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Abstract

Moringa oleifera seed preparacions equivalent to the 200 mg/fof
cotyledon powder generally used for the coagulation of drinking-
water in some rural areas had toxic effecss on fish (guppics)
(Poecilia reticutata), protoroa (Tetrabymena pyriformis), bactena
(Escherichia co/¥) and inhibited the enzyme acerylcholinesterase.
The preparations had no effect on coliphages or the enzymes lac-
tic dehydrogenase or invertase, nor did they display mutagenic
effects in Ames Sa/monella mutagenicity assays. Concentrations
as low as the equivalent of 5 mg/{ cotyledon powder affected the
oxygen uptake rate of 1. pyriformis, 30 to 40 mg/{ induced aber-
ration in locomotor behavious patrerns of guppies, while the 96-h
LC,, for guppies was 196 mg/l. Salmanella mutagenicity assays
yielded negative results for barch and serial excracts representing
the equivalent of up to 1 000 mg/{ cotyledon powder. Toxicity
was limited to seed coryledons; pericarps (shells) had no effect.
The results suggest chat toxic effects were due to the an-
timictobial constituent  4{a-L-shamnosyloxy) benzyl isothio-
cyanate, a ghyeosidic mustard oil. In view of complex associations
of the roxin with organic matrer, instability and the mechanism
of action, it would, however, not appear to constitute a human
health risk, at least not in the concentrations generally involved in
the utilization of the seeds for nuuritional, medicinal or water
purification purposes.

Introduction

The tree Moringa oleifera Lam. is native to the sub-Himalayan
region of India, aad is today cultivaced for various purposes in
many countries of the tropical belt such as the Sudan, Malagasy
and Sri Lanka. In rural areas of the Sudan, powdered seeds of the
tree are traditionally applied as coagulants for drinking-water
treatment (Jahn and Dirar, 1979). The coagulating activicy has
been ascribed to polypeptides acting fike cationic polymers (Barth
et al., 1982). The seeds are also used in folk medicine and as food
(Jahn and Dirar, 1979; Jaha, 1981} Alchough no adverse effects
on the health of humans have yet been associated with the con-
sumption of the seeds or water coagulated with powdered seeds
(Jahn, 1981), the isolation of 4(c-L-thamnosyloxy) benzyl
isothiocyanate from the seeds raised questions regasding poten-
tial toxicity (Eilert et af., 1981; Barth ez a/,, 1982). This mustard
oil glycoside has anti-microbial activity (Eilert ef al., 1981; Jahn,
1081; Barth ¢f &/., 1982), and powdered seeds administered oral-
ly to rats in doses of 3 g/kg body mass had detectable effects on
cells of the scomach and liver (Barch es #/., 1982). Althongh no
acute toxicity was evident, the resules warrant further investiga-
tion (Barth er @/, 1982}.

This paper deals with an evaluation of roxic and mutagemnic
effects of seeds and coagulated water using a variety of biological
assays.

Materials and methods
Seed preparation

Seeds harvested in the Sudan were used. Sced powder was
ground from whole seeds, sced cotyledons (seeds without
pericarps), or pericarps (shells) by means of a pestle and mortar
(Jahn and Dirar, 1979).

Coagulation experiments

Seed powder was suspended directly in water, except in the case
of one set of protozoan assays dosed in the form of a milky filtrate
prepared by suspending 5 g of cotyledon powder in 50 mf of
distilled water, shaking manually for 5 min, standing for 10 mia,
followed by filtration through a coarse cloth, and used within the
hour. Coagulation experiments were carried out with water col-
Jected from the Apies River about 50 m downstream of the inflow
of treated sewage from the Daspoort purificarion works {Grabow
et al., 1981), water from the Moreletta River and distilled water.
In different samples the turbidity of Apies River water vatied
from 10 to 20 NTU (nephelometric turbidity units) and that of
Morelerta River water from 10 to 90 NTU. Jar tests were cartied
out using 300 m? of warer in 1 € glass beakers and 2a multiple
stirrer unit. After the addivien of the desired dose of coagulant,
water was stitred for 5 min at 100 r/min. The stitrers were then
removed and the beakers left standing to settle. Samples for
analysis were removed from the supernatant (decanted after 1
and kept ar room temperatufe) ar various ume intervals, Ex-
periments were done at room temperature (20t 25 °C).

Seed extracts

Extracts were prepared by shaking seed suspensions manuaily for
5 min or stitring them magnetically for 24 h, followed by filera-
tion through a membrane (pore size 0,45 um). in the former case
discilled water was used as solvens; in the latter, distilled water or
rmethanol was used for barch extractions and dichloromethane,
acetone, methanol and distilled warer (in this sequence) for serial
exttactions. Dichloromethane and methanol extracts were
evaporated to dryness and the residues resuspended in desired
volumes of acetone and distilled water, respectively. When
necessary, extracts were diluted in distilled water.

Counts of faecal coliform bacteria
Faecal coliform bacteria, as well as Escherichia colt, were counted
by means of membrane fiitration using M-FC agar without rosolic

acid (Grabow ef a/., 1981). In some experiments water was seed-
ed with E. coéf E25 (Grabow and Prozesky, 1973).
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Counts of coliphages

Coliphages were counted by means of a modified double-layer-
agar plaque assay using E. cofi C60% as host {Grabow er 4/,
1984).

Protozoan toxicity assay

A Tetrabymena pyriformis assay in which oxygen uptake rate
serves as the test parameter, was used (Slabbert and Morgan,
1982). Oxygen uptake was rmeasured at a constant tempetature
{27 *C) by means of a biological oxygen monitoring system con-
nected to a potentiometric recorder. Each sample (0,25 mf) was
injected into a test chamber containing 4,75 mf of an appropriate
T. pyrformis cell suspension, while oxygen uptake was recorded
continuonsly before (reference), during (mixing} and aftet sam-
ple addition (test). Tests were done on coagulated water {mem-
brane filtered before resting) as well as seed extraces. Since the
assay involved a 20-fold dilution of test samples, coagulation ex-
periments were cattied out with concentrations of seed prepara-
tions which compensate for this dilution factor. The effect of a
test sample was established by comparing the test upiake rate
with the reference uptake rare, expressing all results 1n relation to
a standard refetence oxygen uprake rate of 8% /min. Tests were
carried out in triplicate. Students’ t-test was used to establish
whether average results differed significantly at che P=0,05
level.

Fish toxicity assay

Predetermined volumes of a manually prepared seed extract
{standing for 10 min before filtration) were added to de-
chlorinated tap water 10 establish dilutions equivalent e 40, 60,
100, 250, 400 and 600 mg/{ of cotyledon powder. Dechlorinated
tap water was used for the control. The test organisms were two-
week old guppies (Poecilia reticulara) which had not been fed for
48 h before the test. Five fish were placed in each dilution and
the number of dead fish in each concentrarion after 96 h record-
ed. The criteria for death were the cessarion of all movement,
especially gill movement, and no reaction ro gende prodding.
The dara were used to establish the 96-h LC,; according to the
method of Litchfield and Wilcoxon (1949). Fish dying in the
higher concentrations were histopathologically examined to
establish possible causes of death.

The effect of exposure to seed extracts upon locomotor
behaviour patrerns of guppies was investigated employing an
automatic biomonitoring system, whete activity was continuously
assessed by means of ultrasonic echoes {(Morgan ez #/., 1982). Sen-
sor fish were exposed to increasing concentracions of the seed ex-
tract to determine the threshold level of detection. Fish were ex-
posed to each concentration for 2 period of 24 h, and their activi-
ty levels recorded and compared 1o the normal behaviour patiern.
After this period of exposure, sensor fish were allowed to resume
notmal activity before being exposed 1o successively higher con-
centrations. The experimental series was concluded when more
than 60% of the sensor fish had clicited a tesponse by exhibiting
acrivity levels over and above those o be expecred under normal
conditions, within 24 h of initial exposure.

Enzyme assays

Enzyme detecror strips, impregnated with either acerylcholine-
sterase, lactic dehydrogenase or invertase, were dipped into ex-
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tracts equivalent to 50 to 2 500 mg/¢ of coryledon powder and
then placed in contact with similar strips impregnated with theis
specific substrate;, being indoxylacetate, pyruvate and sucrose,
respectively. Indoxylacetate tuens to a blue colour when hydrolyz-
ed, whereas N-m« thylphenazonium methosulphate (PMS) and 2-
{4-indophenyl}-3-{4-nicrophenyl)-5-phenyl-tetrazolium chlotide
{INT) were used s chromogenic agenrs to indtcate the degree of
hydeolysis of pytuvate and suctose. The intensity of colour
development for :ach of the detector suips was compared with
that formed when similar strips were dipped inte deionized
water, as controls, and the level of inhibition determined.

Ames Sahnonella mutagenicity assays

Plate tncorposation and spot tests using tester strains TA98 and
TA100 in the pres:nce or absence of liver preparations were cat-
ried our as describied by Grabow ef @/, (1980). Assays were done
in fivefold, and included positive, negative and sterility controls.
Toxic effects of test material on tester sirains were evaluated by
the methods of Giabow e2 4. (1980). Residues of extracts and
seed powder were ested in dichloromethane suspensions which
eliminared the pos:ibility of contamination.

Results
Effects of coagulation or bacterial counts in different waters

Counts of sceded }. cofi or naturally occurring faecal coliform
bacteria 1n various waters coagulated with different quantities of
cotyledon powder, ue listed in Table 1, Results reptesent the
average of three couats. Unseeded Morelerta and distilled water
had faecal coliform counts of 0/100 mf. In che absence of
coagulant, counts of seeded E. co/z increased slightly over 24 h in
Morelerta water, wtile those of naturally occurting faecal col-
iforms in unsceded Apies water decteased marginally. Counts
decreased duting the first 60 min after the addition of coagulant
in all waters. In disti led and Moreietta water E. coff counts con-
tinued their downward trend and afrer 24 h counts were much
fower, with the highest, and dose-related, reduction in distilled
water. In contrast tc seeded E. coft in distilled and Morelerta
water, the counts of vaturally occurting faecal coliforms in Apies
water displayed dose-related increases after an initial reduction.
Reduction of both se:ded E. co/i and naturally occurring faecal
coliform counts during the first 60 min was less when coagulant
prepared from whole seeds was used, while ground pericarps had
virtually no effect an E. coff of faecal coliform counts.

Effect of coagulation on coliphage counts in Apies River wates

Average results of three counts (Table 2) showed an increase of
3 % in contrals (water without coagulant) during the first hour
but 2 38% reduciion curing the subsequent 23 h. In coagulated
water coliphage count: displayed 2 dose-related reduction after
both 1 and 24 h. The reduction during 1 and 24 h was skightly
higher in coagulated water than in controls. As in the case of E.
colt and faecal coliforrr s, water treated with ground whole seeds
vielded lower reduction, and ground pericarps virrually no reduc-
tion of coliphage counts during the first 60 min.

Tetrabymena pyriforttis toxicity assays

Toxtcity was detected it Moreletra and disulled water coagulated
by means of the mitky cotyledon filtrate or the direct addition of



TABLE 1
COUNTS OF SEEDED ESCHERICHIA COLI OR NATURALLY QCCURRING FAECAL COLIFORM BACTERIA IN DIFFERENT
WATERS COAGULATED WITH MORINGA OLEIFERA COTYLEDON POWDER

Count/mf

Seeded E. coli in Moreletta Rivet

Seeded E. coli in distilled

Naturally occurring faecal coliforms

Time water water in Apies River watet
Coagulant (mg/f) Coagulant {mg/{) Coagulant {mg/f)
0 200 i 000 0 200 1 000 0 200 1 000
Omin 14 x 10° 14 x 10° 14 x 10° 12 x 10° 12 x 10% 12 x i¢* 74 x 102 74 x 107 74 x 107
Smin 14 x 10° 75 x 104 89 x 10¢ 12 x 10° 12 x 108 12 x 108 74 x 102 68 x 10? 52 x 10%
60 min 16 x 10% 24 x 104 17 x 10° 12 x 108 56 x 104 68 x 10¢ 73 x 102 44 x 107 39 x 102
24 h 11 x 108 0 0 82 x 10° 20 x 10° 31 x 102 43 x 102 43 x 10* 68 x 10?
TABILE 2
COUNTS OF NATURALLY OCCURRING COLIPHAGES IN APIES RIVER WATER COAGULATED WITH MORINGA OLEIFERA
COTYLEDON POWDER
Caoliphages at various concentrations of coagulant (mg/f)
Time 1] 200 1 000
{h) - -
Count/m/{ % Reduction Count /mf % Reduction Count/mf % Reduction
0 500 500 500
1 515 3* 270 46 245 51
24 319 38 159 41 137 44
* % Inctease
TABLE 3

OXYGEN UPTAKE RATE OF TETRAHYMENA PYRIFORMIS CELLS EXPOSED TO MORELETTA OR DISTILLED WATER
COAGULATED WITH MORINGA OLEIFERA COTYLEDON POWDER OR COTYLEDON FILTRATE

Oxygen uptake rate (Y /min} at time intervals {min)

Water Coagulamt
1 2 3 4 5
Distilted Conttol (no coagulant) 1,17 7,17 7,17 7,17 7.7
Milky filtrate 7,31 6,93 6,51 6,28 6.03
Powder 6,99 5,37 4,18 3,35 2,58
Morelerta Contro! {no coagulant) 7,31 7,51 7,31 7.31 7,31
Milky filrrate 7,34 7,03 6,69 6,17 6,08
Powder 7,07 5,70 4,25 3,18 2,51

*Equivalent of 200 mg/?f cotytedon powder after addition to cells

TABLE 4
OXYGEN UPTAKE RATE OF TETRAHYMENA PYRIFORMIS CELLS EXPOSED TO MEMBRANE-FILTERED MORINGA
OLEIFERA COTYLEDON SUSPENSIONS

Concenteation of Oxygen upcake rate (% /min) at time intervals {min)

cotyledon powder ) 2 3 p s
0 7,18 7,18 7,18 7,18 7.18

200 7,20 6,82 6,59 6,28 6,02

1 000 6,20 4,06 2,03 1,22 1,02

*Concentration in test chamber {mg/f)
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the cotyledon powder. Tests were carried out 60 min after the ad-
dition of coagulant. The roxic effects of coagulated Moreletra and
distilled water did not differ significantly (Table 3). However, the
water was less toxic when coagulated using the milky filtrate than
by direct addition of an equivalent quantity of the powder. In the
former case, there was a moderate reduction in oxygen uptake
rate noticeable from 2 min onward. In the case of coryledon
powder the reduction in oxygen uptake rate was already detec.
table after 1 min, and after 5 min it was pronounced. Water
tested 5 min after the addidon of coagulant yielded similar
results. The higher oxygen uptake rate in the case of the Morelet.
ta water without coagulant {compared with distilled water) may
be ascribed to dissolved salts in the water (Slabbert ez 2/, 1983),
Dose-related toxicity was detected by addition of extracts
prepared by membrane filtration of manually shaken cotyledon
suspensions to test chambers. A concentration equivalent to
1 000 mg/f of cotyledon powder (20 (00 mg/{ before addition to
cells) caused a reduction in oxygen uptake rate which was
noticeable after 1 min and extensive after 5 min (Table 4). The
equivalent of 200 mg/f of cotyledon powder {4 000 mg/¢ before
addition to cells) reduced oxygen uprake rate to a lesser extent,
recorded from 2 min onward., Suspensions standing for up to
60 min prior to filtration and testing, yielded similar results.
Batch water extracts even up 1o the equivalent of 500 mg/f
of cotyledon powder, displayed 2 marginal effect only (Table 5).
In contrast, the water extracts preceded by serial solvent extrac-

tions were more toxic and even the 5 mg/f extract inhibited
oxygen uptake rate. Batch methanol extracts, as well as the
dichloromethan =, acetone and methanol extracts of serial solvent
extractions, had no significant effect in concentrations of up to
200 mg/¥.

There was a reduction in the toxicity of coagulated warer
with time (Table 6). Test samples taken from coagulated Moreler-
ta water after storage for 24 h, had a similar but slightly less toxic
effect than thos: taken 60 min after coagulation, while samples
tested after 48 h were much less toxic.

in toxicity ¢ssays similar to those done on cotyledon prepara-
tions, whole see Is in similar concentrations yielded results along
the same lines, but of lesser magnitude than coryledons, while
pericarps were 0ot toxic.

Fish toxicity assays

The 96-h LC,, fcr guppies exposed to dilutions of the seed extract
was the equivale 1t of 196 mg/f of cotyledon powder. Lethal con-
centrations caused the respiratory folds of the gilf lamellae co stick
together and there was a loss of mucous cells. There was evidence
of destruction of the respiratory epithelium in higher concentra-
tions with the production of mulriple haematomas. The damage
10 the respirator organs would result in diminished oxygen up-
take and impairrient of the salt balance. Death probably ensued
due to asphyxiation,

TABLE 5
OXYGEN UPTAKE RATE OF TETRAHYMENA PYRIFORMIS CELLS EXPOSE) TO WATER EXTRACTS OF MORINGA
OLEIFERA COTYLEDON POWDER

Oxygen uptake rate (‘o/min) 2t time intervals {min}

:g:r:; Concenttation”
1 2 3 4 5
Conrol (dist. water) o 7,15 7.15 7,15 7,15 7.15
Batch 500 7,80 7,60 7,13 6,79 6,40
Serial** b 6,95 6,95 6,95 6,95 6,95
200 6,41 4,60 2,80 2,00 1,62

*Concentradion in the test chamber {mg/¥f)

**Serial liquid extract in which warter was preceded by dichloromethzne, acetone and metlianol

TABLE 6
OXYGEN UPTAKE RATE OF TETRAHYMENA PYRIFORMIS CELLS EXPOSED T:) MORELETTA RIVER WATER STORED FOR
VARIOUS PERICDS AFTER COAGULATION WITH MORINGA OLEI'ERA COTYLEDON POWDER"

Oxygen uptake rate (% /min) at time intervals (min}

Storage time" "

1 2 3 4 5
Control*+* 7.25 7,25 7,25 7,25 7,25
60 min 7.29 6,20 4,45 3,26 2,30
24 h 7.30 6,41 4,95 3,80 2,99
48 h 7,70 6,89 6,40 6,38 6,39

*Concentration in test chamber equivalent to 200 mg/f
**Srored at room temperature (20-25 °C) -
**+Incoagulated warer
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Figure 1 depicts the effect of serial concentrations of seed ex-
tract on diurnal activity patterns of guppies. Concentrations of 10
and 20 mg/f produced no adverse effects, whereas fish exposed to
30 mg/f exhibited increased activity rates although the normal
diurnal pattern was mainrained. A 40 mg/{ concentration pro-
duced an alatm response in 2l sensor fish, locomortory activity be-
ing maintained at 2 higher level than that to be expected under
normal conditions for the whole petiod of exposure, indicaring a
possible avoidance reaction on the part of the sensor fish. In a
continuous automatic biomonitoring system, therefore, the seed
extract would be detected at a level between 30 and 40 mg/¢, ap-
proximately 0,2 of the 96-h LCy,.

Enzyme inhibition assays

Exposure of enzymes to 200 mg/f of cotyledon powder inhibited
the activity of acetylcholinesterase, but not that of lactic
dehydrogenase or invertase,

Ames Salmonella mutagenicity assays

Concentrations of up to 1 000 mg/? of cotyledon powder had no
detectable mutagenic effect on the tester strains used, both in the
presence of absence of liver preparations. Higher concentrations
could not be rested because of toxic effects on the tester strains.
Assays on serial as well as batch extracts and on distilled or
Moreletta water coagulated with coryledon powder, likewise
yielded negative results. Muragenic activity was also not devected
in similar preparations of whole seeds or pericarps.

Discussion

The reduction in counts of E. co/f and faecal coliforms in water
treated with M. ofeifera seed preparations due to coagulation and
sedimentation, the antibacterial effect of seed prepararions, and
the increase in faecal coliform counts in coagulated water as a
result of regrowth (Table 1), are in agreement with data reported
by Jahn and Dirar (1979), Jahn (1981) and Barth ez &/, (1982).
This agreement confirms the similatity of materials and technt-
ques used in the present and earlier studies.

The reduction in counts of coliphages as a result of coagula-
tion and sedimentation (Table 2) is in line with the data on
bacteria. An important difference, however, is that the survival of
coliphages was not significantly affected by cotyledon prepara-
tions, even in concentrations as high as the equivalent of 1 000
mg/f of cotyledon powder (Tabie 2).

The highly sensitive response of T. pyriformir and guppies
(Tables 3 to 6 and Figure 1) represent another outstanding
feature of the toxic effect of M. oletfera seeds. The almost instan-
tancous effect on oxygen uptake by T. pyriformis and the
histopathoelogical picture of damage to the respiratory epithelium
of guppies, would seem to indicate that the primary site of action
of the toxicant is the cell membrane, resulting in, for instance,
distuption of the permeability barrier. This appears to be in
agreement with the inflammatory effect on cells of the gastro-
intestinal tract and liver of rats to which powdered seeds were ad-
ministered in massive doses (Barth es @/, 1982). An effect on cell
membranes is also supported by the resistance of coliphages and
the limited effect on bacteria where the cytoplasmic membrane
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Figure 1
Average diurnal acitvity patterns of 5 guppies (Poectlia reticulata) expos-
ed to 20 mg /¥ (dotted line), 30 mg/t (broken line) and 40 mg/l (con-
tinuous line) of Moringa oleifera cotyledon powder in tap water. Normal
activity patierns, averaged over 7 days, are presented as a bistogram (con-
tinuous line), together with upper 95% confidence limits (broken line).
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may be protected by the cell wall to a large extent.

The negative results of Salmonellz mutagenicity assays on
various seed preparations and extracts indicate an abs=nce of
mutagenic activity, which implies that the seeds are not likely to
have carcinogenic propetties (Grabow ez /., 1980). However, it is
possible that mutagenic activity was obscured by the toxi: effect,
even chough this 15 largely ruled our by the negative resules of
spot tests. The failure to detect mutagenic activity and the
resistance of coliphages support the view that the primary target
of the toxicant is the cytoplasmic membrane rather than nucleic
acid, protein synthesis machinery or structural compounds.

It would appear that only one toxic compound is invelved
because the toxic effect could not be separated into different frac-
tions by various batch and serial solvent extractions. Inhibition of
the enzyme acetylcholinesterase suggests that the toxin's
mechanism of action may resemble that of organophosphorous
compounds, which inhibit the enzyme by covalently binding to
serine hydroxyl groups (Mahler and Cordes, 1966). Since the en-
zymes invertase and lactic dehydrogenase were not affected by
the toxin, the mechanism of action would not seem to be related
to either that of heavy metals which inhibit invertase by the for-
mation of covalent metal salts, or that of compounds which in-
hibit lactic dehydrogenase by acting as competitive inhibitor for
the substrate (Mahler and Cordes, 1966).

The behaviour and level of activity of the toxin in water
would seem to be complex and subject to a number of variables.
Toxicity appears to be reduced by the presence of organic and
possibly alse other compounds because coagulated Moreletta
River water was less toxic to E. coff than coagulated distilled water
(Table 1}, water coagulated by means of a milky filtrate derived
by shaking of a cotyledon suspension was less toxic to T, pyrifor-
s than water coagulated by the direct addition of coryledon
powder (Table 3), and removal of organic compounds by serial
liquid extraction increased the toxicity of coryledon prepararions
{Table 3). The reduction in toxicity of coagulated warer with time
(Table 6) may be due to masking effects of proteins or bacterial
growth, decomposition by bacteria, or instability of the toxin.
The latter would seem to be in agreement with findings that the
activity of the toxin is greatly reduced by boiling seeds for a short
time in water (Eilert ¢ 4/, 1981),

Properiies of the roxic effect revealed in this and earlier
studies indicate that it is caused by the antimicrobial compound
4(c-L-thamnosyloxy) benzyl isothiocyanate, a glycosidic mustard
oil isolated from M. o/eéfera seeds (Eilers ez 4/, 1981; Barth ez 2/, ,
1982}. Further evidence in this regard is that neither the latcer
toxin (Eilert ez 4/, , 1981) not the toxic constituent investigated in
this study were methanol extractable.

There is no evidence that the toxin, which occurs in the
cotyledon of M. olesfers seeds and is absent from the pericarp,
may have shott-term toxic, long-term chronic ot carcinogenic ef-
fects on humans under the conventional conditions of utilization

of the seeds for nutritional, medicinal or water trearment pur-
poses (Jaan and Dirar, 1979; Jahn, 1981). Human exposute to
doses of the toxin used in studies on micro-organisms, fish and
rats is haidly possible. All indications ate that potentially harmful
effects o the toxin in coagulated water are eliminated in the
gastroint:stinal tract as a result of interference by organic matter
and instz bility of che coxia. )
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