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Respiratory metabolic responsiveness, during the pupal stage, of the red palm weevil, Rhynchophorus ferrugineus  (Coleoptera: Curculionidae) to certain plant extracts.
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Abstract

the prepupae of Rhynchophorus ferrugineous were topically applied with one of three dose-levels (0.1, 0.005 or 0.001 µg/insect) of Jojoba oil o Azadirachtin. The daily O2 consumption and CO2  out put respiratory were determined and the respiratory quotient (RQ) was calculated. After Joj treatments, O2 consumption of early- and late-aged pupae increased as the dose-level was decreased. The respiration curve did not assume an U-shaped pattern as common in the pupal stage of many insect species. Also, an inhibitory action of Azt on the pupal respiration had been clearly exhibited. A similar result of the respiration curve was observed by Azt. All dose levels of Joj, but only the higher two ones of Azt, suppressed the CO2 release. Both botanicals inhibited the RQ during the pupal stage. However, all RQ mean values of treated, or control, pupae were < 1.0 and > 0.7. 
Introduction

Needless to say the extensive use of synthetic insecticide leads to the destruction of beneficial species such as parasites and predators of pests beside the destruction of pollinating insects such as honeybees. Also, the wide use of insecticides had some undesirable consequences such as the development of resistant strains of many pests and the growing toxic hazards to man, his livestock and wild life. Insect growth regulators (IGRs) cause inhibition of insect metamorphosis, reproduction and embryogenesis as well as disturb their diapause. Since plants had been discovered as a rich resource of IGRs, researchers allover the world gave their attention and interest for extraction, isolation and bioassay of extracts from many plant species against different insect species (Slama et al.,1968; Schwarz et al., 1971, 1974; El-Zoghby, 1980; El-Shazly et al., 1997; 1997; Khalaf, 1998).


Azadirachtin is a seed kernel extract of neem Azadirachta indica ( Meliaceae) which was tested against many insects species as antifeedant or/and growth inhibitors (Redfern et al., 1981; Jacobson, 1986). The present study extends our previous works (Bream et al., 2001; Ghoneim et al., 2001 a,b) about several biological and physiological aspects of the red palm weevil Rhynchophorus ferrugineus which was reported as dangerous pest for date palm in Arab Gulf region at the mid-1980s (El-Ezaby, 1997) and then in Egypt at 1992 (Cox,1993; Murphy and Briscoe, 1999). The purpose of this paper was to assess the effects of Azadirachtin and Jojoba on the respiratory metabolism during the pupal stage of the present experimental insect.

Materials and methods
(I) Experiment Insect:

Prepupae of Rhynchophorus ferrugineus were collected for every experiment from large cavities of infested date trees especialized for this purpose, i.e. received no chemicals such as insecticides, from the infested region in Egypt as described by Ghoneim et al. (2001).

2) Treatment of extracts and IGRs:

Two plant extracts: Azadirachtin (Azt) and Jojoba oil (Joj) were assessed against the respiratory metabolism of the present insect. Three dose-level of extract (0.010, 0.005, 0.001 (g/insect) were topically applied onto the pronotum of prepupae. Control prepupae were topically applied with 1 (l aceton only. All treated and control insects were kept at 27(1(C and 70(5% RH.

3) Respiration measurements:

Using the technique of Umbreit et al. (1957) and some precautions of Ghoneim (1981), the gaseous exchange of the red palm Weevil Rh. ferrugineus was determined. Eight replicates were used for measuring the O2 intake and CO2 output. The procedure includes that one pupa was gently put into the main compartment of 8 manometric flasks. For estimating the O2 consumption, a piece of little roll of filter paper wetted with 0.2 ml of 10% KOH was placed in the central well to absorb the resulting CO2 from the pupae during the experiment interval. One control manometer was prepared as a barometer with a flask containing 0.2 ml of KOH but without a pupa.

For measuring the CO2 output, gas difference was determined following the procedure of O2 estimation but KOH was replaced with H2O in the central well. The linear distance on the manometer "h" was multiplied with "k" (flask constant) to calculated the gas volume. CO2 was calculated by the equation CO2 = O2 - (O2 - CO2) where (O2 - CO2) is the gas difference volumes of O2 and CO2 were expressed in ml/g body weight/h.

The respiratory quotient (RQ) is an indicator to the assimilated main metabolite or metabolite mixture. It can be deduced by dividing the volume of CO2 output/volume of O2 intake. The RQ mean values were calculated for the replicates in each experiment.

4) Statistical analysis of data:

Data obtained were analysed by the student's t-distribution, and refined by Bessel correction (Moroney, 1956) for the test significance of difference between means.

Results

1) Pupal respiration as affected by Jojoba:

Effects of Joj on the respiration during the pupal stage were diagrammed in Fig. (1) along the stage and were arranged in Table (1) for three main pupal ages: early-, mid- and late-aged pupae. It has been found that the consumed O2 quantities increased as the dose-level decreased. This result was easily recognized by both early- and late- aged pupae and not by  mid-aged congeners which consumed O2 quantities in no certain trend. To study the possible effect of Joj on the respiratory metabolism of pupae (comparing with their controls), the two higher doses detrimentally suppressed the O2-uptaking just after pupation (345.15(16.23 and 348.33(19.5 (l/g/h at 0.01 and 0.005 (g/insect, respectively, vs 420.25 (23.18(l/g/h of controls) estimated in reduction  as 17.8 and 17.1%, respectively. A similar trend of effect was detected at the end of the stage (316.27(14.26 and 385.22(20.66 (l/g/h at 0.01 and 0.005 (g/insect, respectively, vs 400.33(38.15 (l/g/h of controls) estimated in reduction as 21.0 and 3.8%, respectively. Such data revealed that ascending level of the dose supported the prohibitory action of Joj on the O2-consumption.

To expose the course of consumed O2 along the pupal life, Fig. (1) illustrated the respiratory curves, which did not assume a U-shape as known and common in the pupal stage of various insect species (such as lepidopterans). However, the present shape appeared with two vastly diverged arms. Such divergence increased as the dose value of Joj was increased.

In respect to CO2-output, the same suppressing action of Joj was easily detected as that of O2-input (Table 2). The CO2 volume had been increasingly released from the pupae reversely related to the dose-level, especially by the newly formed pupae at the two higher doses (316.12(18.25 and 324.65(28.46 (l/g/h at 0.01 and 0.005 (g/insect, respectively, vs 395.60(42.62 (l/g/h of controls), as well as by the late-aged pupae at the same doses (275.00(20.15 and 347.18(20.43 (l/g/h at 0.01 and 0.005 (g/insect, respectively, vs 378.18(24.36 (l/g/h of control congeners).

Table (1): Effect of Jojoba oil* on the oxygen consumption (µl/g/h) at certain physiological ages during the pupal stage of the red palm weevil Rhynchophorus ferrugineus.

	Dose

(µg / insect)
	Early-age
	Mid-age
	Late-age

	
	O2
	Change %
	O2
	Change %
	O2
	Change %

	0.01
	345.15 ( 16.23d
	-17.8
	216.11 ( 8.03b
	-10.0
	316.27 ( 14.26d
	-21.0

	0.005
	348.33 ( 19.15 d
	-17.1
	190.17 ( 15.02d
	-20.8
	385.22 ( 20.66a
	-3.8

	0.001
	416.30 ( 20.35a
	-0.9
	235.16 ( 17.18a
	-2.0
	412.16 ( 33.16a
	+3.0

	Control
	420.25 ( 23.18a
	--
	240.06 ( 27.16a
	--
	400.33 ( 38.15a
	--


*:applied topically onto the prepupae., Means ( SD followed with the same letter (a) are not significantly  different (P> 0.05), (b): significantly different (P<0.05), (c): highly significantly different (P<0.01)  (d): very highly significantly different (P<0.001); Early–aged: 1-day old pupae, Mid-aged: 4-day old pupae, Late–aged: 7-day old pupae.

Table (2): Effect of Jojoba oil* on the carbon dioxide output (µl/g/h) at certain physiological ages during the pupal stage of the red palm weevil Rhynchophorus ferrugineus.

	Dose

(µg / insect)
	Early-age
	Mid-age
	Late-age

	
	CO2
	Change %
	CO2
	Change %
	CO2
	Change %

	0.01
	316.12 ( 18.25d
	-20.1
	187.18 ( 10.46d
	-15.4
	275.00 ( 20.15d
	-27.3

	0.005
	324.65 ( 28.46c
	-17.9
	171.06 ( 12.13d
	-22.7
	347.18 ( 20.43b
	-8.2

	0.001
	397.15 ( 31.16a
	+0.4
	201.17 ( 16.08a
	-9.0
	389.05 ( 22.16a
	+2.9

	Control 
	395.60 ( 42.62a
	--
	221.17 ( 18.26a
	--
	378.18 ( 24.36a
	--


*:applied topically onto the prepupae., a, b, c, d,: Early–aged, Mid-aged and Late–aged: see the footnote of table (1).

2) Pupal respiration as affected by Azadirachtin.

In the light of data distributed in Table (3), an inhibitory action of Azt on the pupal respiration had been clearly observed. For some details, this extract (at its highest dose 0.01 (g/insect) suppressed the pupal capability because only smaller volume of O2 was consumed by the early-aged pupae (286.12(13.37 vs 420.25(23.18 (l/g/h of control correspondings) which had been reduced in 31.9%; by the mid-aged pupae (187.60(16.33 vs 240.06(27.15 (l/g/h of controls) which had been reduced in 21.9%, and by the late-aged pupae (301.17(25.16 vs 400.33(38.15 (l/g/h of controls) which had been reduced in 24.8%.

To recognize the daily respiration rate, Fig. (2) showed that the nearest curve to a U-shape was noticed for the control pupae below which all respiration curves of treated pupae existed. The increasing dose-level led to a departure of these curves far from the U-shape.

In addition to the inhibitory action of Azt on the pupal O2-input, it exerted a similar effect on the CO2-output, i.e. it prohibited these pupae to release this respiratory gas. Depending on data contained in Table (4), the treated newly formed pupae reduced the release of CO2 245.80(30.25 (l/g/h (vs 395.60(42.62 (l/g/h of controls) as expressed in -37.9. Also, the treated mid-aged pupae reduced the volume of such gas to 151.36(12.50 (l/g/h (vs 221.17(18.26 (l/g/h of controls) as expressed in -31.6; and the treated late-aged pupae reduced it to 265.36(17.85 (l/g/h (vs 378.18(24.36 (l/g/h of controls) as expressed in -29.8.

According to data of Tables (3) and (4) the lowest dose level of Azt exhibited no significant effect on O2-uptaking or CO2-expelling. On the other hand, Azt (at its medium dose-level) exhibited a pronouncedly inhibitory effect on the consumed O2 and released CO2 of mid-aged pupae.

Table (3): Effect of Azadirachin* on the oxygen consumption (µl/g/h) at certain physiological ages during the pupal stage of the red palm weevil Rhynchophorus ferrugineus..
	Dose

(µg / insect)
	Early-age
	Mid-age
	Late-age

	
	O2
	Change %
	O2
	Change %
	O2
	Change %

	0.010
	286.12 ( 13.37d
	-13.9
	187.6 ( 16.33d
	-21.9
	301.17 ( 25.16d
	-24.8

	0.005
	345.13 ( 11.36d
	-17.9
	225.18 ( 23.17a
	-6.2
	330.46 ( 15.18c
	-17.5

	0.001
	410.33 ( 15.22a
	-2.4
	215.26 ( 21.16a
	-10.3
	376.10 ( 26.06a
	-6.1

	Control 
	420.25 ( 23.18a
	--
	240.06 ( 27.16a
	--
	400.33 ( 38.15a
	--


*:applied topically onto the prepupae., a, b, c, d; Early–aged, Mid-aged and Late–aged: see the footnote of table (1).

Table (4): Effect of Azadirachin* on the carbon dioxide output (µl/g/h) at certain physiological ages during the pupal stage of the red palm weevil Rhynchophorus ferrugineus.
	Dose 

(µg / insect)
	Early-age
	Mid-age
	Late-age

	
	CO2
	Change %
	CO2
	Change %
	CO2
	Change %

	0.010
	245.80 ( 30.25d
	-37.9
	151.36 ( 12.50d
	-31.6
	265.36 ( 17.85d
	-29.8

	0.005
	320.50 ( 36.66d
	-19.0
	200.50 ( 14.8bb
	-9.4
	311.03 ( 22.16b
	-17.8

	0.001
	380.14 ( 25.26a
	-3.9
	195.26 ( 13.04a
	-11.7
	361.15 ( 18.17a
	-4.5

	Control
	395.60 ( 42.62a
	--
	221.17 ( 18.26a
	--
	378.18 ( 24.36a
	--


*:applied topically onto the prepupae., a, b, c, d; Early–aged, Mid-aged and Late–aged: see the footnote of table (1).

3) Respiratory quotient as affected by Jojoba and Azadirachtin:

Both botanicals Joj and Azt surppressingly affected the respiratory quotient (RQ) during the pupal stage of the present experimental weevil (see Table 5). The strength of such effect was consecutively correlated with the dose level (with few exceptions). Also, RQ mean values of treated pupae were found less than those of control correspondings. However, all RQ mean values of treated or control pupae < 1.0 and >0.7. This general finding should be explicated in the Discussion.

Shortly, Joj applied in the highest dose depressed the RQ of the resulted pupae as 0.91(0.01, 0.86(0.03 and 0.87(0.04 of early-, mid-, and late-aged pupae (vs 0.94(0.02, 0.92(0.04 and 0.94(0.05 of controls, respectively) were calculated. Also, Azt applied in the same dose-level depressed the RQ of the resulted pupae as 0.85(0.01, 0.81(0.01 and 0.88(0.02 of early-, mid- and late-aged pupae (vs 0.94(0.02, 0.92(0.04 and 0.94(0.05 of control congeners respectively).

Table (5): RQ mean values of pupae as affected by plant extracts applied topically onto the prepupae of red palm weevil Rhynchophorus ferrugineus

	Dose

(µg / insect)
	Jojoba oil
	Azadirachtin

	
	Early-age
	Mid-age
	Late-age
	Early-age
	Mid-age
	Late-age

	0.01
	0.91 ( 0.01c
	0.86 ( 0.03c
	0.87 ( 0.04c
	0.85 ( 0.01d
	0.81 ( 0.01d
	0.88( 0.02a

	0.005
	0.93 ( 0.21a
	0.90 ( 0.30a
	0.90 ( 0.01a
	0.92 ( 0.11a
	0.88 ( 0.60a
	0.94( 0.30a

	0.001
	0.95 ( 0.4a
	0.85 ( 0.6a
	0.94 ( 0.4a
	0.92 ( 0.30a
	0.90 ( 0.16a
	0.96( 0.22a

	Control
	0.94 ( 0.02a
	0.92 ( 0.04a
	0.94 ( 0.05a
	0.94 ( 0.02a
	0.92 ( 0.04a
	0.94( 0.05a


a, b, c, d, Early–aged, Mid-aged and Late–aged: see the footnote of table (1).

Discussion

Needless to say, that the study of hormonal regulation of the respiratory metabolism should reflect the rate of energetics and hence the capacity for endothermic metabolic processes underlying development and overall growth in general (cf. Keeley, 1972; Ghoneim, 1981;Farrag, 1983). Because the gaseous exchange (O2 consumption and CO2 production) can be used as a physiological parameter for detecting the effects of plant extracts. We should discuss herein the responsiveness of respiratory metabolism to Azadirachtin (Azt) and Jojopa (Joj), during the pupal stage of the red palm weevil Rh. ferrugineus should be discussed herein.

It has been found that the consumed O2 quantities decreased as the dose-level of Joj increased. This result was easily recognized by both the early- and late-aged pupae but not by the mid-aged congeners. Also, a similar inhibitory action of Azt on the pupal respiration had been clearly detected, irrespective of the pupal age. These results agreed with the findings of several authors such as Abou El-Ela et al. (1990) (using Altosid ZR-515), Fouda (1991) (using fenoxycarb Ro 13-5223), Bakr et al. (1991) (using Dimilin, Bay SIR-8514 and Altosid), Ghoneim (1991) (using the ecdysone agonist RH-5849) and Khalaf (1998) (using some plant oils).

Because the O2-consumption can be used as an indicator or parameter of metabolic activity, it may be noted that O2-uptake is the gross respiration which is in turn a reflection of the total sum of all O2 requiring systems in the insect body at any particular time (Bakr et al., 1991). The reducing effect of plant extracts may be owing to their effects on some sensory elements after penetration into the insect integument (Gerbolt, 1983) which finally alters the integument permeability to the respiratory gases leading to reduce the entry of O2 and consequently reduce the respiration rate.

It seems irrelevant to consider the usual U-shaped pupal O2-uptake curve as essentially a curve of protein synthesis as suggested, for example, by Wigglesworth (1959). In fact, protein synthesis is an energy-requiring rather than energy-yielding process and one should critically differentiate between combustion and synthesis of metabolites when dealing with respiratory metabolism.

In this issue, reference should be made to Agrell`s (1949) suggestion that the two peaks of the U-shaped pupal O2-uptake curve might indicate periods of high amino acid oxidation, but this - however - has seriously been disputed by Buck (1953) since only a little fraction of the whole - body respiration could be accounted for the oxidation of amino acids in the haemolymph through dehydrogenases.

Regarding to the daily respiration curves in the present study on Rh. ferrugineus, no U-shaped pattern was diagrammed during the pupal period as an effect of Joj and Azt.  After Joj application onto the prepupae, the daily respiration curve of pupae appeared with two vastly diverged arms. In addition, all respiration curves were observed below that of control pupae, in the case of Azt treatments.

Schneiderman and Gilbert (1961) obtained a deviation of the common U-shaped O2-consumption curve of endopterygote insects, after injection of Cecropia extract into some lepidopterous pupae and Geyer et al. (1968) after treating Tenebrio molitor with farnesyl methylether. Moreover, Bakr (1986) observed no U-shaped pattern of O2-consumption of Musca domestica pupae after treating their larvae with Dimilin, Bay SIR-8514 and Altosid (ZR-515). Also, slight deviations of the U-shape were observed by Abou El-Ela et al. (1990, 1991); and Khalaf (1998). However, the U-shaped curve of daily respiration of pupae prevailed that their tissues have cyclic activity associated with histolysis and histogenesis.

In the present study, the CO2 volume had been decreasingly released from the pupae, after prepupal treatment with Joj, reversely depending on the dose-level especially at the beginning and the end of pupal stage. Azt exerted a similar inhibitory effect of the pupal CO2-output, with few exceptions. These results are in agreement with those results of D`Costa and Rutesasira (1973); Singh and Sinha (1977) on Sitophilus oryzae, S. granarius and Glossina morsitans by some juvenoids, as well as Abou El-Ela et al. (1990) on M. domestica by certain IGRs; Ghoneim (1991) on M. domestica by the ecdysone agonist RH-5849 and Khalaf (1998) on M. stabulans by certain plant oils. On the contrary, Geyer et al. (1968) measured an increment of CO2-output by the pupae of T. molitor after treatment with farnesylmethylether.

Thus, and in the light of the available results of the present study, plant extracts: Azt and Joj induced a disturbance in the respiratory metabolism of the red palm weevil Rh. ferrugineus and inhibited the anabolism in pupae, i.e. the metabolic activity had mostly a catabolic pattern.

The respiratory quotient (RQ) mean values are used as an indicator to the type of substrate (metabolite) combused for energy production as measured in several insect species, such as T. molitor (Krogh, 1914), Calliphora erythrocephala (Frew, 1929), Drosophila melanogaster (Poulson, 1935), Galleria mellonella (Crescitelli, 1935), M. domestica (Ismail, 1976; Fouda, 1991; Ghoneim, 1991), Schistocerca gregaria (Taha, 1979), S. littoralis (Ghoneim, 1981; Amer, 1985). It should be pointed out in this connection that the RQ values exceeding ‘unity’ might suggest conversion of carbohydrates into lipids rather than carbohydrate combustion, whereas those below ‘0.7’ suggest conversion of lipids into carbohydrates rather than lipid combustion (cf. Gilmour, 1965).

Both botanicals, Joj and Azt, suppressingly affected the RQ during the pupal stage of the present experimental weevil. Strength of this effect was consecutively correlated with the dose-level (with few exceptions). All RQ mean values were calculated less than ‘unity’ but exceeded ‘0.7, whatever the plant extract or the IGR. Unfortunately, the same range of RQ values was, also, found for the controls. These results are quite comparable to those obtained by Ghoneim (1981) for S. littoralis only during the second half of the pupal period as an effect of allatectomy (surgical removal of the corpora allata) of larvae. The same author concluded that the carbohydrates were the chief metabolite combusted during the first half of the pupal period since RQ means values were calculated above ‘unity’. Carbohydrates may play a central role in the energy economy in S. littoralis as well as in providing essential metabolites needed for the metabolic processes underlying imaginal development of the insect Fouda (1991) determined the RQ of M. domestica pupae after treating larvae with 250 ppm fenoxycarb (Ro 13-5223) in values suggesting the combustion of lipids as the chief energy metabolite. On the latter muscid fly, Ghoneim (1991) estimated various RQ values during the pupal stage depending on the concentration level of RH-5849 suggesting different metabolites for energy production.

Depending on the results of the present study on Rh. ferrugineus, combustion of a mixture of two main metabolites, lipids and carbohydrates, can be suggested. It must be borne in mind that, the energy liberated by the oxidation of a portion of the carbohydrates is utilized for the synthesis of long-chain fatty acids from C2 units which are not oxidized to CO2 and water since carbohydrates may be considered to provide endogenous oxygen for the oxidation of lipids, whose O2 content is appreciably lower than that of carbohydrates (See: Gilby and Gilby, 1965; Gilmour, 1965). Generally, carbohydrates serve as the labile energy source of most insects and may be converted to lipids for storage and many other purposes as well as to amino acids (cf. Chapman, 1969).
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