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ABSTRACT. The present study shows that the population growth of Caenorhabditis
clegans was significantly reduced after treatment with 5-40 ug/ml of the wettable
formulations of diflubenzuron. a phenyl benzoyl urea compound (P < 0.01). whereas
treatment with similar concentrations of the analytical grade diflubenzuron in
acetone or dimethyl sulphoxide were less cffective. The percentage reduction in
population growth of C. elegans was shown to be greatest (62-99%) in treatments
with wcttable formulations of diflubenzuron (5-40 ug/ml). Formulation B of
diflubenzuron has the lowest ECs, value: 0.2 ug/ml. The study also shows that
diflubenzuron significantly affects cgg production of C. clcgans (P < 0.05) at low
concentrations (20 ug/ml) while other biological activitics such as development,
survival. feeding and movement arc not significantly affccted (P < 0.05). About 56,
85 and 91% reduction in egg production was observed in treatments with 5, 10, 20,
ug/ml diflubenzuron for 96 hr. respectivcly.

Diflubenzuron is a phenyl benzoyl urea compound; 1-4 chlorophenyl -3-(2,6
diflubenzoyl - urea), found to inhibit the formation of insect cuticle, which is
mainly composed of chitin (Post et al. 1974). Diflubenzuron has also been
suggested to have potential anthelmintic or nematicidal effects (Veech 1977,
Ibrahim 1978). A significant reduction in population growth of the free living
nematodes Pelodera sp. and Panagrellus redivivus was reported after treatment
with 10 pug/ml diflubenzuron. Ibrahim (1978) similarly demonstrated a significant
reduction in population growth of Caenorhabditis elegans when treated with 5-80
ug active ingredient (a.i)/m] of formulated diflubenzuron. However, the effect of
the formulation material incorporated with the active ingredient was not
investigated in either of the above studies.

Therefore, the present study, firstly, investigates the effects of analytical grade
diflubenzuron on the population growth of Caenorhabditis elegans compared to
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that of two wettable formulations of diflubenzuron and to the formulation material
alone. Then, the study examines the various effects of the most active preparations
of diflubenzuron on development, survival, feeding, movement and fecundity of C.
elegans.

Experimental Work

Culture of Experimental Organism

C. elegans Bristol (strain N) was cultured with OP 50 a uracil mutant of
Escherichia coli on a medium of NG agar (Brenner 1974).

Experimentation
I. Effects of diflubenzuron preparations on population growth of C. elegans

I.A. Effects of analytical grade diflubenzuron: Stock solutions of diflubenzur-
on were prepared in acetone or dimethyl sulphoxide, due to its low solubility in
water (0.2 ug/ml). The toxicity of these two solvents has been reported to be
minimal when applied to axenic cultures of Aphelenchoides rutgersi at 0.1 and 0.01
(w/v), respectively (Myers 1972).

Standard solutions of 0.025, 0.05, 0.1, 0.2 and 0.4% (w/v) of analytical grade
diflubenzuron (purity 95-99%, I.C.I1. Plant Protection Ltd., U.K.) in acetone or
dimethy] sulphoxide (2 ml) were added to 98 ml of autoclaved NG agar kept at 45°
C and rapidly mixed to make 5,10,20,40 and 80 ug a.i./ml solution of
diflubenzuron. Controls of pure NG agar with acetone or dimethyl sulphoxide (2%
w/v) were also prepared. Diflubenzuron - agar suspensions were then poured into
sterile 45 mm diameter plastic petri dishes and once solidified the agar inoculated
with E. coli OP 50 and incubated at 25° C. After 48 hr, three second stage juveniles
(J2) of C. elegans collected from 3-5 day old stock cultures were transferred to each
plate. The number of adult and juvenile nematodes on each plate was recorded
after 4 and 5 days at 25° C. Each treatment was replicated five times.

[.B. Effects of diflubenzuron formulation (A) and (B): Two samples (A and
B) of a 25% wettable formulation of diflubenzuron having the number median
diameter (NMD) of 1.8 um and 2.0 um, respectively were obtained from I.C.I.
Plant Protection Ltd., U.K. Formulations A and B were mixed thoroughly with
100 ml of molten autoclaved NG agar at 45° C to give uniform suspensions of
5,10,20, and 40 ug (a.1.)/ml diflubenzuron. Agar suspensions were then prepared as
described in I.A. After 48 hr, second stage juveniles of C. elegans were added as
described above and the population size was recorded after 4 and 5 days.

In a separate experiment, contro] agar plates with 0,15,30,60,120 and 240
ug/ml of inert carrier for the wettable formulation (supplied by 1.C.I1. Plant
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Protection Ltd.,) were prepared corresponding to the equivalent amount of this
carrier incorporated with the formulated diflubenzuron tested above. The
population growth of C. elegans on plates with diflubenzuron carrier was
determined after 3,4, and 5 days. In both experiments, each was replicated five

times.

1.C.

Effects of diflubezuron on biological activities of C. elegans: Formulation

(B) of diflubenzuron, the most active preparation of this compound (see Results,
B), was used in the following experiments, C. 1-5.

C.1.

G2

C.3.

C.4.

Effect of diflubenzuron on development of C. elegans:

Eggs of C. elegans were collected from 5 day old cultures and batches of
25-30 eggs transferred to NG agar plates containing 0,10,20,40, and 80
ug/ml of diflubenzuron. After 24, 48 or 72 hr at 25° C nematodes were
collected individually using a fine pasteur pipette with a bulbous head.
These nematodes were mounted on thin films of 5% (w/v) agar on
microscope slides, narcotized in a drop of 0.25% (v/v) propylene
phenoxetol (Ellenby and Smith 1964) and observed under a light
microscope. Body and pharyngeal length and the maximum body width
(at the vulval region) were recorded. Five nematodes from each
treatment were examined at each time interval.

Effects of diflubenzuron on survival of C. elegans:

J, of C. elegans were collected from 3 or 5 day old cultures and batches of
25-30 juveniles transferred onto NG agar plates containing 0,5,10,20,40
and 80 ug/mli diflubenzuron. The percentage nematodes surviving was
recorded after 48 hr at 25° C. Each treatment was replicated five times.

Effect of diflubenzuron on feeding of C. elegans:

J2 of C. elegans were treated with 0-80 ug/ml diflubenzuron as described
above and the rate of feeding of each nematode was determined after 72
hr at 25° C. Each nematode was transferred into a drop of water on a
microscope slide which had been previously coated with a fine layer of
1% (w/v) ion agar smeared with E. coli OP 50. The rate of pharyngeal
pulsation was then recorded over a 2 min period. Eight nematodes from
each treatment were examined in situ on agar plates using an inverted
microscope with a x10 objective. The percentage of nematodes
exhibiting a pumping motion of the pharynx in 5 sec was determined as
described by Byerly et al. (1976).

Effect of diflubenzuron on movement of C. elegans:
Individual adult nematodes from diflubenzuron-treated agar plates (0-40
ug/ml) were transferred onto a thin film of 1.5% (w/v) agarose (0.1 ml)
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on a glass slide. After 30 min. tracks produced by the nematodes were
photographed and measured using an x-y digitiser (FERRANTI
CETEC) linked to a computerised board. This method has previously
been found to be more accurate and less time consuming than using

calibrated dividers (Turner 1980). Five nematodes were examined for
each treatment.

C.5. Effect of diflubenzuron on egg production of C. elegans:

Groups of 25-30 j, of C. elegans were inoculated onto NG agar plates
containing 0,5,10,20 pg/ml diflubenzuron as described above. After 48 hr
at 25° C juveniles from each treatment were divided into two groups;
nematodes in one group were transferred individually to fresh plates
containing the same concentration of diflubenzuron, the other group was
transferred to clear agar plates. The fecundity of both groups was
recorded after a further 48 hr. For each treatment 24 nematodes were
examined.

Results

A. Effects of Analytical Grade Diflubenzuron on Population Growth of C. elegans

C. elegans populations treated with 0-80 ug/ml diflubenzuron (in acetone or
dimethyl sulphoxide) were compared using Duncan’s multiple range test. The data
obtained is summarised in Fig. 1. There was no significant difference between the
mean number of nematodes in the plain agar, or acetone and dimethyl sulphoxide
controls (P < 0.05) after 4 or 5 days treatment (Figs. 1 and 2). The population
growth of C. elegans was however, significantly retarded (P < 0.01) in plates
containing 20-80 ug/ml diflubenzuron acetone or dimethyl sulphoxide after 4 days
treatment. But, after 5 days treatment, a significant reduction in population size
was only observed with 40 and 80 ug/ml diflubenzuron acetone or dimethyl
sulphoxide (P < 0.01; Figs. 1 and 2).

B. Effects of Diflubenzuron Formulations A and B on Population Growth of C.
elegans

Population growth of C. elegans was not significantly affected compared to
control by treatment with 15-240 pg/ml diflubenzuron carrier (P < 0.05). But,
population was significantly reduced in all diflubenzuron treatments (P < 0.01; Fig.
3) although there was no significant differences between the effects of equivalent
concentrations of formulations A and B (P < 0.05; Fig. 3). Table | summarizes the
effects of various treatments of diflubenzuron upon population growth of C.
elegans. The percentage reduction in population growth appeared to be greatest
(62-99%) in treatments with wettable formulations of diflubenzuron (5-40 ug/ml).
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The ECsy values for the analytical grade diflubenzuron in acetone or dimethyl
sulphoxide were estimated to be 44.6 and 46.0 ug/ml, respectively whereas ECs,
values of formulation A and B of diflubenzuron were found to be 1.1 and 0.2
ug/ml, respectively.
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Fig. 3. The effect of diflubenzuron formulations A and B on population growth of C. elegans after 4
and 5 days treatment.
Bar Lines = =+ standard error.
L.S.R(y.01y = least significant range, P = 0.01.

C. Effects of diflubenzuron formulation B on biological activities of C. elegans

C.1. Development
Measurements of C. elegans treated with diflubenzuron while at different
stages of post embryonic development are given in Fig. 4. In the first 24 hr of
treatment, C. elegans were able to develop normally in all concentrations of
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diflubenzuron, but after 48 and 72 hr treatment nematode development was
significantly reduced (P < 0.01) in 80 ug/ml diflubenzuron. Measurements of
the total body length, pharynx length and body width of diflubenzuron
treated (80 ug/ml) C. elegans after 48 hr represented about 33%, 60% and
43% of the corresponding measurements in control nematodes.

Table 1. Population growth of C. elegans expressed as population percentage,™ after 5 days treatment
with different preparations of diflubenzuron.

Diflubenzuron
Treatment
in dimethyl formulation
in acetone suthpoxide

A B
S ug/ml 96.0 98.8 37.7 34.8
10 ug/ml 83.7 102.0 1.1 0
20 pg/ml 79.8 79.5 0 0
40 pg/ml 52.0 40.6 0 0
80 pg/ml 7.6 3.8 = =

* Percentage changes in population, calculated according to Myers (1972).

~N
% 100
total number of living and treated nematodes.
number of nematodes originally inoculated.
net increase of nematode numbers in control treatment.

Population percentage

Oz -
[Tl

C.2. Survival
Concentrations of diflubenzuron up to 80 ug/ml had no singificant effect on
nematode survival (P > 0.05; Table 2).

C.3. Feeding
Treatment with 10 or 20 pg/ml diflubenzuron did not significantly affect
feeding activity of C. elegans (P > 0.05), whereas 40 and 80 pg/ml
diflubenzuron significantly reduced feeding activity (P < 0.05 and < 0.01,
respectively; Table 3). However, the percentage of nematodes feeding was
not significantly affected by any treatment (P > 0.05; Table 3).

C.4. Movement
Locomotion of C. elegans was not affected by 10-40 ug/ml diflubenzuron but
was significantly retarded by 80 pg/ml (P < 0.05; Table 4). Control
nematodes and others treated with 10-40 pg/ml diflubenzuron typically
produced sinusoidal tracks in the agarose. In contrast, traces made by
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nematodes treated with 80 ug/ml diflubenzuron had a flatter shape with fewer
sinusoidal waves.

Body length [um]

[ -
1200 2
800 -
400 -
L S
Z
w
b3
w
5
» 0O
<
s
g 200 — Pharyngeal length [um]
<
o
g S
z 100 /‘
0
80 — Maximum body width [um]
40 — .
R e
0
0 24 48 72
HOURS

o——0 Control

e— e 10 ug/ml diflubenzuron (B)
A——A 20 pg/mi diflubenzuron (B)
s——n 40 ug/ml diflubenzuron (B)
A——A 80 ug/ml diflubenzuron (B)

Fig. 4. The effect of (0-80 pg/ml) diflubenzuron (formulation B) on the development of C. elegans after
24,48 and 72 hr. Each point represents the mean of 5 replicates.
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Table 2. Effect of diflubenzuron on survival of C. elegans

Mean percentage Means of

Treatment of survival Range transformed values
(n =5) + S.E.*
Control 91.5 85-100 1.3 £ 0.07
S pg/ml diflubenzuron 86.0 76-100 1.3 £ 0.07
10 pg/ml diflubenzuron 83.3 69-93 1.3 = 0.09
20 pg/ml diflubenzuron 79.6 76-90 1.1 £ 0.05
40 ug/ml diflubenzuron 82.9 64-92 1.2 £ 0.03
80 pg/ml diflubenzuron 82.5 72-89 1.2 +£0.03

* Percentages were transformed to angular values (arcsine V p).

Table 3. Effect of diflubenzuron on feeding of C. elegans

Diflubenzuron (ug/ml)
Treatment Control 10 20 40 80
A. Feeding rate™ 263+9 254413 259+13.6 20019 174+17.8
+ S.E. + S.E. Rangg
Range 193-302 148-290 170-290 113-276 110-260
IB. Mean percentage of
nematodes feeding™®™* 95 95 90 81 71
Range 88-100 77-100 84-100 74-100 64-76
Mean of trans- | 1.4£0.09 1.3+0.09 1.3£0.07 1.2+014 1.0+0.29
formed
value = S.E.

* Mean number of the nematode pharyngeal pulsations/2 min.
%% Percentages were transformed to angular values (arcsine V P).

Table 4. Effect of diflubenzuron on locomotion of C. elegans

Treatment RIS T Range
(mm) = S.E.

Control 8409 5.7-10.1

10 pg/ml diflubenzuron 9.1+1.9 5.4-16.1

20 ug/ml diflubenzuron 9.4+ 1.7 5.7-14.1

40 pg/ml diflubenzuron 6.7+ 1.0 3.9- 9.6

80 pg/ml diftubenzuron 2.4 + 0.3* 1.5- 34

* Significantly retarded (P < 0.05); L.S.Rggsy = 5.5
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C.5. Fecundity

After 48 hr treatment with 20 ug/ml diflubenzuron, the fecundity of C.
elegans hermaphrodites was found to be significantly reduced (P < 0.01; Fig.
5). Treatment with 5 or 10 ug/ml diflubenzuron had no significant effect on
fecundity (P > 0.05). The fecundity of C. elegans was significantly affected by
all concentrations of diflubenzuron (5-20 ug/ml) when the nematodes were
treated for 96 hr (P < 0.01; Fig. 5); the number of progeny produced by
nematodes on plates containing 5,10 and 20 ug/ml diflubenzuron being 44, 15
and 9%, respectively of the number produced by untreated nematodes (Fig.
5). A total inhibition of egg production was observed in some individuals
treated with 20 pg/ml diflubenzuron for 48 and 96 hr.
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Fig. 5. Effect of diflubenzuron (formulation B) on fecundity of C. elegans. Each column represents the
mean of 24 replicates.
Bar Lines = * standard error.

Discussion

The present study has shown that treatment with 10-40 pg/ml diflubenzuron
wettable formulation reduces population growth of C. elegans by more than 90%
(Table 1) while treatment with similar concentrations of analytical grade
diflubenzuron in acetone or dimethyl sulphoxide were less effective (Figs. 1 and 2).
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The carrier material incorporated with formulated diflubenzuron proved not to
have a detrimental effect on the population growth of C. elegans. These results
thus confirm the observations of Ibrahim (1978) and Veech (1978a) on the activity
of diflubenzuron on C. elegans and some other free living nematodes, respectively.
A comparison of the population growth of C. elegans in various treatments of
diflubenzuron showed that the lowest ECs, was obtained with the wettable powder
formulation B (0.2 ug/ml) whereas the ECsy of analytical grade diflubenzuron
being more than 40 times the value for the wettable formulation.

The fact that analytical grade diflubenzuron has less effect on C. elegans,
whether used in acetone or dimethyl sulphoxide, suggest a possible relationship
between the bioactivity and the physical properties of diflubenzuron particularly
the size and the distribution of particles of this chemical in each treatment. In fact,
the biological activity of a wide range of pharmaceuticals and pesticides has been
reported to be dependent on the particle size of the active compound (Valkerburg
1973, Kelly et al. 1975, Mass 1978). In the present study, the bioactivity of
diflubenzuron formulation B (NMD=2.0 u) was, in fact, slightly greater than that
of formulation A although the difference was not significant (Table 1).

The decrease in nematode population size by treatment with active chemicals
could be the result of increased generation time and lowered fecundity (Samoiloff
1980) or an increased mortality of the juveniles and adult stage.

In the present work, fecundity experiments showed reduction in the number of
eggs produced by C. elegans treated with diflubenzuron for 96 hr; about 56, 85 and
91% reduction in egg production being observed in treatments with 5, 10, 20 ug/ml
diflubenzuron, respectively (Fig. 5). This effect of diflubenzuron on C. elegans
appeared to be less pronounced when the nematodes treated for 48 hr only.
Because fecundity, development and feeding activities of nematodes are known to
be closely associated (Evans 1973, Cook 1977, Samoiloff 1980), the effects of
anthelmintics on reproduction and development can often be associated to
inhibition of feeding. But, in the case of diflubenzuron-treated hermaphrodites of
C. elegans both development and percentage of feeding hermaphrodites were
found to be normal (Fig. 4 and Table 3).

Nevertheless, the mobility of C. elegans hermaphrodites appeared to be
normal after treatment with 10-40 ug/ml diflubenzuron (Table 4). Hence, the
significant reduction of C. elegans population growth by diflubenzuron can be
mainly attributed to retardation of C. elegans fecundity. In fact, diflubenzuron is
believed to affect the process of chitin synthesis in the nematode eggs (Veech
1978b). The present study therefore, indicates that reduction in the population size
of C. elegans is due to the possible action of diflubenzuron upon the formation of
C. elegans eggs.




124 A.M. lbrahim

References

Brenner, S. (1974) The genetics of Caenorhabditis elegans. Genetics 77: 71-94.

Byerly, L., Cassada, R.C. and Russel, R.L. (1976) Life cycle of the nematode Caenorhabditis elegans 1.
Wild type growth and reproduction, Dev. Biol. 51: 23-33.

Cook, R. (1977) The relationship between feeding and fecundity of females of Heterodera avenac.
Nematologica. 23: 403-416.

Ellenby, C. and Smith, L. (1964) A narcotic and an immersion medium for living nematodes with some
observations on the refractive index of the cuticle, Nematologica, 10: 342-343.

Evans, A.A.F. (1973) Mode of action of nematicides. Ann. Appl, Biol. 75: 469-473.

Ibrahim, A.M. (1978) Some Studies on the Effects and Mode of Action of 1-4 chlorophenyl-3- (2.6
diflurobenzoyl)-urea (PH 60-40) upon the free-living nematode Caenorhabditis elegans, M.Sc.
Thesis, Univ. of London, London. England.

Kelly, J.D., Chevis, R.A.F. and Goodman, H.T. (1975) Effects of particle size on the anthelmintics
efficacy of mebendazole against Nippostrongylus brasiliensis in the rat, Int. J. Parasitol. 5:
275-280.

Maas, W. (1978) Influence of particle size on pesticidal activity, in: M. Geissbuner, G.T. Brooks and
P.C. Klairey (eds.), Advances in Pesticides Science. Pergman Press, New York III, pp. 772-779.

Myers, R.F. (1972) Assay of nematicidal chemicals using axenic cultures of Aphelencoides rutgersi,
Nematologica 18: 447-457.

Post, L.C., De Jong, B.J. and Vincent, W.R. (1974) 1- (2.6 disubstituted bezoyl) -3- phenyl urea
insecticides: inhibitors of chitin synthesis, Pest. Biochem. Phsiol. 4: 473-483.

Samoiloff, M.R. (1980) Action of chemical and physical agents on free-living nematodes, in: B.M.
Zuckerman (ed.). Nematodes as Biological Models, vol. |. Academic Press, New York, pp.
181-197.

Turner, D.P. (1980) The development of the sporozoite of Plasmodium gallinaceum (Apicomplexa;
Haemosporina). Ph.D. Thesis, Univ. of London, London, England.

Valkenburg, W. (1973) Pesticide Formulations. 3M Company Central Research laboratories, St. Paul,
Minnesata.

Veech, J.A. (1977) A possible new approach to the chemical control of nematodes, J. Nematol. 9:
184-185.

Veech, J.A. (1978a) The effect of diflubenzuron on the reproduction of free living nematodes,
Nematologica 24: 312-320.

Veech, J.A. (1978b) The effect of diflubenzuron on egg formation by the root knot nematode, J.
Nematol. 10: 208-209.

(Received 06/07/1985:
in revised form 15/06/1986)




Studies on the Bioactivity of... 125

O})ﬁ}g‘y@&suﬂ S 0 bl e olad s
S I et e f‘,{},ﬂ

=2l 2l s dole

O\")‘J\-k}'\"\ﬁ'(‘.)‘?'u"aﬁ‘}?\ s\

iegaz DS o dl gag 05590 50 ss IS e OF Lul )l sda eyl
v R K U E R P W S W= g | LI L U PV ¥ Py o vy covll
L_;‘JMSJJ)_!&OH#/C|J>_')I_<.:G2'_O&gcj‘ﬂs:)‘xs‘}:{wt&ﬂ-w&ﬂj5)
O el O3S 0 bl b Alelas COlS (o ((P<0.01) cab gl Oy, 50 50 410
O3 I iy puie s G udl) 05505 Gl G5 Ll 2s
Lsde (§ Olnaidl i Comsl 5 ddy 136 ST (WS ik Ll 11
g__s‘-k—“ihlﬁ-wvlﬁ/(b—a-),ﬁyi‘-o S S o Lgtholas e 1545l
uﬁyTQA\}ny@w| dald ) Cdmn | S 789 2 o Oy el
Sl S e OF Ll ity i o/ gl oy Sen v, ¥ oy 3,550
Lgrkolns die A 5\ el i 2] e Db 8y g ST 05 05 0 50 510
355l 85k 50 Ll (P<0.05) oo/ plomg 1S Yo e 5T S
e e L odas O N (P>0.05) eldadly & A1 e ol eladly yoddl 3 &yl
AR 50 ) el Al de 7Y (0A (07 Al Cuaissl U il

-L_l‘):J‘J“VL/(“ﬂ)Jg‘ Y s} 5o Q\J:gﬂb




