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Abstract

This study evaluated, using replicated laboratdpassays, the toxicities of the crude aqueous and
ethanolic extracts oDalbergia sissoo Roxb. 1832 (family Leguminosae) fruits, leavesptsoand stem bark
against egg masses Biomphalaria pfeifferi (Krauss, 1848), the snail intermediate hos$abii stosoma mansoni
(Sambon, 1907) in Nigeria. Viable 0-24 hr-old endmgted egg masses were separately exposed to five
different concentrations (7.81-2000 mg/l) of extsafor 24 hrs, washed in dechlorinated tap watdrinoubated
at room temperature for a maximum of 4 weeks. T@g and LG, values of test extracts for egg masses were
calculated by probit analysis. The activities of thsted extracts were concentration-dependent el#ewonly
the ethanolic extract of the fruits demonstrateghificant activity (24 hr-LGy value < 100 mg/l: 89.29 mg/l).
Mortalities of eggs were manifested at the gastemtzgastrula and or the prehatch snail stage oéldpment.
The percentage of dead embryos at the prehatch stage decreased while the deaths of embryoseat th
gastrula/exogastrula stage increased, with inargasbncentration of extract. Lethality of the etbiémextract
of D. sissoo fruits to embryonated egg masseBofpfeifferi is an added advantage to its potential development
for use as a plant molluscicide, as the overalcafly of a molluscicide is greatly enhanced if lgoashows
significant toxicity towards snail eggs.
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Introduction

Human schistosomiasis is a parasitic disease cabigedigenetic trematode species of the genus
Schistosoma which co-habitate the venous plexuses of the mdmmaiscera (Smith and Christie, 1989;
Lockyer et al., 2003) and transmitted by freshwggestropod molluscs which serve as intermediateshbsthe
tropics and subtropics, schistosomiasis is thersbeoost important parasitic disease after malariteims of
prevalence, public health and socio-economic ingmm¢ (James and Colley, 1995; UNDP/World Bank/WHO,
1997; Pointier and Giboda, 1999; Chitsulo et &IQ@ Steinmann et al., 2006).

Five speciesS mansoni, S. haematobium, S. japonicum, S. intercalatum andS. mekongi are primarily
adapted as human parasites and are endemic inmediffparts of the tropics where they cause sigmitic
morbidity. S. mansoni is transmitted by freshwater planorbid snails loé tgenusBiomphalaria which are
amphimictic simultaneous hermaphrodites (WHO, 19@adsen, 1985; Rupp, 1996; Woodruff and Mulvey,
1997; Nakano et al., 2003. pfeifferi transmitsS. mansoni in sub-saharan Africa including Nigeria (Rollinson
and Simpson, 1987; WHO, 1993; Brown, 1994).

Man, the definitive host, acquires infection by t@mt with freshwater infested with schistosome
cercariae, which actively penetrate his intact §khRidi, 2002) and subsequently develop to thaltadorms.
These cercariae are released into water by infestedls, in which the parasite undergoes asexumblla
multiplication. The snails in turn become infectegl miracidia released from schistosome eggs whéeth
freshwater with human excrement.
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With probably 500,000 deaths per year out of therd®®20 million people estimated to be infected
worldwide (WHO, 2001) in endemic developing cousdriacross South America, Africa and the Far East
(WHO, 1993), the World Health Organization recomdgm@an integrated control of schistosomiasis. Thns,
appropriately targeted snail control using mollagk#(s) is an important preventive strategy whibbwd be
combined with carefully managed and directed chaeraipy, ecological and biological control methadswell
as socio-economic improvements and advances ithhedilication with community participation (WHO, B99
Clark et al., 1997; Yuan et al., 2000; Schall et2001).

Snail control in schistosomiasis is based on thi®mal assumption that elimination or reduction of
snail population density below a certain critidaleshold, would reduce transmission to a levelkitkwthe rate
of new human infections, as measured by diseasdeimoe, is significantly reduced or stopped altbget
(WHO, 1965; Thomas, 1973). In addition to contrailithe adult snails, control of their egg masseslavalso
result in their eventual decimation. It is thus adatageous, if a molluscicide also kills snail efgarston and
Hostettmann1985).

The high costs of synthetic molluscicides such iatosamide, their toxicities to non-target aquatic
biota and even man (Andrews et al., 1983; McCulloup92; Pieri et al., 1995; Rawi et al., 1996)nadl as
the complex organization required in their applmat are a major setback to their continued usge@ally in
schistosomiasis control programmes. There is thbhg, need for cheaper, environmentally friendly,
biodegradable and readily available natural moitides from plants.

Biologically active natural products abound in A&h medicinal plants (Marston et al., 1993).
Phytolacca dodecandra, the best studied plant molluscicide to date pisimonly used to treat intestinal worms
in Ethiopia (Esser et al., 2003), whiléillettia thonningii and Pavetta owariensis, two other plant species with
promising molluscicidal activities are similarlyibg used as anthelmintics in alternative medicirectice in
Ghana (Abbiw, 1990) and Guinea (Balde et 4886) respectively. It is possible also, thaibergia sissoo
Roxb. 1832(family Leguminosae), a deciduous tree, morpholalgjgarts of which are used in alternative
medicine as anthelmintic and remedy for diversen®of ailments in Nigeria and other parts of Afr{etaerdi,
1964; Burkill, 1985, 1995) could offer greater pisenfor development as a plant molluscicide.

In a previous paper, we reported that the crudenetic extracts oD. sissoo fruits and roots
demonstrated promising molluscicidal activities inghadultB. pfeifferi with additional toxicities towards its
egg masses (Adenusi and Odaibo, 2008). This paperts on the toxicities of agueous and ethanali@ets of
D. sissoo fruits, leaves, roots and stem barkfurther development of the embryonated egd3 pfeifferi.

Materials and Methods
Plant materials

Fruits, leaves, roots and stem barkiofsissoo were collected in the fresh state in August-Seperm
2004 (8.00-10.00 a.m.) from the field and promptitgnsported to the laboratory for identificationdan
authentication. The plant parts were independdd#wntified in the Department of Plant Science argplied
Zoology, Olabisi Onabanjo University, Ago-lwoye, ethHerbarium Unit, Department of Botany and
Microbiology, University of Ibadan and the HerbanuJnit, Forestry Research Institute of Nigeria (RRI
Ibadan. Voucher specimens of all the plant part®weposited at the Herbarium of FRIN (FHI 107118).

Preparation of extracts

All plant parts were air dried to relatively stableights, chopped into bits and thereafter ground t
moderately-fine powders (mesh size, 200u), usinglectric blender (Molyneux).

Cold (room temperature; 26 to 28) and hot water extracts of each plant part weepared by
steeping 40 g each, of the powdered plant materidlL of the water, respectively for 24 hrs, follev by
filtration. 4000 mg/Istock concentrations of the extracts were prepasedlilution of the filtrates with the
appropriate volumes of dechlorinated tap waters&heere subsequently diluted serially to final pssdutions
of 2000, 1000, 500, 250, 125, 62.5 ... mg/l, as megliPlant material residues were gently driechéndven at
40°C to stable weights. The amount of plant materiabitract was expressed as a percentage of thaarigy
weight of powdered plant material (% Yields: Hotteraextracts, 13.34 + 0.13 — 23.56 + 1.03; Coldewat
extracts, 12.50 £ 0.41 — 15.00 + 0.44).

Ethanolic extracts were prepared by steepingrdéns of powdered plant material in 90% ethanol fo
48 hrs,$ followed by filtration. Extracts (% Yields.67 + 0.37 — 8.50 + 0.55) were concentratedrymess by
evaporation, under reduced pressure, in a rotapaator (NYC R-205D) at temperatures below’@5 Stock
solutions of the extracts were prepared fresh, isgalving 4 g of dry extract in 20 ml dimethylsutide
(DMSO) and then completing to 100 ml volume withcllerinated tap water. Serial dilutions of the &toc
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solutions with the appropriate volumes of dechlatid tap water afforded final assay solutions @&f02@000,
500, 250, 125, 62.5 mg/l as required. Final corregion of DMSO in both test and control solutionssw).5%.
Assay for ovicidal activity

The 0-24 hour old egg masses laid by first genamatiaboratory-bred aduB. pfeifferi snails on

colourless, transparent polythene sheets lining itheer walls of beakers (after 2 weeks of contirsiou
ovipositioning), were used for the study. Egg masgere removed by cutting out small circles of fodyne

Plate 1.Photomicrograph of normal viable Plate 4Photomicrograph of an egg mass
0-24 hr— old egg mass Bf pfeifferi. containing dead embryos both at the
Mag. X200 gastrula/exogastrula and prehatcH snai

stages. Mag. X200.

Plate 2: Photomicrograph of dead embryos Plate SPhotomicrograph of undeveloped
at the gastrula/exogastrula stage after eggs . pfeifferi at the gastrula/exo-
4 weeks of incubation. Mag. X 200 gastrula stage after 4 weeks of iation

(positive controls). Mag. X200

Plate 3:Photomicrograph of dead embryos . .
at the prehatch snail stage. Mag. X200 Plate 6: Photomicrograph of prehatch snails at
the final stages of hatching. Mag. X200

*The arrowed snail is already hatched.
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onto which they had attached and immediately exachimith light microscopy to confirm viability (Olier and
Haskins, 1960) and extent of embryonation. OnlypMaggs (Plate 1) were used for experimentation.

Four egg masses (each with 8-15 embryos) weresexpfor 24 hrs, to 200 mls, each of five different
concentrations of an extract in 2 replicates. Theeze two sets of control experiments. Egg massethe
negative controls were exposed to dechlorinatedMatier containing 0.5% DMSO while in order to verihe
susceptibility of the egg masses under the assaglitions, those in the positive controls were exgoi 0.5
mg/l niclosamide (BAYLUSCIDE WP 70; Bayer, AG, Germany). The 0.5 mg/l concéiuneaof niclosamide
followed a dose-range finding test (two-fold seigaihcentrations of 1.0, 0.5, 0.25, 0.13 and 0.07 mgre
used) in which all embryos were killed at the gasfiexogastrula stage at concentrations of 0.5 argilabove.
Egg masses were removed from the extracts at thefaie 24 hr exposure period and thoroughly wdshith
dechlorinated tap water before incubation in bealsmntaining dechlorinated tap water at room teatpee.
Individual embryos in an egg mass were microscdipiexamined weekly for development and hatchinigakF
assessment of mortalities was at the end of 4 weéekembryo in an egg mass was considered deasl éeils
became opaque, dull or desegregated (dos Sehtls 2000) or if unhatched at the end of the expemtme
Mortalities were recorded as the number and peagentf dead/unhatched embryos.

Statistical calculation

The LGy and LG, values (with 95% confidence limits) of extractsttw95% confidence limits) for the
egg masses were calculated by analysis of the litpdata and logarithm concentration, using a firabalysis
computer software programme (SPSS v. 10.0 for Wirsjio

Results

Toxicities of tested extracts @f. sissoo, as indicated by the percentage egg mortalitiescgntage of
dead unhatched embryos after four weeks of incobptivere concentration-dependent and increased with
increasing concentration of extracts (Table 1).aBdlic extracts were generally more active than the
corresponding aqueous extracts with lower percené@g mortalities, at all tested concentration$l@a) and
whose calculated 24 hr-lsicand LGy values forB. pfeifferi egg masses were generally higher (Table 2).
Ethanolic extract of the fruits was the most activieh 100% mortality at 125 mg/l, followed by thosé the
roots (95.7% at 125 mg/l), leaves (100% at 1000)nagid stem bark (100% at 2000 mg/l) (Table 1).iThe
respective 24 hr-L& and LGq values forB. pfeifferi egg masses were 39.91 and 89.29 mg/I (fruitsiHadnd
114.29 mgl/l (roots), 236.12 and 604.91 mg/l (lepeesl 483.53 and 1460.06 mg/l (stem bark) (Tablergg
calculated LGyor LCygVvalues of the cold and hot water extracts weresigstificantly different (P < 0.05) from
each other for each of the plant parts tested.aEktioxicities were manifested as embryo deathseeit the
gastrula/exogastrula (Plate 2) or prehatch sn&itéR) stage of development or both (Plate 4)eddjmg on the
concentration of extract. The percentage of deadrgws at the prehatch snail stage of developmewetier,
decreased with increasing concentration of ext(@able 3), while the percentage of embryo deaththat
gastrula/exogastrula stage increased with incrgagincentration of extract. Eggs exposed to 125 afgither
the cold or hot water extracts of the fruits, leagad roots exclusively contained dead, prehatalissat the end
of the experiment (Table 3). None of the eggs ie pwositive controls hatched, even after four weeks
incubation and all were at the gastrula/exogasstdge (Plate 5), while all eggs in the negativetrod groups
hatched (Plate 6) by the second week of incubation.

Discussion

Results from this study have shown that the agtiofta plant extract varies considerably according
the morphological part of the plant (Kloos and M#@ugh, 1987; Wickens, 1987; Sofowora, 1993). Eotisa
(aqueous and ethanolic) from the fruits were thatrpotent, followed by those from the roots, leaaed stem
bark. Since active secondary metabolites do noaydvaccumulate to the same degree in plant patscdn
and Sturrock, 1987; Farnsworth et al., 1987; LU§87; Wickens, 1987), their yield in a plant extraod
consequently, the activity of the extract will vargnsiderably with the plant part. It would thusamehat in our
study, the fruit extract had the highest yield iafdetive compounds.

Since the vyield of bioactive metabolites in a platract also varies considerably with the
method/solvent of extraction (Marston and Hostettimal985; Clark et al., 1997), it is plausible tlie
ethanolic extracts were generally more potent ttencorresponding aqueous extracts probably beddese
active
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Table 1: Percentage mortality &. pfeifferi egg masses exposed to different concentration8)(afghe crude extracts & . sissoo.

143

Mortality at indicated concentrations (mg/l) of deuextracts

Test
Extracts 2000 1000 500 250 125 62.5 31.25 15.63 7.81

Cw HW E cw HW E Ccw HW E CwW HW E cw HW E Ccw HW E CW HW E CW HW E CW HW E
F - - - 100+0.0 100£0.0 - 93.2+9.6 87.2+6.0 - 64.6+59 46.9+29 - 36.4+3.2 21.7+6.2 100+0.0 1480 83+29 70.8+8.8 - 31.1+3.1 - 11.4+32 - 0
L 100+0.0 95.7+6.2 100+0.0 F*9.6 65.9+6.4 100+0.0 435+620.8+6.0 81.8+6.4 20.0+3.1 13.32346.9+8.7 7.0+£3.2 42+29 2431
R - - - 100+0.0 100+0.0 - 89.1+6.2 72.3+3.0 - 51.0+58 34.8+6.2 - 19.6+46 12.8+3.0 95.7+6.0 831 0 59.1+3.2 - - 250%0.0 8.743. 0
SB 95.7+6.0 91.1+9.4 100+0.0 56.8+351.1+3.0 76.1+6.1 255+0.0 23.9%644.7+6.0 83+29 6.5+31 .2833 0 0 8.7+3.1
KEY:
CW --- cold water extract; F; L; R; SB — Fruits, Leaves, Roots, Stem bark.

HW --- hot water extract
E --- ethanolic extract
- --- not tested
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Table 2: Calculated lethal concentration valueofsissoo extracts foB. pfeifferi
egg masses

Parts tested

Extract 24h 15 Clgs) 24h L&(Clgs)
Fruits CcwW 162.08 (135.59182) 458.98 (364.26; 638.32)
HW 222.34 (189.54; 261.02) 580(#72.86; 806.50)
E 39.91 (34.53; 46.25) 280(73.21; 118.34)
Leaves CcwW 500.06242; 593.37) 1397.81 (1098.70; 1968.86)
HW 660.55 (557.86; 790.54) 1897.90 (146726942.79)
E 236.12 (197.10; 277.42) 604.91 (487832.45)
Roots CcwW 215.96 (184.47; 252.80) 554.16 (4467319.42)
HW 304.67 (263.48; 353.39) 694.89 (568922.97)
E 47.49 (40.82; 55.73) 114.29 (91.57.26)
Stem bark CwW 769.75 (661.09; 904.83) 1867.57 (1492.14; 2839.
HW 861.47 (735.38; 1023.19) 2200.75 (1723.70; 3184
E 483.53 (405.49; 577.46) 1460.06 (11312902.04)

KEY:

CW = cold water; HW = hot water; E = ethanolic
values are in mg/l; (Gd) = 95% confidence interval
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Table 3: Percentage of embryo deaths at prehatch snail sfalpgvelopment.

145

% of unhatched eggstaiming dead prehatch snails at indicated conagairs (mg/l), 4 weeks after start of experiment

-éitsrtacts 2000 1000 500 250 125 62.5 31.25 15.63 7.81
cw HW cw HW E cw HW E cw HW E cw HW E cw HW E CWHW E CwW HW E CwW Hw

F 0 0 0 0 257+22 348+21 - 100+0.0 100+0.0 O 100+0.0 100+0.0 38.3.60 - - 64.1+36 100 +0.0

L 89+0.0 13.6+23 123.0 24.0+25 12.8+0.0 348+240.7+15 22.3+18 55.0+7.1 6bF1 39.2+1.1 100+0.0 100+0.@.57+ 3.5 - - - - - - -

R 0 0 0 0 322+3.6 56411 - 100+0.0 100+0.0 O 10000 "0 42423 - - 75980 100+0.0 - -

SB 13.3+23 19414

321+148.8+25

0

100+0.001#0.0 47.6+0.3 100 £0.0 100+0.69.7 +4.3 "0 0 100 £0.0 - - - -

KEY:

CW --- cold water extract; F; L; R; SB — Fruits,dves, Roots, Stem bark.

HW --- hot water extract; * ---- No mortality
E --- ethanolic extract

- --- not tested
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principles in the plant dissolved more readily mdavere better extracted by a less polar solvahaf®l) than
water. The literature is replete with reports dfatiences in the activities of extracts obtainemhfrthe same
morphological part of a plant using different soitee For instance, the methanolic extract of thetdrof
Tetrapleura tetraptera is more potent than the aqueous extract (Adewwtral., 1982). Although there were no
significant differences (P > 0.05) between thed @ LCy, values calculated for the cold and hot water ek$ra
of each tested plant part, the cold water extraete generally more active than the hot water etgrgudging
by the mortality data. It would thus seem thatdbtive compounds in the extracts were slightlyciéd by heat
(Sofowora, 1993; Evans, 2002).

The viable 0-24 hour-old egg masses used in thidysivere susceptible in varying degrees, to thetox
action of the tested plant extracts. They were heweless susceptible than the adult snails forctwtihe
calculated LC values of the extracts were lowerdgiubsi and Odaibo, 2008). The higher lethal doses fo
embryonated eggs & pfeifferi andB. glabrata compared to those for the adult snails have beported in the
literature for other products, including latex b&tCrown of ChristEuphorbia splendens var. hislopii (Schall et
al., 1998) and extracts from different parts of sospecies ofAnnona (dos Santos and Sant’Ana, 2001).
Similarly, Ahmed and Ramzy (1997) reported that dygs of a related specieB®, alexandrina, were less
susceptible to the extracts &flanum nigrum than the adult snails, on account of higher letlusles.

In the present study, the developmental stageeoéthbryos at which extracts manifested lethalitg wa
concentration-dependent. Majority of the eggs egfdd® the lowest concentrations of extracts hatctwnie
those exposed to the highest concentrations wefmtcmed and contained dead embryos either at the
gastrula/exogastrula or prehatch snail stage oéldpment or both.

Hatching of eggs exposed to low concentrations xifaets could be due to the fact that these
concentrations were not high enough to effectivaterfere with normal embryonic development withire
eggs, notwithstanding their entry into them. Embagaths at the prehatch snail stage in eggs expodedher
concentrations of extracts could have resulted fiotarference with the stages involved in the psscef
hatching. It is plausible that following exposuseich embryos could only develop to the prehatcli stege,
beyond which subsequent developmental processdatdbéed. It is pertinent to note that the prefasnails
were actively mobile before death was a consequehnen-hatching. High as these concentrations sesyn,
they were not high enough to effectively arresttier development of the embryos beyond the gasstalige.
They were however, potent enough to possibly cahgsiological abnormalities which, as soon as tleegss
of hatching was about to take place, were expresseth that the mechanisms involved in the hatcpnogess
were thwarted. Death resulted consequent upomtdglity of these prehatch snails to survive furtiithout
hatching.

Embryo death at the gastrula/exogastrula stagedisative of acute extract toxicity, as such embryo
never developed beyond the stages they were bekp@sure. This demonstrates the potency of thaestat
such concentrations, at arresting, within the 24ekposure period, embryonic development beyond the
gastrula/exogastrula stage.

Activity against both adult and egg stages of vestuails is considered one of the most important
aspects of any efficient molluscicide that is toulsed in the control of schistosomiasis (Tang etl895). In the
present study, only the ethanolic extractnfsissoo fruits could be considered as being reasonabliveact
againstB. pfeifferi eggs (LGo and LG values < 100 mg/l; 39.91 and 89.29 mg/l, respebtjv

The lesser susceptibility d. pfeifferi egg masses to the toxic action of the ethanolicaek of D.
sissoo fruits in the present study compared to that efdidult snails (Adenusi and Odaibo, 2008), thougty v
important practically, does not appear to be anrimguntable obstacle to its effective use in soaiitrol. It
only means that multiple applications of the maiioslal extract would probably be required to coetply
clear the snails from schistosomiasis transmissites, as some of the eggs would persist at madidst
concentrations, subsequently hatch and eventuallgldp to mature snails capable of continuing traasion
of infection. Furthermore, the molluscicide willveato be applied before the newly hatched snadlg sb lay
eggs.

Our results are reliably guaranteed by the suduiéfiés of the viable 0-24 hour old egg masseth®
prescribed dose of niclosamide (used as the pesitontrol) which was within the limits reported fhe
literature forBiomphalaria species, including. pfeifferi (Webbe, 1961; Shiff et al., 1970; Sarquis et97;
Giovanelli et al., 2002).

The findings of this study have once again re-ersjziea the need to explore the possibility of using
allelochemicals derived from plants, particulatips$e used in alternative medicine practice, aslsopmmtary
and complementary measures in the control of sudostiasis. As the overall efficacy of a mollusogiid
greatly enhanced if it also shows significant tayi¢cowards snail eggs, an added advantage to dtenpal
development of the ethanolic extract Bf sissoo fruits for use as a plant molluscicide is its iy to the
embryonated egg masses Bf pfeifferi. Even Endod, the most promising plant molluscicidedevoid of
ovicidal properties (Lemma, 1970; Lemma and Yau/4)9 The practicability of the ethanolic extract of
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sissoo fruits in the control of schistosomiasis rests mpioe fact that the fruit, being a regenerativenplazart,
does not require destructive harvesting, as wotlidrgplant parts.
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