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Effects of insecticides do not remain restricted to target
organisms but also extend to nontarget organisms which play an
important role in the ecosystem and the food chain by way of
their involvement in many biological processes such as biogeo-
chemical cycling, decomposition reactions, energy production,
transformation of energy through tropic levels, and also numerous
other microbe-microbe, microbe-plant and microbe-animal inter-~
actions (Hurlbert 1975; Lal and Saxena 1980; YWare 1980; Subba-Rao
and Alexander 1980). A major portion of the nontarget organisms
is constituted by algal cells. In studies on the effects of
insecticides on these organisms, the alga Chlamydomonas
reinhardtii can be used as a model since the laboratory conditions
for the sexual and the asexual growth of this organism are well
established (Sueoka 1960; Chiany et al. 1970; Cain and Cain 1984;
Metrawali et al. 1986; Pednekar et al. 1987). This paper
describes the mechanism of cell destructive action of widely used
organophosphorous insecticide phosalone in C. reinhardtii cells
in stationary phase condition.

MATERIALS AND METHODS

Chlamydomonas reinhardtii WT cells (a kind gift from Dr. P.E.
Brayant, Institute of Biology, Frankfurt, Main, FRG) were grown
vegetatively in the synthetic medium under continuous Llight from
a band of fluorescent tubes (3750 Llux) for 72 hr at 25°C (Sagar
and Granic 1953). At the end of incubation period, the cell~
growth was usually in the range of 3-5 x 10% cells/ml.

Cells grown vegetatively for 72 hr (3-5 x 10%° cells/mD were
isolated by centrifugation, washed and resuspended in the fresh
growth medium to the cell density of 5-6 x 107 cells/mlL. Cells
at this density in suspension remained in stationary phase condi-
tion for 80 hr without any change in cell-number and cellular
protein and chlorophyll contents (Gandhi et al. 1988). Cells
thus maintained were termed as ‘'cells 1in stationary phase
condition'. :

Send reprint requests to Dr. f.S. Netrawali at the above address.
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Technical grade phosalone [0,0-diethyl-S-(6-chloro-2-oxobenzoxa-
zoline=3-yl) methyl phosphorodithiocatel was obtained from Volrho
Ltd., Hyderabad, India, and 1its concentration used 1in the
experiments was expressed on the basis of 1its purity (97%).
The dinsecticide was dissolved in DMSO (Dimethyl sulfoxide, AR
Grade, Sigma Chemical Co., USA) and was diluted to the desired
concentration (1 x 1073 M) with the filter sterilized C. reinhar-
dtii growth medium. The concentration of DMSO in the growth
medium containing the desired concentration of the insecticide
(1 x 1073 M) was 0.025%. That the presence of DMSO in the medium
up to the concentration of 24 did not affect C. reinhardtii in
stationary phase cell condition and also its vegetative cell-
growth was reported earlier from this Laboratory (Gandhi et al.
1988). Additionally, the regort showed that phosalone up to the
concentration of 1.2 x 107° M did not affect the vegetative
growth of the oeorganism. However, the insecticide inhibited the
growth from 0 to 99% in a dose dependent manner in the concen-
tration range of 1.2 x 1072 M to 1 x 1073 M.

The experiments described below were carried out with C. reinhar-
dtiji cells in stationary phase condition and the treatment of
phosalone in the growth medium containing 0.025% DMSO was
accorded at the concentration of 1 x 1072 #M. Corresponding
control groups consisting of cells treated with and without

0.025% of DMSO in the medium were included.

In the first set of experiments (Fig. 1a), stationary phase cells
in the growth medium were incubated in the presence of phosalone
in Llight for 66 hr at 25°C. At different periods, aliquots were
withdrawn for the measurements of the cell count.

In the second set of experiments (Fig. 1b), stationary phase
cells were treated with phosalone for 2 hr, washed, resuspended
to the original cell density in the fresh growth medium (5-6 x
107 cetls/ml) and post-treatment incubated in Llight for &4 hr at
25°C. At different time idintervals, aliquots were removed for
determinations of cell count and protein content of the
undestroyed cells.

The Lleakage of alkaline phosphatase enzyme (EC 3.1.3.7) and
cellular protein 1in the cell suspension medium of phosalone
treated cells during the early post-treatment period was examined
as follows. Cells in stationary phase condition were treated
with phosalone for 2 hr, washed, resuspended to the original cell
density in ice cold 0.05 Tris-HCL buffer (pH 7.0) and post-
treatment incubated in Llight for 4 hr at 4°C. At the different
periods, aliquots were withdrawn for measurements of cell number
and the Llevels of protein and alkaline phosphatase enzyme
activity in the cells and the cell suspension medium.

Alkaline phosphatase enzyme activity was measured at pH 9.0
according to the procedure of Sulkowski et al. (1963) using
p-nitrophenylphosphate as a substrate. One unit of the enzyme
activity was expressed as mM of p-nitrophenol formed/min/mg
protein (1 um p-nitrophenol = 1.0 0D A 410).
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Figure 1. Effect of phosalone treatment on stationary phase C.
reinhardtii cells. T = Treatment. The figures in parenthesis
represent cell number x 107 cells/ml. Each value is an average
of 4 replicates of 5 independent experiments.

Cells were counted in haemocytometer after fixing in formaldehyde
solution (5%, v/v).

Protein was estimated according to the procedure of Lowry et al.
“1951).

RESULTS AND DISCUSSION

Results _from Fig. 1a show that the treatment of phosalone
(1 x 1072 ™M to C. reinhardtii cells in stationary phase condi-
tion did not produce cetl-loss in the first 2 hr of the treatment
period, but caused significant loss in cells (= 50%) in the next
22 hr treatment period. In the following 44 hr treatment period
(from 22 to 66 hr), the loss increased by about 10% only.

As seen in Fig. 1a (first 2 hr treatment period), the treatment
of phosalone for 2 hr to stationary phase cell population did
not give rise to cell-loss during the treatment period (Fig. 1b).
However, significant Lloss in cell population (27 50%) took place
in the first 22 hr post-treatment period. The magnitude of
the loss did not increase in the following 44 hr post—treatment
period (from 22 hr to 66 hr).

The results (Fig. 1a,b) demonstrated that the presence or the
absence of phosalone 1in the suspension medium of the cells
pretreated with phosalone for 2 hr did not exert much influence
on the magnitude and the time-pattern of the cell-loss. Thus
the cellular injury induced in 2 hr treatment period of phosalone
appeared to be the main factor responsible for causing signifi-
cant cell-loss in the 22 hr post-treatment period.
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Figure 2. Post-treatment effect of phosalone on stationary phase
C. reinhardtii cells. e—e, cell-loss, A-=——= A, decrease in
Level of protein in undestroyed cells. Each value is an average
of 4 replicates of 5 independent experiments.

The treatment of phosalone to the cells in stationary phase
condition caused significant cell-loss and reduction in the
protein content of undestroyed cells (Fig. 2). The magnitudes
of these impairments increased rapidly in 7 hr to 22 hr post-
treatment period as compared to that in 22 hr to 66 hr post-
treatment period. Results that the loss in cells appeared around
7 hr post-treatment period suggested that the cellular injury
produced in 2 hr treatment period of phosalone, which did not
cause loss in cells during the treatment period, may require
additional time for its enlargement before giving rise to
depletion in celltular protein content and destruction of cellse

The data from Fig. 3 showed that the reduction in the level of
alkaline phosphatase activity (a marker enzyme of cell membrane)
in phosalone treated cells, which began around 30 min of the
post-treatment period, increased with the extension in the post-
treatment period (from 30 min to 240 min). The decrease in the
enzyme activity of the treated cells, accompanied by the increase
in its activity in the cell-suspension medium, indicated damage
to cell membrane of phosalone treated cells. The Lleakage of
cellular protein in the insecticide treated cells began to appear
at about 2.5 hr post—-treatment period.
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Figure 3. Leakage of atkaline phosphatase enzyme and cellular
protein during post-treatment period of phosalone treated C.
reinhardtii cells. eo—w®, decrease in the enzyme activity in
cells; o=—==-- 0, increase in the enzyme activity in cell suspen-
sion medium; A—A , decrease in Llevel of protein in cells;
A—A, increase in level of protein 1in cell suspension medium;
w——m, cell-loss. Each value is an average of 4 replicates of
5 independent experiments. ’

The results of our experiments demonstrated that phosalone at
the concentration of 1 x 107> M produced lesions in the membrane
of C. reinhardtii cells in 2 hr treatment period. These lesions
enlarged in the first 2 to 3 hr post-treatment period and gave
rise to the leakage of cellular protein. The impairments finally
caused destruction of significant number of cells in 22 hr post=-
treatment period.

Phosalone induced lesions in the cell membrane and their entarge-
ment in the post-treatment period can be explained as follows.
Antunes-Medeira et al. (1980) have reported that organophos-
phorous insecticides, parathion and azinphos, dinteract with
Lipid bylayer and produce disordering effects. These authors
have indicated that this effect 1is probably related to an
enhancement of disorder in the Lipid packing with dincreased
motion of the Llipid hydrocarbon chains of phospholipids. The
increased disorder in the hydrophobic core can weaken the inter-
actions of the fatty acid chains by Van der Waals attractions
(Lenaz 1979) and decrease lipid adhesion. The action of phosalone
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on cell membrane may involve both chemical and physical changes
which alter the native properties of these membranes (lLee and
Hilkinson 1973; Antunes-Madeira and Victor-Madeira 1979; Antunes-
Madeira et al. 1980). Antunes-Madeira et al. (1980) have shown
that organophosphorous dnsecticides, parathion and azinphos,
interact better with more fluid phases composed of phospholipids
and shorter chains. Thompson et al. (1977) have shown that phase
separations provide a way for introducing lateral heterogeneities
into the plane of bio-membranes at the fluid solid boundries.
Such effect may produce lLateral compressibilities and extensibi-
lities (Linden et al. 1973; Phillips et al. 1975; Shimshick and
McCounell 1973), which, in turn, may affect the physiological
functions of biomembranes, through modulation of permeability
(Phillips et al. 1975; Marcelja and Yolfe 1979), enzymes and
carrier activities (Linden et al. 1973; Phillips et al. 1975;
Shimshick and HMcConnell 1973; Marcelja and WHolfe 1979) and
membrane fusion processes (Papahadjopoulous and Portis 1978).
Our results that the Llowering in the levels of alkaline phospha=-
tase (a cell membrane marker enzyme) in phosalone treated cells
began 1in the post-treatment period suggest the possibility of
such mechanism of action of phosalone on cell membrane of the
algal cella

The studies demonstrate the modes of toxic action of phosalone
in the C. reinhardtii algal cells. Such studies with other
insecticides in use employing nontarget organisms would eventu-
ally help to understand the possible impact of the contamination
of dinsecticides on the ecosystem and would also give better
insights for the development of new synthetic insecticides.

DEDICATION

MSN dedicates this paper with reverence to Prof. A. Sreenivasan
on the occasion of his 80th birthday.
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