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Abstract

The present study aimed to investigate the disturbing effects of sublethal concentrations (15.0% and 7.5%) of methanol, petroleum
ether and n-butanol extracts of Nigella sativa seeds on acid (ACP) and alkaline (ALP) phosphatases in haemolymph and fat bodies
of last instar nymphs and newly emerged adult females of the economically dangerous desert locust Schistocerca gregaria. Both
methanol and petroleum ether extracts of N. sativa exhibited remarkably enhancing effects on ACP activity in haemolymph of
nymphs and adults, while n-butanol extract exerted an inhibitory action on the enzyme activity in early- and mid-aged nymphs as
well as in adults. With regard to ACP activity in fat bodies, all extracts generally promoted it in both nymphs and adults with few
exceptions. Various degrees of disturbance of ALP activity in haemolymph of nymphs and adults were exhibited by N. sativa
extracts. As most prominent findings, prohibited enzyme activity was detected only in haemolymph of early-aged nymphs,
regardless to the extract and concentration. On the contrary, all extracts enhanced the enzyme activity, generally in late-aged
nymphs and adults. Concerning the mid-aged nymphs, only methanol extract exhibited a promoting effect on ALP activity while
both petroleum ether and n-butanol extracts exhibited reducing effects on it. In fat bodies, methanol extract of N. sativa prohibited
the ALP activity in early- and mid-aged nymphs but induced it in late-aged congeners. Regarding the newly emerged adult

females, ALP activity increased, irrespective of the extract and concentration.

Keywords: methanol, petroleum ether, n-butanol, nymph, adult, haemolymph, fat body.

1. Introduction

The desert locust, Schistocerca gregaria (Forskél), is known
as a very important insect pest in North Africa (Sanchez-
Zapata et al, 2007, Ammar et al., 2009) U 2 It is
characterized by a phase polymorphism (Uvarov, 1966) [
enabling the transition from a solitary phase to an extremely
dangerous gregarious one for the agricultural productions and
pastures. S. gregaria is perhaps the most dramatic and
potentially devastating species, and can devastate the cultures
of a whole continent (Lecoq and Mestre, 1988) 4],

Current locust control operations are mainly based on
organophosphorus pesticides as a result of the banning of
organochlorines (Lecoq, 2001) Bl, The widespread use of such
synthetic pesticides has considerable drawbacks, such as the
development of insect resistance to insecticides, increased
costs, handling hazards, concerns about insecticide residues,
and great threats to both human and environmental health
(Garriga and Caballero, 2011) [¢1. Therefore, many institutions
have intensified their efforts in the search for integrated locust
control measures. Much attention has been devoted to use
plant extracts or plant constituents that have insecticidal
effects (Schmutterer, 1990 a, b; Krall and Wilps, 1994) "]
because they are generally pest-specific, relatively harmless to
non-target organisms and they are biodegradable and
consequently harmless to the environment (Rembold, 1984;
Isman, 2008) [!> 1| Because of the multiple sites of action
through which the plant materials can act, the probability of

developing a resistant population is very low (Isman, 2006)
[12]

Nigella plants are widely distributed in countries which border
the Mediterranean Sea, central Europe and western Asia
(Hedrick, 1972) I3, There are many species classified in the
genus Nigella (Ranunculaceae) (Bailey, 1978; Atta, 2003) ['4
151 Among the most important medicinal crops in Egypt is
Nigella sativa which is commonly called as known as black
seed or black cumin (Rayan et al., 2011) [!*! and "Habbat al-
barakah" (the seed of blessing) in Arabic. Several constituents
had been identified and isolated from N. sativa seeds, such as
conjugated  linoleic  acid, thymoquinone, nigellone
(dithymoquinone), melanthin, nigilline, damascenine, tannins,
flavonoids, saponins, alkaloids, proteins, lipids,
dithymoquinone  carvacol and anethole 4-terpinole,
carbohydrates, crude fiber, saponins, ash, fixed oils and
essential oil (Burits and Bucar, 2000; Al-Ghamdi, 2001; Ali
and Blunden, 2003; Sharma et al., 2009; Ali et al., 2012;
Rahmani and Aly, 2015; Hidayati and Habib, 2015) U723,
Recently, Shokri, (2016) 24! identified the major components
of the essential oil as thymoquinone, p-cymene, trans-
anethole, 2-methyl-5(1-methyl ethyl)-Bicyclo [3.1.0]hex-2-en
and y-terpinene.

Seeds of N. sativa and their oil have a long history of folklore
usage in various systems of medicines. Different medicinal,
pharmacological, traditional values and folk remedies of this
herb had been reported (Sharma et al., 2009; Rahmani and
Aly, 2015; Hidayati and Habib, 2015; Shokri, 2016) [20 22-24],
In pest control, Deshpande et al. (1974) 2 reported that oleic
and linoleic acid as insecticidal components from N. sativa
which were found to be toxic to Callosobruchus chinensis and
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similar results were obtained (Adebowale and Adeire, 2006;
Adabie-Gomez et al., 2006) 2% 271, N. sativa extracts exhibited
toxic effects on Spodoptera littoralis (Abd ELatif et al., 2009)
(28] and S. gregaria (Hamadah et al., 2013) 2!, They disrupted
the growth, development and metamorphosis of the latter
insect (Hamadah et al., 2013) [?1. Also, Ahmad et al. (2013)
139 studied the insecticidal activity of extracts from this herb
against the larvae of Trogoderma granarium under laboratory
conditions. Khan et al. (2014) BY reported the disturbing
effects of the acetone seed extract of N. sativa on biology and
invasion of the stored product pest Tribolium castaneum. N.
sativa extracts showed the highest fumigant mortality against
Tribolium castaneum (Saleem et al., 2014) 132, Considerably
toxic effects of N. sativa had been recorded against
Spodoptera littoralis (Osman and Osman, 2014) 3], Recently,
essential oil of N. sativa exhibited a moderate toxic effect on
the scale insects Ceroplastes rusci and Asterolcanium
pustolans (Ismail et al., 2015) B34, N. sativa extracts exhibited
disruptive effects on the adult performance (Ghoneim et al.,
2015a) B33, reproductive potential (Ghoneim et al., 2015b) B¢
and haemogram (Ghoneim et al., 2015¢) 7 of S. gregaria
Acid phosphatase (ACP, E.C.3.1.3.2) and Alkaline
phosphatase (ALP, E.C.3.1.3.1) are hydrolyzing enzymes,
which are responsible for removing phosphate groups from
many types of molecules, including nucleotides, proteins, and
alkaloids in alkaline and acidic conditions, respectively under
the name of dephosphorylation (Janda and Benesova, 1991;
Zibaee et al., 2011) B339, Also, these enzymes are involved in
lipid hydrolysis in several tissues like midgut, hemolymph and
fat bodies (Zibaee et al., 2011) . In addition to ACP, ALP
may act as hydrolases during the final stages of digestion
(Cheug and Low, 1975) ™9 gonad maturation and
metamorphic moults (Rhadha and Priti, 1969) (411,

ACP, known as a lysosomal marker enzyme (Csikos and Sass,
1997) 21 is active in guts (Ferreira and Terra, 1980) 43,
Malpighian tubules (Srivastava and Saxena, 1967) 4 and is
also abundant in the disintegrating tissues and organs
subjected to cytolysis (Sahota, 1975) [ This enzyme
hydrolyzes a variety of orthophosphate esters and is capable of
transphosphorylation reactions to increase the phosphate pool
for synthesizing higher energy compounds as adenosine
triphosphate (ATP), ATP ase, and genetic materials (DNA or
RNA) (Hollander, 1971) 4],

ALP is primarily found in the intestinal epithelium of animals
and its major function is to provide phosphate ions from
mononucleotide and ribonucleo-proteins for a variety of
metabolic processes. In insects, ALP is a brush border
membrane marker enzyme (Ferreira and Terra, 1980;
Wolfersberger, 1984) #7481 and is especially active in tissues
with active membrane transport, such as intestinal epithelial
cells (Sakharov et al., 1989; Caglayan, 1990) [ 301
Malpighian tubules (Etebari and Matindoost, 2004 a, b) B> 321
and haemolymph (Etebari et al., 2007) 31, It is responsible for
cytolysis of tissues during the insect development (Dadd,
1970) B*- Its primary function is to provide phosphate ions
from mononucleotide and ribonucleo-proteins for a variety of
metabolic processes (Etebari et al., 2005) . In insects, ALP
is involved in several biological processes and respond to
stress, pathogenesis, or infection (Sukhanova et al., 1996;
Miao, 1988, 2002) %1 1t is one important synthesizing
enzyme of tyrosine, the precursor of dopamine and
octopamine, which are known to take part in the control of

levels of juvenile hormone and 20-hydroxyecdysone
(Rauschenbach et al., 2007a,b) [5% 601,

In insects, the use of haemolymph as a medium for controlling
insect pests has been made because the changes occurring in
the haemolymph are quickly transferred to other portions of
insect’s body (Pugazhvendan and Soundararajan, 2009) [©1,
The exposure of an organism to xenobiotic product can
modify the synthesis of certain metabolite and disturb the
functionality of the organisms (Rodriguez-Ortega et al., 2003)
1621, On the other hand, the fat body in insect is the main site
for protein synthesis as well as the intermediating metabolism
of amino acids, which are utilized for the production of
hormones and enzymes and the composition of protein in the
body as a whole may be greatly modified (Arrese and
Soulages, 2010) [, The present study was carried out aiming
to investigate the effects of different extracts of N. sativa seeds
on the phosphatase activities in haemolymph and fat bodies of
nymphs and adults of S. gregaria.

2. Materials and Methods

2.1. Experimental Insect

The desert locust Schistocerca gregaria (Forskal) (Orthoptera:
Acrididae) was used as an experimental insect in the present
study. The present culture was originated by a sample of
gregarious nymphs from Plant Protection Research Institute,
Ministry of Agriculture, Giza. As designed by Hunter-Jones
(1961) 4 and improved by Ghoneim et al. (2009) [, insects
were reared in wood formed cages (60 x 60 x 70 cm). The
bottom was furnished with a sandy layer (20 cm depth) and
provided with10-15% humidity to be suitable for egg laying.
An electric bulb (100 watt) was adjusted to maintain a
continuous photoperiod (12 L: 12 D) in each cage as well as in
order to maintain an ambient temperature (32+2°C). The
insects were reared and handled under the crowded conditions.
Fresh clean leaves of clover Trifolium alexandrinum were
provided, as a food for insects, every day.

2.2. Plant Extraction

Samples of Nigella sativa seeds were purchased from an
Egyptian market. The samples were air-dried, powdered and
kept in tightly closed amber coloured glass containers for
protecting from light, at low temperature. Dried and
pulverized powder of N. sativa (2 kg) was exhaustively
separately extracted with methanol (1.7 Lx3). The combined
alcohol extracts were concentrated to 400 ml, diluted with 400
ml of water and the next successively extracted with
petroleum ether (5x400 ml) was concentrated to dryness under
reduced pressure giving (11 and 90 g). The n-butanol (5x400
ml) extracts were concentrated to dryness under reduced
pressure giving (75 and 55 g).

2.3. Nymphal Treatments

According to Hamadah (2009) 91 15.0% and 7.5% were the
sublethal concentrations of methanol, petroleum ether, and n-
butanol extracts derived from N. sativa seeds. After treatment
of the newly moulted penultimate (4") instar nymphs of S.
gregaria through the fresh food leaves of T. alexandrinum
dipped once in each extract for 3 minutes, the successfully
moulted last instar nymphs and emerged adult females were
undergone to determine the influenced acid phosphatase
(ACP) and alkaline phosphatase (ALP) activities in two
tissues: haemolymph and fat body. Three ages of last instar

2



International Journal of Biology Research

nymphs were only used: early- (1-day old), mid- (4-day old)
and late-aged (7-day old) nymphs.

2.4. Tissue Sampling and Determination of Phosphatase
Activities

For the determination of phosphatase activity in the
haemolymph, it was collected from last instar nymphs and
newly emerged adult females. Haemolymph was drawn into
Eppendorff Pipetman containing few milligrams of
phenoloxidase inhibitor (phenylthiourea) to prevent tanning or
darkening and then diluted 5% with saline solution 0.7%. For
whole blood assays, the diluted haemolymph was frozen for
20s to rupture the haemocytes. The haemolymph samples were
then centrifuged at 2000 r.p.m. for 5 min, and only the
supernatant fractions were used for assay directly or frozen
until use. Three replicates were used and the haemolymph of
two individuals were never mixed. For the determination of
phosphatase activity in the fat body, samples were collected
from last instar nymphs (of the same ages) and newly emerged
adults. The fat body samples were weighed and then
homogenized in a saline solution (the fat body of one insect / 1
ml saline solution 0.7 %) using a fine electric homogenizer,
tissue grinder for 2 min. Homogenates were centrifuged at
4000 r.p.m. for 15 min. The supernatant was used directly or
frozen until the use for the enzymatic determination. Three
replicates were used and the fat bodies from two individuals
were avoided to be mixed.

ACP activity was determined according to the method of
(Tietz, 1999) 71 using a kit of Bioadwic. The enzyme was
measured at wave length 405 nm by spectrophotometer. ALP
activity was determined according to the method of Klein et
al. (1960) 181 using a kit of Quimica clinical aplicada S.A. The
enzyme activity was measured at wave length 550 nm by
spectrophotometer.

2.5. Statistical Analysis

Data obtained were analyzed by the Student's t-distribution,
and refined by Bessel correction (Moroney, 1956) 9 for the
test significance of difference between means.

3. Results

3.1. Effects of N. sativa Seed Extracts on ACP Activity

In the present study, sublethal concentrations (15.0 and 7.5%)
of N. sativa seed extracts had been applied onto the newly
moulted penultimate instar nymphs of S. gregaria. As
obviously shown in Table (1), both the methanol and
petroleum ether extracts of N. sativa exhibited remarkably
enhancing effects on ACP activity in haemolymph of last
instar nymphs and newly emerged adult females. In contrast,
n-butanol extract exerted an inhibitory effect on the enzyme
activity in both early- and mid-aged nymphs (Change %s: -
6.0 and - 38.5, respectively, at high concentration as well as
0.0 and - 30.2 at low concentration). Moreover, n-butanol
extract exerted a prohibiting action on ACP in adults (912.5 +
21.7 and 950.0 + 21.7 U/mL at high and low concentrations,
respectively, vs. 1337.5 £ 21.7 U/mL of control adults).
Referring to data of the same table, the strongest promoting
effect of N. sativa extracts on ACP activity was exhibited by
petroleum ether extract at low concentration (Change %:
+115.6) whereas the least promoting effect was exhibited by
methaol extract (Change %: as +9.6) at high concentration.

With regard to the influenced ACP activity in fat bodies by N.
sativa seed extracts, it was generally induced in nymphs and
adults, with few exceptions depending on the concentration
and age. In some detail, data assorted in Table (2) reveal that
the ACP activity was promoted in early-aged nymphs with the
highest Change %:+302.9 (at high concentration of petroleum
ether extract) and the lowest change %: +11.7 (at low
concentration of methanol extract). The inhibited ACP activity
was only detected in early-aged nymphs, change%: 19.7 (at
high concentration of n-butanol extract). With age, the
inhibitory effect obviously appeared, regardless to the extract
or concentration, since late-aged nymphs had Change %:- 44.5
(as a maximum) and -6.4 (as a minimum) in ACP activity.
Only the high concentration of both methanol and petroleum
ether enhanced the ACP activity in late-aged nymphs (Change
%s: + 7.6 and + 2.9, respectively). By the locust
metamorphosis, ACP activity in adults was pronouncedly
induced to the maximum as 121.1 + 1.5 U/mL at low
concentration of methanol extract and to the minimum as 86.7
+ 2.0 U/mL at low concentration of n-butanol extract (in
comparison with 86.3 + 1.3 U/mL of control congeners).

3.2. Effects of N. sativa Seed Extracts on ALP Activity
Concerning the possible effects of N. sativa seed extracts,
Table (3) includes various degrees of disturbed ALP activity
in haemolymph of both nymphs and adults as follows. All N.
sativa extracts prohibited ALP activity only in haemolymph of
early-aged nymphs, regardless to concentration. On the
contrary, all extracts generally enhanced the enzyme activity
in late-aged nymphs and adults. In regard of the mid-aged
nymphs, only methanol extract exhibited promoting effect on
ALP activity while both petroleum ether and n-butanol
extracts exhibited reducing effects on the enzyme activity. For
some detail, the most detrimentally reducing effect was
exhibited by the low concentration of n-butanol extract
(Change %:-77.5) in early-aged nymphs but the least reducing
one was detected in mid-aged nymphs by petroleum ether
extract (Change %: -37.2, at low concentration). On the other
hand, the strongest activating action on ALP activity in
haemolymph was estimated for late-aged nymphs (Change %
+157.5, at low concentration of petroleum ether extract).

Data arranged in Table (4) obviously show various degrees of
disturbance of ALP activity in fat bodies of nymphs and
adults. Methanol extract prohibited the enzyme activity in
early- and mid-aged nymphs but induced it in late-aged ones
(Change %:- 59.2 and - 66.0 but +325.0 at the high
concentration, as well as - 48.5 and -11.3 but +36.8 at low
concentration, in the three nymphal ages, respectively). In
respect of the petroleum ether, ALP activity was enhanced at
both beginning and end of the nymphal instar, regardless the
concentration. On the contrary, the enzyme activity was
inhibited in fat bodies of mid-aged nymphs by all extracts.
Regarding the newly emerged adults, ALP activity increased,
regardless to the extract or concentration. The highest
increment was measured in 9.8 £ 0.9 U/mL at the high
concentration of methanol extract and the lowest increment
was measured in 5.3 = 1.1 U/mL at the low concentration of n-
butanol extract (vs. 4.8 + 0.4 U/mL of controls).
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Table 1: Effects of N.

sativa extracts on ACP activity (U/ml) in haemolymph of S. gregaria.

Last instar nymphs
Solvent Conc. % - Newly emerged adults
Early-aged Mid-aged Late-aged
15.0 Mean + SD 1825.0+£57.3d 1962.5+43.3d 1937.5+£57.3d 1437.5+£21.7 ¢
Change % +73.8 +63.5 +36.0 +7.5
Methanol
75 Mean = SD 1312.5+£375¢ 1612.5+37.5d 2037.5+43.3d 1337.5+£21.7a
Change % +25.0 +34.4 +43.0 0.0
15.0 Mean + SD 2037.5+43.3d 2300.0 +£57.3d 2262.5+433d 1750.0 £21.7d
Change % +94.0 +91.7 +58.8 +30.8
Petroleum ether 75 Mean + SD 1850.0+43.3d 2587.5+37.5d 1862.5+57.3d 1800.0+37.5d
Change % +76.2 +115.6 +30.7 +34.6
15.0 Mean + SD 987.5+21.7a 737.5+57.3d 1500.5+433b 912.5+21.7d
Change % -6.0 -38.5 +9.6 -31.8
n-butanol oy Mean + SD 1050.0+37.5a 837.5+43.3d 1550.0+ 433 b 950.0+21.7d
Change % 0.0 -30.2 +22.8 -29.0
Controls Mean £+ SD 1050.0 +37.5 1200.0 = 37.5 1425.0+37.5 1337.5+21.7

Conc.: Concentration level; mean = SD followed with a: 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).

Table 2: Effects of N. sativa extracts on ACP activity (U/mL) in fat bodies of S.

Last instar nymphs
Solvent Conc. % - Newly emerged adults
Early-aged Mid-aged Late-aged
15.0 Mean+SD| 145.6+1.8d| 088.2+1.0c| 107.0+0.9d 116.3+1.0d
Change % +093.6 -06.4 +07.6 +34.8
Methanol
75 Mean+SD| 084.0+0.5¢c| 104.3+1.1d| 055.2+1.0d 121.1+1.5d
Change % +011.7 +10.7 -44.5 +40.3
15.0 Mean+SD| 303.0+5.6d| 107.0+1.1d| 1023+ 1.1b 116.8+1.7d
Change % +302.9 +13.6 +02.9 +35.3
Petroleum ether 7 Mean+SD| 143.4+5.7d| 133.5+1.2d| 086.8+0.6d 108.4+1.7d
Change % +090.7 +41.7 -12.7 +25.6
15.0 Mean+SD| 0604+ 1.6c¢c| 129.3+£2.7d| 085.3+1.0d 114.6+1.44d
Change % -019.7 +37.3 -14.2 +32.8
n-butanol . Mean+SD| 150.0+1.4d| 139.0+1.2d| 088.6+1.5d 086.7+2.0a
Change % +099.5 +47.6 -10.9 +0.5
Controls Mean+SD| 0752+2.8 0942+1.2 099.4+1.1 086.3+1.3
Conc., a, b, ¢, d: See footnote of Table 1.

Table 3: Effects of N. sativa extracts on ALP activity (U/mL) in haemolymph of S. gregaria.

Last instar nymphs
Solvent Conc. % - Newly emerged adults
Early-aged | Mid-aged | Late-aged
15.0 Mean+SD| 12.1£3.6b| 394+ 53b| 15.1+2.7a 10.6+2.6a
Change % -63.7 +62.8 +42.5 +76.7
Methanol 75 Mean+SD| 182+4.5b| 34.8+53b| 10.6+2.6a 6.0+£27a
Change % -45.3 +43.8 0.0 0.0
15.0 Mean+SD| 9.1+4.5¢ | 13.6+4.5b| 25.7+43¢ 10.7+53a
Change % -72.7 -43.8 +142.5 +78.3
Petroleum ether 75 Mean+SD| 15.1£2.7b| 152+£33b| 273+45¢c 9.1+£45a
Change % -54.7 -37.2 +157.5 +51.7
15.0 Mean+SD| 7.6+2.7¢c | 6.0£27c | 16.6+53a 12.1+53a
n-butanol Change % -77.2 -75.2 +56.6 +101.7
75 Mean+SD| 7.5+53c¢c | 7.6£27c | 10.6+2.6a 75+53a
Change % -77.5 -68.6 0.0 +25.0
Controls Mean+SD| 33.3+6.9 242+2.7 106 +2.6 6.0+2.7
Conc., a, b, ¢, d: See footnote of Table 1
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Table 4: Effects of N. sativa extracts on ALP activity (U/mL) in fat bodies of S. gregaria.

Last instar nymphs
Solvent Conc. % Early-aged | Mid-aged | Late-aged Newly emerged adults

15.0 Mean+SD| 52+09c | 33+0.7d| 289+0.8d 9.8+0.9d

Methanol " | Change % -59.2 -66.0 +325.0 +104.2
75 Mean+SD| 6.7+09c | 8.6+0.7a| 93+0.6c¢c 6.8+0.6c

) Change % -48.5 -11.3 +36.8 +41.7
15.0 Mean+ SD| 32.0£2.7d| 52+£0.7c| 102+£1.0¢ 8.6+0.6d

Petroleum ether Change % +146.2 -46.4 +50.0 +79.2
75 Mean+ SD| 19.1+£2.0b| 9.0+ 0.6a| 89+0.8b 83+0.6¢c

) Change % +46.9 -7.2 +30.9 +72.9
15.0 Mean+SD| 9.1+1.0b | 6.0£09c| 103+0.6d 9.7£09d

n-butanol Change % -30.0 -38.1 +51.5 +102.1
75 Mean+ SD| 9.6+0.5b | 76+£0.7b| 8.8£09b 53+1.1a

) Change % -26.2 -21.6 +29.4 +10.4

Controls Mean+ SD| 13.0+1.6 | 9.7£1.0 6.8+0.3 4.8+04
Conc,, a, b, ¢, d: See footnote of Table 1

4. Discussion

In insects, Acid phosphatase (ACP) and Alkaline phosphatase
(ALP) are responsible for cytolysis of tissues during the insect
development (Dadd, 1970) % since they may act as
hydrolases during the final stages of digestion (Cheug and
Low, 1975) 9 gonad maturation and metamorphic moults
(Tsumuki and kanehisa, 1984) "%, Detoxification enzyme in
insects is generally demonstrated as the enzymatic defense
against foreign compounds and play significant roles in
maintaining their normal physiological functions (Li and Liu,
2007) Y. Induction of detoxification metabolic system plays
an important role in the insect's detoxification mechanism
(Terriere, 1984) "2, The detoxifying enzymes react against
insecticides, or compounds exhibiting insecticidal activities.
They include general esterases, glutathione S-transferase and
phosphatases (Zibaee et al., 2011) B9, It may be important to
mention that the activities of phosphatases were affected by
secondary metabolites of some botanicals. However, the
detailed mechanism of action was explained in the review of
Senthil-Nathan (2013) [73,

4.1. Deteriorated ACP Activity in S. gregaria by N. sativa
Seed Extracts

Different, and sometimes contradictory, effects of several
botanicals on ACP activity in various insects had been
reported in the literature since Ghoneim et al. (2008) 74
recorded various inducing and reducing effects of Margosan-O
(a neem preparation) and Jojoba oil on of the enzyme activity
in pupal stage of Musca domestica. Neemazal (a neem
preparation) promoted the enzyme activity in haemolymph,
but gradually prohibited it in fat bodies of last instar nymphs
of Schistocerca gregaria (Hamadah, 2009) . To a great
extent, similar various disruptive effects had been reported for
the Fagonia bruguieri extracts on the enzyme activity in the
same locust (Basiouny et al., 2010) 731, In the same locust,
also, treatments of penultimate instar nymphs with different
extracts of Ammi visnaga fruits, ACP activity was promoted or
inhibited in haemolymph of last instar nymphs and newly
emerged adults, depending on the extract but depending on the
nymphal age, in case of fat bodies of last instar nymphs
(Ghoneim et al., 2014) ["6],

In the present study, inducing effects of both methanol and
petroleum ether extracts of N. sativa seeds on ACP activity
had been determined in haemolymph of the nymphs and adults

of S. gregaria. All extracts exhibited similar inducing effects
of the enzyme activity in fat bodies of the same developmental
stages, with few exceptions. These results were found in
agreement with those reported inducing effects of some other
botanicals on the same enzyme in various insects, such as
Culex pipiens (El-Bassal, 1993) 7], Pectinophora gossypiella
and Earias insulana (Anan et al., 1993) "8 Helicoverpa
armigra (Babu et al., 1996) %), Spodoptera littoralis (Hassan,
2002; Abdel-Al, 2002) % 81" Agrotis ipsilon (El-Sheikh,
2002) 21 and S. gregaria (Hamadah, 2009; Basiouny et al.,
2010) 66 751 Also, induced ACP activity was estimated in fat
bodies of newly emerged adults of S. gregaria after treatment
of penultimate instar nymphs with different extracts of A.
visnaga fruits, regardless the extract (Ghoneim et al., 2014)
[l A significant increase level of ACP was measured in
larvae and pupae of Aedes aegypti upon exposure to
NeemAzal (a neem formulation) (Koodalingam et al., 2014)
831, In addition to botanicals, an increase in ACP activity was
recorded in the 4% instar larvae of P. gossypiella after
treatment of neonate larvae with LCso of the fungus
Verticillium lecanii (Rashad et al., 2015) B4, The chitin
inhibitors Novaluron, Cyromazine and Diofenolan, enhanced
the ACP activity in haemolymph and fat bodies of last instar
larvae of S. littoralis (Hamadah et al, 2016) [#3.,

The induced ACP activity in haemolymph and fat bodies S.
gregaria, in the present study, by the majority of N. sativa
seed extracts, may be attributed to certain chemical
constituents (Burits and Bucar, 2000; Al-Ghamdi, 2001; Ali
and Blunden, 2003; Sharma et al., 2009; Ali et al., 2012;
Shokri, 2016; Vatansev et al., 2013) [17-21- 24, 86] regponsible for
the increasing number of lysosomes since ecdysone (moulting
hormone) is responsible for increase of lysosome number as a
lysosomal ACP enzyme (van Pelt-Verkuil, 1979; Bassal and
Ismail, 1985) 7 81 Tt can be, also, understood because ACP
activity, directly or indirectly, interferes with the digestion,
absorption and positive transport of nutrient in the midgut
(Senthil-Nathan et al., 2004) &1,

On the other hand, only n-butanol extract of the N. sativa
seeds exhibited a remarkable inhibitory effect on ACP activity
in haemolymph of the early- and mid-aged nymphs as well as
in newly emerged adults, in the current work. This inhibitory
effect agrees, to some extent, with some reported results for
various insect species by other plant extracts, such as M.
domestica by azadirachtin (Azt.)(Saeed et al., 1987) % and
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Margosan-O (a neem preparation) or Jojoba oil (Ghoneim et
al., 2008) ["¥; S, littoralis (Ayyangar and Rao, 1990) P! by
Azt.; Sitophilus oryzae by NfD (a fraction of winter neem
leaves) (Naqvi et al., 1991) 2I; Euprepocnemis plorans by
some neem limonoids (Al-Dali, 2007) [, S. gregaria by
Neemazal (a neem preparation) (Hamadah, 2009) [
Rhizopertha dominica by hexane extract of Capparis deciduas
(Upadhyay, 2013) P¥; Tribolium castaneum by various doses
of different extracts of Melia azedarach, Nicotiana tabacum,
Azadirachta indica and Colosynthus citrullus (Ali et al., 2015)
%51 or by LCso of the garlic oil (Beltagy and Omar, 2016) [,
In addition, a similar inhibitory effect of n-butanol extract of
the N. sativa seeds on ACP activity, in the current work, is in
conformity with the reducing effects of several IGRs against
different insect pests, such as hexaflumuron against S.
littoralis (Sokar, 1995) P7); tebufenozide against M. domestica
(Assar et al., 2010); lufenuron against C. pipiens (Shaurub et
al., 2015) ¥ and Diofenolan against S. littoralis (Hamadah et
al., 2016) 1831,

However, the reduced ACP activity in S. gregaria, as a
response to only n-butanol extract of the N. sativa seeds, in the
current investigation, may be interpreted by a conceivable
suggestion of Senthil-Nathan et al. (2004, 2005, 2006) [8% 9
1001 who suggested that decreased ACP level at higher
concentration of neem extract can be due to reduced
phosphorus liberation for energy metabolism, decreased rate
of metabolism, as well as decreased rate of transport of
metabolites. It is important to point out that inhibition of the
detoxifying enzymes, including ACP, indicates that this
enzyme play no role in the detoxification of n-butanol extract
of the N. sativa seeds and may increase the susceptibility of
insect pest against the chemical constituents (Abd-Elaziz and
El-Sayed, 2009) [101],

4.2. Deteriorated ALP Activity in S. gregaria by N. sativa
Seed Extracts

So many controversial effects of several botanicals, IGRs or
insecticides on ALP activity are available in the literature
(Etebari et al., 2007; Basiouny et al., 2010; Abdel-Al, 2002;
Senthil-Nathan et al., 2005, 2006; Mostafa, 1993; Assar et al.,
2010; Teleb et al., 2012) [33. 75 81,99, 100, 102-104] [py the current
investigation, treatment of penultimate instar nymphs of S.
gregaria with N. sativa seed extracts resulted in an inhibition
of ALP activity in haemolymph of the early-aged last instar
nymphs. Also, inhibited ALP activity was estimated in
haemolymph of the mid-aged nymphs after treatment with
petroleum ether or n-butanol extract. In fat bodies of the early-
and mid-aged nymphs, only methanol extract of N. sativa
seeds exhibited an inhibitory effect on the enzyme activity.
However, these inhibitory effects N. sativa seed extracts on
ALP activity, in the present study, are in agreement with
similar inhibitory effects of some plant extracts on various
insects, such as hexane extract of C. deciduas on R. dominica
(Upadhyay, 2013) P4; different extracts of Curcuma longa on
T. castaneum (Uma devi and Sujatha, 2013) 1%l; A, visnaga
seed extracts on last instar nymphs of S. gregaria (Ghoneim et
al., 2014) 17l different extracts of M. azedarach, N. tabacum,
A. indica and C. citrullus on T. castaneum adults (Ali et al.,
2015) 3); LCso of Acorus calamus (essential oil) extracts or
Biosal (a neem preparation) on Callosobruchus analis (Arif et
al., 2015) 1%l In addition, some bioinsecticides exhibited
similar reducing effects on ALP activity in other insects, such

as avermactin in S. littoralis (Dahi et al., 2009) [197];
emamectin benzoate, abamectin and spinosad in 4" larval
instar larvae of the same species (Megahed et al., 2013) [1%8]
and LCso of fungus V. lecanii in the 4" instar larvae of P.
gossypiella (Rashad et al., 2015) B4,

The reduced ALP activity in some tissues of different
developmental stages in S. gregaria by N. sativa seeds
extracts, in the present study, may be explicated by some
developmental disturbance as an appreciated suggestion of Wu
(1990) 1191 for the larvae of mosquito C. pipiens after
treatment with IGR diflubenzuron. In addition, the N. sativa
extracts contain some components, such as thymoquinone,
nigellone (dithymoquinone), melanthin, nigilline,
damascenine, tannins, flavonoids, saponins, alkaloids and
anethole 4-terpinole (Burits and Bucar, 2000; Al-Ghamdi,
2001; Ali and Blunden, 2003; Sharma et al., 2009; Ali et al.,
2012; Vatansev et al., 2013) [!72!. 361 which one or more of
them may affect the gut physiological events (i.e. transport)
causing a prohibition of ALP activity, as well as may affect
both juvenile hormone and ecdysone regulation, directly or
indirectly, as suggested by Phillips et al. (1988) [''% for C.
medinalis.

In the present work, treatment of penultimate instar nymphs of
S. gregaria with methanol extract of N. sativa seeds resulted
in increasing activity of ALP in haemolymph of mid-aged
nymphs. Furthermore, all extracts enhanced the enzyme
activity in haemolymph of late-aged nymphs and adults. In fat
bodies of S. gregaria, induced activity of ALP was determined
in late-aged nymphs. Regarding the newly emerged adult
females, ALP activity increased, irrespective of extract or
concentration. These results are, to a great extent, in
accordance with those reported results of enhanced ALP
activity in different insects by various botanicals, such as
Pieris rapae larvae by methanolic extract of Silybium
marianum (Hasheminia et al., 2013) ['!l; haemolymph of
newly emerged adults of S. gregaria by different extracts of A.
visnaga fruits (Ghoneim et al., 2014) 7%]; A. aegypti larvae by
NeemAzal (a neem formulation). (Koodalingam et al., 2014)
831;  Anopheles gambiae larvae by Biostop Moustiques®
(Ahadji-Dabla et al., 2015) [''?I and T. castaneum larvae by
LCso of the garlic oil (Beltagy and Omar, 2016) P°l. Outside
the botanicals, promoting action of some IGRs on ALP
activity in different insects were reported, such as
pyriproxyfen against P. gossypiella (Mostafa, 1993) 1921, S,
littoralis (Abdel-Al, 2002) 1 and M. domestica (Assar et al.,
2010) [193); buprofezin, hexaflumuron, lufenuron and
tebufenozide against the last instar larvae of M. domestica
(Assar et al.,, 2010) %! and Novaluron, Cyromazine and
Diofenolan last instar larvae of S. littoralis (Hamadah et al.,
2016) 31,

The increasing ALP activity in some tissues of nymphs or
adults of S. gregaria, in the present study, may indicate the
involvement of this enzyme in detoxification process against
the toxicants contained in the N. sativa seed extracts
(Hasheminia et al., 2013) [ or denotes an increasing
capability of S. gregaria to detoxify chemicals contained in the
tested plant extracts (Sharifi et al., 2013) '3l Also, the
increase in ALP activity could be due to a juvenoid effect of
the N. sativa seed extracts since juvenile hormone leads to
increase ALP level in S. gregaria (Omar, 2010) U4 or
indicates a disturbance in the physiological balance of midgut
(Ayyangar and Rao, 1990; Kamel et al., 2010) P!- 1151,
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Conclusion

Because the induction of detoxification metabolic system
plays an important role in insect's detoxification mechanism,
enhanced ACP and ALP activities in certain tissues of S.
gregaria nymphs and adults by some seed extracts of N. sativa
denote an increasing capability of the insect to detoxify them.
On the other hand, inhibited enzyme activities in certain
tissues of nymphs or adults indicate that some extracts may
not be detoxified by these enzymes. So extracts of N. sativa
seeds which exhibited inhibitory effects on the phosphatase
activities may be potential agent for controlling S. gregaria,
especially as a part of Integrated Pest Management. However,
further investigation should be carried out in future to
ascertain the active ingredient (s) in the N. sativa seed extracts
responsible for the inhibition of these detoxifying enzymes.

References

1.

10.

11.

Sanchez-Zapata JO, Donazar JA, Delgado A, Forero MG,
Ceballos O, Hiraldo F. Desert locust outbreaks in the
Sahel: resource competition, predation and ecological
effects of pest control. Journal of Applied Ecology. 2007;
44(2):323-329.

Ammar M, Ben Hamouda A, Kallel S, Moumene K, Ben
Hamouda MH. Phase characteristics of the desert locust
Schistocerca gregaria swarming populations during the
2004 outbreak in Tunisia and that of 2005 in Algeria.
Tunisian Journal of Plant Protection. 2009; 4(2):145-156.
Uvarov BP. Grasshoppers and locusts. A Handbook of
General Acridology, I. The Univ. Press, Cambridge 1966,
481.

Lecog M, Mestre J. Collection Acridologie
Opérationnelle N°2. La Surveillance des Sauteriaux du
Sahel, CIRAD/PRIFAS (France) 1988, 32.

Lecoq M. Recent progress in desert and migratory locust
management in Africa. Are preventive actions possible?
Journal of Orthoptera Research. 2001; 10:277-291.
Garriga M, Caballero J. Insights into the structure of urea-
like compounds as inhibitors of the juvenile hormone
epoxide hydrolase (JHEH) of the tobacco hornworm
Manduca sexta: analysis of the binding modes and
structure-activity relationships of the inhibitors by
docking and CoMFA calculations. Chemosphere 2011;
82:1604-1613.

Schmutterer H. Properties and potential of natural
pesticides from the neem tree, Azadirachta indica. Annu
Rev Entomol. 1990a; 35:271-297.

Schmutterer H. Insektizide aus dem Niembaum
Azadirachta indica. Sanfte Chemie Fur den integrierten
Pflanzenschutz in Entwicklungs- and industrielandern.
Plits 1990b; 8(2):57-71.

Krall S, Wilps H. New trends in
Schriftenreihe der GTZ Nr. 245,
Verlagsgesellschaft, Germany 1994, 192.
Rembold H. Secondary plant products in insect control
with special reference to the azadirachtins. In Advances in
invertebrate reproduction (Engels WE, ed.), Vol. 3.
Amsterdam: Elsevier Science Publishing Company 1984,
481-491.

Isman MB. Perspective botanical insecticides: for richer,
for poorer. Pest Manage Sci. 2008; 64:8-11.

locust control.
Rofidorf: TZ-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Isman MB. Botanical insecticides, deterrents and
repellents in modern agriculture and an increasingly
regulated world. Annu Rev Entomol. 2006; 51:45-66.
Hedrick U. Sturtevant's Edible Plants of the World.
Dover, New York 1972, 388-389.

Bailey H. A concise dictionary of plants cultivated in
United States and Canada. Macmillan Publishing Co., Inc.
New York 1978, 265.

Atta MB. Some characteristics of Nigella (Nigella sativa
L.) seed cultivated in Egypt and its lipid profile. Food
Chemistry ~ 2003;  83:63-68.  doi:10.1016/S0308-
8146(03)00038-4

Rayan HZ, Wagih HM, Atwa MM. Efficacy of Black
Seed oil from Nigella sativa against murine infection with
cysts of Med49 strain of Toxoplasma gondii.
Parasitologists United Journal. 2011; 4(2):165-176.

Burits M, Bucar F. Antioxidant activity of Nigella sativa
essential oil. Phytother Res. 2000; 14(5):323-328.
Al-Ghamdi MS. The anti-inflammatory, analgesic and
antipyretic activity of Nigella sativa. J Ethnopharmacol.
2001; 76(1):45-48.

Ali BH, Blunden G. Pharmacological and toxicological
properties of Nigella sativa. Phytother. Res. 2003;
17(4):299-305.

Sharma NK, Ahirwar D, Jhade D, Gupta S. Medicinal and
Phamacological Potential of Nigella sativa: A Review.
Ethnobotanical Review 2009; 13:946-955.

Ali MA, Sayeed MA, Alam MS, Yeasmin MS, Khan AM,
Muhamad II. Characteristics of oils and nutrient contents
of Nigella sativa Linn. and Trigonella foenum-graecum
seeds. Bull Chem Soc Ethiop. 2012; 26:55-64.

Rahmani AH, Aly SM. Nigella sativa and its active
constituents Thymoquinone shows pivotal role in the
diseases prevention and treatment. Asian J Pharm Clin
Res. 2015; 8(1):48-53.

Hidayati T, Habib 1. Antiimmunotoxic of black cumin
seed oil (Nigella sativa oil) in DMBA
(Dimethylbenzantracene)-induced mice. Int J Pharma
Med Biol Sci. 2015; 4(3):171-174.

Shokri H. A review on the inhibitory potential of Nigella
sativa against pathogenic and toxigenic fungi. Avicenna J
Phytomed. 2016; 6(1):21-33.

Deshpande RS, Adhikary PR, Tipnis HP. Stored grain
pest control agents from Nigella sativa and Pogostemon
heyneanus. Bull Grain Technol. 1974; 12(3):232-234.
Adebowale KO, Adedire CO. Chemical composition and
insecticidal properties of the underutilized Jatropha curcas
seed oil. Afr J Biotechnol. 2006; 5(10):901-906.
Available online at http://www.academicjournals.org/AJB
Adabie-Gomez DA, Monford KG, Agyir-Yawson A,
Owusu-Biney A, Osae M. Evaluation of four local plant
species for insecticidal activity against Sitophilus zeamais
Motsch. (Coleoptera: Curculionidae) and Callosobruchus
maculates (F) (Coleoptera: Bruchidae). Ghana J Agric
Sci. 2006; 39:147-154.

Abd ELatif ME, Abd El-Nabi LMA, Hussein EH, Abd El-
Hafez ZA. Effect of two methods of Nigella and Arugula
oils extraction and its efficacy on Spodoptera littoralis
(Boisd.). J Agric Res Kafrelsheikh Univ. 2009;
35(4):1069-1081.

Hamadah Kh Sh, Ghoneim KS, El-Hela AA, Amer SM,
Mohammad AAl. Disturbed survival, growth and

7



International Journal of Biology Research

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

development of the desert locust Schistocerca gregaria by
different extracts of Azadirachta indica (Meliaceae) and
Nigella sativa (Ranunculaceae). Egypt Acad J Biolog Sci.
2013; 6(2):01-21.

Ahmad F, Sagheer M, Hammad A, Rahman SMM, ul-
Hasan M. Insecticidal activity of some plant extracts
against Trogoderma granarium (E.). The Agriculturists
2013; 11(1):103-111. Doi:
http://dx.doi.org/10.3329/agric.v11i1.15250

Khan FZA, Sagheer M, ul-Hasan M, ul-Hassan MN,
Farhan M. Bioactivity of Nigella sativa, Syzygium
aromaticum and Trachyspermum ammi extracts against
Tribolium castaneum (Herbst.) (Coleoptera:
Tenebrionidae). J Entomol Zool Studies. 2014; 2(3):103-
105.

Saleem Sh, ul-Hasan M, Sagheer M, Sahi ShT.
Insecticidal activity of essential oils of four mMedicinal
plants against different stored grain insect pests. Pakistan
J Zool. 2014; 46(5):1407-1414.

Osman HH, Osman HH. Effectiveness of Nigella sativa,
Profenophos and their mixture on some biochemical and
histological parameters of Spodoptera littoralis (Boisd)
and albino rat. J Biol Chem Res. 2014; 31(1):446-463.
Ismail IA, Abdel-Rahaman RS, Abdel-Raheem MA.
Influence of some essential oils, chemical compounds and
their mixtures against Ceroplastes rusci L. and
Asterolcanium pustolans Cock on fig trees. Int J Chem
Tech Res. 2015; 8(9):187-195.

Ghoneim K, Hamadah Kh, El-Hela A, Mohammad A,
Amer M. Efficacy of Nigella sativa (Ranunculaceae)
extracts on adult performance and phase transition of the
desert locust Schistocerca gregaria (Orthoptera:
Acrididae). Int J Res Stud Zool. 2015a; 1(2):29-44.
Ghoneim K, Hamadah Kh, El-Hela A, Amer M.
Inhibitory effects of Nigella sativa (Ranunculaceae)
extracts on the reproduction of desert locust Schistocerca
gregaria (Orthoptera: Acrididae). Int J Res Stud Zool.
2015b; 1(1):43-55.

Ghoneim K, Hamadah Kh, Amer M, El-Hela A,
Mohammad A. Qualitative and quantitative changes in the
haemogram of desert locust Schistocerca gregaria
(Orthoptera: Acrididae) by extracts of Nigella sativa
(Ranunculaceae). J Adv in Biology. 2015¢; 7(2):1275-
1292.

Janda V, Benesova J. Changes in the activity of
phosphomonoesterases in relation to growth and
metamorphosis of Galleria mellonella (Lepidoptera). Acta
Entomol Biochmoslov. 1991; 88:19-24.

Zibaee A, Zibaee I, Sendi JJ. A juvenile hormone analog,
pyriproxyfen, affects some biochemical components in
the hemolymph and fat bodies of Eurygaster integriceps
Puton (Hemiptera: Scutelleridae). Pest Biochem Physiol.
2011; 100(3):289-298.

Cheug WWK, Low KW. Ultrastructural and functional
differentiation of the midgut of the sugar cane beetle
Protaetia acuminate (F.)(Coleoptera: Cetoniidae). Int J
Insect Morphol Entomol. 1975; 4:349-361.

Rhadha P, Priti SN. Phosphatase activity in Philosamia
ricini during development. Indian J Biochem. 1969;
6:154-156.

Csikos G, Sass M. Changes of acid phosphatase content
and activity in the fat body and the haemolymph of the

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

fleshfly Neobellieria (Sarcophaga) bullata during
metamorphosis. Arch. Insect Biochem. Physiol., 1997,
34:369-390.

Srivastava JP, Saxena SC. On the alkaline and acid
phosphatase in the alimentary tract of Periplaneta
americana L. App. Entmol. Zool., 1967; 2:85-92.

Sahota TS. Effect of juvenile hormone on acid
phosphatases in the degenerating flight muscles of the
Douglas-fir beetle, Dendroctonus pseudotsugae. J Insect
Physiol. 1975; 21:471-478.

Hollander VP. Acid phosphatases. In: "The Enzyme"
(Boyer P, ed.). 3 ed. Academic Press, New York 1971,
449-98.

Ferreira C, Terra WR. Intracellular distribution of
hydrolases in midgut caeca cells from an insect with
emphasis on plasma membrane-bound enzymes. Comp
Biochem Physiol. 1980; 66(B):467-473.

Wolfersberger MG. Enzymology of plasma membranes of
insect intestinal cells. Am Zool. 1984; 24:187-197.
Sakharov IY, Makarova IE, Ermolin GA. Chemical
modification and composition of tetrameric isozyme K of
alkaline phosphatase from harp seal intestinal mucosa.
Comp Biochem Physiol. 1989; 92:119-122.

Caglayan SH. Effect of 20-hydroxyecdysone on acid
phosphatase activity in the larval fat body of Manduca
sexta. Biochem Int. 1990; 20(3):511-118.

Etebari K, Matindoost L. The study on effects of larval
age and starvation stress on biochemical macromolecules
abundance of haemolymph in silkworm Bombyx mori, in:
Proceedings of the Sixteenth Iranian Plant Protection
Congress, General Entomology Symposium, August 28—
September 1, Univ. of Tabriz, Iran 2004a, 435.

Etebari K, Matindoost L. Effects of hypervitaminosis of
vitamin B3 on silkworm biology. J Biosci. 2004b; 29:417-
422.

Etebari K, Bizhannia AR, Sorati R, Matindoost L.
Biochemical changes in haemolymph of silkworm larvae
due to pyriproxyfen residue. Pestic Biochem Physiol.
2007; 88:14-19.

Dadd RH. Arthropoda nutrition. In: Chemical Zoology
(Florkin M, Scheer BT, eds.), Academic Press New York
1970; 5:35-95.

Etebari K, Mirhodeini SZ, Matindoost L. A study on
intraspecific biodiversity of eight groups of silkworm
(Bombyx mori) by biochemical markers. Insect Sci. 2005;
12:87-94.

Sukhanova MJ, Grenback LG, Gruntenko NE,
Khlebodarova TM, Rauschenbach IY. Alkaline
phosphatase in Drosophila under heat stress. J Insect
Physiol. 1996; 42:161-165.

Miao YG. Study on the alkaline phosphatase in the
midgut of domestic silkworm, Bombyx mori. Acta Seric.
Sin. 1988; 14:154-158.

Miao Y. Studies on the activity of the alkaline
phosphatase in the midgut of infected silkworm, Bombyx
mori L. J App Entomol. 2002; 126:38-142.

Rauschenbach 1Y, Chentsova NA, Gruntenko NE,
Karpova EK, Alekseev AA, Komarova TN et al.
Dopamine and octopamine regulate 20-hydroxyecdysone
level in vivo in Drosophila. Arch Insect Biochem Physiol.
2007a; 65:95-102.



International Journal of Biology Research

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Rauschenbach 1Y, Bogomolova EV, Gruntenko NE,
Adonyeva NV, Chentsova NA. Effects of juvenile
hormone and  20-hydroxyecdysone on alkaline
phosphatase activity in Drosophila under normal and heat
stress conditions. J Insect Physiol. 2007b; 53:587-591.
Pugazhvendan SR, Soundararajan M. Effects of
Penfluronon total haemocyte count of Chrysocoris
purpures. Middle-East J Sci Res. 2009; 4:338-340.
Rodriguez-Ortega MJ, Grosvik BE, Rodriguez-Ariza A,
Goksoyr A, Lopez-Barea J. Changes in protein expression
profiles in bivalve molluscs (Chamaelea gallina) exposed
to four model environmental pollutants. Proteomics 2003;
3:1535-1543.

Arrese EL, Soulages JL. Insect Fat Body: Energy,
Metabolism, and Regulation. Annu Rev Entomol. 2010;
55:207-225.

Hunter-Jones P. Rearing and breeding locusts in the
laboratory. Bull. Anti-locust Res. Center London, 1961,
12.

Ghoneim KS, Tanani MA, Basiouny AL. Influenced
survival and development of the desert locust
Schistocerca gregaria (Acrididae) by the wild plant
Fagonia bruguieri (Zygophyllaceae). Egypt Acad J Biol
Sci. 2009; 2(2):147-164.

Hamadah Kh Sh. Some developmental, haematological
and enzymatic effects of certain plant extracts on the
desert locust Schistocerca gregaria  (Orthoptera:
Acrididae). Ph.D. Thesis, Al-Azhar, University 2009,
458.

Tietz NW. Text Book of Clinical Chemistry. 3" ed., W.B.
Saunders Co., London, Philadelphia 1999, 1917.

Klein B, Read PA, Babson LA. Clinical Chemistry, 1960;
6:269-275.

Moroney MJ. Facts from Figures. 3™ ed., Pinguin Book
Ltd. Harmondsworth, Middlesex, 1956. 228.

Tsumuki H, Kanehisa K. Phosphatases in the rice stem
borer, Chilo suppersdlis Walker (Lepidoptera: Pyralidae):
Some properties and changes of the activities during
hibernation. Cytobiology 1984; 21:177-182.

Li X-Z, Liu Y-H. Diet influences the detoxification
enzyme activity of Bactrocera tau (Walker) (Diptera:
Tephritidae). Acta  Entomologica  Sinica, 2007;
50(10):989-995.

Terriere LC. Induction of detoxification enzymes in
insects. Annu. Rev. Entomol.1984; 29:71-88.
Senthil-Nathan S. Physiological and biochemical effect of
neem and other Meliaceae plants secondary metabolites
against Lepidopteran insects. Frontiers in Physiology
2013; 4(359):17. www.frontiersin.org.

Ghoneim KS, Abdel-Ghaffar AA, Tanani MA. Changes
of acid phosphatases activity by the plant extracts,
Margosan-O and Jojoba, during the pupal stage of Musca
domestica (Diptera: Muscidae). J Egypt Acad Sci Environ
Develop. 2008; 9(1):47-55.

Basiouny AL, Hamadah Kh Sh, Tanani MA. Efficacy of
the wild plant Fagonia bruguieri (Zygophyllaceae) on acid
and alkaline phosphatase activities in the desert locust
Schistocerca gregaria (Orthoptera: Acrididae). Egypt
Acad J Biol Sci. 2010; 2(2):1-10.

Ghoneim K, Amer M, Al-Daly A, Mohammad A,
Khadrawy F, Mahmoud MA. Disturbed acid and alkaline
phosphatase activities in desert locust Schistocerca

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

gregaria (Forskal) (Orthoptera: Acrididae) by extracts
from the khella plant Ammi visnaga L. (Apiaceae). Int J
Adv Res. 2014; 2(5):584-596.

El-Bassal MM. Combined effects of insect growth
regulators and gamma radiation on Culex pipiens. M.Sc.
Thesis, Fac. Sci., Cairo Univ. 1993, 189.

Anan AR, Mohamed MI, Hussein NM. Biochemical
effect of pyriproxyfen juvenoid on fat and haemolymph
proteins of pink bollworm, Pectinophora gossypiella
(Saund.) and spiny bollworm, Earias insulana (Boisd.).
Ann. Agric. Sci., Ain Shams Univ., Egypt, 1993; 38:761-
72.

Babu R, Murugan K, Vanithakumari G. Interference of
azadirachtin on the food utilization efficiency and midgut
enzymatic profiles of H. armigera. Indian J Environ
Toxicol. 1996; 6:81-84.

Hassan HA. Biological and biochemical studies on the
effects of some botanical extracts on cotton leafwom
Spodoptera littoralis (Boisd.) (Lepidoptera: Noctuidae).
Unpublished M.Sc. Thesis, Fac. Sci., Ain Shams Univ.,
Egypt, 2002; 201.

Abdel-Aal AE. Effect of some insect growth regulators on
certain biological, biochemical and histopathological
aspects of the cotton leafworm, Spodoptera littoralis
(Bosid.)(Lepidoptera: Noctuidae). Ph.D. Thesis, Fac. of
Sci., Cairo Univ. 2002, 193.

El-Sheikh TA. Effects of application of selected insect
growth regulators and plant extracts on some
physiological aspects of the black cutworm, Agrotis
ipsilon (Huf). Ph. D. thesis, Fac. Sci., Ain Shams Univ.
2002, 178.

Koodalingam A, Deepalakshmi R, Ammu M,
Rajalakshmi A. Effects of NeemAzal on marker enzymes
and hemocyte phagocytic activity of larvae and pupae of
the vector mosquito Aedes aegypti. J Asia-Pacific
Entomol. 2014; 17(2):175-181.

Rashad AM, El-Khayat EF, Abd-El Zaher TR, Shams ElI-
Din AM, Salim HS. Biochemical Studies of Some
Pesticidal Formulations against Pectinophora gossypiella
(Saunders) (Lepidoptera:  Gelechiidae). American-
Eurasian J Agric Environ Sci. 2015; 15(3):303-307.
Hamadah Kh, Ghoneim K, Tanani M, Basiouny A,
Waheeb H. Deteriorated acid and alkaline phosphatase
activities in certain tissues of Spodoptera littoralis
(Lepidoptera: Noctuidae) by some novel chitin synthesis
inhibitors. Int J Adv Res. 2016; 4(2):611-624.

Vatansev H, Ciftci H, Ozkaya A, Ozturk B, Evliyaoglu N,
Kiyici A. Chemical composition of Nigella sativa L.
seeds used as a medical aromatic plant from East Anatolia
Region, Turkey. Asian J Chem. 2013; 25(10):5490-5492.
van Pelt-Verkuil E. Hormone mediated induction of acid
phosphatase activity of the fat body of Calliphora
erythrocephala prior to metamorphosis. J Insect Physiol.
1979; 55:965-973.

Bassal TT, Ismail IE. Acid and alkaline phosphatases of
normal and juvenilized Spodoptera littoralis (Noctuidae:
Lepidoptera) during metamorphosis. Proc Zool Soc A.R.
Egypt, 1985; 9:256-259.

Senthil-Nathan S, Chung PG, Murugan K. Effect of
botanicals and bacterial toxin on the gut enzyme of
Cnaphalocrocis medinalis, Phytoparasitica, 2004; 32:433-
443.

9



International Journal of Biology Research

89. Saeed SA, Naqvi SNH, Akhtar K. Toxicity of NfC (neem
extract) against Musca domestica L. and their effect on
esterase activity. Zoologica Pakistan, 1987; 1(1):25-39.

90. Ayyangar GSG, Rao PJ. Changes in haemolymph
constituents of S. litura (Fabr.) under the influence of
azadirachtin. Indian J Entomol. 1990; 52(1):69- 83.

91. Naqvi SNH, Akhtar K, Azmi MA. Toxicity of NfD
against Sitophilus oryzae L. exposed to impregnated filter
paper and its effects on phosphatases and protein
metabolites. Acta Biol Cracoviensia Ser Zool. 1991;
33:49-58.

92. Al-Dali AG. Influenced activities of the intestine acid and
alkaline phosphatases by some neem limonoids in the

grasshopper  Euprepocnemis  plorans  (Orthoptera:
Acrididae). J Egypt Acad Soc Environ Develop. 2007;
8(3):57-65.

93. Upadhyay RK. Capparis decidua induced toxicity,
biochemical and enzymatic alterations in Rhizopertha
dominica (Fabr.) (Coleoptera: Bostrichidae). World J
Zool. 2013; 8(3):256-266. Doi:
10.5829/idosi.wjz.2013.8.3.73227

94. Ali K, Sagheer M, ul Hasan M, Abdul Rashid SM, Mason
LJ. Quantification of esterases and phosphatases in adults
of Tribolium castaneum (Herbst) exposed to various plant
extracts. Entomological Society of America, Manhattan,
Kansas, 70" Annual Meeting, Monday, 2015.

95. Beltagy BI, Omar GA. Alteration in some biological and
biochemical parameters in Tribolium castaneum
(Coleoptera: Tenebrionidae) due to garlic oil effect. J] Adv
Biol. 2016; 9(1):1704-1714.

96. Sokar LA. Possible alternatives to classical insecticides in
management program of Spodoptera littoralis (Boisd).
PhD Thesis Zagazig Univ. Egypt, 1995, 186.

97. Shaurub EH, Abd El-Aziz NM. Biochemical effects of
lambda-cyhalothrin and lufenuron on Culex pipiens L.
(Diptera: Culicidae). Int J Mosquito Res. 2015; 2(3):122-
126.

98. Senthil-Nathan S, Kalaivani K, Murugan K. Effects of
neem limonoids on the malaria vector Anopheles
stephensi Liston (Diptera: Culicidae). Acta Tropica 2005;
96:47-55.

99. Senthil-Nathan S, Kalaivani K, Murugan K. Behavioural
responses and changes in biology of rice leaffolder
following treatment with a combination of bacterial toxin
and botanical pesticides. Chemosphere 2006; 64:1650-
1658.

100.Abd-Elaziz MF, El-Sayed YA. Toxicity and biochemical
efficacy of six essential oils against Tribolium confusum
(Duval) (Coleoptera: Tenebrionidae). Egypt Acad J
biolog Sci. 2009; 2(2):1-11.

101.Mostafa SA. Biochemical effect of some chemical
compounds on Spodoptera littoralis (Boisd.). PhD Thesis,
Fac. Agric., Al-Azhar Univ Egypt, 1993, 202.

102.Assar AA, Abo El-Mahasen MM, Khalil ME, Mahmoud
SH. Biochemical effects of some insect growth regulators
on the house fly, Musca domestica (Diptera: Muscidae).
Egypt Acad J biolog Sci. 2010; 2(2):33-44.

103.Teleb SS, Ahmed FA, Mostafa AM. Effect of Pyridalyl
on alkaline phosphatase and transaminase activities in
some tissues of Schistocerca gregaria (Orthoptera:
Acrididae). ] Am Sci. 2012; 8(12):315-322.

104.Uma devi M, Sujatha K. Toxic effects of Curcuma longa
different extracts on biochemical and enzymatic
parameters of Tribolium castaneum. Int J Innov Res.
2013; 1(2):36- 39.

105.Arif S, ul Hassan Naqvi SN, Abid Raza FN, Zahid M.
Effect of pesticides after 24 hours of treatment on
transaminase, Alkaline phosphatase and Cholinesterase in
Callosobruchus analis by filter paper impregnation
method. Int J Fauna Biol Studies. 2015; 2(2):05-08.

106.Dahi F, El-Sayed A, El-Barkey NM, Abd el-aziz MF.
Toxicological and biochemical studies of Methylamine
Avermactin, a new type of bioinsecticide against the
cotton leaf worm, Spodoptera littoralis (Biosd). Egypt
Acad J biolog Sci. 2009; 2(1):103-116.

107.Megahed MMM, El-Tawil MF, El-Bamby MMM,
Abouamer WL. Biochemical effects of certain
bioinsecticides on cotton leafworm, Spodoptera littoralis
(Boisd.) (Lepidoptera: Noctuidae). Res J Agric Biol Sci.
2013; 9(6):308-317.

108.Wu TY. Effects of diflubenzuron on phosphatases
activities in the larvae of Culex pipiens fatigans. Acta
Entomolo Sinica, 1990; 33(1):71-76.

109.Phillips J, Audsley N, Lechleitner R, Thomson B,
Meredith J, Chamberlin M. Some major transport
mechanisms of insect absorptive epithelia. Comp
Biochem Physiol A Physiol. 1988; 90:643-650. doi:
10.1016/0300-9629(88)90679-2

110.Hasheminia SM, Sendim JJ, Jahromi Kh T,
Moharramipour S. Effect of milk thistle, Silybium
marianum, extract on toxicity, development, nutrition,
and enzyme activities of the small white butterfly, Pieris
rapae. J Insect Sci. 2013; 13(146):1-10. doi:
http://dx.doi.org/10.1673/031.013.14601

111.Ahadji-Dabla KM, Brunet J-L, Ketoh GK, Apétogbo GY,
Glitho IA, Belzunces LP. Larvicidal activity of a natural
botanical Biostop Moustiques® and physiological changes
induced in susceptible and resistant strains of Anopheles
gambiae Giles (Diptera: Culicidae). The Open Entomol J.
2015; 9:12-19.

112.Sharifi M, Kosari AA, Zibace A, Sendi JJ. Effects of
Pyriproxyfen on detoxifying and intermediary enzymes of
Ephestia kuehniella Zeller (Lepidoptera: Pyralidae). Plant
Pests Res. 2013; 3:35-44.

113.0mar GA. Biological, biochemical and histological
studies on the effect of some botanical oils on the Khapra
beetle Trogoderma granarium Everts (Coleoptera:
Dermestidae). PhD Thesis, Fac. Sci., Alex. Univ. Egypt.,
2010, 203.

114.Kamel SA, Abd-ElAziz FM, El-Bakry MN. Biochemical
Effects of three commercial formulations of Bacillus
thuringiensis (Agerin, Dipel 2X and Dipel DF) on
Spodoptera littoralis larvae. Egypt Acad J biolog Sci.
2010; 3(1):21-29.

10



