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Abstract:	Third instar larvae of rice-moth, Corcyra	cephalonica were exposed to sub-lethal doses (0.25, 0.50 and 
1.00 %) of  Dryopteris	filix-mas  root and rhizome’s powder in order to evaluate its potential effects on the larval 
haemolymph and fat body biochemistry of this pest. Results revealed that sublethal doses of this botanical 
insecticide caused a significantly dose-dependent  alteration in the metabolic flux that impairs the physiological 
fitness of the larva and contributes to the lethal action of this biopesticide. 
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Introduction

The control of insect pests is a puzzling 
problem since many decades. It is estimated 
that the insects pull down 5 to 6 per cent of 
the grains of the world’s produce. However,
60-70% of the total production are retained 
by the farmers for their own food, cattle feed, 
seed etc., and they generally store their grains 
in traditional storage structures where 
maximum loss occur that require intensive 
care of pest management. The damage to the 
stored products could cause weight loss, 
detriment in quality and reputation. The loss 

due to a single larva may be small, only a few 
milligrams, but with populations measured in 
millions this would be a remarkable amount.  

The protection of stored products by the 
use of plant materials is a common practice 
among small scale farmers in tropical and 
subtropical regions of the world. Repellents, 
antifeedants and insecticidal substances have 
been identified in a large variety of plant 
species, long before the “industrial insecticide 
revolution” in the 1930’s and 1940 when 
compounds such as nicotine, derris and 
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pyrethrum were the only effective insecticides 
(Green et	 al., 1979). Azadirachtin, a 
component of Azadirachta	indica A. Juss, and 
Melia	azedarach L. (Meliaceae), is considered 
as promising alternative to synthetic 
insecticides (Jotwani and Srivastav, 1981; 
Ivbijaro, 1983; Jilani, 1983). Studies on 
natural plant products (botanicals) have 
revealed that they play a significant role in the 
control of a variety of stored cereal pests of 
different orders. They function as ovicidal, 
larvicidal, antifeedants, repellents, toxicants, 
protectants, deterrents and insecticidal.

Earlier findings reveal that the rhizome 
and young shoots (fiddleheads) of the male 
fern Dryopteris	 filix-mas (Synonyms-
Nephrodium	 filix-mas L. Strempel; and 
Polypodium	 filix-mas L.) have deworming 
properties that have long been recognized in 
Europe against tapeworms (Taenia). The ferns 
are effective in arresting embryonic 
development in insects. The extracts of 
pteridophytes have toxic effects on 
Spodoptera	 littura and Helicoverpa	 armigera. 
About 1.5 to 2.5% filicin (a polyketide 
compound) is found in the root and rhizomes 
of D.	 filix-mas (Chopra et	 al., 1986). Filicin, 
which is isolated from the rhizomes of 
Dryopteris	 filix-mas, is a potential insecticide 
Mannan et	al. (2008). Filicinic acid derivatives 
(well known in Dryopteris) possess various 
biological activities like active antioxidants, 
antibacterial and antitumor promoting 
activities and may lead to therapeutic 
applications of great interest (Widen et	 al.,
2001; Magalhaes et	al., 2010).

Numerous investigations have shown that 
like synthetic insecticides, botanicals/plant 
extracts and pyrethroids affect the 
biochemical constituents of various tissues in 

insects. Insecticidal influence of plant extracts 
on free amino acids have been explored by 
Reddy et	 al. (1993) and Vijayaraghavan and 
Chitra (2002). Such influence of plant extracts 
on the total protein content have been 
observed by Gordon and Burford (1984); 
Subramanyam and Rao (1986); Young and 
Gordon (1987); Bhagwan et	al. (1992); Reddy 
et	 al. (1993); Ramakoteswara Rao et	 al.
(1995); Vijayaraghavan and Chitra (2002) and 
Brisca and Sahayaraj (2009). Similarly 
changes in carbohydrates levels concerning 
plant extracts have been reported by Olga et	
al. (2006); Razak and Sivasubramanian, 
(2007) and Vijayaraghavan et	 al. (2010). 
Changes concerning nucleic acids 
biochemistry influenced by plant compounds 
have been reported by Shakoori et	al. (1988); 
Naqvi et	 al. (1991 b) and Tabassum (1994). 
Synthetic insecticides and plant 
extracts/biopesticides have been reported to 
influence the activities of acid and alkaline 
phosphatase (Glees, 1967; Ntiforo and Stein, 
1970; Abou Donia, 1978; Galdhar et	al., 1978; 
Mukhopadhyay and Dehadrai, 1980; 
Shivanandappa and Krishnakumari, 1981). 
Plant products/biopesticides induced changes 
in the biochemical constituents of various 
tissues of insects may be regarded as one of 
the objective criteria permitting an 
assessment of the effectiveness of botanical/ 
biopesticides control measures against 
C.cephalonica in particular and insect pests 
population in general.

Persistent use of synthetic organic 
insecticides affect immune system of insects, 
develop resistance (Ramesh and Pratap, 
1997) and of course pollute our own 
environment due to non-biodegradability, 
cause biomagnification and toxicity to non-
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target organisms leading to biological 
imbalance due to the destruction of beneficial 
species such as parasites and predators of 
pests beside the destruction of pollinating 
insects such as honey bees. They also pose 
problems such as poisoning in man and other 
animals (Pichaet and Philongene, 1993). Thus, 
there is an urgent need to use botanicals/ 
biopesticides as safer alternatives to synthetic 
insecticides for the protection of grain and 
grain products against insect infestations. 

Scientific contribution concerning role of 
natural plant products and synthetic 
pyrethroids as safer insecticidal agents 
influencing life-cycle stages as well as 
biochemistry of rice moth, C.	cephalonica have 
been explored by Tiwari and Tripathi (2006), 
Pathak and Tiwari (2010a, 2012b), Shukla 
andTiwari (2011a, 2011b, 2011c), Pathak and 
Tiwari (2012), Shukla and Tiwari (2012, 
2018, 2019) and Pathak and Tiwari (2015a, 
2015b, 2016, 2017a, 2017b, 2017c). But, the 
effect of Dryopteris	 filix- mas L. (Family-
Filicales) root and rhizome powder  on the 
heamolymph and fat body larval biochemistry  
of this pest is completely wanting. Hence, as 
an objective of such programme the present 
research work has been designed and carried 
out to  examine into the impact of this natural 
plant product on the various biochemical 
constituents viz. total protein, total free amino 
acids, nucleic acids, carbohydrates  and on the 
activity of acid and alkaline phosphatases in 
the haemolymph and fat body tissues of the 
larva of rice-moth, C.	 cephalonica. This 
knowledge, in turn, is likely to generate new 
insights into divising ways and means for 
controlling C.	 cephalonica, by disrupting its 
metabolic framework so that evolution of a 
new generation of this pest for the eventual 

establishment on stored cereals and cereal 
products can be considerably restricted. 

Materials	and	Methods

Corcyra cephalonica adults were collected 
from Biological Control Station, Gorakhpur, 
U.P. A rich standard culture of this insect was 
maintained in the laboratory on normal 
dietary medium composed of coarsely ground 
jowar (Sorghum	 vulgare) mixed with 5% 
(w/w) powdered yeast inside large glass 
containers (150 mm diameter, 200 mm 
height) at 26 ± 1 C and 93 ± 5% relative 
humidity.

From the above culture whenever needed, 
newly emerged males and females were 
transferred to oviposition glass chambers (35 
mm diameter, 200 mm height). Since C.	
cephalonica individuals do not feed during 
their adult stage, no food was provided to 
them during their confinement in these 
vessels. Eggs laid by the females were 
collected and then placed in glass chambers 
(consisting of 250 ml beakers) for hatching.                             

Dryopteris	 filix-mas root and rhizome’s 
powder was used throughout this 
investigation. Dryopteris	 filix-mas (Family-
Filicales) plants were collected from adjacent 
areas in Gorakhpur and its neighbour 
districts, Uttar Pradesh, India and identified 
by Professor V. N. Pandey, Department of 
Botany, D.D.U.Gorakhpur University, 
Gorakhpur (U.P.) and Dr. H.C. Pandey, Deputy 
Director, Botanical Survey of  India, Dehradun 
and specimens were deposited in the 
herbarium.

Fresh collected root and rhizome of D.	
filix-mas was washed with fresh tap water, cut 
into small pieces, cooked in boiling water for 
more than one hour to destroy the thiaminase, 
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dried in sun light for six to seven days, 
pulverized in a mortar and pestle and then it 
was ground in an electric grinder. The powder 
so obtained was used for biochemical 
investigations.

D.	filix-mas root and rhizome powder was 
directly mixed with the normal food to 
prepare its different dose levels. For control 
purposes, the normal food was used.         

For biochemical estimations, out of 
various  dose levels of  this biopesticide 
mentioned above only such doses were 
selected which allowed the larvae to survive 
and develop (Shukla and Tiwari, 2011 b) but 
caused considerable effect in the internal 
biochemistry of the larva that could be easily 
detected and assessed to prove the 
effectiveness of D.	filix-mas root and rhizome 
as biopesticidal  control measures against this 
lepidopterous pest.

For biochemical estimation, freshly 
hatched larvae were allowed to feed on a 
normal dietary medium (kept inside 250 ml 
beakers) for 15 days. On the 16th day, 25 
larvae were transferred to each similar 
rearing chambers containing dietary medium 
mixed with 0.25, 0.50 and 1.00% of D.	 filix-
mas powder and were allowed to feed for 10 
days. 25 larvae were also kept as control with 
each set of experiment. On the completion of 
25 days, 10-15 larvae from each set, 
experimental as well as control were taken 
out. From these groups of larvae, haemolymph 
and fat body were separately collected and 
pooled in a manner outlined as follow: 

Haemolymph was obtained from these 
larvae following the procedure of Krishna and 
Pandey (1974) which involved making of a

small puncture by means of a sharp needle at 
the dorsolateral side of the prothoracic 
segment and drawing the blood, easily oozing 
out through this puncture, into a fine glass 
capillary tube. The haemolymph thus obtained 
from caterpillars was collected in a previously 
weighed small glass vial (12 mm diameter; 55 
mm height). For each biochemical estimation, 
after ascertaining the weight of the 
haemolymph, a known volume of required 
solvent was added to prepare the 
homogenate. 

Fat bodies were taken out from these 
larvae following careful dissections performed 
on a clean glass slide containing minute 
quantities of distilled water under a 
stereoscopic binocular microscope. The water 
and the flowed out haemolymph surrounding 
these tissues were then completely drained off 
with the help of absorbant paper. Later this fat 
body material was weighed and swiftly mixed 
with known volume of required solvent to 
prepare the homogenate for each biochemical 
estimation.

The entire programme of biochemical 
estimation includes the quantitative 
measurement of total protein, total free amino 
acid, nucleic acids and carbohydrate levels 
and activity of acid and alkaline phosphatases 
in haemolymph and fat body tissues  of the 
larva of rice-moth treated with sublethal 
doses of Dryopteris	filix-mas powder as well as 
control.

The total protein was measured according 
to the method of Lowry et	 al. (1951) using 
bovine serum albumin as standard and results 
were expressed as µg protein/mg wet weight 
of tissues.
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Estimation of total free amino acid was 
carried out according to the method of Spies 
(1957) using glycine solution as standard and 
results were expressed as µg free amino acid/
mg wet weight of tissues.

Deoxyribonucleic acid (DNA) and 
ribonucleic acid (RNA) levels were estimated 
according to the method of Schneider (1957). 
Diphenylamine reagent was used for DNA 
estimation while orcinol reagent was used for 
RNA estimation and their values were 
expressed as µg/mg wet weight of tissues.

Glycogen and reducing sugar were 
estimated according to the method of Van der 
Vies (1954) and Folin Wu (1920), 
respectively. Anthrone reagent was used for 
glycogen estimation while for glucose 
estimation, alkaline copper reagent and 
phosphomolybdic acid reagent were used and 
their values were expressed as mg/g wet 
weight of tissues.

Acid and alkaline phosphatase activity in 
haemolymph and fat body was determined 
according to the method of Andersch and 
Szcypinski (1947) as modified by Bergmeyer 
(1967) using p-nitrophenylphosphate as 
substrate. The activities of acid and alkaline 
phosphatases were expressed as µ moles of p-
nitrophenol liberated/30 minutes/mg 
protein.

Results have been expressed as the mean ± 
SE of six replicates. Significant differences 
between treatment groups, in order to show 
dose dependence, were determined by one 
way analysis of variance (P < 0.05 to P <0.001) 
(Sokal and Rohlf, 1969). Student’s t-test was 
applied to determine the significant 
differences between the corresponding 
treated groups and the controls (P < 0.05 to P 
< 0.001) (Sokal and Rohlf, 1969).

Results

Alterations caused by sublethal doses of
Dryopteris	filix-mas root and rhizome powder 
on the levels of total protein and total free 
amino acids in the haemolymph and fat body 
tissues of the larva of rice-moth, C.	cephalonica
have been represented in Table 1. Dryopteris	
filix-mas powder caused a significantly dose-
dependent (P< 0.001) reduction in the level of 
total protein and a significantly dose-
dependent (P< 0.001) enhancement in the 
level of total free amino acids in haemolymph 
as well as in fat body. The maximum decrease 
in total protein level in haemolymph (29% of 
the control value) and fat body (46% of the 
control value) was observed in larvae treated 
with 1.00% dose level of Dryopteris	 filix-mas 
powder. Protein levels, in haemolymph, were 
reduced to 80% (55.141 µg/mg), 61% (42.044 
µg/mg) and 29 % (19.988 µg/mg) of the 
control value while these levels in fat body, 
were reduced to 90% (11.483 µg/mg), 61% 
(7.783 µg/mg) and 46% (5.869 µg/mg) of the 
control value following treatment with 0.25,  
0.50  and 1.00% dose levels of Dryopteris	filix-
mas powder, respectively (Table 1).

Larvae treated with 1.00% dose level of
Dryopteris	 filix-mas powder showed a 
maximum enhancement in the total free 
amino acid level in haemolymph (161% of the 
control) and fat body (168% of the control). 
Total free amino acid levels, in haemolymph, 
were increased to 103% (91.201 µg/mg), 
126% (111.567 µg/mg) and 161% (142.557 
µg/mg) of the control while these levels, in fat 
body, were increased to 135% (15.779 
µg/mg), 151% (17.649 µg/mg) and 168% 
(19.636 µg/mg) of the control following 
treatment with  0.25, 0.50  and 1.00% of 
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Table 1: Changes in the total protein and total free amino acid levels in the haemolymph and fat body of the 
larva of rice-moth, C.	cephalonica	treated with Dryopteris		filix-mas root and rhizome powder

Per cent

D. filix-mas

dose 

Total protein # (µg/ mg, wet wt.)         Total free amino acid # (µg/ mg, wet wt)

______________________ __             _________________

Haemolymph                 Fat body                Haemolymph                 Fat body

Control

(untreated)

68.926 ± 1.614

(100)

12.759 ± 0.411

(100)

88.545 ± 3.025

(100)

11.688 ± 1.032

(100)

0.25 55.141 ± 1.640

(80)

11.483 ± 0.401

(90)

91.201 ± 3.614

(103)

15.779 ± 0.841

(135)

0.50 42.044 ±1.166

(61)

7.783 ± 0.241

(61)

111.567 ± 3.104

(126)

17.649 ± 0.688

(151)

1.00 19.988 ± 0.342

(29)

5.869 ± 0.125

(46)

142.557 ± 4.110

(161)

19.636 ± 0.826

(168)

# Values are expressed as the mean ± SE of six replicates.
Values in the parentheses indicate the percentage change, with control values taken as 100%.
Student’s t-test showed significant differences (P < 0.05 to P < 0.001) between the corresponding treated groups and 
the controls.
Analysis of variance showed that the response to the D. filix-mas powder was dose-dependent (P< 0.001). 

Dryopteris	 filix-mas powder, respectively 
(Table 1).

All the sublethal doses of Dryopteris	 filix-
mas powder caused a significantly dose-
dependent (P< 0.01) reduction in the DNA and 
RNA levels in both the tissues of the larva 
(Table 2). Larvae treated with 1.00% dose 
level of Dryopteris	filix-mas powder showed a 
maximum decrease in the DNA level in 
haemolymph (69% of the control value) and 
fat body (59% of the control value). DNA 

levels, in haemolymph, were reduced to 90% 
(9.485 µg/mg), 81% (8.536 µg/mg) and 69% 
(7.272 µg/mg) of the control value while these 
levels, in fat body, were reduced to 89% 
(5.792 µg/mg), 73% (4.751 µg/mg) and 59% 
(3.839 µg/mg) of the control value following 
the treatment with 0.25, 0.50 and 1.00% of 
Dryopteris	 filix-mas powder respectively, 
(Table 2).

The maximum decrease in RNA level in 
haemolymph, (49% of the control value) and 
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fat body (46% of the control value) was 
observed in larve treated with 1.00% of
Dryopteris	 filix-mas powder. RNA levels, in 
haemolymph, were reduced to 85% (13.335 
µg/mg), 65% (10.197 µg/mg) and 49% (7.687 
µg/mg) of the control value while these levels, 
in fat body, were reduced to 84% (9.145 
µg/mg), 62% (6.749 µg/mg) and 46% (5.008 
µg/mg) of the control following  treatment 
with 0.25, 0.50 and 1.00% of Dryopteris	filix-
mas powder, respectively (Table 2).

The RNA/DNA ratio, in control larvae, was 
1.489 in haemolymph and 1.673 in fat body. 
The maximum decrease in this ratio in 
haemolymph (71% of the control value) and 
fat body (78% of the control value) was 
observed in larvae treated with 1.00% of
Dryopteris	 filix-mas powder. The RNA/DNA 
ratios, in haemolymph, were reduced to 94% 
(1.406 µg/mg), 80% (1.195µg/mg) and 71% 
(1.057 µg/mg) of the control while these 
ratios in fat body, were reduced to 94% 
(1.579 µg/mg), 85% (1.421 µg/mg) and 78% 
(1.305 µg/mg) of the control value following 
treatment with 0.25, 0.50 and 1.00% of 
Dryopteris	 filix-mas powder, respectively 
(Table 3). 

Sublethal doses of Dryopteris	 filix-mas 
powder caused a significantly dose-dependent 
(P< 0.05) reduction in the level of glycogen 
and on the other hand, a significantly dose-
dependent (P< 0.05) enhancement in the level 
of reducing sugar in both the tissues of the 
larva (Table 4). 

In case of untreated larvae, the glycogen 
level was 2.477 and 14.881 mg/g in 
haemolymph and fat body, respectively. The 
maximum decrease in glycogen level in 
haemolymph (18% of the control value) and 

fat body (30% of the control value) was 
observed in larvae treated with 1.00% dose 
level of Dryopteris	filix-mas powder. Glycogen 
levels, in haemolymph, were reduced to 78% 
(1.932 mg/g), 40% (0.991 mg/g) and 18% 
(0.446 mg/g) of the control value while these 
levels, in fat body, were reduced to 67% 
(9.970 mg/g), 44% (6.548 mg/g) and 30% 
(4.464 mg/g) of the control value following 
treatment with 0.25, 0.50 and 1.00% dose 
levels of Dryopteris	 filix-mas powder, 
respectively (Table 4).

The level of reducing sugar, in  control 
larvae, was 2.801 and 1.047 mg/g in 
haemolymph and fat body, respectively. The 
dose level of 1.00 % Dryopteris	 filix-mas
powder caused a maximum enhancement in 
the amount of reducing sugar which was 
188% in haemolymph and 215% in fat body 
with respect to their control values. The 
amounts of reducing sugar, in haemolymph, 
were increased to 127% (3.557 mg/g), 168% 
(4.706 mg/g) and 188% (5.266 mg/g) of the 
control value while these levels, in fat body, 
were increased to 133% (1.392 mg/g), 169% 
(1.769 mg/g) and 215% (2.251 mg/g) of the 
control value following treatment with 0.25, 
0.50  and 1.00% of Dryopteris	 filix-mas 
powder, respectively (Table 4).

Changes in acid and alkaline phosphatase 
activities in haemolymph and fat body of the 
larva of C.	cephalonica treated with sublethal 
doses of Dryopteris	 filix-mas powder have 
been expressed as µ moles of p-nitrophenol 
liberated per 30 min per mg of protein and 
represented in Table 5. Dryopteris	 filix-mas 
powder caused a significantly dose-dependent 
(P < 0.05) increase in the activity of acid 
phosphatase and a significantly dose-
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Table 2: Changes in the DNA and RNA levels in the haemolymph and fat body of the larva of rice- moth, C.	
cephalonica	treated with Dryopteris	filix-mas root and    rhizome powder

Per	cent

D. filix-mas

dose

DNA	# (µg/	mg	wet	wt)																								 RNA	# (µg/	mg	wet	wt)

Haemolymph										Fat	body																										 Haemolymph										 Fat	body

Control

(Untreated)

10.539 ± 0.714

(100)

6.508 ± 0.466

(100)

15.688 ± 0.688

(100)

10.887 ± 0.399

(100)

0.25 9.485 ± 0.599

(90)

5.792 ± 0.389

(89)

13.335 ± 0.444

(85)

9.145 ± 0.301

(84)

0.50 8.536 ± 0.561

(81)

4.751 ± 0.288

(73)

10.197 ± 0.406

(65)

6.749 ± 0.211

(62)

1.00 7.272 ± 0.442

(69)

3.839 ± 0.229

(59)

7.687 ± 0.321

(49)

5.008 ± 0.312

(46)

# Values are expressed as the mean ± SE of six replicates.
Values in the parentheses indicate the percentage change, with control values taken as 100%.
Student’s t-test showed significant differences (P< 0.05 to P< 0.001) between the corresponding treated 
groups and the control
Analysis of variance showed that the response to the D.	filix-mas powder was dose-dependent (P< 0.01).

Table 3: Alterations in the RNA/DNA ratio in haemolymph and fat body of the larva of rice-moth, C.	
cephalonica treated with Dryopteris	filix-mas root and rhizome powder

Per cent

D. filix-mas	dose

RNA/DNA	ratio

________________________________________________

Haemolymph										 Fat	body

Control (untreated) 1.489 1.673

(100) (100)

0.25 1.406 1.579

(94) (94)

0.50 1.195 1.421

(80) (85)

1.00 1.057 1.305

(71) (78)

___________________________________________________________________________________

The values in the parentheses indicate the percentage change with control values taken as 100%
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Table 4: Changes in the levels of glycogen and reducing sugar in the haemolymph and fat body of the larva of rice-
moth, C.	cephalonica treated with Dryopteris filix-mas root and rhizome powder

Per cent

D. filix-mas

dose

Glycogen#	(mg/g	wet	wt)																						 Reducing	sugar#	(mg/g	wet	wt)								

Haemolymph										Fat	body																										 Haemolymph										 Fat	body

Control

(untreated)

2.477 ± 0.112

(100)

14.881 ± 0.416

(100)

2.801 ± 0.147

(100)

1.047 ± 0.052

(100)

0.25 1.932 ± 0.094

(78)

9.970 ± 0.314

(67)

3.557 ±  0.168

(127)

1.392 ± 0.068

(133)

0.50 0.991± 0.018

(40)

6.548 ± 0.224

(44)

4.706 ± 0.170

(168)

1.769± 0.058

(169)

1.00 0.446 ± 0.013

(18)

4.464 ± 0.213

(30)

5.266 ± 0.164

(188)

2.251 ± 0.099

(215)
# Values are expressed as the mean ± SE of six replicates.
Values in the parentheses indicate the percentage change, with control values taken as 100%.
Student’s t-test showed significant differences (P< 0.05 to P< 0.001) between the corresponding treated groups and 
the controls. 
Analysis of variance showed that the response to the D.	filix-mas powder was dose-dependent (P< 0.05). 

dependent (P < 0.05) decrease in the activity 
of alkaline phosphatase in both the tissues of 
the larva. 

In contol larvae, the acid phosphatase 
activity was 0.622 and 2.599 µ moles/30
min/mg protein in haemolymph and fat body, 
respectively. The maximum enhancement in 
acid phosphatase activity in haemolymph 
(423% of the control value) and fat body 
(326% of the control value) was observed in 
larvae treated with 1.00% dose level of  
Dryopteris	 filix- mas powder. Acid 

phosphatase activity, in haemolymph, was
increased to 180% (1.120 µmole), 250% 
(1.555 µmole) and 423% (2.631 µmole) of the 
control value while the activity of this enzyme, 
in fat body, was enhanced to 148% (3.846 
µmol), 223% (5.796 µmole) and 326% (8.473 
µmole) of the control value  following 
treatment with  0.25, 0.50 and 1.00% dose 
level of Dryopteris	 filix-mas powder, 
respectively (Table 5).

In the control larvae, the alkaline 
phosphatase activity was 0.468 and 2.615 
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µmoles/ 30min/mg protein in haemolymph 
and fat body, respectively. The maximum 
decrease in alkaline phosphatase activitiy in 

haemolymph (37% of the control value) and 
fat body (45% of the control value) was 
observed in larvae treated with 1.00% dose 

Table 5: Changes in acid and alkaline phosphatase activity in haemolymph and fat body of the larva of rice-
moth, C.	cephalonica treated with Dryopteris filix-mas root and rhizome  powder

.

Per cent

D. filix-mas	
dose	

Acid	phosphatase#	 Alkaline	phosphatase#

Hamolymph										Fat	body																 Haemolymph										Fat	body

Control

(untreated)

0.622 ± 0.041

(100)

2.599 ± 0.114

(100)

0.481 ± 0.027

(100)

2.615 ± 0.133

(100)

0.25 1.120 ± 0.062

(180)

3.846 ± 0.157

(148)

0.380 ± 0.010

(79)

2.301 ± 0.108

(88)

0.50 1.555± 0.074

(250)

5.796 ± 0.217

(223)

0.279 ±  0.011

(58)

1.830 ± 0.128

(70)

1.00 2.631 ± 0.080

(423)

8.473 ± 0.228

(326)

0.178 ± 0.014

(37)

1.177 ± 0.076

(45)
# The activities are given as µ moles of p-nitrophenol liberated per 30 min per mg of protein and expressed as 
mean ± SE of six replicates. 
Student’s t-test showed significant differences (P< 0.05 to P< 0.001) between the corresponding treated groups 
and the controls.
Values in the parentheses are the percentage change, with control values taken as100%. 
Analysis of variance showed that the response to the D.	filix-mas was dose-dependent (P < 0.05). 

level of Dryopteris	 filix-mas powder. Alkaline 
phosphatase activity in haemolymph, was 
reduced to 79% (0.380 µmole), 58% (0.279 
µmole) and 37 % (0.178 µmole) of the control 
value while its activity, in fat body, was 
reduced to 88 % (2.301 µmole), 70% (1.830 
µmole) and 45%.(1.177 µmole) of the control 
value  following treatment with  0.25, 0.50 and 

1.00% dose level of Dryopteris	 filix-mas 
powder, respectively (Table 5).

Discussion

Available evidences reveal that ferns are 
effective in arresting embryonic development 
in insects and filicin isolated from  root and 
rhizome of D.	 filix-mas is a potential 
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insecticide which has been reported to be 
toxic against Spodoptera	 littura and 
Helicoverpa	 armigera (Mannan et	 al., 2008). 
Plant extracts interfere with the normal 
embryonic development by suppressing 
hormonal and biochemical process. Such 
physiological interference was observed by 
Ofuya et	al. (1992), Chiranjeevi and Sudharkar 
(1996) and Jayakumar et	al. (2003). Since, the 
ferns arrest the embryonic development of 
insects (Mannan et	al., 2008), thus, it may be 
probably considered that active compounds 
present in D.	 filix-mas attack the insect’s  
endocrine system affecting the levels of 
juvenile hormone secreted from corpora allata 
and ecdysone (moulting hormone) secreted 
from prothoracic gland causing the insect 
unable to moult. D.	 filix-mas induced such 
hormonal imbalance in addition to 
biochemical perturbations in C.	 cephalonica
results into its ultimate death.

Proteins are among the most complex of 
all known chemical compounds and also the 
most characteristic of living organism. They 
serve as an important internal environmental 
factor for the metabolism, especially having a 
close relation with fat body, metamorphic 
hormone, trehalose and sex hormone during 
development and metamorphosis (Lee et	 al., 
1981). Protein synthesized in the early instars 
of the larval fat body (the main site of protein 
synthesis of blood protein) are subsequently 
released into the surrounding blood 
(Shigematsu, 1960), which, in later instars are 
sequestered from the blood into the fat body. 
In the present investigation, all the three 
sublethal doses of D.	 filix-mas root and 
rhizome’s powder caused a dose-dependent 
(P < 0.001) reduction in the level of total 
protein in both the tissues of the larva. Earlier 
investigations have revealed that botanical 

insecticides influence the biochemistry of 
insect pests. Bhagawan et	 al. (1992) have 
reported that application of Annona	squamosa
seed extracts caused a significant reduction in 
protein content in the nymphs of Dysdercus	
koenigii. In a similar way, Polyscias	 quilfolei
extracts (Rajendra and Gopalan, 1982) and 
azadirachtin (Subramanyam and Rao, 1986) 
have also been reported to cause significant 
alteration in protein contents in certain other 
insects. The present results are in agreement 
with findings of above workers.  

One of the most characteristic features of 
insect haemolymph is the high level of free 
amino acids (Buck, 1953; Florkin, 1959; 
Gilmour, 1961, 1965; Wyatt, 1961, Clements, 
1963; Chen, 1966; Florkin and Jeuniaux, 
1974) whereas insect fat body is an active site 
for the intermediary metabolism of these 
amino acids (Kilby, 1963; Chen, 1966). The 
high concentration of free amino acid is 
believed to play an important role in 
osmoregulation (Bishop et	 al., 1926; Beadle 
and Shaw, 1950); buffering of the blood to 
some extent, energy production for flight and 
cocoon construction (Wyatt, 1961) with the 
predominant function of serving as units for 
protein synthesis (Buck, 1953) and taking part 
in other metabolic activities. 

In the present investigation, all the three 
sublethal doses of D.	 filix-mas root and 
rhizome’s powder caused a dose-dependent 
(P < 0.001) enhancement in the level of total 
free amino acids in both the tissues of the 
larva. Reddy et	al. (1993) have reported that 
active compounds extracted from seed of
Annona	 squamosa has enhanced the amino 
acid content in Dysdercus	koenigii possibly due 
to this biopesticide induced depletion of 
protein and / or inhibition of amino acid 
incorporation into protein. Similarly, 
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Vijayaraghavan and Chitra (2002) have 
reported botanical insecticides induced 
alterations in the free amino acid contents of 
Spodoptera	litura. Since, D.	filix-mas extract in 
the present study, decreased the protein level 
in the haemolymph and the fat body of the 
larva of this moth as stated earlier, it may be 
concluded that a rise in the total free amino 
acid level in both the tissues is plausibly on 
account of protein depletion and / or 
inhibition of amino acid incorporations into 
protein.        

RNA content can be considered an index of 
the capacity of organism for protein synthesis 
whereas DNA content provides an estimate of 
cell number. The RNA / DNA ratio is, therefore, 
a measure of protein synthetic capacity per 
cell (Brachet, 1955; Lang et	al., 1965). 

Insecticides have shown to alter the 
nucleic acid levels (Bhunya and Das, 1976; 
Tayyaba et	al.,1981; Tiwari and Bhatt, 1987). 
Literature concerning botanical insecticides 
and pyrethroid induced changes in the nucleic 
acid levels with special reference to insects 
(Shakoori et	 al., 1988; Naqvi et	 al., 1991b; 
Tabassum, 1994) are far from adequate.

In the present investigation, all the three 
sublethal doses of D.	 filix-mas root and 
rhizome’s powder caused a dose-dependent 
(P < 0.01) reduction in the levels of DNA and 
RNA and a significant reduction in RNA / DNA 
ratio in both the tissues of the larva. 
Botanicals (neem compounds) and pyrethroid 
have been shown to inhibit the nucleic acid 
level in Musca	 domestica L. (Naqvi et	 al., 
1991a). Similar findings have also been 
observed in case of pulse beetle, 
Callosobruchus	 analis L. following treatment 
with neem compounds NfC (Neutral fraction 
C- which is a crude extract of whole neem 

seed) and NC (Nimocilin, Azadirachtin) as 
reported by  Tabassum (1994). But, sublethal
and lethal doses of fenpropathrin (a 
pyrethroid) did not change much of the RNA 
and DNA levels in the larvae of Tribolium	
castaneum (Herbst.) as reported by Shakoori 
et	al. (1988).

The reduction in the DNA and RNA levels, 
in the present study, may be due to
interference of active ingredients present in D.	
filix-mas  root and rhizome powder with the 
synthesis site of nucleic acids. This finding is 
in accordance with Tabassum, (1994) who 
reported similar possibility of the decreased 
DNA and RNA due to the action of neem 
compounds NfC and NC (Nimocilin, 
Azadirachtin) on nucleic acids synthesis in the 
exposed pulse beetle, Callosobruchus	 analis
(L.). Similar explanation for decrease in DNA 
and RNA contents have also been reported in 
fenpropathrin exposed larvae of Tribolium	
castaneum (Herbst.) ( Shakoori et	 al., 1988) 
and in rice moth, Corcyra	cephalonica exposed 
to neem stem bark powder (Pathak and 
Tiwari, 2016), neem seeds acetone extract 
(Pathak and Tiwari, 2017a), neem seeds 
ethanol extract (Pathak and Tiwari, 2017b) 
and  pyrethrum extract (Tiwari, 2019).  

The two parameters RNA content and 
RNA/DNA ratio, show a significant correlation 
with protein content. Thus, the protein 
content depends on its synthesis in which 
RNA plays a vital role. Data in the present 
study  demonstrates the reduction in the total 
protein level in both the tissues of the larva 
following treatment with D.	filix-mas powder. 
Therefore, it may be presumed that the 
synthesis of protein is inhibited due to 
inhibition of RNA. It may also be presumed 
that reduction in protein level is due to the 
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involvement of D.	 filix-mas powder,s active 
ingredients influencing the amino acids 
incorporation into the polypeptide chain. The 
enhancement in total free amino acid level 
further supports the above presumption.

Carbohydrates are one of the most 
essential biochemical constituents of insect 
tissues, many of which support optimum 
growth, development, reproductive activity 
and survival of individual species (Chefurka, 
1959, 1964, 1965; Kilby, 1963; Wyatt, 1967; 
Friedman, 1970). 

Data obtained on the carbohydrate level 
indicate that  D.	 filix-mas powder  caused a 
dose-dependent (P < 0.05) decrease in 
glycogen level and a dose-dependent (P <0.05) 
enhancement in reducing sugar level in 
haemolymph as well as in fat body of the larva 
of this pest. A drastic reduction (93.38 %) in 
the amount of carbohydrates has been 
reported in Lippia	 nodiflora Burm. and Vitex	
negundo	 Linn. extracts poisoned larvae of 
cabbage leaf webber, Crocidolomia	 binotalis
Zeller (Vijayaraghavan et	 al., 2010). They 
suggested that under stress conditions, more 
sugar might be metabolized to meet out the 
energy expenses. This could be the reason for 
carbohydrate level depletion in treated 
insects. Similar results were obtained by 
Seyoum et	al. (2002) in desert locust and by 
Razak and Sivasubramanian (2007) in 
Chelomenus	 sexmaculata Fabricius and 
Chrysoperla	 carnea Stephens. The present 
findings are in conformity with 
Vijayaraghavan et	 al. (2010) and Razak and 
Sivasubramanian (2007).

A significant decrease in glycogen reserves 
with a significant enhancement in reducing 
sugar content, in this investigation may be 
ascribed to the decreased activity of glycogen 

synthetase and/or increased glycogenolysis, 
perhaps resulting from the enhanced activity 
of glycogen phosphorylase to encounter D.	
filix-mas stress. 

The depletion in glycogen level may also 
be due to a direct action of  active compounds 
of D.	 filix-mas powder on oxidative 
phosphorylation as observed in case of 
Periplaneta	 americana following treatment 
with lindane ( Ela et	al., 1970). 

Acid phosphatase plays a significant role in 
catabolism, pathological necrosis, autolysis 
and phagocytosis (De Duve, 1959; Becker and 
Barron, 1961; Abou Donia, 1978). It also helps 
in energy liberating processes (Dalela et	 al., 
1978). Alkaline phosphatase has been 
reported to be involved in the transport of 
metabolites across the membranes (Vorbrodt, 
1959), synthesis of certain enzymes (Sumner, 
1965), protein synthesis (Pilo et	 al., 1972), 
secretory activity (Ibrahim et	 al., 1974) and 
spermatogenesis (Pavlikova and Repas, 1975).

Plant extracts/biopesticides and synthetic 
pyrethroids influence the activities of acid and 
alkaline phosphatases as reported by Naqvi et	
al. (1991); Josephrajkumar et	 al. (1999); 
Akhtar and Islam (2004);  Mannan et	 al.
(2008); Pathak and Tiwari (2015, 2016, 
2017b, 2017c) and Tiwari (2018).

Data presented on phosphatase activity 
clearly demonstrate that all the three 
sublethal doses of D.	 filix-mas root and 
rhizome’s powder caused a dose-dependent 
(P < 0.05) enhancement in acid phosphatase 
activity and a dose-dependent (P < 0.05) 
reduction in alkaline phosphatase activity in 
both the tissues of the larva of C.	cephalonica. 
Similar observations have been recorded in 
haemolymph and fat body tissues of the larva 
of this pest exposed to neem stem bark 
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powder (Pathak and Tiwari, 2016), neem 
seeds ethanol extract (2017 b) and  neem 
seeds acetone extract (Pathak and Tiwari, 
2017 c). Such results have also been observed 
by neem compounds (RB-a, RB-A and 
Magosan -OTM) exposed insect Oxycarenus	
lugubris (Nurulain, 1987). Although many 
studies have been reported pertaining to 
effects of plant extracts including growth 
retardation and arrest of ovarian as well as 
embryonic development but their exact mode 
of action has not yet has been elucidated 
(Akhtar and Islam, 2004; Mannan et	al., 2008). 
However, studies pertaining to mode of action 
of synthetic insecticides on the phosphatase 
activity in relation to vertebrates have been 
explored in detail by various workers (Glees, 
1967; Ntiforo and Stein, 1970; Abou Donia, 
1978; Galdhar et	al., 1978; Mukhopadhyay and 
Dehadrai, 1980; Shivanandappa and 
Krishnakumari, 1981). Glees (1967) reported 
increased acid phosphatase activity in nerves 
and neuroglia of hens following treatment 
with TOCP possibly due to labilization of 
lysosomal membranes. This explanation was 
further supported by Abou Donia (1978) who 
observed enhancement in the activity of 
plasma acid phosphatase in hens exposed to 
leptophos and is also in accordance with 
studies of Ntiforo and Stein (1970) who 
showed interaction of anticholinesterase 
pesticide (malathion) with the structural 
components of lysosomal membrane altering 
its permeability. Similar reasons may be 
assigned for the enhancement in the activity 
of acid phosphatase in the present study. 

D.	 filix-mas powder induced decrease in 
the activity of alkaline phosphatase, in the 
present investigation, resembles to that of 
plumbagin and azadirachtin exposed 
Helicoverpa	 armigera (Josephrajkumar et	 al., 

1999), NfD exposed Sitophilus	 oryzae (Naqvi 
et	 al., 1991), Fragonia	 bruguieri	 induced 
Schistocerca	 gregaria (Basiouny et	 al., 2010) 
and Artemisia	 annua exposed Eurygaster	
intefriceps (Zibaee and Badani, 2010). But 
these studies have no relevant explanation 
regarding the mode of action of plant 
extracts/biopesticides on the activity of 
alkaline phosphatase. The reduced activity of 
alkaline phosphatase in the present 
investigation also resembles to that of rats 
exposed to Disulfaton (Galdhar et	 al., 1978) 
and BHC (Shivanandappa and Krishnakumari, 
1981). The decrease in the activity of this 
enzyme may be due to fall in pH following 
rupture of cell membranes as suggested by 
Mukhopadhyay and Dehadrai (1980) in case 
of cat fish, Clarias	batrachus under malathion 
stress. A reduction in alkaline phosphatase 
activity during in	vivo treatment of D.	filix-mas
powder may be due to the interaction of 
several reactions occurring simultaneously, 
causing direct or indirect stress on the 
alkaline phosphatase activity in haemolymph 
and fat body of the larva of C.	cephalonica.

The entire finding of the present 
investigation i.e. D.	 filix-mas  powder 
influenced reduction in the levels of total 
protein, DNA, RNA, RNA/ DNA ratio, glycogen  
and inhibition of alkaline phosphatase activity  
as well as enhancement in the levels of total 
free amino acids, reducing sugars and in the 
activity of acid phosphatase  perturbs the 
biochemical framework of the larva resulting 
into death. Of course, application of this 
biopesticide would be able to reduce the 
population build up of C.	 cephalonica in 
particular and lepidopterous pests in general, 
in ecofriendly way.
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