
10 12 yg/ml (or ppm) that are being proposed for molluscicidal use in the field.

Key words: toxicity assay, molluscicidal plant, Euphorbia splendens, schistosomiasis.

Introduction

Schistosomiasis is one of the most widespread human parasite diseases in the

world, with 500 million people estimated to be at risk to contract the infection in 73
the disease was found

countries (Iarotski and Davis, 1981). More recently (Mott, 1989),

to be prevalent in 76 countries, indicating geographic expansion. .
The World Health Organization recommends the simultaneous use of different

methods such as chemical treatment of patients, improvement of basic sanitation, health
education, and the use of molluscicides against the vector snails of Schistosoma manson
to control the disease. In Brazil, the vector snails are being controlled with imported
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ost in addition to their polluting effe.:ct.s on the eNVirgy
An alternative approach is the evaluation of the molluscncn@l Properties ernenL
extracts, which should be easier to handle, would not damage the environment gy, 4ot

be less expensive. According to the United States Guidelines, plant-derived mollyg; Qulq

o -~ USCig;
are considered to be biorational pesticides which differ from standard synthet;c pmd'des
d of natural occurrence, thus generating |egs dan:f

synthetic products, ata highc

by being species specific, non-toxic an
1 987) ge
to the environment (Koeman, 1 ’ .
In an attempt to find an effective natural molluscicide, several research group
)

all over the world have beenen gagedin this type of investigation, and more than 1 1 g Plag
species have been studied since 1930 (Kl(.)os anf:i McQulIough, 1987). E"Phorbia
splendens stands out among the plants investigated in Brazil. Its latex has mo]]y Scicigy
activity at concentrations as low as 0.5 to 4 ppm (Vasconcellos and Schall, 1986) Whigg
is present in the plant throughout the year, as well as after 4 months of storage in tegy tubeg
in the refrigerator at 10°C (Vasconcellosetal., 1990). The plant ha.s several CharaCteristics
favoring its use in endemic regions. It is well adapted to the chr-nate of Brazil, Widely
distributed throughout the country, easy to grow, and the preparation of the molluscicid,

activity is done simply by diluting the latex with wate:r.
According to Koeman (1987), the introduction of plant-derived molluscicidy]

compounds into the environment requires a preliminary investigation of their possip,
toxic effect on mammals by tests such as the oral acute toxicity test for rats and mutagen;,
tests such as the Ames test on eukaryotes and mammalian cells, among others.

In this respect, previous data have demonstrated low toxicity of Euphorbi,
splendens latex for the skin and eyes of dogs and mice and for the human skin (Rizzo and
Porfirio, 1971), for the skin and eyes of rabbits (Freitas et al., 1990), and extremely higher
lethal doses for mice (acute toxicity tests and repeated doses, Mattos et al., 1989) tha
those for vector snails of schistosomiasis, a fact suggesting an ample safety margin for the

use of the product in the field.
Koeman (1987) argues that if the active product is based on an aqueous extrat

of the plant, the water-soluble toxic constituents are less likely to accumulate in substantia
amounts in fish, mollusks or other organisms participating in the food chain. Ths
consideration applies to E. splendens latex. Euphorbia splendens extracts also contait
compounds with anti-inflammatory activity (Rao and Sussela, 1982) as well as anticancer
igenous compounds (Lee et al., 1982). Lee et al. (1982) have also reported that the plan!
is used in China as a medication for hepatitis and abdominal edema.

However, Farnsworth et al. (1987) warn that plant species of the family
Euthrbiceae with molluscicidal activity very frequently contain phorbol esters whi
may 1pduce tumors, a fact that precludes the use of these plants. However, thesé
Investigators suggest the possibility that some species may have a molluscicidal action,
not necessarily contain high concentrations of phorbol esters. Bibliographic survep
mcll'ldmg the NAPRALERT (Famsworth et al., 1981) have shown that few chemicﬂl
ls)t(:lﬁc.‘ues have been conducted on E. splendens var. hislopii, and although phorbic acid ¥

n found to be present (Nordal et al., 1965), other specific tests should be done ”
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he ch“""hwun_"h;“m: l{l';n ‘nmlnuumy to ulilfly this effect busfoyye the 1se of |49
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g ver, furthor Ilnvmllgulmn of the lflﬁlupﬂ 'vmiu,ly i et 1Y data,
. According o Koemun (1987), toxicologic Asbay
pliculod by tho fuct thut the l}mlum of the active principle is f
Thus, judicious studick are needed o evaluate the |

nety. Some of these “Uihrstan ey

with plant derivatives are
ull y Or partially unknown,
. , .

o prodc (. On this busix, the nlgjm;!ivc fpl' lht‘: present study w;:h:::l:ﬂli;f:‘:nf”/l:{:“r’;ﬂl;:
mndard sealiE ccun}l"“"""‘"‘ anldwu]c h‘u this purpose, using samples of latey, in rmmrr;
e ]ynphi"md' The iu”UW""M' Kereening tents were used: the Ames test and the
chromotost 10 cvaluate genotoxicity, the Microtox system (o evaluate acute Wnicity, and
‘he Chincso hamster ovary cell ussuy (CHO) to evaluate cytotoxicity, '

com

Materlal and Methods

Plant material and extraction procedure

Latex samples having demonstrable molluscicidal activity were always col-
(ected at the same site (ITha do Governador, Rio de Janeiro) to avoid possible variations
due to factors such as soil, climate etc. , which affect plant metabolism and active substance
concentration, as demonstrated by Lugt (1987). The soil composition was anal yzd by the
Laboratory of Soil und Fertilizers Analysix of the State Department of Agriculture (Rio
de Janeiro) and agronomical aspects of the plant are currently under investigation.

The samples used for the present Lests were collected in April 1989, White latex
was drained into test tubes after tapping the stem of the plant with 4 scal pel incision, The
tubes were sealed and carried to the laboratory for dilution with water and a part of the

latex in natura was lyophilized using an Edwards apparatus (Edwards, Braul).

Reverse mutation assay using Salmonella typhimurium-Ames tes!

The test was performed by the plate-incorporation 'wchniquc dencribgd by
Maron and Ames (1983) using strains TA98 and TA100 which are ?uxc')trophn'c for
histidine. The test was performed with and without metabolic activation using 4
homogenate of rat liver cells after treatment with arochlor | 254 (fraction 59 mix, Hasleton

Laboratories of Amer; : USA
erica Inc., Kensington, MD, )- d of
Different quantities of latex in natura (25, 50, ]90: and 200 ﬂl'/P]:i”]:i:" 3(;5
4 ®olution of 1000 ug/mi 1yophilized material diluted with distilled water con g
thanol (v/v) ( 1, 10, 50, 100 and 200 ug/plate) were usﬂayid- the test on the sample i
The negative controls used were distilled water for the lyophilized

Malira un igilleq water containing 3% ethanol (v/v) for the st O7

Brg
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ut in triplicate. The positive controls were § 1g sod;
A 100 without metabolic activation and ; Slu

late for the TA98 and TA100 §. ’)’Phimun-ug
Um

sample. Both assays were carried 0
azide (dissolved in water) per plate for T
2-anthramine (dissolved In DMSO) per p

strains with metabolic activation. _ .
The data were analyzed using a microcomputer software specially prepareg .
T

statistical analysis of the Ames test, called Salmon.el, Which.includes an analysig o
variance and a linear regression. This program was kindly provided by Dr. Lawrence
Myers, Research Triangle Institute, Research Triangle Park, NC, USA. '

Assay based on the SOS-Chromotest functions

The test was performed in duplicate by the method of Quillardet and Hofnung
(1985) using Escherichia coli PQ37 without metabolic activation.

The sample of latex in natura was tested at the doses of 0.02, 0.2 and 2 ul per
tube using distilled water as negative control. The lyophilized sample was tested at the
doses of 1.25, 2.5, 5, 10 and 20 pg per tube, using distilled water containing 3 % ethano]
(v/v) as negative control. The positive control consisted of increasing doses (0.31t05.0
pug/tube) of mitomycin-C. Larger quantities of the latex could not be tested due to the
limitations of the method.

o The chromotest is performed in two stages: in the first, the activity of a
constxtutnyg enzyme, alkaline phosphatase, is measured, its presence indicating whether
flc:ixte :.omc.lt)é .is present in the sample; in the second, beta-galactosidase is measured, its
l . . 2
g:; n\:)ct;::: :;tif;;lflg that the SOS system was stimulated, i.e., that the sample has

Acute toxicity assay using Photobacterium phosphoreum - Microtox system

The Photobacterium phosph i
L : phoreum (Microtox) as
toxicity in aquatic ecosystems was performed by the method) sta){ used to detect aFute
in the Beckman Manual (Beck of Bulich (1979), as described
strains of a luminesc (Bec - Instruments, 1982). This assay utilizes lyophilized
AR ot i ggt sea bacterium, Photobacterium phosphoreum NRRL-B-11177,
- ditionsq e Se:SmV?f to lOYV concentrations of toxic substances. Under normal
PhOtOmete;- To:c ;ﬂer}a continuously produce light that can be quantified with 2
decrease in.l' c emjpal substances interfere with the bacterial i ing a
ight production. erial metabolism causing
The assa
lyophilized latex solifioz‘::e:; I;g:(t:tt;d on the ]aFex sample in natura and with the
water containing 3% ethanol (v/v) T;concentfatlon of 1000 pg/ml (or ppm) in distilled
;laturc.z.. 238,100, 119,000, 59 500' 4;4?(;10‘”“18 concentrations were tested: latex /"
yopbilized soluton, 445, 227, 114, 57, 4.5, 2,25, 1,15 seg eres 1 oo ppu)
-2, 2.25, 1.13 and 0.65 ug/ml (or ppm)-

Brazilian J Med Biol Res 199], 24 ©)
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¢ was impossible to test the same conce;

Dtratio s
because of the low solubility of ¢ " (Ppm) of lyophilized latex ang

ex in natura he lyophilized Materia],

Jat

cicity assay using Chinese hamster ovary cells (CHO )
opore

. _d and counted to determine the level of toxicity.
stain The assay was carried out with the Iyophilized late
entration of 1000 pg/ml (1000 ppm) in distilled water co
conctested at the concentrations of 60 and 200 pg.
and The following controls were used: (a) mercury chloride (10 pg/ml Hg) as
sitive control, and (b) negative controls consisting of (b1) cloned CHO cell cultures and
(b2) diluent (distilled water + 3% v/v) at the concentrations used in the test (60 and 200

§g)-

X solution prepared at the
ntaining 3% ethanol (v/iv)

Table 1 - Ames test for the mutagenic activity of the latex of the molluscicide Euphorbia splendens in natura.
able 1 -

t was carried out using strains TA98 and TA100 with and without a metabolic activation system (S9).
31-13 e number of revertants per plate (triplicate assay). MR (mutagenic ratio) is: average number of
e we’:%:st plates/average number of revertants in negative control plates. The negative control was
:l::l:l?:: t:.':uer. DMSO was used as negative control for 2-anthramine pres.enl in the positive control. The
positive controls were 2.5 ug/plate of 2-anthramine for TA98 and TA100 with $9, and 5 ug/plate of sodium
azide for TA100 without S9. ND, Not determined.

TA98 1Al

o 9 +59 -S9 +S9

w X MR x MR x MR W
— : 1683 -
Negative control 55.0 - 56.0 - 159-; ” 1713 1.02

25 50.0 0.91 620 1.11 144, e 1643 0.98

D 20 076 680 121 18307 o

100 4.0 075 383 0.68 i:‘;g 14 1657 098

200 45.0 0.82 35.7 0.64 :

139.7

DMso ND 4.7 l;l?’ 5.68 1434 10.26
Positive control ND 1851 4141 907.
\

Brai:
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Results and Discussion

Ames test with Salmonella typhimurium

rted both as revertants/plate and as muty

The results of the assay are repo nae i
ratio (MR), which is the ratio between the number of revertant colome§ in the te rl:lmy
(spontaneo;xs and induced) and the number of revertants in the negative contro| PI:le

taneous) (Tables 1 and 2). o L
(epon Thl (;;Tresence of mutagenic activity in the sample tested is indicated by an My

of 2.0 or more for at least one dose, and by a dose-respopse effec':t, '
E. splendens latex in natura had no mutagenic activity in the pregen, o

absence of S9 toward the TA98 and TA100 S. fyphimurium strains at concentrationg ¢
25, 50, 100 and 200 ul/plate. The Iyophylized latex also had no mutagenic activity i, the
presence or absence of S9 toward the same strains at concentrations of 1, 10, 50, 100 il

200 ug/plate.

Chromotest (SOS functions)

The results (Table 3) are reported as the ratio (r) between enzymatic b
galactosidase units (Beta-gal) and enzymatic units measured for alkaline phosphatas,

te

Table 2 - Ames test for the mutagenic activity of the lyophilized latex of the molluscicide Euphorbia splendens,

The test was carried out using strains TA98 and TA100 with and without a metabolic activation system (S9).
x is the average number of revertants per plate (triplicate assay). MR (mutagenic ratio) is: average number of
revertants in test plates/average number of revertants in negative control plates. The negative control was
distilled water. DMSO was used as negative control for 2-anthramine present in the positive control. The
positive controls were 2.5 ug/plate of 2-anthramine for TA98 and TA100 with S9, and § ug/plate of sodium

azide for TA100 without S9. ND, Not determined.

TA93 TA100
Dose -S9 +S9 -S9 +S9
ue) = _
X MR X MR X MR X MR
Negative control 32.3 - 43.0 = 147.7 - 122.7 .
110 ::.o 1.02 403 094 148.0 1.00 1263 1.0
o 32.0 1.02 39.5  0.92 133.7 091 139.7 1.4
5o 35'8 0.99 443  1.03 128.0 0.87 126.7 1.03
oo -+ 1.08 42.7  0.99 144.0 0.98 1337 1.09
0 0.87 50.0 1.16 129.7 0.88 140.7 113
Distilled water ND ND
DMSO 146.7 ND
Positive control ;‘B 49.0 ND 145.3
1525.0 3132 888.7 6.06  1798.0 123
_/

Brazilian 1 Med Biol Res 1991, 24 (6)



Genotoxic and acute loxicity of a moy lusei
Cicide

induc-
4 wel be
(AP){’actof (IF) that m;g =
tiOn as fOllOws. .
gefio®" oy where r(0) 15

“"3;‘2,’:2 for the negative
10

contro! Asampleiscon-
tobepositivew.hen
fesponse relation-
. s obtained between
s p[Fvalucs and the doses
be '\ The data indicate
:,Sat neither ‘the E.
(plendens 1atex in natura
por the lyophilized prepa-
ration showed gen.otox'lc
activity onthe E. coli strain
pQ37 when used at con-
centrations of 0.02, 0.2
and 2 pl/tube and 1.25,
2.5, 5, 10and 20 pg/tube,

respectively.

sidered
g ose”

Acute toxicity with P.
phos-phoreum

The results of
the assay (Table 4) are re-
ported as EC_, which is a
minimum effective sample
concentration that causes
30% reduction in the quan-
tity of emitted light by
Photobacterium
Phosphoreum at 15°C after
15 min of contact. Toxic-
y was also expressed as
'9kic wnits (TU), recipro-

Al of sample concentra-
tion

P ho“'Phore

Table 3 - Genotoxic 4

Euphorbia splendens

EU, Enzymatjc unit; AP, 4]
r, ratio of B-Gal/Ap activit

assayed by

kaline

CAVity of latex i

the chromolesl method,

Phosphaty
8¢ X)/1(0).

se; B-Gal, B-galacto

lidlle;

r

IF
Dose EU — ——
\ EU (B-G.l) r (dOu)
\
AP B-Gal EUGAR) o
r (0)
W Latex sample in natyrq
0.00 18.71 5.02
’ 0.
0.02 9.96 4.46 0 fsl o
0.20 12.49 4.26 ' 1.67
2.00 0.34 1.27
' P2 5o 0.25 0.95
kg Positive control
0.00 14.27 4.75 0.33 1.00
0.63 783 2407 3.07 9.24
2.50 4.10 14.19 3.46 10.40
5.00 3.62 18.32 5.06 15.20
174 Lyophilized sample
0.00 23.75 2.27 0.10 1.00
1.25 22.80 2.80 0.12 1.28
2.50 22.18 2.23 0.10 1.05
5.00 21.30 2.15 0.10 1.06
10.00 22.80 2.15 0.09 0.9
20.00 23.75 2.15 0.09 0.95
Ug Positive control
0.00 21.88 2.05 0.09 ;(X
0.31 15.49 13.76 0.8: 11-53
1.25 11.64 12.57 1-22 1621
5.00 7.59 11.53 1. :
f the sample.

razi);
an J Meq Biol Res 199] , 24 (6)

» 10 obtain a direct relationship of the toxicity level 0
The data show that E. splendens latex in natura ha ’
“m culture with an EC, of 148,000 ul/l or ppm, avaluem

had an acute toxic effect on P.

re than 10,000 times
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greater than the concentrt.l-
tion proposed for field appli-

cation. .
The lyophlllzed

Jatex solution had no acute
effect on P. phosphoreum at
any of the concentrations

tested.
CHO cytotoxicity assay

The results of this
assay (Table 5) are reported
as percent cell survival or
relative plating efficiency
(RPE). Cytotoxicity was
classified as RPE <50%
(toxic) and RPE > 50 % (non-
toxic). A sample of lyophil-

ized latex of E. splendens was tested on the basis of these criteria (pH = 6.0). Unde, the
assay conditions the lyophilized latex solution had no cytotoxic effect on a sensitive CHg
culture at the concentrations tested (60 and 200 ug) resulting in 93.8 and 92 Rpp

respectively.

higher concentrations.

Although the active substance has not yet been identified, the intention of usin;
the latex in natura in the simplest and least expensive manner of application by dilution

with water or by the use of
macerated plant material in-
side sacks (for slow release)
led us to study the toxicity of
unprocessed latex.

In addition to the
data reported, we have car-
ried out other toxicological
evaluations such as the de-
termination of acute toxicity
and repeated doses in mice,
and the evaluation of irrita-
bility (skin and eyes) in rab-

Brazilian J Med Biol Res 1991, 24 (6)

Table 4 - Acute toxicity lest with P. phosphoreum for i,
molluscicide Euphorbia splendens.

EC,» Effective concentration of the sample that Causey 50
in the quantity of light emitted by Photobaciteriym ph

V.T. Schall et al.

lalq ot

dy
e
OsPhor I¢

15°C; TU, toxic unit. um |

Acute tomm

Microtox system

The results show that latex in natura and lyophilized latex at the concentrations
proposed for field application had no acute toxicity for Photobacterium phosphoreum a
for CHO cells, although the latex in natura had shown toxicity for P. phosphoreun u

Sample e
pH EC,, TU :
(at 15 min) Tox‘ci‘y
—_—
Latex of Euphorbia '
splendens (in natra) 6.0 148,000 ul/l 6.8 Tox;
liquid or ppm ¢
Latex of
Euphorbia splendens 6.0 Nontoxic <1 Nontoy
(yophilized)
o ——

Table 5 - Cytotoxicity test with Chinese hamster ovary cell cultures [
the latex of the molluscicide Euphorbia splendens.

RPE, Relative plating efficiency.

/
Cytotoxicity test
Sample =
pH  Concentrations RPE ﬂ
Latex of X
Euphorbia 6.0 1200 ul 92 NontoX!
splendens .




bits (Mattos et a)., 19g. &
| | -]

S0 being studied anq 5 b . R
qinst snails (LD90 = 0.008 ppm) has been identified ang pgq ghly active fraction

: _ been found to

ag Ceh at 7 times this concentration (LD9( — 0.052 ppm) (Zani et a]., 1989)be tehal

for Marston and Helker (1983 1984) have Provided importan; evidenc;, that the
Species as E. splendens, are not tumor

_ al. are also Invest; gating the presence
of possible irritant and cocarcinogenic dlterpel.le esters derived from phorbol or ingenol
in the latex since thege substances are present in several Euphorbiaceae, This study will
pe conducted using different geographic samples obtained in different seasons.

As demonstrated by Furstenberger and Hecker (1986), there may be chemical
races of plants from distant places Wit.h qualitative and quantitative differences in irritant
Jattice constituents. These author.s pointed out that i
of Euphorbia tirucalli collected in Madagascar or
and ingenane-type diterpene esters, are not present
grown in greenhouses in Heidelberg. .

The present study is the first step in a systematic survey of the toxicological
properties of the latex of Euphorbia splendens. The data obtained until pow justify

undertaking the more complex biological assays in animals that are required before this
material can be tested for the control of schistosomiasis in open field tests.

in South Africa, such as the tigliane-
in the latices from E. tirucalli plants
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