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Cytotoxic assay of 2,4—dichlorophenoxyacetic acid (2,4-D) by
mitotic index profiles in Culex pipiens fatigans

WaSEeM AHMAD & M. NIAMAT ALI

Section of Genetics, Chemical Mutagenesis Laboratory; Department of Zoology, Aligarh Muslim Uni-
versity, Aligarh, U.P., 202 002, India

Neuroblast cells obtained from the brain tissues of larval stages of Culex pipiens fatigans were sub-
jected to mitotic index analysis as part of an elaborate study of 2,4-dichlorophenoxyacetic acid (2,4-D)
induced genotoxicity. Multiple applications in varying concentrations and durations were maintained
for three consecutive generations. Mitotic activity was seriously hampered in all the experiments. A
steady state of depression in dividing cells was observed in all generations, more conspicuously in F,.
The cell growth was inhibited and larval developmental time in treated series was affected and sig-
nificantly delayed. 2,4-D was found to be extremely cyto-toxic in this organism.

Keywords: Cytotoxic assay, 2,4-dichlorophenoxyacetic acid (2,4-D), Culex pipiens fatigans.

INTRODUCTION

Since the late 1940’s, 2,4-dichlorophenoxyacetic acid (2,4-D) has been widely
used for its dual properties in plants. At higher concentrations it is used as a plant
killer (ALLARD et al., 1946; HAMNER et al., 1946; Moorg, 1974) and at lower con-
centrations it is known to promote growth in a manner apparently identical with that
of indole-acetic acid (Hsuen & Lou, 1947; Moorg, 1974). The importance of 2,4-D
for agriculture and forestry resulted in increased numbers of reports on its mode of
action (BAMBERGER, 1970; AsutoN & Crarts, 1973; Loos, 1975; WEGLER & EUE,
1977).

Recently 2,4-D has been so widely used that similar studies have been
extended to animals as well.

JENSSEN & REMBERG (1976) reported the broad cytogenetic effects in mouse
blood. In-vivo tests performed by YourcHeEnko (1977) confirmed these findings.
Cytogenetic effects have also been studied in SV—40 transformed human fibroblasts
(AnMED et al. 1977). However, all the reports are not positive. 2,4-D was not sig-
nificantly able to influence DNA synthesis in mouse testes (SEILER, 1978). A less
clear relationship is obained with 2,4-D in animals.

Derivatives of phenoxyacetic acid, notably pentachlorophenol (PCP), were
discovered subsequently to have different properties. These include seriously ham-
pering the cell growth and inhibition of DNA, RNA and ribosome synthesis (S1kka
& SHARMA, 1976; CHAND, 1980; EHRLICH et al., 1987; DE MARINI ef al., 1990).

By that reckoning the toxicological evaluation of 2,4-D was not so high. A
perusal of available literature indicated that barring reports of MoHANDAS & GRANT
(1972) and BavLiss (1973) — who studied 2,4-D induced mitotic abnormalities in
Drosophila — not many studies have been undertaken relating to mitotic index,
which is a convenient method of assessing the mutagenicity in any organism, espe-
cially in insects. Occasional studies by VoGeL & CHANDLER (1974), MAGNUSSON et
al. (1977) and RasmussoN (1977) were not conclusive.

169



WASEEM AHMAD & M. NIAMAT ALI

An elaborate mutagenicity testing programme in filarial vector Culex pipiens
fatigans was therefore undertaken. The present report is a part of it and deals specif-
ically with the effects of 2,4-D on the mitotic activity in neuroblast cells and its
overall affect on growth and development. The results are unique and assume a sig-
nificant importance in the absence of any real answer to the problems arising out of
indiscriminate use of 2,4-D from a genetic point of view.

MATERIALS AND METHODS

Recently, indiscriminate use of 2,4-D is being debated. For these experiments,
a border line dose, 100 parts per million (ppm) in between the herbicidal and hor-
monal properties, was selected. Lesser doses of 75, 50, 25 and 1 ppm were also
tried. For various concentrations a stock solution of 1000 ppm in 2% alcoholic dis-
tilled water made on a volumetric basis was used and administered through whole
body immersion of 4™ instar larvae in 2 and 4 hrs exposures series. The experiment
was initiated by taking 1000 larvae of uniform size and age in each concentration
and duration. Consequently 100 larvae were sacrificed for brain squashes and the
rest were inbred to obtain the next generation. Three subsequent exposures of 2,4-D
were given in as many generations.

Serial exposure as adopted above is in contrast to single application so often
used by the majority of authors (GREEN ef al., 1973; KHALATKAR & BHARGAVA, 1982;
Kumari & Vaibyanath, 1989). This ensured extensive information about the nature
and extent of damage to neuroblast cells, and facilitated reliable comparative stud-
ies in and among the progenies. Strict controls were maintained simultaneously in
2% alcoholic water. The experiments were replicated at least 3 times under identi-
cal conditions. Other details relating to feeding and rearing were similar to those
described earlier (AHMAD et al., 1983).

The cytological preparation were made using acetic acid-dissociated-air dry-
ing techniques (Crozier, 1968). Dividing cells from over a total of 20,000 were thor-
oughly observed. Mitotic index (MI) was computed by the formula

Total no. of dividing cells

M = Total no. of cells observed

x 100

In another study undertaken to observe the effects of 2,4-D on acquatic devel-
opment, all the details pertaining to preparation, concentration and treatment of
2,4-D were uniform, though the stage of treatment was different — 1% instar in this
case. A total of 10 batches each of 100 larvae were exposed and a separate control
series was also maintained for comparison. Total larval duration and time to pupa-
tion, its range and mortality were carefully recorded at regular intervals for the entire
aquatic duration.

RESULTS AND DISCUSSION

Profile of mitotic indices, inhibitory effect of 2,4-D on dividing cells and
delayed larval development have been shown in Tab. 1 and Figs. 1 and 2, respec-
tively.

As recorded earlier most of the given concentrations of 2,4-D register serious
consequences to the dividing cells from one generation to another, indicating a
cumulative effect, consequently as a result of constant pressure of multiple expo-
sure throughout. A steady rise in the frequency of injured cells with respect to chro-
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mosomes is observed: There is corresponding increase in breaks, acentrics,
dicentrics, gaps, ploidy and other aberrations (ALl & AHMAD, 1994a, 1994b).
Changes studied at morphological level are equally significant; some of them
already discovered, register increased frequencies while others were new (ALl &
Anmap, 1994c¢). These studies substantiated the cumulative effects. Incidentally the
initial chemical damage induced by 2.4-D is subsequently manifested at the level
of chromosome, some of which can be related to morphological mutations.
Conversely, changes in mitotic profiles are more due to higher concentrations
rather than cumulative pressure. Incidentally serious impairment of divisional stages
and low mitotic rates leave a reasonably high number of cells with impaired and
injured chromosomes. Comparable effects achieved with higher concentration were
mimicked by lower concentrations in a later generation (Fig. 1). Depression in the
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Fig. 1. Effect of various concentrations of 2,4-dichlorophenoxyacetic acid on mitotic activity in Culex
pipiens fatigans. Exposure for each concentration was given for three successive generations. The
decreasing profiles of the Mitotic Index are evident. — Symbols: @ = F; O =F,; O =F;; full lines:
2hrs, hatched lines: 4 hrs exposure; C = control.
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rate of division in exposed forms significantly increased the larval duration and fur-
ther induced distorted growth in few cases. Time to pupation as a result of slow
growth was increased by as much as 50 hrs in some replicates over and above the
normal 183 hours. This has been depicted in Fig. 2.

A stable state of sterility induced by higher concentrations beyond 50 ppm 1s
another striking effect of 2,4-D.

Inconclusive results indicate this phenomenon to be due to an impairment of
spermatogenesis. Meiotic tissues are therefore under similar investigations. In the
light of the above indications and also from the reports on pentachlorophenol (Sikka
& SHARMA, 1976), the potential of male sterility in genetic control of insect vectors
of disease and pest management is fairly promising.
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Fig. 2. Effect of various concentrations of 2,4-dichlorophenoxyacetic acid on larval development in

Culex pipiens fatigans. Exposure for each concentration was given for three successive generations.

There is a pronounced delayed development. — Symbols: ® = F,; O = F,; O = F;; full lines: 2hrs,
hatched lines: 4 hrs exposure; C = control.
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Tab. 1. Mitotic index (MI) of 2,4-D treated neuroblast cells.

Generation Cells screened Cells in dividing stage MI £ S.D.

Concentration

Duration

P1: Control 1130 985 87.15+2.83

Fl: C2 943 766 81.21 £ 3.46
.4 1234 982 79.56 + 3.85
Cas” 756 610 80.63 +2.93
G 1039 94 76.35 £ 4.62
Csy2 847 622 73.43 £ 4.08
Css 524 373 71.01 +£2.76
Cy? 752 381 50.59 £2.30
Cagt 1665 836 50.17 £3.92
Cro0” 425 199 46.53 £2.25
s 621 258 41.49 £ 4.00

F2: €;° 1132 889 78.51 £ 3.64
£t 1367 1023 74.80 + 2.04
M 692 493 71.94 +£2.25
Gt 963 657 70.27 £ 3.85
e 715 426 64.19 £3.25
Csp'/ Ca5/ Cigg - = =

B3 €= 620 456 73.38 £3.25
Ci 992 724 72.80+3.85
G 559 387 69.47 + 4.49
D 963 657 68.17 = 4.85
C.° 715 426 58.83+£4.75
Cso*/ C5/ Cyop = = =

C-subscripts refer to concentrations in 1, 25, 50, 75 & 100 ppm; superscripts refer to 2 or 4 hours
treatment; * = sterility induced in these concentrations.

The low solubility of 2,4-D, as with most acids, makes it apparently less toxic
on a molar basis. In the majority of mammals an accumulation of phenoxy acid is
unlikely because of quick clearance (SEILER, 1978). This could not be confirmed in
mosquitoes by any such report. It might, however, be possible that repeated expo-
sures may have created a steady state of concentration capable of causing serious
inhibition to mitotic cycle, inflicting injuries to chromosomes and delaying the
development of various acquatic stages.

There are similar reports on 2,4-D in plant tissues — a comparison, however,
had a limited validity (MELCHERS & BERGMANN, 1959; Bavuiss, 1973). In general
it has been observed that phenoxy acids do influence the genetic material or the
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mitotic cycle or both, but owing to the physiological activity of these substances
on the plant cells, its significance for the present observations cannot be clearly
assessed.

ACKNOWLEDGEMENTS

This study is supported by research grant No. F 3-206/90 (SR-II) by University Grants Commission,
New Delhi, India. Chairman, Department of Zoology, is gratefully acknowledged for providing facil-
ities.

REFERENCES

Anmap, W, A. Ara & U.M. ApHawmi, 1983. Genetics of “distorted” (d) in Culex pipiens fatigans. Mitt.
Schweiz. Entomol. Ges. 56: 271-273.

AnMED, F.E., N.J. LEwis & R.W. Hart, 1977. Pesticide induced ouabain resistant mutants in Chinese
hamster V79 cells. Chem.-Biol. Interaction 19: 369-374.

AL, MN. & W. Aumap, 1994a. Genotoxicity of 2,4-dichlorophenoxyacetic acid (2,4-D) on filarial
vector Culex pipiens fatigans. J. envir. Biol. (In press).

A11, M.N. & W. Aumap, 1994b. Mutagenic activity of 2,4—dichlorophenoxyacetic acid (2,4-D) in the
neuroblast micronucleus assay in Culex pipiens fatigans. Pollution Res. 13 No.2 (In press).

AL, M\N. & W. AnmMap, 1994c. Mutagenic assessment of 2,4-D in Culex pipiens fatigans: Inheri-
tance, Frequency distribution and test statistics (@) of ¢rs mutants. Pollution Res. (Communi-
cated).

ArLarD, R W_, H.R. DERoOSE & C.P. Swanson, 1946. Some effects of plant growth regulators on seed
germination and seedling development. Botan. Gaz. 107: 575-583.

AsHTON, F.M. & A.S. CraFrts, 1973. Mode of Action of Herbicides. John Wiley and Sons, New York,
Pp. 266-288.

BAMBERGER, E.S., 1970. The effect of plant growth regulators on DNA. Phytochemistry 10: 957-966.

BavyLiss, W.M., 1973. Origin of chromosome number variation in cultures plant cells. Nature 246:
529-530.

Cnanp, S., 1980. Effects of herbicide pentachlorophenol on mitosis and DNA synthesis in Nigella
sativa L. Acta Bot. Ind. 8: 219-223.

Crozier, R.H., 1968. An acetic acid dissociation, air-drying technique for insect chromosomes, with
aceto-lactic orcein staining, Stain Tech. 43: 171-173.

De Marini, D.M., H.G. Brooks & D.G. PArkEs, JIr., 1990. Induction of prophage lambda by chlorophe-
nols. Environ. Mol. Mutagen. 15: 1-9.

EnrricH, W., M. ManGIR & E.R. Locumann, 1987. The effect of pentachlorophenol and its metabo-
lite tetrachloro-hydroquinone on RNA, protein, and ribosome synthesis in Saccharonyces cells.
Ecotoxicol. Environ. Safety 13: 7-12.

GREEN, S., F.M. Sauro & M.S. LEGATOR, 1973. Cytogenetic effects of hycanthone in the rat. Mutation
Res., 17: 239-244.

Hawmner, C.L., J.E. MouLtoN & H.B. Tukey, 1946. Effect of treating soil and seeds with 2,4-D on ger-
mination and development of seedlings. Botan. Gaz. 107: 352-361.

Hsuen, Y.L. & C.H. Lou, 1947. Effect of 2,4-D on seed germination and respiration, Science 105:
283-285.

Jenssen, D. & L. REmMBERG, 1976. Distribution and cytogenetic test of 2,4-D and 2,4,5-T phenoxy-
acetic acids in mouse blood tissues. Chem.-Biol. Interactions 14: 291-299.

KHALATKAR, A.S. & Y.R. BHARGAVA, 1982. 2 4-Dichlorophenoxyacetic acid. A new environmental
mutagen. Mutation Res. 103: 111-114.

Kumari, T.S. & K. Vaipyanath, 1989. Testing of genotoxic effects of 2,4-dichlorophenoxyacetic acid
(2,4-D) using multiple genetic assay systems of plants. Mutation Res. 226: 236-238.

Loos, M.A., 1975. Phenoxyalkanoic acids. In: P.C. KEARNEY & D.D. KaurMAN (Eds). Herbicides.
Chemistry, Degradation and Mode of Action. 2nd ed., Marcel Dekker, New York, pp. 1-128.

Macnusson, J., C. RaMEL & A. Erikson, 1977. Mutagenic effects of chlorinated phenoxy acids in
Drosophila melanogaster. Hereditas 87: 121-123.

MELCHERS, M. & L. BERGMANN, 1959. Ber. dt. bot. Ges. 71: 459.

Monanpas, T. & W.F. Grant, 1972. Cytogenetic effects of 2.4-D and amitrol in relation to nuclear
volume and DNA content in some higher plants. Can. J. Genet. Cytol. 14: 773-783.

Mooreg, T.C., 1974. Effects of certain synthetic plant growth regulators on the development of selected
species. In: Research Experiences in Plant Physiology — A Laboratory Manual. Springer, New
York, pp. 307-323.

174



MITOTIC INDEX PROFILES IN CULEX PIPIENS FATIGANS

Rasmusson, B., 1977. Mutagenicity tests of 2,4-D and 2,4,5-T in genetically stable and unstable
strains of D. melanogaster. Conference on “Chlorinated phenoxyacids and heir dioxins, Mode
of action, health risks and environmental effects”. The Royal Swedish Academic Sciences,
Stockholm, Feb. 6-10.

SEILER, J.P., 1978. The genetic toxicology of phenoxy acids other than 2,4,5-T. Mutation Res. 55:
197-220.

Sikka, K. & A.K. SHarRMA, 1976. The effect of some herbicides on plant chromosomes. Proc. Ind.
Natl. Sci. Acad. Part B 42: 299- 307.

VoceL, E. & J.L.R. CHANDLER, 1974: Mutagenicity testing of cyclamate and some pesticides in
Drosophila melanogaster. Experientia 30: 621-623.

WEeGLER, R. & L. Eug, 1977. Hereizipe. In: R. WEGLER (Ed.), Chemie der Pflanzenschutz- und
Schddlingsbekdmpfungsmittel, Vol. 5. Springer, Berlin, Heidelberg, New York.

YourcHENKO, V.V., 1977. (Cytogenetic investigation of mutagenic properties, common to the repel-
lents dimethylphthalate and N,N-diethylamide of phenoxyacetic acid.) Pharmacol. Toksikol.
1977: 454-457 (Russian).

(received August 8, 1993; accepted after revision March 4, 1994)

175






	Cytotoxic assay of 2,4-dichlorophenoxyacetic acid (2,4-D) by mitotic index profiles in Culex pipiens fatigans

