
Polish Journal of Environmental Studies Vol. 12, No. 2 (2003), 207-212

Effect of the Pyrethroid Insecticide Cypermethrin 
on Photosynthetic Pigments of the Cyanobacterium 

Anabaena doliolum Bhar.

P. K. Mohapatra*, S. Patra, P. K. Samantaray, R. C. Mohanty

P. G. Department of Botany, Utkal University, Bhubaneswar - 751 004, India

Received: 28 November, 2002
Accepted: 27 December, 2002

Abstract

The degradation of chlorophyll a (Chl a), carotenoids and phycobiliproteins, and the fluorescence 
responses of the filamentous cyanobacterium Anabaena doliolum Bhar. were studied with short exposure 
(45 min-30 hours) to the pyrethroid insecticide cypermethrin by taking 20 µM and 50 µM of the chemical 
as treatment concentrations. There was significant reduction in Chl a, carotenoids and phycobiliprotein 
contents of cells in each of the selected concentrations of the insecticide. Pheophytin a and fluorescing and 
non-fluorescing chlorophyll catabolites (FCCs and NCCs) were produced as degradation products of Chl 
a during the exposure period. The amount of the degradation products gradually decreased with prolonged 
exposure of the cells to the insecticide. The pattern of degradation of carotenoids was similar to that of Chl 
a but the rate of degradation was less than for Chl a. The amount of lycopene also continuously decreased 
with increase of the insecticide concentration. There was gradual reduction of cellular phycocyanin and 
phycoerythrin contents of cells with rapid degradation during the first 6 hours of treatment. The fluores-
cence emission of phycobilisomes and photosystem II decreased with increased concentrations of insecti-
cide and prolongation of treatment. The cyanobacterium did not show any recovery from insecticide stress 
during 30 hours of exposure.
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Introduction

The insecticidal properties of natural pyrethroids 
have been recognized since the middle of the 19th 
century, when commercial production of insecticidal 
powder from pyrethrum flower heads began. The low 
residual toxicity, lack of persistence in the environment 
and rapid knock down action of natural pyrethroids have 
prompted the manufacture and use of synthetic pyre-
throids in agriculture. Pyrethroids are preferred over 
other insecticides because of their degradation into 
nontoxic or less toxic metabolites under natural condi-
tions by biological organisms [1-3]. 

It is known that bacteria and cyanobacteria efficiently 
degrade synthetic insecticides, including pyrethroids, 
to harmless products and the degradation processes are 
enzymatic [3-5]. However, despite degradation, non-
target effects of pyrethroids have been reported and 
the intensity of effect is dependent on the wash away 
concentration of the insecticides and exposure time [6, 7]. 
Therefore, it is worthwhile to critically evaluate such ef-
fects of pyrethroids on soil and aquatic microorganisms to 
regulate their field application. Even though assessments 
are regularly being done by quite different agencies, reports 
are scanty on the short-term toxicity of these chemicals 
on soil cyanobacteria. There is also very little informa-
tion on the response of photosynthetic pigments, the 
pattern of degradation of photosynthetic pigments and 
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the response of their biosynthetic pathways to the toxic-
ity of pyrethroids. The rate of degradation of different 
pigments and their metabolites by pyrethroid toxicity is 
also not known. The present paper deals with the effects 
of a synthetic pyrethroid insecticide, cypermethrin, on the 
photosynthetic pigments and fluorescence responses of 
the filamentous cyanobacterium Anabaena doliolum.

Material and Methods

The axenic stock cultures of the filamentous cyano-
bacterium Anabaena doliolum was grown in modified ni-
trogen containing Chu No 10+ medium [8] and were kept 
at 29 ± 20C with a continuous irradiance of 35 µE/m2 s. 
The cultures were regularly hand shaken to maintain their 
homogeneity. Filaments at the mid-log growth phase were 
harvested and diluted with sterile medium to an initial ab-
sorbance of 0.30 at 678 nm (3.664 ± 0.113 µg Chl a / 107 

cells). The experimental cultures were grown in 100 ml 
borosilicate conical flasks containing 30 ml of sample un-
der conditions similar to that of stock cultures. The stock 
solution (10 mM) of cypermethrin 10 EC [(R, S)-α - Cy-
ano – 3 – Phenoxybenzyl – 2, 2 – dimethyl (1R, 1S) cis, 
trans – (2, 2- dichlorovinyl) cyclopropane carboxylate] 
was prepared by dissolving the commercial formulation 
of the insecticide in acetone and then diluting with sterile 
nutrient medium. The required treatment concentrations 
(20 and 50 µM a. i. /l) of the insecticide were achieved in 
the experimental cultures by adding the required amount 
of the freshly prepared insecticide stock solutions. The 
acetone level at 50 µM concentration was 0.82 µl/l.

Extraction of chlorophyll a and carotenoids was done 
with DMF as per the method described by Porra et al. [9]. 
The corrected absorbance values at 664 nm and 463 nm 
of the extract were used to quantify chlorophyll a and ca-
rotenoids using the equations of Moran [10] and Chamo-
vitz et al. [11], respectively. For measuring lycopene, the 
pigment was extracted with absolute acetone following 
the method described by Geider and Osborne [12]. After 
extraction, the absorbance was measured at 505 nm using 
absolute acetone as blank. Pheophytin a was quantified 
following the procedure of Geider and Osborne [12] and 
the absorbance of the extract was measured at 662 nm 
before and after acidification with 0.1 N HCl to pH 2.0. 
The amount of pheophytin a present in the sample before 
acidification was determined by subtracting the net pheo-
phytin a produced by the acidification of chlorophyll a 
from the gross pheophytin a content of the sample.

Production of fluorescing chlorophyll catabolites 
(FCCs) was observed by taking the treated and control 
cultures. The filaments were harvested (5000 rpm, 10 
min) and washed with normal growth medium. The 
washed filaments were diluted to the initial cell density 
with insecticide free medium and were homogenised (2 
min) to get a homogenous suspension. The fluorescence 
emissions of the suspensions were observed at 450 nm 
by a Hitachi 4010 spectrofluorometer (Hitachi, Kyoto, 
Japan) after exciting the sample with 320 nm mono-

chromatic light. The band pass for both excitation and 
emission monochromators was 10 nm. For measuring 
non-fluorescing chlorophyll catabolites (NCCs), reaction 
was made with acid ninhydrin following the method of 
Bates et al.[13]. After treatment the cells were harvested, 
washed and homogenized in 5 ml of 3% aqueous sulfo-
salicylic acid. The homogenates were centrifuged and 2 
ml of the supernatant was added to 2 ml of acid ninhydrin 
and 2 ml of glacial acetic acid. The reaction was conduct-
ed for 1 hr at 1000C followed by immediate cooling in ice 
bath. Extraction from the mixture was done with toluene, 
mixed vigorously and the absorbance was measured 
at 520 nm.

Extraction of phycobiliproteins was done with phos-
phate buffer (200 mM) following the method of Beer and 
Eshel [14]. The cells were homogenised with glass beads 
(0.5 mm dia) to optimise extraction. The absorbance peaks 
at 455 nm, 564 nm, 592 nm, 618 nm, and 645 nm of the 
extract were used to quantify the phycocyanin (PC) and 
phycoerythrin (PE) contents of cells. In order to measure 
the fluorescence emissions of phycobilisomes (PB) and 
photosystem II (PS II), treatments were done at a single 
time and the samples were collected at required intervals. 
After treatment the cells were harvested, washed with 
growth medium and diluted to the initial cell density with 
insecticide-free medium. Fluorescence emission spectra 
were determined at 580 nm excitation using 10 nm and 5 
nm as band passes for excitation and emission monochro-
mators, respectively. DCMU-induced fluorescence was 
measured by adding 10 µl DCMU (from 5 mM stock) to 
2 ml sample in the cuvette followed by a dark incubation 
for 30 sec. Fluorescence values at 685 nm and 660 nm 
were taken as the emissions coming from PS II and PB, 
respectively.

Results and Discussion

It has been observed in senescent tissues that degrada-
tion of Chl a produces a number of degradation products 
like chlorophyllide a, pheophytin a, pheophorbide a, 
epimers, allomers and pyroderivatives [15]. In addition, 
numerous other catabolites including FCCs and NCCs are 
also produced [16]. In the present experiment the insecti-
cide at the two selected concentrations caused reduction 
in Chl a content of cells, which was found significant after 
4 hr and 45 minutes of treatment with 20 µM and 50 µM, 
respectively (Fig. 1 A). At both treatment concentrations, 
the cellular Chl a content decreased with prolongation of 
exposure. This indicated that the insecticide is a potent in-
hibitor of photosynthesis. The metabolic cost hypothesis 
of Calow and Sibly [17] suggests that all types of toxic 
stresses induce metabolic change in the organism, leading 
to depletion of its energy reserve that results in an adverse 
effect on its growth and biochemical composition. The in-
hibition of photosynthesis of Anabaena by cypermethrin 
enhanced the degradation of pigments mainly for produc-
ing carbon skeleton to satisfy the energy demand of cells. 
It has also been proposed that when photosynthesis is 
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inhibited cells accelerate degradation of light harvesting 
pigments to maintain the balance between energy use and 
absorption.

Corresponding to degradation of Chl a there was also 
a concentration plus time-dependent increase/decrease of 
pheophytin a (pheo a) of the cultures (Fig. 1B). At 20 µM 
concentration, significant enhancement of pheo a level was 
also observed after 4 hr of treatment (Table 1) while at 50 
µM concentration pheo a significantly increased after 
1.5 hr of treatment. However, compared to the amount 
of Chl a degraded by the insecticide during the period of 
exposure, the amount of pheo a detected was less than 1% 
of the expected production. In both cases prolongation of 
treatment beyond 12 hr caused a gradual reduction of pheo 
a level of cultures but no such trend was observed in the 

control. It is due to the fact that removal of phytol chain 
and the central magnesium atom from Chl a is followed 
by the processes that cause the loss of green colour. 

The decrease of Chl a content of cultures was fol-
lowed by an increase in the fluorescence of homogenized 
cell suspension at 450 nm, considered to be coming from 
FCCs (Fig. 2 A). The intensity of fluorescence continu-
ously increased with increase of treatment concentrations 
and incubation period and showed positive correlation 
with pheo a degradation. No such trend was, however, 
reported in the control, indicating that such response was 
due to the effect of cypermethrin on the cyanobacterium. 
A similar trend of fluorescence enhancement was also 
found after acidification of samples, which was consid-
ered to be the result of fluorescence emitted by lipofuscin-
-like fluorescing compounds produced by lipid peroxidation 
(Fig. 2B). The difference in the fluorescence values before 
and after acidification showed that FCCs were produced 
as a degradation product of Chl a. Unlike fluorescence, 
the absorbance of ninhydrin extract of the cultures, treated 
with 20 µM of cypermethrin, increased gradually up to 
16 hr and remained almost stable thereafter while at the 
other test concentration the increase was followed by a 
gradual decrease of absorbance after 12 hr of incubation 
(Fig. 3). However, in both cases the increase/decrease was 
found significant and a considerable part of absorbance 
remained after 30 hr of treatment, indicating the stability 
of NCCs in the treated cultures. Meir et al. [18] have ob-
served that like some chlorophyll catabolites, the products 
of lipid peroxidation also give blue fluorescence. Kale et 
al. [19] have observed that cypermethrin and fenvaler-
ate induce lipid peroxidation and increase the activity of 
antioxidant enzymes such as super oxide dismutase and 
catalase. Deltamethrin like pyrethroids penetrate into the 
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Fig. 1. Effect of cypermethrin treatment on (A) chlorophyll a and (B) pheophytin a content of Anabaena doliolum at different times of exposure.
Insecticide concentrations: ■ - control, ▲ -  20 μM, ● - 50 μM.

Parameter
Insecticide concentrations (µM)   

0 20 50

Chl a (µg/107 cells) 0.179 0.173 0.106

Pheophytin a (ng/107 cells) 1.766 1.946 2.406

Carotenoids (µg/107 cells) 0.072 0.058 0.046

Lycopene (rel. units) 0.024 0.019 0.019

FCCs (rel. units) 0.21 0.29 0.16

NCCs (rel. units) 0.004 0.008 0.007

PC (ng/107 cells) 4.187 3.855 2.578

PE (ng/107 cells) 0.601 0.318 0.255

Table 1. The least significant difference (LSD) values of comparison 
among means of the selected parameters at p = 0.05.
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Fig. 2. Fluorescence emission by control and treated cultures of Anabaena doliolum at 450 nm (A) without and (B) with acidification to pH 2.0.
Insecticide concentrations: ■ - control, ▲ -  20 μM, ● - 50 μM.
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Fig. 3. Absorbance of ninhydrin extract of control and treated 
cultures of Anabaena doliolum at different treatment times.
Insecticide concentrations: ■ - control, ▲ -  20 μM, ● - 50 μM.

Fig. 4. Effect of cypermethrin treatment on (A) carotenoids content and (B) lycopene level of Anabaena doliolum.
Insecticide concentrations: ■ - control, ▲ -  20 μM, ● - 50 μM.

hydrophobic interior of the phospholipid bilayer enhanc-
ing the lipid peroxidation and changing the membrane 
properties [20].

The carotenoids and lycopene contents of Anabaena 
cells decreased with cypermethrin treratment but the 
rate of reduction of carotenoids was slower than of Chl 
a, causing a time as well as concentration dependent in-
crease of carotenoids: Chl a ratio of cultures (Fig. 4). At 
20 µM concentration, significant reduction was observed 
after 16 hr of treatment while at the other concentration, 
it was noticed after 4 hr of treatment (Table 1). Reduc-
tion of carotenoids content of Anabaena showed that the 
insecticide not only accelerated the degradation but also 
blocked their biosynthesis. As most of the carotenoids 
synthesizing enzymes are membrane-bound, reduction of 
carotenoid biosynthesis might be due to the interaction 
of the insecticide with these enzymes. The interaction of 
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membrane proteins and lipids with various pyrethroids 
has already been reported [1, 20]. As carotenoids provide 
photo protection to Chl a, pigment degradation may ren-
der the cyanobacterium more sensitive to photoinhibition 
under natural conditions.

PC and PE content of cells significantly decreased by 
the insecticide treatment at selected concentrations (Fig. 
5). These two water-soluble protein pigments were de-
graded at a faster rate than those of Chl a and carotenoids. 
The degradation of other photosynthetic pigments, PC 
and PE, can also be attributed to the insecticide-thylakoid 
membrane interaction. Mohapatra and Schiewer [21] 
have demonstrated with organophosphorus insecticides 
that toxicant-membrane interaction is responsible for 
changes in fluorescence behaviour and pigment content 
of Synechocystis PCC 6803. The rate of reduction of 

cellular PC and PE levels of Anabaena was found to be 
significant with the treatment time at both the selected 
concentrations. Compared to PC, the cyanobacterium 
has a low amount of PE and thus has a high PC/PE ra-
tio. By comparing the rates of their degradation it was 
observed that PE was degraded faster than PC, causing 
a time related increase of PE/PC ratio.

Fluorescence measurement of phytoplankton and 
cyanobacteria is the simplest and most economic meth-
od to investigate the pigment responses to light under 
stress conditions. It represents the part of energy effec-
tively transferred to Chl a and PS II which is potentially 
usable in photosynthesis [22]. In our study there was a 
decrease of fluorescence with an increase of insecticide 
concentration. Such a trend was reported both with and 
without DCMU addition (Table 2). However, like in 
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Fig. 5. Phycocyanin and phycoerythrin contents of Anabaena doliolum on treatment with cypermethrin.
Insecticide concentrations: ■ - control, ▲ -  20 μM, ● - 50 μM.

Treatment 
time  (hr)

Without addition of DCMU With addition of DCMU

660 nm 685 nm 660 nm 685 nm
Cypermethrin
Conc. (µM)

Cypermethrin
Conc. (µM)

Cypermethrin
Conc. (µM)

Cypermethrin
Conc. (µM)

0 20 50 0 20 50 0 20 50 0 20 50

0 13.98
±0.63

13.68
±0.59

13.95
±0.86

8.92
±0.42

8.19
±0.36

8.28
±0.18

15.26
±0.83

15.17
±1.01

15.39
±0.46

15.86
±0.78

14.91
±0.92

14.95
±0.48

6 13.87
±0.78

10.62
±0.42

6.26
±0.21

9.21
±0.29

7.59
±0.58

4.17
±0.18

15.11
±0.76

12.05
±0.43

7.95
±0.43

17.59
±0.86

11.57
±0.48

7.23
±0.42

12 13.97
±0.43

9.86
±0.35

5.24
±0.28

8.64
±0.49

7.21
±0.13

3.01
±0.09

15.29
±1.04

11.56
±0.27

5.93
±0.19

16.86
±0.49

11.27
±0.73

4.59
±0.11

24 14.11
±0.57

7.52
±0.18

1.28
±0.11

9.35
±0.24

7.56
±0.46

1.79
±0.11

16.62
±0.43

8.57
±0.46

1.30
±0.11

18.05
±1.18

10.16
±0.42

2.01
±0.16

Table 2. Effect of cypermethrin on fluorescence responses of treated and control Anabaena cells. Observations were made with excitation of 
cultures at 580 nm. The excitation and emission band passes during the measurement were 10 nm and 5 nm, respectively.
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control, DCMU addition caused significant enhance-
ment of fluorescence of PS II and PB of the treated 
cultures. As expected, the fluorescence intensity of PS 
II showed a direct correlation with the cellular Chl a 
content of treated cultures (r=0.91 and 0.93 at 20 µM 
and 50 µM concentrations, respectively; n=12). A 
similar correlation could also be observed between PB 
fluorescence and PC content of treated cultures (r=0.89 
and 0.92 at 20 µM and 50 µM concentrations, respec-
tively; n=12). Due to a faster rate of reduction of PB 
fluorescence, the PB/PS II fluorescence ratio decreased 
with the prolongation of incubation time and treatment 
concentration of the insecticide. This agrees with our 
findings that cypermethrin caused faster degradation 
of phycobiliproteins than of other photosynthetic pig-
ments. Similar observations have been reported with 
different OP insecticides and have been attributed to 
the accumulation of chemicals in the thylakoid mem-
brane, resulting in change of membrane fluidity [21, 
23]. However, this is the first report that cypermethrin 
causes enhancement of photosynthetic fluorescence of 
the cyanobacterium with short exposure. Michelangeli 
et al. [20] have observed that the accumulation of py-
rethroids does not cause fluidity change of the lipid 
bilayer and inhibition of membrane bound enzymes 
are due to the interaction between membrane proteins 
and the insecticide molecules. Thus, the fluorescence 
enhancement of Anabaena by cypermethrin may be 
attributed principally to the enzymatic inhibition of 
photosynthesis.
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