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ABSTRACT

Lambda-cyhalothrin, Profenofos and Chlorpyrifos are a broad-spectrum
pesticides extensively used to control pests for agricultural and household purposes.
In the present study an attempt has been made to evaluate its toxicity profile, the
cytotoxic, genotoxic and gene mutations effects in-vitro using structural chromosome
aberration (SCA) and micronucleus (MN) test systems in erythrocytes assays in mice
bone marrow cells. All doses of tested pesticides increased the number of structural
chromosomal aberrations and the frequency of micronucleated erythrocytes
compared with the control group. While, the results observed that tested pesticides
caused a significant increase in the number of structural chromosome aberration and
the frequency of micronucleus formation of the metaphase plates of the samples
treated with the higher two concentration treatments of 1/10 and 1/40 LDsy of all
tested pesticides for 24 hour. In the case of micronucleus test the mice administered
for 30, 60, and 90 days, the data revealed satellite associations, chromatid breaks and
gaps indicating its effect on chromosomes compared with the control group. The
acceptable daily intake (ADI) doses not induce any significant effect. It was also
observed that, all tested pesticides induced significant increase in the frequency of
chromosome aberration in the bone marrow cells which showed a significant dose-
response correlation. Hence, its may be proposed that in-vitro assays like
micronucleus and chromosomal aberrations test which indicate genetic damage could
be used to study the toxic effect of organophosphorus and pyrethroid pesticides
poisoning in humans.

Keywords: Chromosomal aberrations (CA), micronucleus (MN), cytotoxicity, lambda-
cyhalothrin (LCT), profenofos, chlorpyrifos, mice bone marrow.

INTRODUCTION

The agricultural chemicals commonly labeled as pesticides are perhaps
the largest group of poisonous substances being intentionally disseminated
throughout the environment. For some pesticides neither health nor
environmental risk evaluations are available. Therefore, at the moment the
prevention of occupational and environmental consequences of pesticide use
may only be achieved if methodologies and threshold environmental values
are developed for the assessment of risk due to handling pesticides. Pre-
marketing preventive actions are the primary responsibility of industry and the
public health and governmental authorities.

These include discovering the toxicological properties of each pesticide
(hazard identification); determine the dose-response relationship [No
Observed Effect Level, NOEL, identification], assessing or predicting the
exposure level in the various exposure and characterizing the risk. Post-
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marketing preventive activities consist of the promotion of proper risk
management at the workplace.

This part of the present study aims to evaluate the mutagenic effects
of the lambda-cyhalothrin, profenofos and chlorpyrifos, reflected by the
production of chromosomal aberrations in maternal bone marrow cells (in
vivo) compared with control group.

MATERIALS AND METHODS

Animals: 180 male albino mice were used in this investigation aged 4-5
weeks and of mean weight 20 gram. The animals were randomly housed in
appropriate stainless cages in group of 5 animals/cage. The animals were
rearranged to 4 classes (1 control + 3 for tested pesticides) and 10
subclasses (1 control + 3 treatment x 3 pesticides) they were also monitored
daily for abnormal symptom.
Chemicals: Lambda-cyhalothrin: is a restricted use synthetic pyrethroid
insecticide, acute oral LDs, for rats = 95 mg/kg. b.wt. and (ADI) = 0.005
mg/kg. b.wt. per day. Profenofos: is an organophosphorus insecticide,
cholinesterase inhibitor, acute oral LDs, for rats = 358 mg/kg. b.wt. and (ADI)
= 0.01 mg/kg. b.wt. per day. Chlorpyrifos: is organophosphorus
insecticide, acute oral LDs, for rats 150 mg/ kg. b.wt. and (ADI) 0.01 mg/ kg.
b.wt. per day.
Animal treatment schedule: Randomized groups of rats housed in cages
containing saw dust as bedding and were allocated into 4 groups each group
contained 45 males, the first group used as a control while the other groups
were treated with tested pesticides at doses of 1/10 LDsg, 1/40 LDso and daily
acceptable intake (ADI) through the oral administration for 24 hour. For
investigate micronucleus the other groups were treated with tested pesticides
at doses 1/10 LDsy, 1/40 LDs, and daily acceptable intake (ADI) for 30, 60
and 90 days. Pesticides were given in twice dose weekly through the oral
administration.
Sampling:
Chromosomal aberrations test: According to the method described by
Alder and El-Tarras (1989):-

Pesticides were injected separately at sublethal level as mentioned
above; animals were injected intraperitoneally with a colchicine solution (4
mg/ kg b.wt.) 1-1.5 hour prior to collect tissue sampling.

Animals were killed at 24 hr after treatment. The bone marrow from
all animals was transfer to individual centrifuge tubes, and then the cells were
centrifuged for 5 minutes at 1000 r.p.m. After centrifugation, the supernatant
fluid was discarded completely. Hypotonic solution (kcl 0.56 %) was added
slowly, while agitating the tubes to disperse the pellet, and then the tubes
were incubated for 17 min. at room temperature.

At the end of hypotonic treatment, the tubes were centrifuged again
at 1000 r.p.m. for 5 min. and the supernatant fluids was discarded of freshly
prepared cold fixative (methanol + glacial acetic acid 3:1).
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After 10 min the cell were centrifuged again and the supernatant was

discarded, then the fixation process was repeated. The third fixation step
should last 1 hr refrigerate and can be extended to the next day.
Staining of the slides: The slides were stained for 30 min., in orcein, the
staining was carried out using 2 % orcein in 50 % acetic acid, (2 g. orcein
powder were boiled for 1 hr in 100 ml of 50 % acetic acid, filtered when still
warm for 30 min.).

The stained slides were then transferred to 70 % ethanol for 10
seconds (twice), 90 % for 1 min, and 100 % ethanol for 25 min. After that, the
slides were covered with cover slide, left to dry and examined under oil
immersion lens.

Micronucleus test: The monitoring of micronucleated polychromatic
erythrocytes in mice bone marrow were done according to the procedure
described by Schmid (1975) with some modifications according to Brusick
(1980 b) and Alder (1984).

Staining: The preparations were stained in ordinary vertical staining jar
according to method described by Gallapudiand and Kamara (1979).

The slides were fixed in absolute methanol for 5 min., rinsed twice in
deionized distilled water staining for 10 min., in Giemsa rinsed again
thoroughly in deionized distilled water air-dried cleaned in xylene for 3 min.,
and mounted.

Screening of slides: In this study only polychromatic erythrocytes were
scored according to Brusick (1980). Micronuclei were identified as dark-blue
staining bodies in the cytoplasm of polychromatic erythrocytes.

RESULTS AND DISCUSSION

Analysis of chromosomal aberrations in rat bone marrow cells.

Since several studies have shown that, the exposure to pesticides
may induce genotoxic effects in occupationally exposed human population.
This part of the present study aims to evaluate the mutagenic effects of the
lambda-cyhalothrin, profenofos and chlorpyrifos, reflected by the production
of chromosomal aberration in maternal bone marrow cells (in vivo) compared
with control group, 150 cells were examined and the number of cells with
either one or more than one aberration was counted, as well as the structural
and numerical aberrations were examined.

Table (1) and Fig (1-12) summarize some chromosomal aberration
types that are observed in maternal bone marrow cells after treatment by
different doses with tested pesticides. The tested pesticides induced highly
significant increase of chromosomal aberration within both high dose
compared with the control group and also the data showed dose response
relationship that, at high dose 1/10 LDsq, the total chromosomal aberration
were more than at low dose 1/40 LDso. The results showed the potent
mutagenic effect of this pesticides that clear from the data which indicate the
significant increase of aberrant cells in high dose, it was mean mutagenic
effect of these pesticides only at high dose but low dose (ADI) did not
induced any significant effect.
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Table (1): Chromatid and Chromosomal aberrations induced by lambda-
cyhalothrin, profenofos, and chloropyrifos at (1/10, 1/40 from
LDso and ADI) for 24 hours.

Total | Poly- | Type of chromosomal aberration
Treatments Dose cells |ploidy Chromatid Chromosome Total % CA
(mg/kg b.wt) scored type type cells
Tg|Tb |Td | F |aF | R |Min|Dic
lcon. Non | 150 0 |20/00[/00|1.0[10|20[10]/0.0| 70 |46%
Lambdacyhalothrn [1/10| 150 0 |50/6.0[50[4.0[3.0(12.0/3.0]1.0| 39.0 |26.0%
1/40| 150 0 [40/2.0[3.0[3.0[/2.0(12.0/2.0]1.0| 29.0 |19.3%
ADI | 150 0 |20/10[1.0|20[10(3.0[10]/0.0| 12.0 |8.0%
Profenofos 1/10| 150 0 [9.0|6.0[5.0(8.0[4.0(14.0/40|2.0| 52.0 |[34.6%
1/40| 150 0 |70/50[4.0[6.0[3.0(12.0/2.0|1.0| 40.0 |26.6 %
ADI | 150 0 |30/10[1.0(3.0[/20|50[1.0]/0.0| 16.0 |10.6 %
Chlorpyrifos 1/10| 150 0 |14.0/8.0]9.0|11.0/5.0 [15.0/ 6.0 |2.0 | 70.0 |46.6 %
1/40| 150 0 |12.0/6.0[8.0[9.0[4.0(14.0/5.0]1.0| 59.0 |[39.3%
ADI | 150 0 |30/20[1.0[20[10|70[20]1.0] 19.0 |12.6%

Tg =gap / Tb = break / Td =deletion / F =fragment / aF = acentric fragment / R = ring / Min
= minute / Dic = dicentric

On the other hand, it is prominent that most frequent aberration was
the ring followed by chromatide gaps, while the chromosome dicentric
aberration was the lowest. The most frequent aberrations were induced by
chlorpyrifos, followed by profenofos while, lambda-cyhalothrin was the lowest.
The obtained results revealed that lambda-cyhalothrin had the lowest
mutagenic potential in bone marrow cells in comparison to the other
pesticides tested.

Generally, tested pesticides were able to show significant results of
chromosome aberration within both high doses levels when compared to
control group. Some studies have also shown a positive association between
genotoxicity and occupational exposure to pesticides.

The previous mentioned data was agreed with (International
Programme on Chemical Safety, (1990) noted that lambda-cyhalothrin
induced negative results in a range of in vivo and in vitro assays designed to
detect gene mutations, chromosomal damage, and other genotoxic effects.
De Ferrari et al., (1991) indicated that organophosphorus insecticides
showed significant increase in the incidence chromosome aberrations in
lymphocytes. Significant increase in the frequency of chromosomes
aberration in peripheral blood lymphocytes of workers occupationally
exposed to a mixture of pesticides, was observed by Kourakis et al., (1996).

Also, Stachetti Rodrigues G. et al., (1997) stated that, chlorpyrifos
showed clastogenic potency at doses between 10 and 50 ppm, Giri S. et al.,
(2002) Study the genotoxic effects of fenvalerate which caused a significant
increase in (CA) and Rahman et al., (2002) confirmed the ability of the
organophosphorus pesticides to induce in vivo genoyoxic effect in leucocytes
of Swiss albino mice.

A significant increase in chromosomal aberration was reported in a
rural population exposed to dimethoate as organophoshoru pesticides, and
the total number of gaps and breaks on human chromosomes was
significantly increased with exposure to organophosphate, was reported by
Nehez et al. (2006), and Lucy R. et al., (2002) respectively.
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On the other hand the previous mentioned data was disagree with,
Bhaskar Gollapudi B., et al. (1995) who noted that cytogenetic abnormalities
in mammalian cells both in vitro (rat lymphocyte chromosomal aberration test)
and in vivo, and (mouse bone marrow micronucleus test) there was no
indication of genotoxic activity for chlorpyrifos in any of these assays. Also, a
single i.p. injection of organophosphorus compounds at the highest tolerated
dose received by male mice did not produce chromosome damage Noél
Degraeve et al., (2002).

Bhunya S. P. and Jena G. B. (2003) stated that a significant
induction of chromosome aberrations was observed only after 24 h of
exposure with the highest dose (5 mg/kg) of an organophosphate pesticide,
monocrotophos.

Also, Ayla Celik, et al., (2005) stated that cytotoxic and genotoxic
effects of lambda-cyhalothrin (LCT) increased the number of the structural
chromosomal aberration. Similar results were reported by other investigator,
Donbak Y. and Kenan Daglioglu, (2008) who showed that, cyfluthrin
increased significantly chromosomal aberration (induce gene mutation).
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Fig. (3): Chromosomal aberrations in bon-marrow cells after 24 hours as
a negative control.
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Fig. (4): Chromosomal aberrations in bon-marrow cells induced after
treated with lambda- cyhalothrin, at (1/10 LDs) for 24 hours.

! ¢‘.|':_1;|- |

Fig. (5): Chromosomal aberrations in bon-marrow cells induced after
treated with lambda- cyhalothrin, at (1/40 LDs) for 24 hours.

Fig. (6): Chromosomal aberrations in bon-marrow cells induced after
treated with lambda-cyhalothrin at (ADI) for 24 hours.

Fig. (7): Chromosomal aberrations in bon-marrow cells induced after
treated with Profenofos at (1/10 LDsg) for 24 hours. (X 1000)
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Fig. (8): Chromosomal aberrations in bon-marrow cells induced after
treated with profenofos at (1/40 LDsg) for 24 hours. (X 1000)

Fig. (9): Chromosomal aberrations in bon-marrow cells induced after
treated with profenofos at (ADI) for 24 hours. (X 1000)

Fig. (10): Chromosomal aberrations in bon-marrow cellsinduced after
treated with  chlorpyrifos at (1/10 LDsy) for 24 hours. (X
1000)

Fig. (11): Chromosomal aberration in bon-marrow cells induced after
treated with chlorpyrifos at (1/40 LDsg) for 24 hours. (X 1000)
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Fig. (12): Chromosomal aberrations in bon-marrow cell induced after
treated with chlorpyrifos at (ADI) for 24 hours. (X 1000)

Micronucleus test of polychromatic erythrocytes on bon marrow cells:

Tardiff et al., (1994) stated that, micronuclei serve as an important
endpoint to detect the genetic damage by chemical or radiation in cultured
cell and intact organism. Compared to traditional approaches involving the
analysis of metaphase chromosomes, micronucleus methods are rapid and
easy to learn, and have comparable sensitivity. For these reasons,
micronucleus assays are being used with increasing regularity.

In our study the polychromatic erythrocytes micronucleus (PCEM)
was scored as the individual erythrocytes containing, one, two, three, or more
than three micronuclei in the cytoplasm of the cell, and also scored small
micronucleus (size of micronucleus less than quarter of the cell) or big
micronucleus (size of micronucleus more than quarter of the cell).

The data are presented in Table (2) and illustrated in Fig (13-24)
reveal that the pesticide tested induced highly significant increase of (PCEM)
within both dose level in comparison with control group and also the data
showed dose response relationship that, at high dose 1/10 LDs, the total
micronucleated were more than at low dose 1/10 LDs, and (ADI).

The experiments carried out using 1/10 LDs, for 90 days with lambda-
cyhalothrin show a total of 47 (PCEM) among 1500 examined cells with a
percentage of 3.1 %, while a total of 34 (PCEM) cells were obtained after the
treatment with the 1/40 LDso among 1500 cells with a percentage of 2.3 %, on
the other hand (ADI) show a total of 13 PCEM) among 1500 examined cells
with a percentage of 0. 9 %.

While, the experiments carried out using 1/10 LDs, for 90 days with
profenofos show a total of 76 (PCEM) among 1500 examined cells with a
percentage of 5.1 %, while a total of 66 (PCEM) cells were obtained after the
treatment with the 1/40 LDs, among 1500 cells with a percentage of 4.4 %, on
the other hand (ADI) show a total of 15 (PCEM) among 1500 examined cells
with a percentage of 1.0 %.

However, the experiments carried out using 1/10 LDs, for 90 days
with chloropyrifos show a total of 92 (PCEM) among 1500 examined cells
with a percentage of 6.1 %, while a total of 79 (PCEM) cells were obtained
after the treatment with the 1/40 LDsg among 1500 cells with a percentage of
5.3 %, on the other hand the lowest dose show a total of 22 (PCEM) among
1500 examined cells with a percentage of 1.5 %.
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Statistical analysis of these results revealed that chloropyrifos highly
significant increase the frequencies of (PCEM) at 1/10 and 1/40 LDs, doses
compared with the control and other tested pesticides, but lambda-cyhalothrin
is the lowest one. Generally it could be that all tested pesticides induce
significant increase in micronuclei, given evidence that tested pesticides have
clastogenic effect.

Table (2): Frequency of mice bone marrow polychromatic erythrocytes
micronucleus (PCEM) induced by lambda-cyhalothrin,
profenofos and chlorpyrifos at (1/10, 1/40 from LDsy, and
(ADI) for 30, 60, and 90 days as respectively.

No. of micronuclei Total
. _ | Bxam- Bi Small No % |Means
Pesticides |Doses |Period| ined g ~ |PCEM
cells 1123 ([>3|1]2]3]|>3 PCE cells *SE
cells

30 1500 |2 (0|00 |7]|]0]0]O 9 06% | 11
Control . 60 1500 |2 |1 |0|0|6 1|00 10 |0.7% | 1.3
920 1500 |3 /0|0 |0O|8]1]0]0O 12 [08% | 15
c 30 1500 |11 (1|0 |0 |18 4 |1 |1 36 |24%]| 4.0
‘= 1/10 | 60 1500 |13 |1 |0 |0 |21|5 |2 |1 43 |29% | 54
g 90 1500 |14 2 |1 |0 |22|5|2]1 47 131%| 59
© 30 1500 | 8 |0 |1 |0 |14|3 |10 27 |18% | 3.4
<, 1/40 | 60 1500 | 9 (1|00 143 |11 29 [19% | 3.6
z 920 1500 |11 (1|1 |0 |16 3|11 34 |23%| 43
g 30 1500 |3 |0 |0|O0O|5|1|0]|0 9 06% | 1.1
s ADI 60 1500 |3 (0|0 ]|O|7]|1]0]0O 11 |0.7% | 1.4
90 1500 |4 |0 |00 |6 |2|1]0 13 |09% | 1.6
30 1500 |14/ 0| 0|0 |35|8|3 ]2 62 |43% | 7.8
1/10 | 60 1500 |16 1 |0 |0 |36]9 4|1 67 |45% | 8.4
@ 920 1500 |16 2 |1 |0 39123 |3 76 |51% | 9.2
S 30 1500 |13/ 0|1 |0 |34|5|2]0 55 |3.7% | 6.9
S 1/40 | 60 1500 |15 1 |0 |0 |36|5 |2 |1 60 [40% | 7.5
§ 920 1500 |16 1 |0 |0 |37|7 |3 ]2 66 |44% | 8.3
o 30 1500 |5 (1|0|0|6|1|1]0 14 [12% | 1.8
ADI 60 1500 | 6 {0007 |2]1]0 16 [11% | 2.0
920 1500 | 500|071 ]|2]0 15 [10% | 1.9
30 1500 |20 3 | 0O | O |44 9 | 4 | 1 81 |54%| 10.1
1/10 | 60 1500 |24 3 |1 |0 47|11 4 |0 90 |6.0% | 113
3 90 1500 |25 2 |1 |0 |48 (11|65 | 1 92 |6.1% | 115
’; 30 1500 |19 2 |0 |0 414 ]1]0 67 |46% | 8.3
o 1/40 | 60 1500 |20 2 |0 |0 |43|6 |2 ]0 73 [49% | 9.1
o 920 1500 |23 |1 |1 |0 |44 7|21 79 |53% | 9.9
S 30 1500 | 5000|7311 17 [11% | 2.1
ADI 60 1500 | 5|0 |0|0|6|3|2]0 16 [1.1% | 2.0
920 1500 |7 |/1]0]0|8|4]2]0 22 |15% | 2.8

The previous mentioned data was agree with data obtained by
Stachetti Rodrigues G. et al., (1997) who reported that, chlorpyrifos showed
clastogenic potency at doses between 10 and 50 ppm, also showed
significant increases in micronuclei frequency, also Titenko-Holland N., et al.,
(1997) reported that, malathion caused significant increase in micronucleated
cells, and Rosadele Cicchetti, et al., (1999) organophosphate phosphamidon
induce a dose dependent increase of micronucleated polychromatic
erythrocytes.
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Fig. (15): Photomicrograph of mice bone marrow polychromatic
erythrocyte micronucleus (PCEM) as a negative control.

Fig (16): Photomicrograph of mice bone marrow polychromatic
rythrocyte micronucleus(PCEM) induced by lambda-
cyhalothrin, at (1/10 LDsp) for 30 days
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Fig (17): Photomicrograph of mice bone marrow polychromatic
erythrocyte micronucleus (PCEM)induced by lambda
cyhalothrin, at (1/40 LDsp) for 60 days

Fig. (18): Photomicrograph of mice bone marrow polychromatic
erythrocyte micronucleus(PCEM) induced by lambda-
cyhalothrin, at (ADI) for 90 days

Fig (19): Photomicrograph of mice bone marrow polychromatic
erythrocyte micronucleus (PCEM) induced by profenofos at
(1/10 LDsp) for 30 days.
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Fig. (20): Photomicrograph of mice bone marrow polychromatic
erythrocyte micronucleus (PCEM) induced by profenofos at
(1/40 LDs) for 60 days.

Fig. (21): Photomicrograph of mice bone marrow polychromatic
erythrocyte micronucleus (PCEM) induced by profenofos at
(ADI) for 90 day.

Fig. (22): Photomicrograph of mice bone marrow polychromatic
erythrocytemicronucleus (PCEM) induced after treated with
chlorpyrifos (1/10 LDsp) for 30 days.
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Fig. (23): Photomicrograph of mice bone marrow polychromatic
erythrocyte micronucleus (PCEM) induced by chlorpyrifos
(1/40 LDs) for 60 days.

Fig. (24): Photomicrograph of mice bone marrow polychromatic
erythrocyte micronucleus (PCEM) induced after treated with
Chlorpyrifos at (ADI) for 90 days.
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