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AOSTRA<"T. In attempt to investigate the genotoxicity of the insecti~ide Fu-

radan and the heavy metal cadmium in the form of cadmium nitrate in As-
pergillus terreus. two main treatments were involved:

1. Single treatment, which consists of: a .Treating the conidia of the fun-

gus with three different concentrations of Furadan (O.3g/IOml, O.35g/IOml and
0.4g/IOml conidial suspension.) for 0, 15, 30, 45, 60 minutes of exposure.
b " Treating the conidia with three different concentration of cadmium nitrate

(0.OO38g/IOml, 0.038g/IOml and 0.38g/IOml) for 0, 15,30,45,60 minutes of

exposure.
2. Combined treatment, which also consists of: a. Treating the conidia with

the optimal dose of Furadan followed by the optimal dose of cadmium nitrate,
and vise versa in b ". In c .the conidia were treated by a mixture of the optimal
doses of the two substances.

As a results, it was observed in both of the two single treatments that, the in-
crease of Furadan or cadmiull1 nitrate concentration and exposure time, was al-
ways me~ by a decrease in survivals and an increase up to a certain peak in mu-
tation frequency. Whereas, an antagonistic effect on both lethals and mutation

induction was obtained in the first two combined treatments, and a synergistic
effect on induced mutation occurred in the final combined treatment.

Introduction

It has been reported by Pusztai[l], Sharma and Singh[2], Sabir and Baeshin[3] and Bae-
shin et aU4] in a different studies that, the commonly-used agricultural insecticide Fu-
radan, is as potent genotoxic agent as the well known chemical mutagen (N.T.G.), when
studied either in a single treatment or combined with some other genotoxic substances
such as heavy metals.

The heavy metal cadmium, tended to have similar genotoxic effects in some organ-
isms. Mitra and Bernstein[5J, found that, cadmium chloride caused a DNA breakage in
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E. coli. Ochi et aU6] and Ochi and Ohsawa[7], stated the ability of cadmium in in-
duction of mutation in Chinese hamster. Similar result were obtained by Mandel "and
Ryser[81, following the treatment of Salmonella by cadmium. In this study, an attempt
was made to elucidate the genotoxic effects of the two substances individually and si-
multaneously.

Materials and Methods

1. Strain
The wild type strain ofA. terreus was used throughout this study. It was obtained

from the Department of Biology, Faculty of Science, K.A. U., Jeddah, where it had been
maintained for several years. It was isolated from Makkah road by EI-Sharqawi et aU91.
It has been identified by the Commonwealth Mycological Institute, Kew, Surrey, Eng-
land.

2. Chemicals
a. The insecticide (2.3-dihydro-2.3-dimethyl- 7-benzofuranyl methyl carbamate).

commercially known as Furadan was supplied by the distributor in Saudi Arabia. AI-
Selouly Agricultural Est.. Jeddah.

b. Cadmium nitrate was supplied by BDH Reagents Laboratories. England.

3. Media

a. Synthetic Media
Difco Czapek dox agar medium (Dox) was used as a minimal medium. The composi-

tion (gram/lit) of this medium as indicated by the supplier (Difco Laboratories, Detroit,
Michigan, U.S.A.) is as follows: 2.0g sodium nitrate (NaN°3); O.5g potassium chloride
(KCI); O.5g magnesium glycerophosphate; O.lg ferrous sulfate (FeSO4); O.35g po-
tassium sulphate (K2S04); 30.0g sucrose; 12.0goxoid agar.

b. Non-synthetic Media

Modified Prune-Extract agar medium (PE) was employed as the complete medium. It
was prepared as reported by Talboys[IO] according to the formula: prune 5.0g, yeast ex-
tract I.Og, oxoid agar 15.0g, distilled water lOOOrnI.

Induction and Isolation of Mutants

1. The single treatment: Method of mutagenesis was followed after Baeshin and Sa-
bir[ll], A dense conidial suspension was made and the number of conidia/m1 was es-
timated using a hemocytometer. Furadan or cadmium nitrate solution. made by dis-
solving the agent in 5ml water. was immediately added. to the conidial suspension (5ml)
and a 1ml sample of this mixture was immediately diluted in 9m1 sterile water to serve
as untreated control. Subsequent" samples were taken at regular intervals and serially di-
luted in sterile distilled water to halt the mutagenic treatment. Samples of the final dilu-
tions containing about.1 00 conidia were spreaded on PE plates and incubated. These
procedures were repeated by using three different concentrations of Furadan, 03g/1OmI,
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0.3Sg/1Oml and 0.4g/1Oml or three different concentrations of cadmium nitrate,
0.0038g/1OmI, 0.038g/10ml and 0.38/10ml respectively.

2. The combined treatment: Three experiments were attempted to investigate the
combined mutagenic effects of Furadan and cadn:tium nitrate. In the first one, conidia of
A. terreus were treated with Furadan (optimal concentration of 0.35g/10ml) for 45min.
exposure, as explained before. After 45min. of exposure, the Furadan solution was dis-
carded by centrifugation at 2,OOOrpm for 1 Omin. and the conidia were washed three
times with sterile distilled water. The conidia then w~re resuspended in 5ml sterile dis-
tilled water and cadmium nitrate was added to final concentration of 0.038g/1OmI (op-
timal dose) for 60min. exposure. Subsequent samples were taken and serially diluted in
sterile distilled water to halt the mutagenic treatment. Samples of the final dilution's
containing about 100 conidia were spreading on PE plates and incubated.

In the second experiment, the conidia were first treated with 0.038g/1OmI of cad-
mium nitrate for 60min. exposure, followed by 0.35g/1OmI of Furadan for 45min. ex-
posure as previously described.

In the third experiment; conidia were treated with mixture of Furadan 0.35g/1OmI and
cadmium nitrate, 0.038g/10ml, simultaneously for 60 min. exposure.

Total isolation method described by Fincham et al.[12] was followed for isolating mu-
tants. At each of the previously mentioned doses and exposure intervals a single co-
nidium was inoculated in each of 26 loci/plate containing PE which served as a tem-
plate. The template was in turn replicated on Dox medium to detect auxotrophic
mutants.

Statistical anaiysis was used to score linear regression to ensure the linear re-
lationship between the periOd of exposure to the mutagen and survival percentage and
concentration of mutagen and percentage of mutation, with the aid of Microsoft Excel
Version 5.

All replicates were incubated for 24hr at 24°C. Auxotrophic mutants are those which
fail to grow on the minimal medium after incubation.

The equation of Sharma and Grover[13] was applied to determine whether the com-
bined effects of the two substances is synergestic or antagonistic as follows:

Combined effect = A B / A +B

where AB = percentage of mutation resulted from combined treatment (cumulative ef-

fect).

A = Perc~ntage of mutation resulted by Furadan alone.

B = Percentage of mutation resulted by cadmium nitrate alone.

A + B = Additive effect.

If AB > A +B then there is synergism since AB/A +Bwould be more than 1

If AB < A+ B then there is antagonism since AB/A +B would be less than 1.
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Results

1. The Single Treatment

The survival percentage and recovery of auxotrophic mutants among survivals are
summarized in Tables 1-3 for Furadan and in Tables 4-6 for cadmium nitrate. Variation
in survival and mutant percentage is noticed in these tables.

TABLE I. Survival and recovery of auxotrophic mutants resulting from treated conidia of As-

pergillus terreus by Furadan (O.3g/10ml).

Number of
colonies
tested

Survivors Auxotrophic mutants
Treatment

(min.) (No.) (%) (No.) (%)

0

15

30

45

60

Total

100

97

94

92

78

0

0

3
5

5

11

900

873
846
828
702

4149

390

390

390

390

390

1950

0

0

0.77

1.3
1.3

0.56

TABLE 2. Survival and recovery of auxotrophic mutants resulting from treated conidia of As.
pergillus terreus by Furadan (O.35g/10ml).

Number of
colonies
tested

Auxotrophic mutantsSurvivors
Treatment

(min.) (No.)
~

0

0

3

9

8

20

(%)

0

0

0.77

2.~
2.05

1.02

(No.)

800

672
624

658

560

3192

(%)

100

84

78

71

70

0

15

30

45
60

Total

390

390

390

390

390

1950

TABLE 3. Survival and recovery of autotrophic mutants resulting from treated conidia of As-
pergillus terreus by Furadan (O.4g/10ml).

Number of
colonies
tested

Survivors Auxotrophic mutants
Treatment

(min.) (No.)

0

0

5
7
7

19

(%)

0

0

1.29
1.8
1.8

0.97

(No.)

750

615

555

555

526

3031

(%)

100

82
74

74

70

0

15

30

45

60

Total

390

390

390

390

390

1950
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TABLE 4. Survival and recovery of auxotrophic mutants resulting from treated conidia of As.

pergillus terreus by cadmium nitrate (O.OO38g/10ml).

Number of
colonies
tested

Auxotrophic mutantsSurvivorsTreatment

(min.) (No.)

800

720

656

640

632

(%)

100

90
82
80
79

(No.)

0

I

2

2

1

(%)

0

0.256

0.512

0.512

0.769

0

15

30

45

60

390

390

390

390

390

1950 8 0.41Total 3448

TABLE 5. Survival and recovery of auxotrophic mutants resulting from treated conidia of As.

pergillus terreus by cadmium nilfate (O.O38g/IOml).

Number of

colonies
tested

Auxotrophic mutantsSurvivors
Treatment

(min.) ~) (%)(No.)

500

410

-375

350

340

(%)

100

82

75
70
68

390

390

390

390

390

0

1

2

2

4

0

0.256

0.512

0.512

1.025

0

15

30
45

60

9 0.46Total .1975 1950

TABLE 6. Survival and recovery of auxotrophic mutants resulting from treated conidia of As.
pergillus terreus by cadmium nitrate (O.38g/10ml).

Number of
colonies
tested

Survivors Auxotrophic mutants
Treatment

(min.) (No.) (%)(No.) (%)

0

3

3
I

2

0

0.769

0.769

0.256

0.512

700

525

469

448

413

100

75

67

64

59

390

390

390

390

390

0

15

30

45

60

0.461950 9Total 2555

The effect of Furadan and cadmium nitrate dose and exposure time on survival per-
centage is shown in Fig. I and 2. In both cases it can be inferred that an increase in mut-
agen dose and time of exposure causes a decrease in survival percentage as confirmed
.by lipear regression calculation. The relation between the mutagen dose, exposure time
and the percentage of mutants is presented in Fig. 3, 4 which show that an increase in
dose and exposure time, to a certain (imit, leads to an increase in mutation percentage.
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FIG. I. Effect of Furadan dose and exposure time on survival percentage.
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FIt;. 2. Effect of cadmium nitrate dose and exposure time on survival percentage.
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FIG. 3. Effect of Furadan dose on mutation percentage.
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FIG. 4, Effect of cadmium nitrate dose on mutation percentage.

The highest possible percentage of mutation was achieved with the dose O.35g/10ml
of Furadan for 45min. of exposure and O.O38g/10ml of cadmium nitrate for 60min. ex-
posure. Therefore, these doses would be the optimal doses for induction of mutation in
this fungus with these substances.

2. The Combined Treatment

Table 7, shows a cumulative mutagenic effects when conidia of A. terreus were treat-
ed with O.35gi1Oml of Furadan for 45min., followed by O.O38gilOml of cadmium nitrate
for 6Omin., since less survivals and auxotrophs were obtained, it means that there was
an antagonistic effect for this combined treatment on both of the percentage of mutants
and survival percentage.

TABLE 7. The mutagenic effect resulted from combined treatment of conidia of A. terreus by O.35g/IOml of
Furadan for 45min. exposure. followed by O.O38g/IOml cadmium nitrate for 60min. exposure.

Auxotrophic
Treatment

(min.)

Survivors

(%} (No.)

9

(%)

2.3

~
1.025
(B)

3.325
(A + B)

1.6

Number

colonies

tested

39071

68 390 4

13

By Furadan alone, for
45min. exposure.

By cadmium nitrate alone,
for 60min. exposure.

Additive effect 139

564 312

(AB)

0.48
AB/A+B

Combined treatment for
IO5min. exposure.
(Cumulative effect)

Combined effect 0.46

~ 06~ .
c

.2
;;
~ 0.4
E
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Table 8, as well, shows an antagonistic effect on both survival percentage and muta-
tion percentage, when conidia of A. terreus were treated with O.O38g/IOmI of cadmium
nitrate for 60 min., followed by O.35gi1Oml of Furadan for 45 minutes.

TABLE 8. The mutagenic effect resulted from combined treatment of conidia of A. terreus by O.O38g/l0ml of
cadmium nitrate for 6Omin. exposure. followed by O.35g/ IOml of Furadan for 45min. exposure.

Finally, it is quite obvious that Table 9 shows a synergistic effects for both sub-
stances on the mutation percentage, but an antagonistic effects as far as the survival per-
centage is concerned when conidia were treated by a mixture of the optimal doses of the
two substances simultaneously.

TABLE 9. The mutagenic effect resulted from combined treatment of conidia of A. terreus by a mixture of
O.O38gilOml of cadmium nitrate and O.35gilOml of Furadan for IO5min. exposure.

Auxotrophic'Treatment

(min.)

Survivors

(%)
(No.)

4

(%)

1.025
(A)

2.3
(B)

3.325
(A + B)

3.428

68

Number

colonies

tested

190

71

--

390

By cadmium nitrate
alone. for 60min. exposure

By Furadan alone. for
45min. exposure.

Additive effect 139 13

57 350 12

(AB)

1.03
AB/A+B

-

Combined treatment for
IO5min. exposure

(Cumulative effect)

Combined effect 0.41

Discussion

It was found that the mutagen dose of both substances is inversely proportionate to
survival percentage, which means that an increase in the dose is met by a decrease in
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survival percentage. It was also found that the survival percentage is inversely pro-
portionate to the mutagen dose and exposure time, whereas the survival percentage de-
creases with an increase of dose and exposure. Thus, mutation percentage was found to
be increased to a certain limit as dose of both substances and exposure time increased.

All these results are in general agreement with the rule mentioned by Fincham et al.II2J,
who st~ted that by using chemical mutagens there was a constant reJation between the
dose and mutation percentage which increases to a certain limit with the increase in
dose.

The present study confirmed that Furadan is a potent mutagenic substance as com-
pared with the potent chemical mutagenic agent N.T.G. In a study by Baeshin and Sa-
birIllJ. It was found that N. T.G. gave a percentage of 3.8% of auxotrophs with the op-
timal dose of 0.OO75g/10ml at 70 min. of exposure, whereas Furadan gave a percentage
of 2.3% of auxotrophic mutants with the dose of 0.35g/10ml at 45min. of exposure as
shown in the present study. Compared with both of Furadan and N.T.G. cadmium ni-
trate has a less mutagenic effects since the highest auxotrophic mutants percentage ob-
tained by the present study was 1.025% compared with 1.7% auxotrophs obtained by
cadmium chloride (data in publication processes), by the optimal dose of 0.038g/10ml
at 60 min. of exposure. This is supported by the study of Kanematsu et al.II4J, who re-
ported that cadmium chloride was more effective in inducing genetic changes than cad-
mium nitrate in Bacillus subtillus. Reddy and VaidyanathIl5J, found that cadmium chlo-
ride was of less mutagenic effect than y-rays in rice. Another study of Reddy and
VaidyanathII6:J in rice as well, demonstrated that combined treatment with both y-rays
and cadmium chloride brought about significantly more mutagenic effects than single
treatments with either of the two of them. Would this apply to A. terreus or not deserves
further study with this fungus.

The alternative treatment with cadmium nitrate first, followed with Furadan, seems to
be enhanced the effect of Furadan in inducing genetic changes by the capability of cad-
mium ip abolishing the DNA repair mechanism as stated by Klein et al.Il?J and Zasuk-
hina and SinelschikovaIl8J.

The absence of synergism on mutation and survival percentage in both of the al-
ternative treatments, may due to that, Furadan dose not interfere with DNA repair system.
On'the other hand, the difference in the modes of induction of mutation between Furadan
treatment and other treatments could be attributed to the nature of the mutagen, altQough,
more investigations are needed before reaching a firm conclusion on this matter.

The synergistic effect on mutation percentage resulted from the simultaneous <;om-
bined treatment, can be interpreted as the two substances stimulate each other to in-
crease genotoxicity specially when they are applied for a long period. Since cadmium
tends to have cytotoxic effect much more than genotoxic effect as demonstrated by
GlassI19J, an antagonistic effect on survival percentage has been obtained in this treat-
ment. The result of the present study support the few data reported on the induction of
mutation by combined treatme!)ts in organisms other than A. terreus (Mandel and Ry-
serI8J, DegraeveI20J and Ruposhev and GarinaI2IJ).
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