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Abstract: The present study was carried out to investigate the disruptive effects of methanolic, petroleum ether
and n-butanol extracts of N. sativa seeds, at 30.0, 15.0, 7.5, 3.7 & 1.8%, on the oviposition efficiency and other
parameters of reproductive capacity of S. gregaria. The average number of egg pods/female slightly or
remarkably decreased, depending on the extract, concentration and time of treatment. The n-butanol extract
was the most potent inhibitory one on the average number of eggs/pod. Treatment of penultimate or last instar
nymphs with N. sativa resulted in remarkably or slightly regressed oviposition rate, depending on the extract
and concentration. Various reducing effects of N. sativa extracts on fecundity were determined. However, the
strongest reducing effect was exhibited at the higher two concentrations, irrespective of the extract. After
treatment of penultimate instar nymphs, the most tremendously reduced fertility was recorded by n-butanol
extract. After treatment of last instar nymphs, fertility was affected, significantly or insignificantly, depending on
the extract and its concentration. Treatment of penultimate instar nymphs resulted in slightly prolonged
incubation period by methanolic extract indicating a slow down embryonic rate. A similar inhibitory effect on
this rate could be almost obtained by petroleum ether extract while the strongest inhibitory effect was exhibited
by n-butanol extract, at the majority of its concentrations. After treatment of last instar nymphs, the petroleum
ether extract pronouncedly affected embryonic developmental rate during a prolonged incubation period.

Keywords: embryonic development, fecundity, fertility, incubation period, oviposition efficiency, oviposition
rate.

1. INTRODUCTION

Plagues of the desert locust Schistocerca gregaria (Forskal) have threatened agricultural production in
Africa, the Middle East and Asia [1, 2]. Damage is caused as a consequence of its polyphagous
behaviour, high population density, and the nature to aggregate and swarm [3]. Current locust control
is mainly based on organophosphorus pesticides as a result of the banning of organochlorines [4].
Although the use of synthetic insecticides to control insect pests has lead to several adverse effects,
including water and soil contamination, insect resistance and toxicity to non-target species [5, 6],
these toxic chemicals are still used for controlling this dangerous pest at a large scale. Therefore, there
is an urgent need to develop safe, convenient, environmental and low-cost alternatives. Many
investigators and institutions are searching for safe alternatives in various countries. The natural
products, such as plant extracts, form promising non-conventional pesticides against the destructive
pests for crops and health [7-20]. In recent years interest in screening plants for various insecticidal
activities has increased significantly and many potent compounds have been isolated and identified
[21]. Jacobson [22] suggested that the most promising botanicals were to be found in the families
Meliaceae, Rutaceae, Asteraceae, Annonaceae, Labiatae, and Canellaceae. However, screening
programs have not been limited to these families but other families have been screened for various
insecticidal activities. With regard to S. gregaria, some plants, such as Peganum harmala [23],
Calotropis procera [24], Calotropis gigantean [25], Azadirichta indica, Melia volkensii [26], Cestrum
parqui [27] and Nerium oleander [28, 29] were classified as plants with a toxic, repellent or deterrent
effect on locusts due to some secondary compounds contained in these plants [30]. In addition, several
plant species affect differentially the development, fertility, and behaviour of the desert locust [24].

Among the most important medicinal crops in Egypt is Nigella sativa (Ranunculaceae) which is
commonly called as known as black seed or black cumin [31] and "Habbat al-barakah" (the seed of
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blessing) in Arabic. Seeds of N. sativa and their oil have a long history of folklore usage in various
systems of medicines. Sharma et al. [32] reviewed the medicinal, pharmacological, traditional value
and folk remedies of this herb. Also, different pharmaceutic properties and medical uses had been
reported [33-38]. In pest control, Deshpande et al. [39] reported that oleic and linoleic acid as
insecticidal components from N. sativa which were found to be toxic to Callosobruchus chinensis.
Similar results were obtained [40, 41]. The N. sativa extracts exhibited toxic effects on Spodoptera
littoralis [42] and S. gregaria [20] in addition to disrupted growth, development and metamorphosis
of the latter insect [20]. Also, Ahmad et al. [43] studied the insecticidal activity of N. sativa extracts
against the larvae of Trogoderma granarium under laboratory conditions. Recently, Khan et al. [44]
reported disturbing effects of the acetone seed extract on biology and invasion of the stored product
pest Tribolium castaneum. The current study was carried out aiming to investigate the disruptive
effects of various extracts of N. sativa seeds on the oviposition efficiency and other parameters of
reproductive capacity of the destructive pest S. gregaria.

2. MATERIALS AND METHODS
2.1. Desert locust

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 [45]
and improved by Ghoneim et al. [14], insects were reared in wood formed cages (60 x 60 x 70 cm).
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. The feces, dead locusts and food remains were removed daily.
Fresh clean leaves of clover Trifolium alexandrinum were provided, as a food for insects, every day.

2.2. Plant Extraction

Samples of Nigella sativa (Ranunculaceae) 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
0), and n-butanol (5x400 ml) extracts were concentrated to dryness under reduced pressure giving (75
and 55 g).

2.3. Nymphal treatments

The newly moulted 4™ (penultimate), or 5" (last) instar nymphs of S. gregaria were fed on fresh
leaves of T. alexandrinum after dipping in the different concentrations of each extract. After dipping
for three minutes, the treated leaves were allowed to dry before offering to nymphs. A day after
treatment, all nymphs (treated and control) were provided with untreated fresh food plant. Ten
replicates (one nymph/replicate) were used for each concentration. Each individual nymph was
isolated in a glass vial provided with a thin layer of sterilized sand as a floor. All vials were located in
a large cage having a suitable electric bulb.

2.4. Reproductive parameters

Each of the successfully emerged adult females was confined with two normal adult males, provided
from the main culture. Plastic cylindrical cups (10 X 8 cm) were filled with sifted, sterilized and
moistened sand, as an oviposition site. Just after copulation, females were allowed to dig in the
moistened sand floor for laying the egg pods. At the end of the reproductive life-time, all egg pods
and eggs were counted and transferred into Petri dishes provided with moistened cotton pad in an
incubator until the egg hatching. Meanwhile, the cotton pads received an antifungal material. After
examining all pods, constructed and laid in the oviposition site for each female, the average number of
egg pods per female was calculated. Each of the completely laid egg pods was examined for counting
the number of eggs. All egg pods were undergone to this procedure for calculating the average
number of eggs per pod. The oviposition rate was calculated as follows:
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Number of laid eggs per @/reproductive lifetime (in days).

All eggs laid by each adult female were counted. The eggs in replicates were used to determine the
fecundity by calculating the average number of eggs per female. Fertility was usually expressed in the
hatchability and was calculated by the hatching % of the laid eggs. On the other hand, the sterility
index was calculated according to Toppozada et al. [46] as follows:

Sterility Index =100 - [(ab / A B) X 100]

Where: a = the number of eggs laid per female in the treatment. b = percentage of hatching in the
treatment. A = the number of eggs laid per female in the controls. B = percentage of hatching in the
controls.

In respect of the incubation period (mean dayxSD), and subsequently the rate of embryonic
development, the oviposited eggs were kept in cups covered with muslin cloth and tied with rubber
band under favourable laboratory conditions in a cage of 32 °C and moistened sandy bottom. Just after
the oviposition, eggs were observed until hatching.

2.5. Statistical analysis of data

Data obtained were analyzed by the Student's t-distribution, and refined by Bessel correction [47] for
the test significance of difference between means.

3. RESULTS
3.1. Effects of N. sativa seed extracts on the oviposition efficiency

After treatment of penultimate (4™) instar nymphs of S. gregaria with methanolic, petroleum ether
and n-butanol extracts of N. sativa seeds, data of the average number of egg pods/¢ had been assorted
in Table (1). Generally, it could be slightly depressed at the higher concentrations of all extracts.
Significantly decreasing egg pods/Q was recorded only at the highest concentration of n-butanol
extract (1.3+0.6 compared to 2.8+0.5 egg pods/control females). Only at the higher two
concentrations of petroleum ether extract and the highest concentration of n-butanol extract, average
number of egg pods/Y remarkably decreased (1.3+0.6 vs. 7.2+0.6 egg pods/ control females) after
treatment of last (5") instar nymphs.

Another informative parameter of the oviposition efficiency is the average number of eggs/pod. As
obviously demonstrated in the previously mentioned table, n-butanol extract was the most potent
because it pronouncedly prohibited this parameter, regardless the concentration, after treatment of
penultimate instar nymphs. Only at the highest concentration of methanolic extract (43.2+2.8 vs.
49.7+2.8 eggs/pod of control congeners) and the lower two concentrations of petroleum ether extract
(43.4+2.4 and 42.8+3.3 vs. 49.7+£2.8 eggs/pod of control congeners). After treatment of last instar
nymphs, methanolic and n-butanol extracts exhibited predominantly inhibiting effects on the number
of eggs/pod, except at the lowest concentration. On the other hand, petroleum ether extract exerted a
similar inhibitory action only at the highest concentration (41.24+2.2 vs. 50.2+2.5 eggs/pod of control
congeners).

Considering the oviposition rate, treatment of penultimate instar nymphs with N. sativa resulted in
remarkably or slightly regressed rate, depending on the extract and concentration. For some detail,
treatment with only the highest concentration of petroleum ether extract (10.4+0.8 vs. 7.8+0.8 of
controls) and the higher two concentrations of n-butanol extract (3.6+1.4 and 6.6+0.8, respectively,
vs. 12.3£1.0 of controls) resulted in drastically depressed oviposition rate (Table 1). After treatment
of last instar nymphs with the same extracts, adult females had been retarded to lay eggs in normal
rate, especially at the highest concentration of n-butanol extract (4.4+0.9 vs. 9.2+0.8 of controls), the
higher four concentrations of methanolic extract (5.5+0.6, 5.9+£0.4, 6.1+0.6 and 6.0+0.3, respectively,
in comparison with 7.8+0.8 of controls) and the higher three concentrations of petroleum ether extract
(4.5£1.0, 5.3+0.3 and 5.0£0.7, respectively, in comparison with 7.0£0.7 of controls).
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Tablel. Effects of N. sativa extracts on some parameters of the oviposition efficiency of S. gregaria

» Number of egg pods / female Number of eggs / pod Oviposition rate
g | Conc. After After After After After After
(,B, (%) | treatmentof | treatmentof |treatment of |treatment of | treatment of | treatment of
4th instar 5th instar 4th instar | 5th instar 4th instar 5th instar
nymphs nymphs nymphs nymphs nymphs nymphs
30.0 1.7+06a 23+06a 432+28b |416+26b| 65+12a 55+06b
_ 15.0 20+10a 23+06a 496+3.2a |43.8+20b| 6.6+13a 59+04b
% 07.5 27x06a 23+06a 442+31a |343+£34b| 84£09a 6.1+06b
% 03.7 27+0.6a 27+06a 425+32Db |394+23c| 6.7+06a 6.0+0.3b
= 01.8 27x06a 27+06a 458+28a |441+39a| 74+06a 6.7+05a
Controls| 2.7+0.6 27+0.6 49.7+28 | 49.7+28 7.8+0.8 7.8+0.8
N 30.0 13+06b 412+22c 45+1.0b
é’ 15.0 1.7+06a 1.3+£06hb 458+23a |469+33a| 104+£08b | 53+£03b
qé 07.5 23+0.6a 1.7+06a 449+32a |508+27a| 8.8+0.8a 50+0.7b
% 03.7 27+0.6a 23+06a 434+24Db |483+31a| 75+06a 6.2+0.7a
= 01.8 27+06a 23+06a 428+33b |482+30a| 69+10a 6.4+08a
- Controls| 2.7+0.6 27+06 49.7+28 | 50.2+£25 78+0.38 7.0+0.7
30.0 1.3+£06hb 32.7+29d 44+09c
— 15.0 1.3+06Db 27+06a 225+3.7d |342+24d| 3.6+14d 79+09a
é 07.5 25+0.7a 27+06a 23.8+2.9d |455+30b| 6.6+08¢c 9.0+06a
_8 03.7 23+06a 27+06a 504+21c |46.1+28b| 11.7+0.7a | 83%x10a
< 01.8 27+06a 27+06a 528+1.6b |496+29a| 134+10a | 86+0.6a
Controls| 2.8+0.5 27+0.6 61.1+25 | 547+28 123+1.0 9.2+0.8

Conc: Concentration level. Mean + SD followed by letter (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). -: No reproductive adult females were produced.

3.2. Effects of N. sativa seed extracts on fecundity and fertility

After treatment of penultimate instar nymphs with N. sativa seed extracts, data of adult female
fecundity were arranged in Table (2). Fecundity was predominantly reduced by all extracts, especially
at the highest concentration of methanolic extract (69.7+18.2 eggs/Q, vs. 130.7+18.3 eggs/9 of
controls) and petroleum ether extract (76.3 £17.2 eggs/?, vs. 130.7 £18.3 eggs/$ of controls) as well
as at the majority of n-butanol extract concentrations (28.0 £12.2, 57.0 £19.8 and 113.7 +19.3 eggs/<
at 15.0, 7.5 and 3.7 %, respectively, vs. 168.3 +21.9 eggs/{ of controls). After treatment of last instar
nymphs with N. sativa extracts, data contained in the same table prevail various reduction effects of
N. sativa extracts on fecundity. Moreover, the stronger reducing effects were exhibited at the higher
two concentrations of all extracts (95.3 £11.8 and 100.1 £10.1 eggs/? by methanolic extract, vs.
130.7 £18.3 eggs/? of controls; 52.3 £23.1 and 59.7 +29.0 eggs/Y by petroleum ether extract, vs.
133.0 +£24.2 eggs/Q of controls; 41.3 £19.9 and 89.7 £16.9 eggs/? by n-butanol extract vs. 145.0
+28.8 eggs/$ of controls).

Concerning the egg fertility, data of Table (3) clearly reveal an inhibitory effect especially after
treatment of penultimate instar nymphs with the highest concentration of both methanolic extract
(84.7 £0.6 vs. 87.4 £0.9 % of controls) and petroleum ether extract (84.0 £1.3 vs. 87.4 £0.9 % of
controls). In addition, the most tremendously reducing action on fertility was exerted by n-butanol
extract (76.9 £1.8, 79.9 £3.4 and 87.9 +2.3 %, at 15.0, 7.5 and 3.7 %, vs. 92.7 +2.5 % of controls).
The calculated sterility index often supported these data (for details, see Table 3). After treatment of
last instar nymphs, fertility was significantly or insignificantly affected, depending on the extract and
concentration. Only slightly reduced fertility was caused by methanolic extract while both petroleum
ether and n-butanol extracts prohibited it, especially at the higher three or two concentrations,
respectively (76.0 £2.1, 76.6 £2.0 and 80.1 +1.7 % at 30.0, 15.0 and 7.5 % of petroleum ether extract,
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vs. 87.6 £0.5 % of controls; 81.3 £2.5 and 84.7 1.7 % at 30.0 and 15.0 % of n-butanol extract, vs.
88.5 £0.2 % of controls). Data of sterility index supported the present results of reduced fertility

which was calculated in an almost dose-dependent course (for details, see Table 3).

Table 2. Effects of N. sativa extracts on fecundity (Mean eggs+SD) of S. gregaria

= After treatment of 4th instar After treatment of 5th instar
% Conc. (%) nymphs nymphs
wn
30.0 69.7+18.2h 95.3+11.8b

_ 15.0 92.0+295a 100.1+10.1b
% 07.5 117.3+234a 102.3+19.3a
% 03.7 112.3+189a 103.7+16.0a
= 01.8 121.3+215a 116.0+16.5a

Controls 130.7 £ 18.3 130.7 + 18.3
_ 30.0 - 52.3+23.1b
2 15.0 76.3+17.2b 59.7+29.0 b
e 07.5 101.0+187a 84.7+257a
% 03.7 1147+ 20.8a 109.0+139a
= 01.8 113.0+21.0a 108.7 +24.6 a
. Controls 130.7 £ 18.3 133.0+£24.2

30.0 41.3+199¢

- 15.0 28.0+12.2d 89.7£169b
% 07.5 57.0+£19.8d 120.3+20.1a
_::f 03.7 113.7+19.3b 1220+ 174a
= 01.8 156.3+24.7a 131.3+20.1a

Controls 168.3 +21.9 145.0 + 28.8

Conc., a, b, c, d, -: see footnote of Table (1).

Table 3. Effects of N. sativa extracts on fertility (Mean +SD) and sterility index (%) of S. gregaria

ig’ Cg/nc. After treatment of 4th ins_trflr nymphs After treatment of 5th ins.te.xr ny_mphs
& (%) Fertility (%) Sterl|l'((g//0) index | vty (%) Sterlllg//o) index
30.0 84.7+06b 48.3 86.6+0.6a 27.8
_ 15.0 87.0+14a 29.9 86.5+0.3a 23.4
‘;8“ 075 86.9+01la 10.8 86.1+06a 22.9
B 03.7 87.0+04a 14.5 86.6+15a 214
= 01.8 874+12a 7.2 876+20a 11.0
Controls 87.4+09 --- 87.4+0.9
. 30.0 76.0+2.1d 65.7
2 15.0 840+ 13b 43.9 76.6+2.0d 60.7
°E’ 07.5 86.5+0.8a 23.5 80.1+1.7¢ 41.8
3 03.7 86.7+0.7 a 12.9 87.2+06a 186
= 01.8 86.8+0.3a 14.1 87.2+11a 18.6
* ["Controls 87.4+09 87.6+05
S 30.0 81.3+25¢ 73.8
£ 15.0 76.9+1.8d 86.2 847+17b 408
o 075 79.9+34c 71.0 86.2+23a 19.2
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03.7 87.9+23b 35.9 879+20a 16.4
01.8 88.9+18a 10.9 874+14a 10.6
Controls 92.7+25 --- 88.5+0.2

Conc., a, b, ¢, d, -: see footnote of Table (1).
3.3. Effects of N. sativa seed extracts on embryonic development

The incubation period can be used as a good indicator for detecting the embryonic developmental
rate. In the light of data distributed in Table (4), treatment of penultimate instar nymphs with N. sativa
extracts resulted in slightly prolonged incubation period by methanolic extract, i.e. the embryonic
development rate was slower down as the concentration increased. Similar inhibitory effect on this
rate could be almost exhibited by petroleum ether extract (16.2 +1.0 days at 15.0 %, vs. 13.7 £0.3
days of controls). The strongest inhibitory effect was exhibited by n-butanol extract at the majority of
its concentrations (14.5 £1.3, 13.2 +1.6 and 13.6 +0.8 days at 15.0, 7.5 and 3.7 %, vs. 10.2+1.0 days
of controls). Depending on data of the aforementioned table, insignificantly prolonged incubation
period of eggs, and subsequently slightly regressed embryonic rate, was recorded after treatment of
last instar nymphs with methanolic or n-butanol extract of N. sativa seeds. Moreover, petroleum ether
extract adversely inhibited the embryonic developmental rate because the incubation period was
remarkably prolonged, especially at the higher three concentrations (18.3+£1.5, 17.3£1.5 and 15.0+0.5
days, respectively, vs. 13.1+0.8 days of controls).

Table 4. Effects of N. sativa extracts on the incubation period (Mean days +SD) of S. gregaria

E Conc. (%) After treatment of 4th instar After treatment of 5th instar
3 nymphs nymphs
30.0 15.0+09a 14.1+06a
_ 15.0 142+03a 13.7+03a
% 07.5 139+06a 13.7+03a
5 03.7 138+04a 138+02a
= 01.8 139+04a 13.7£05a
Controls 13.7+0.3 13.7+0.3
g 30.0 183+15¢
:é 15.0 16.2+1.0b 17.3+15b
c 07.5 138+05a 150+ 05b
é 03.7 139+05a 132+10a
= 01.8 13.9+0.2a 13.3+03a
- Controls 13.7+0.3 13.1+0.8
30.0 - 165+£05a
- 15.0 145+13¢c 147+03a
f_.% 07.5 13.2+16b 144+05a
2 03.7 136+08¢c 143+03a
= 01.8 11.9+12a 144+01a
Controls 10.2+1.0 142+0.3

Conc., a, b, c-: see footnote of Table (1).
4. DISCUSSION
4.1. Deranged oviposition efficiency of S. gregaria

As reported in the available literature, parameters of oviposition efficiency, such as the number of egg
pods/female, number of eggs/pod and/or oviposition rate, of few insect species had been reduced by
extracts of different plant species. Considerably reduced oviposition efficiency had been recorded for
S. gregaria after treatment with a neem kernel suspension [48], a methanolic fruit extract of Melia
azedarach [49], Fagonia bruguieri extracts [50] and Punica granatum peel extracts [17]. Also,
significantly reduced oviposition efficiency of the same locust was determined after treatment of
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solitary and gregarious females, during the oviposition period, with extracts of froth or eggs [51]. In
agreement with those reported results, the present study obviously show various degrees of reduction
in the number of egg pods/9 and eggs/pod of S. gregaria after treatment of nymphs with Nigella
sativa seed extracts. As well as the oviposition rate was remarkably or slightly regressed, depending
on the extract, concentration and time of treatment.

Unfortunately, this reduced oviposition efficiency of S. gregaria cannot be exactly interpreted right
now because further investigation should be carried out to explore the active ingredient(s) in these
extracts responsible for these effects. However, some of their chemical constituents may exhibit
prohibitory effects on the accessory glands which produce the pod matrix or on some hormonal
regulation of the pod construction as well as of the oviposition rate. This suggestion may be conceived
in the light of identified chemical components of N. sativa, such as conjugated linoleic acid,
thymoquinone, nigellone, melanthin, nigilline, damascenine, tannins, flavonoids, saponins, alkaloids,
and anethole 4-terpinole [32, 52-55]. In addition, some of these constituents may exert a reverse
action to those exerted by ecdysteroid agonists which stimulate the neurosecretory cells to release a
myotropic ovulation hormone [56, 57].

4.2. Reduced fecundity and fertility of S. gregaria

Adult fecundity and fertility (egg hatchability or viability) are very important reproductive parameters
for investigating the effects of botanicals on the reproductive potential of insects. Various neem
preparations or azadirachtin derivatives had been reported to reduce fecundity and fertility of several
insects, such as Ceratitis capitata [58], Corcyra cephalonica [59], Cnaphalocrocis medinalis [60],
Pieris brassica [61], Liriomyza trifolii [62], Anopheles stephensi [63], Heliothis armigera [64],
Spodoptera littoralis [65], Cosmopolites sordidus [66], Muscina stabulans [67], Spodoptera litura
[68], Musca domestica [12], Chrysomya megacephala [69] and Earias vittella [70]. In addition,
fecundity and/or fertility of various insects had been reduced by extracts of several plant species, such
as S. littoralis by Abrus precatorius [71], Boussingaultion gracilis [72], Curcuma longa [73], Schimis
terebinlhifolius [74] and Lopus termis [75]. Also, similar reducing effect was recorded on fecundity
and fertility of Xanthogaleruca luteola by the methanolic extract of Artemisia annura [76], Anopheles
aegypti by extracts of Pengamia pinnata [77] and Helicoverpa armigera by methanolic leaf extract
and essential oil of Artemisia annua [78]. Results of the present study on S. gregaria agree, to a great
extent, with those reported results since prohibited adult fecundity was recorded after treatment of
penultimate instar nymphs with all N. sativa seed extracts. After treatment of last instar nymphs,
various reducing effects of N. sativa extracts on fecundity were determined. Concerning the egg
fertility, a reducing effect, especially at the highest concentration of both methanolic extract and
petroleum ether extract applied on the penultimate instar nymphs, was recorded. After treatment of
last instar nymphs, fertility was affected, significantly or insignificantly, depending on the extract and
its concentration. Similar reduced fecundity and fertility of the same locust were also observed after
nymphal treatment with extracts of F. bruguieri [50], Jatropha curcas oil [79], hexane and ethanol
extracts of froth or eggs of the same locust [51] and P. granatum peel extracts [17].

The reduced fecundity of S. gregaria by the seed extracts of N. sativa, in the current investigation,
may be due to a juvenile hormone activity of certain active ingredient(s) in these extracts which have
deleterious effects on the oogenesis, vitellogenin synthesis or vitellogenesis, via the disturbance of the
authentic hormone [80]. However, the intervention of these extracts, or some of their chemical
components, in the vitellogenin synthesis or vitellogenesis may be indirectly through the disruption of
gonadotropic hormone production or its function during the ovarian maturation. Also, the
considerable derangement of this reproductive event can be attributed to the effects of N. sativa seed
extracts on the vitelline envelope formation or the function of follicle cells [81, 82] or an adverse
effect on the morphogenesis of ovipositor of adult females, ovarian growth and/or synthesis and
metabolism of proteinaceous constituents during the oogenesis [56, 83]. In addition, it may be
acceptable to suggest that the reduced reproductive output of S. gregaria, in the current work, may be
due to an inhibitory effect of N. sativa seed extracts on synthesis of both DNA and RNA, suboptimal
nutrition owing to reduced feeding, altered mating behaviour as a result of sublethal intoxication, or a
combination of factors.

On the other hand, the prohibited fertility of S. gregaria after nymphal treatment with N. sativa seed
extracts, in the present study, can be explicated by a serious lethal action of these extracts on the
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developing embryos at certain stages causing death. Another interpretation may be accepted since the
developing embryos suffered morphological deformation and incomplete development of some body
parts after treatment of the same locust with azadirachtin [84]. Also, the reduction in fertility may be
due to the penetration of residual amounts of some N. sativa seed contents in mothers into their eggs
and disturbance of embryonic cuticle synthesis. So, the fully mature embryos had weak chitinous
mouth parts that were insufficiently rigid to perforate the surrounding vitellin membrane and free
from the eggs [85, 86]. It is well known that the maturation of insect eggs depends basically on the
vitellogenins, precursor materials of vitellins, including proteins, lipids and carbohydrates, all of
which are necessarily required for the embryonic development [87, 88]. These materials are
synthesized primarily by fat body during the immature stages [89] or by the ovary in situ [90].
Wherever the site of synthesis of these materials, N. sativa seed extracts, or some of their chemicals,
may disturb the production and/or accumulation of these metabolites in adult females leading to
reduction of fertility in S. gregaria, in the present study. It is important to point out that some insect
growth regulators have disruptive effects on the insect reproduction by the perturbation of gene
expression in the hierarchy cascade of vitellogenesis and/or choriogenesis [91]. Some of N. sativa
chemical components may interfere with the gene expression resulting in a reduction of the
developing embryos, in the present study. However, the exact mode of action is still obscure and
needs further investigation to be clearly understood.

4.3. Retarded embryonic development in S. gregaria

In the majority of insects, incubation period can be used as a good indicator for the embryonic
developmental rate, i.e., longer period may reveal slower rate and vice versa. In the present study on
S. gregaria, treatment of penultimate instar nymphs with methanolic extract of N. sativa seeds
resulted in slightly prolonged incubation period indicating a slow embryonic rate. A similar inhibitory
effect could be almost obtained by petroleum ether extract while the strongest inhibitory effect was
exhibited by n-butanol extract, at the majority of concentrations. After treatment of last instar nymphs
with all extracts, the embryonic developmental rate was slightly or pronouncedly regressed. These
results are concomitant with some of the reported results of prolonged incubation period and retarded
embryonic developmental rate in various insects by extracts of different plants, such as
Euprepocnemis plorans by Margosan-O (a neem preparation)[92], S. gregaria by F. bruguieri
extracts [50], the same locust by Neemazal (a neem preparation) [84, 93] and P. granatum peel
extracts [17]. The retarded embryonic development in S. gregaria by the N. sativa seed extracts, as
clearly shown in the current investigation, may be due to the effect of these extracts on the
ecdysteroids responsible for the regulation of embryogenesis at certain stages, especially those
ecdysteroids originating from the ovaries of the adult females [88].

5. CONCLUSION

As clearly shown in the present study, seed extracts of N. sativa have inhibitory effects on the
oviposition efficiency and other parameters of reproductive potential of the desert locust S. gregaria.
Therefore, N. sativa possesses potential secondary metabolites that may be useful for control this
destructive pest. However, further investigation should be carried out to explore the active
ingredient(s) responsible for these disruptive effects on the reproductive events and their mode of
action.
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