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ABSTRACT

The present work studied the antibacterial effect of different formulations of Chitosan (Chs); free
Thymoquinone (Tq), and Thymoquinone-loaded chitosan nanoparticles (Tg-Chs NPs) on Bombyx mori L. infected
by pathogenic bacteria, by evaluating some biochemical aspects of larval haemolymph. Bombyx mori larvae
classified into three groups; each group was fed on mulberry leaves treated with one of the formulations (free Tq,
free Chs and Tg-encapsulated Chs) with drug concentrations (0.05% and 0.1%). Before being used, the prepared
formulations were characterized by size, morphology, encapsulation efficiency; in addition, in vitro drug release
experiment was performed. The biochemical results revealed an improvement in the antibacterial and antioxidant
activity of the studied formulations, especially with increasing the concentrations compared to control; (Tg-
encapsulated Chs) followed by free Chs and free Tq revealed highly significant decreases in mixed function oxidase
(MFO) activity, especially larvae treated with the high concentration (0.1%). The activity of acid phosphatase, total
lipid content and carbohydrates pointed to a highly significant increase. Similarly, the qualitative analysis of
silkworm proteins showed an obvious variation in the number and position of the detected protein bands from one
treatment to another. It can be concluded that Tq and Chs showed an inhibitory impact against pathogenic bacteria
infecting Bombyx mori larvae, proved their effects as antioxidant and anti-inflammatory agents which could be
improved by loading Tq on Chs nanoparticles (Tg-Chs NPs).
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Researchers in sericulture are recently using
nanoparticles to upgrade silk production; these particles may

INTRODUCTION
Silkworm  belongs to Lepidoptera, Family:

Bombycidae, it is a complete metamorphic insect having four
stages: egg, larva, pupa and adult. Larvae being monophagous
insects, they utelize absorbed nutrients to provide energy for
growth. Bombyx mori larvae synthesize and secrete a large
amount of silk proteins during metamorphosis (Truman and
Riddiford, 1999; Tanaka et al., 2009).

Keeping silkworm larvae free from diseases all over the
rearing period is a major target to silkworm rearers, because
annually, 34-40% of the total crop of silk production is lost due
to silkworm diseases. Among these diseases; Bacterial flacherie
which is a common disease of mulberry silkworm. The
etiology of this disease is not clear owing to the diversity of
bacterial types involved in (Choudhury et al., 2002).

The bacteria which represent the etiological agent of
flacherie in silkworms can be Bacillus subtilis, Bacillus cereus,
Streptococcus pneumoniae, Staphylococcus aureus, E. coli,
Pseudomonas fluorescence, and Klebsiella cloacae as
reported by Chitra et al. (1973); Anitha et al. (1994) and
Sakthivel et al. (2012).

Antibiotics are commonly used in sericulture industry as
bed disinfectants and therapeutic agents against bacterial diseases,
but, the usage of antibiotics and antibacterial chemotherapeutics is
becoming more restricted, because of: (i) Resistance of bacteria to
antibiotics and. (ii) The side effects exhibited by most antibiotics.
Therefore, newer drugs must be discovered with lesser rate of
resistance development and lesser toxicity (Neu, 1992; Okeke et
al., 2005; Subramanian et al., 2009).
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be utilized during insufficient leaf production (Pandiarajan et
al., 2016). The scientific community was willing to investigate
the physiological and biochemical influence of nanoparticles
on silkworm B. mori (Patil et al., 2016).

Thymogquinone (Tq) is the major constituent of Nigella
sativa volatile oil; it has evidently proved by its medical
activities such as hepatoprotective, anti-inflammatory,
antioxidant, antibacterial and anti-cancer agent. These
valuable effects of (Tq) support the use of this natural
compound as a drug in medical purposes (Kokoska et al.,
2008; Khader and Eckl, 2014).

Chitosan (Chs), is a derivative of chitin, which is
obtained from shrimp shells, crabs, lobsters, and other insects
as silkworms (Paulino et al., 2006 and Zhou et al., 2009). It is
a natural polymer used as a carrier for drugs or cross-linked by
various reagents and has excellent properties such as
hydrophilicity, biocompatibility, biodegradability and
antibacterial activity, so it is used for various applications
(Lei et al., 2009). Chs also has antimicrobial, antioxidant
properties besides its potency to control drug release (Yang
and Shao, 2000; Kumar et al., 2004; Prashanth & Tharanathan,
2007; Sonia & Sharma, 2011).

The present study has therefore been carried out to
evaluate the antibacterial potency of the thymoquinone-loaded
Chitosan (Tg-Chs), free thymoquinone (Tq) and free Chitosan
(Chs) nanoparticles with two concentrations on some
biochemical aspects of Bombyx mori L. Infected by bacterial
pathogenic.
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MATERIALS AND METHODS

1. Silkworm Bombyx mori L.

Eggs of mulberry silkworm Bombyx mori L. hybrid
(GoxVoxKkxMy) were procured from the Sericulture
Research Department, Plant Protection Research Institute
(PPRI), Agricultural Research Center, Giza, Egypt.

2. Chemicals

Chitosan (Chs) (medium molecular weight, degree of
deacetylation 96%) was bought from Tecno-Pharmachem.
Glacial acetic acid (99.7%) was acquired from Biochemfor
laboratory chemicals. Thymoquinone (Tq), trypolyphosphate
(TPP) were purchased from Sigma Aldrich.

3. Preparation of Sodium tripolyphosphate Chitosan
nanoparticles (TPP- Chs Nps) and Thymoquinone-
loaded chitosan nanoparticles (Tg-Chs NPs)

Chitosan nanoparticles (Chs) have been synthesized
using the Patil and Surana method (2017) previously
described with some alterations. For the preparation of blank
TPP-Chitosan nanoparticles, 0.1 g of chitosan was added to
50 ml of 3% acetic acid solution and stirred overnight at
room temperature on a MS300HS magnetic stirrer (Misung
Scientific Co., Ltd, Korea). Then, 0.06 g of TPP was
dissolved in 4 ml deionized water and added to the chitosan
solution dropwise. For chitosan nanoparticles loaded with
thymoquinone (Tqg-Chs) preparation, the same steps were
followed except that before the formation of Chs, 0.1 g of
Tq was added (dissolved in 2.5 ml of ethanol and 2.5 ml of
deionized water). The dispersion of all the prepared
formulations was then centrifuged to collect nanoparticles
as pellets at 8500 rpm (VS-18000 M, Korea, energy 220
V/50 HZ) for 105 min at 10°C. The collected pellets were
washed and re-dispersed in 20 ml of deionized water and
sonicated for 2 min with a water bath sonicator (CD-4820,
CODYSON, China).

4. Physical and chemical aspects of the prepared formulations

Transmission electron microscopy (TEM)

TEM (JEM 1230 electron microscope Jeol, Tokyo,
Japan) was used to determine the morphology and size of the
preparations.

Particle size and zeta potential

The particle size and zeta potential of the prepared
formulations (Chs and Tg-Chs) were measured at 25 ° C
through dynamic light scattering (DLS) analysis (Zetasizer
Nano ZS90, Malvern Instruments, UK).

Encapsulation efficiency (EE %), loading capacity (LC)

and process yield (Y)

The encapsulation efficiency (EE %) of Tq was
calculated for (Tg-Chs). The sample was centrifuged for the
separation of the free drug (supernatant) from the
encapsulated one (pellet) at 12,000 rpm (VS-18000 M, Korea,
power 220V/50 HZ) for 30 minutes. The clear supernatant
(KMC-1300V, BIONEX, Korea) was then collected and
vortexed to get a homogeneous mixture, after centrifugation
the gained pellets were diluted with deionized water and
sonicated for 10 minutes for another use. These procedures
were repeated 3 times for the same sample. The amount of
free Tq in the supernatant was dissolved in ethanol and
sonicated for 10 minutes, then the absorbance was measured
at 330 nm using a visible UV spectrophotometer
(Bhattacharya et al., 2015) (Jenway 6405, U.K.). From the Tq
calibration curve, the concentration of the free drug was

estimated in the supernatant. The encapsulation efficiency
and the loading capacity were calculated for (Tg-Chs) from
the following equations:

Encapsulation Efficiency %

Initial concentration — Final concentration
= — - X 100 %
Initial concentration

Loading capacity %
_ Initial concentration — Final concentration

% 1009
Nanoparticles weight %

The process vyield of the prepared nanoparticles was
calculated from the next equation:

P ield(Y) = w1 100
rocess yie = w2*

Where: W1 is the weight of dried nanocapsules recovered, W2: is the
sum of the initial dry weights of the starting materials. The pellet
was dried and weighed after centrifugation at 10,000 rpm, 4 °C
for 15 min. The analysis of all samples in triplicates was done to
avoid mistakes in the calculation of the EE%, LC and Y.

In vitro drug release

A dialysis bag (MWCO 12.000 g / mole; Sigma-
Aldrich) was employed for in-vitro release profiling of (Tg-
Chs). The in-vitro release experiment was carried out using a
flask containing 80 ml of PBS (pH 6.5), at 37 ° C £ 0.5 ° C.
The equivalent amounts of formulations loaded with drugs (5
ml) were packed and immersed in a dialysis bag. At pre-
established time intervals (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5,
55,6,7,8,9,10, 11, 12, 18, 24, 30, 36, 42, 48, 54, 60, 66, 72
hrs), a 3 ml sample was removed and substituted by fresh PBS
and then, the absorbance was measure at 330 nm using a UV-
Vis spectrophotometer.
5. Infection of silkworm larvae with bacteria

According to Aneja (2003), pathogenic bacteria were
collected from diseased black thorax of Septicemia infected
larvae and cultured overnight in nutrient agar medium at
37°C. Then, some colonies were selected and transferred into
sterile 10 ml (0.85%) NaCl (stock solution). Serial dilutions
with different concentrations of bacterial spore suspension
(100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20% and
10%) was made according to Cockerill et al., (2012).
Silkworm B. mori larvae were artificially infected by spraying
the concentration (50%) of bacterial spore suspension on
mulberry leaves which were then fed to larvae once on the 2
day of the 5" instar larvae.
6. In vivo experiments
Silkworm rearing technique

After egg hatching, larvae were reared in the laboratory
at 25 + 2° C and 75 + 5% relative humidity according to
Krishnaswami (1978). The newly hatched larvae were fed on
fresh clean mulberry leaves until the 5 instar, which is the
stage that was used in our bioassays.
Schedule of application

Larvae were divided into three groups fed on
mulberry leaves treated with (free Tq, free Chs and Tg-
encapsulated Chs). Each group was divided into two
subgroups representing drug concentrations (0.05% and
0.1%) with 3 replicates (50 larvae for each). Mulberry leaves
were washed and let dry. Then, leaves were immersed in each
concentration for 5 minutes and left to dry, then, offered to
larvae (1 diet/day) twice; at the beginning of the 5" larval
instar and at the middle of the same instar. Two control groups
(positive control with infection and without treatment and
negative group without infection or treatment) were fed on
leaves and were only treated with distilled water.
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7. Biochemical aspects

Samples of haemolymph were collected at the 7t
day of the 5" larval instar by incising one of the thoracic legs
of larvae and bending the body to expose the sternum at the
position of the incised leg. This ensured proper drainage of
the haemolymph avoided any risk of internal organs injury.
The haemolymph of each treatment was collected in 1.5 ml
Eppendorf tubes with small crystal of phenyl thiourea
(PTU) to prevent melanization of sample and to be prepared
for biochemical assays according to Mahmoud (1988)
protocol.

Oxidase activity: Mixed function oxidases (MFO)

p-nitroanisole o-demthylation was assayed to evaluate
the mixed function oxidase activity according to the method of

Hansen and Hodgson (1971).

Determination of phosphatases activity: Acid phosphatase

activity

Acid phosphatase activity was measured according to
the method of Laufer and Schin (1971).

Determination of total lipid content

The total lipid content of the haemolymph was
determined by the phosphovanillin method of Baronos and
Blackstock (1973).

Determination of total carbohydrate content

The total carbohydrate content of the haemolymph
was determined according to Singh and Sinha (1977).

8. Identification and determination of proteins by sodium
dodecyl sulfate polyacrylamide gel-electrophoresis
(SDS-PAGE)

Polyacrylamide gel electrophoresis (PAGE) was
used for the separation of protein subunits and the
determination of protein molecular weights in fresh samples
of haemolymph of mulberry silkworm Bombyx mori (5"
larval instar) which electrophoresed at the same time in the
same gel as described by Laemmli (1970).

9. Statistical Analysis

Obtained data was subjected to analysis of variance
(ANOVA) as one way to find the differences among different
treatments. Statistical analysis was conducted using Proc
ANOVA in SAS (SAS Institute, 1988). Means separation was
conducted using Duncan Multiple Range Test using the same
program.

RESULTS AND DISCUSSION

Results
1. Physical and chemical aspects of the prepared formulations
Transmission electron microscopy (TEM)

Transmission electron micrographs for Chs NPs and
Tg-Chs NPs are illustrated in Figure 1 (a and b,
respectively). The TEM images showed the presence of
regular and relatively homogeneous particles. All
formulations have morphology almost spherical in shape
with a smooth surface and few aggregations.

Particle size and zeta potential

The calculated hydrodynamic particle sizes of the
different formulations: Chs Nps and Tg-Chs NPs were
200425, 390+70, respectively. The polydispersity index
distribution (PDI) was 0.36 and 0.51 for Chs and Tg-Chs,
respectively. The mean zeta potentials for Chs and Tg-Chs
were found to be 166 mV, 323 mV, respectively.
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Figure 1. Transmission electron microscopy (TEM)
micrographs of a: Chitosan nanoparticles
(ChsNps) and b: Thymoquinone-loaded
Chitosan nanoparticles (Tg-Chs NPs).

Encapsulation efficiency measurements (EE %6), loading
capacity (LC %) and process yield

The Tq encapsulation efficiency for Tqg-Chs was
76%+16. The loading capacity for Tq-Chs was 15%z3. The
process yield for Tg-Chs was 7% £ 0.4.
In vitro drug release

The in-vitro release of Tg-Chs has been assessed to
provide some indication of drug delivery fulfillment. The
release profile of Tq from Tqg-Chs revealed that approximately
31.5 % of Tq were released at a relatively rapid rate through
the first 54hrs; the formulation maintained then persistent
release up to 72 hours (Figure 2).

Drug Release Curve

Cumulative Drug Release %
=3
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Time (hrs)
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Figure 2. Drug release profile of Thymoquinone (Tq) from
Thymoguinone-loaded Chitosan nanoparticles
(Tg-Chs NPs).

2. Invivo results

Oxidase activity: Mixed function oxidases (MFO)

As seen in Figure 3, a significant decrease was noticed
among means of MFO activity (p<0.0001, LSD0.05=3.182)
in case of larvae treated with the 2" concentration (0.1%) of
both (Tg-Chs) and Chs (20.67+0.87 & 21.63+0.87 mmole sub.
oxidized/min/ml) respectively, followed by the 2™
concentration (0.1%) of Tq (24.82+0.87 mmole sub.
oxidized/min/ml). Meanwhile, means of the 1% concentration
(0.05%) of (Tg-Chs), Tq, Chs and positive control recorded
(25.92+1.44, 26.52+1.27, 26.4+1.10& 28.11+0.98 mmole
sub. oxidized/min/ml), respectively.
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Figure 3. Effect of thymoquinone-loaded Chitosan (Tq-
Chs), free thymoquinone (Tq) and free
Chitosan (Chs) nanoparticles with different
concentrations on mixed function oxidase
activity (MFO) of the infected fifth larval instar
of Bombyx mori L.
Acid phosphatase activity
As illustrated in Figure (4), the results of acid
phosphatase activity pointed to highly significant increases
(p<0.0001, LSDogs= 1.224) in enzyme activity means with
different concentrations of treatments compared with the
positive control (3.49+0.31pug phosphate/min/ml); the 2™
concentration (0.1%) of (Tg-Chs) followed by Chs (0.1%)
recorded high acid phosphatase activity (12.94+ 0.18 &
11.53+0.25 pg phosphate/min/ml), respectively. By the same
way, the 2" concentration (0.1%) of Tq showed a higher level
of the enzyme activity (9.92+0.21 pg phosphate/min/ml) than
the 1%concentration (0.05%) of (Tg-Chs), Chs then Tq
(9.48+0.15, 9.09+0.18 then 8.31+0.18 pg phosphate/min/ml),
respectively.
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Figure 4. Effect of thymoquinone-loaded Chitosan (Tg-
Chs), free thymoquinone (Tq) and free
Chitosan (Chs) nanoparticles with different
concentrations on acid phosphatase activity of
the infected fifth larval instar of Bombyx mori L.
Total lipid content
The obtained results in Figure (5) indicate that, a highly
significant increase (p<0.0001, LSDges=2.859) was noticed in
total lipid content as a result of treating infected larvae with
different concentrations of treatments under investigation as
compared with control group (9.48+0.31 mg/ml); the 2™
concentration (0.1%) of both (Tg-Chs) and Chs showed high
significant lipid content than other treatments (18.30+1.21 &
16.27+0.22 mg/ml), respectively. Also, Tq (0.1%) and the 1%
concentration (0.05%) of (Tg-Chs), Chs and Tq showed high
lipid content (12.68+0.80, 12.55+0.89, 12.28+0.52 &
12.20+0.60 mg/ml) compared with the positive control.
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Figure 5. Effect of thymoquinone-loaded Chitosan (Tg-
Chs), free thymoquinone (Tq) and free
Chitosan (Chs) nanoparticles with different
concentrations on total lipid content of the
infected fifth larval instar of Bombyx mori L.
Total carbohydrate content
Al treatments with different concentrations exhibited
high significant increases in total carbohydrate content
(p<0.0001, LSDq 5= 2.744) compared with the control group
(Figure 6). Treated larvae with the 2™ concentration (0.1%) of
(Tg-Chs), Chs and Tq resulted in high significant increases in
carbohydrate content in  haemolymph  (61.55+1.21,
61.35+0.91& 60.39+£1.37 mg/ml), respectively. Similarly, the
1% concentration (0.05%) of the same treatments showed high
significantcontents of carbohydrates (54.4+1.18, 53.82+0.54
& 42.97+0.02 mg/ml), respectively, while the positive control
group recorded (26.36+0.83 mg/ml).
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Figure 6. Effect of thymoquinone-loaded Chitosan (Tg-
Chs), free thymoquinone (Tq) and free
Chitosan (Chs) nanoparticles with different
concentrations on total carbohydrate content of
the infected fifth larval instar of Bombyx mori L.
Qualitative analysis of silkworm proteins

The proteins of Bombyx mori larvae treated with
Thymogquinone encapsulated Chitosan (Tg-Chs),
Thymoquinone (Tg) and Chitosan (Chs) with different
concentrations were analyzed by SDS-PAGE. The
electrophoretic pattern is shown in Figure (7) and Table (1); forty-
six polymorphic bands were detected with molecular weight
ranging from 108 to 8 KDa. The treatments under investigation
share the band with molecular weight 8 KDa.

Both concentrations of (Tg-Chs) 0.05 and 0.1% share
the band with molecular weight 65 KDa. The concentration
0.1% of (Tg-Chs) was distinguished by the bands has
molecular weights 23 & 20 KDa. While the 1% concentration
of the same treatment (0.05%) was marked by the bands have
molecular weights 72, 59 & 43 KDa.
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Both concentrations of Tq share the bands with
molecular weights 66 & 29 KDa while being absent in the
control groups. The concentration 0.1% of Tgq was
characterized by the bands with molecular weights 57, 46 &
24 KDa. The 1% concentration of the same treatment (0.05%)
was characterized by the band with molecular weight 48 KDa.

The two concentrations of Chs share the band with
molecular weight 60 KDa, the concentration of Chs (0.05%)
demonstrated some characteristic bands with molecular
weights 84, 74, 68 & 39 KDa.

The protein band with molecular weight 75 KDa was
present in control groups, while absent in other treatments
under investigation.

Table 1. Effect of Thymoquinone-loaded Chitosan (Tg-Chs), free Thymoquinone (Tqg) and free Chitosan (Chs)
nanoparticles with different concentrations on the protein-banding patterns of the infected fifth larval instar of

Bombyx mori L.
T. Tg-Chs Tq Chs T. Tg-Chs Tq Chs C  +C
Mwt 0.05% 0.1% 0.05% 0.1% 0.05% 01% -C +C Mwt 0.05% 0.1% 0.05% 0.1% 0.05% 0.1%
108 0 0 0 0 0 0 0 + 51 0 0 0 0 0 0 + 0
101 0 0 0 0 0 0 + 0 49 + + 0 0 + + 0 0
100 + 0 0 0 0 + 0 0 48 0 0 + 0 0 0 0 0
99 0 + 0 + 0 0 0 0 46 0 0 0 + 0 0 0 0
98 0 0 + 0 + 0 0 0 43 + 0 0 0 0 0 0 0
88 0 0 0 0 0 0 + 0 42 0 0 0 0 0 0 0 +
84 0 0 0 0 + 0 0 0 4 0 0 0 0 0 + + 0
75 0 0 0 0 0 0 + + 39 0 0 0 0 + 0 0 0
74 0 0 0 0 + 0 0 0 38 0 + + 0 0 + 0 0
72 + 0 0 0 0 0 0 0 36 + 0 0 + 0 0 0 0
71 0 0 0 + 0 + 0 + 32 0 0 0 0 0 0 0 +
70 0 0 0 0 0 0 0 0 30 + + 0 0 + 0 + 0
69 0 0 0 0 0 0 + 0 29 0 0 + + 0 + 0 0
68 0 0 0 0 + 0 0 0 28 0 0 0 0 0 0 0 0
66 0 0 + + 0 + 0 0 24 0 0 0 + 0 0 0 0
65 + + 0 0 0 0 0 0 23 0 + 0 0 0 0 0 0
63 0 0 0 0 0 0 0 + 20 0 + 0 0 0 0 0 0
61 0 0 0 0 0 0 + 0 13 0 0 0 0 + 0 + +
60 0 0 0 0 + + 0 0 12 + 0 0 + 0 + 0 0
59 + 0 0 0 0 0 0 0 11 0 + + 0 0 0 0 0
58 0 + + 0 0 0 0 0 10 0 + 0 0 + 0 + +
57 0 0 0 + 0 0 0 0 9 + 0 0 + 0 + + +
53 0 0 0 0 0 0 0 + 8 + + + + + + 0 0
Discussion
183 Nigella sativa (black cumin) contains an active
component called thymoquinone (Tq) to which the therapeutic
13 effects of N. sativa was imputed. Regrettably, one major
7 dysfunction of the Tq is its low biological availability which,
171 due to its low water solubility, can reduce its therapeutic
10 effectiveness. Therefore, the present research aims to increase
0 Tq bioavailability by using chitosan (Chs) nanoparticles as a
70 nanocarrier.
4 Chs is the fundamental construction unit on which we
28 rely in the present study. Chs is considered as a medicinal
material extracted from a substance that develops harsh
10 external shells in crustaceans and has remarkable advantages
just as: being indigestible to keep the long-term effect of the
drug, biodegradable because it is extracted from natural
products, vitally compatible and has no harmful impacts on
living tissue and as well non-toxic impacts. Polyanion sodium

Figure 7. Protein banding patterns of the infected fifth
larval instar larvae of Bombyx mori treated with
thymoquinone-loaded Chitosan (Tg-Chs), free
thymoquinone (Tqg) and free Chitosan (Chs)
nanoparticles with different concentrations.

Lane 1: Marker with M.wt. 150, 137, 117, 100, 70, 41, 28 & 10 KDa.

Lane 2: Protein bands of larvae treated with Tg-Chs (0.05%6).

Lane 3: Protein bands of larvae treated with Tg-Chs (0.1%6).

Lane 4: Protein bands of larvae treated with Tq (0.05%0).

Lane 5: Protein bands of larvae treated with Tq (0.1%6).

Lane 6: Protein bands of larvae treated with Chs (0.05%b).

Lane 7: Protein bands of larvae treated with Chs (0.1%6).

Lane 8: (-) Control.

Lane 9: (+) Control.

triphosphate (TPP) is added to the manufacturing of chitosan
nanoparticles through the development of ion interconnections
through attractions of the TPP with the positive-chitosan
amine group between the negative-charged phosphate groups
and these physical connections have reversible characteristics
and improve the characteristics of nanoparticles (Yang et al.,
2009).

The increased size of (Tg-Chs) NPs can be owing to
an increase in the amount of negatively charged Tq in the
solution in comparison to chitosan polymer, leading to a
decrease in the positively charged Chs and negatively charged
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TPP interactions by vying with TPP, leading to an increase in
NP size from 200 nm to more than 390 nm (Calvo etal., 1997).

The current data revealed that the rate of release of Tq
from (Tg-Chs) NPs was rapid throughout the first hours, then
followed by a prolonged release that last for 72 hours. The
initial quick release from Tq might be attributable to its release
from nanoparticles' surface and to its deferred release due to
the release of Chs from the core of nanoparticles (Alam et al.,
2012).

Nanoparticles have tendency to repel each other and provide
diffusion stability with elevated positive or negative zeta-
potentials > 30 mV. If the zeta potential values are low (less
than 5 mV), no force is present to prevent the particles from
agglomerating resulting in diffusion instability (Paolino et
al., 2006; Gumustas et al., 2017). The mean zeta potentials
for Chs Nps and (Tg-Chs) NPs were found to be 1616 mV,
3243 mV, respectively.

The biochemical results clarified that, there was an
obvious improvement in the tested biochemical parameters,
when treating infected larvae with the different formulations
under investigation, compared with the positive control group.
Treating infected larvae with Tg-Chs especially the
concentration (0.1%) exhibited a highly significant decrease in
oxidase activity, while activity of acid phosphatase was
significantly increased, followed by free Chs and free Tq with
the same concentration and then, the concentration 0.05%. This
enhancement may be attributed to the antioxidant and
antibacterial properties of Tg-Chs, which rely on the inhibitory
activity against bacteria due to the methanolic part of Tg which
inhibitsthe synthesis of the cell wall by inducing changes in the
structure of the membranes through inhibiting bacterial protein
synthesis (Khsai, 2002; Randhawa and Al-Ghamdi, 2002). As
well, the antibacterial activity of Chs depends on the interaction
between Chs and bacterial cell membranes, which inhibit the
transfer of essential solutes into the cell and leads to leakage of
proteinaceous and intracellular components leading to kill the
cell of bacteria, and the minimum inhibitory concentration
(MIC) of Chs ranged from 0.005 to 0.1% building on the
species of bacteria and the molecular weight of Chs as
documented by No et al. (2002) and Chung et al. (2011).

The study revealed also significant elevations in the
lipid and carbohydrates contents as a result of treating larvae
with Tg-Chs followed by free Chs and free Tq with the
concentration 0.1% then the concentration 0.05%, compared
with control group. The improvement of these biochemical
aspects may be owing to disease resistance against pathogen
as a result of the significant antimicrobial activity of Tq extract
of N. sativa on Gram positive and negative bacteria. Also, Tq
is a major active lipophilic component of N. Sativa and have
many pharmacological characteristics just as its immu-
nomodulation, anti-inflammatory and antioxidant effects
(Mansour et al., 2002; Aljabre et al. 2005; Al-Majed et al.,
2006). Furthermore, Chs showed a strong bactericidal effect
for positive bacteria than negative bacteria. It is known that the
cell membrane of gram positive bacteria is covered by a cell
wall composed of layers of peptidoglycans containing
acetylmuramic acid also D- and L-amino acids and teichoic
acid whereby the positively charged amino groups of Chs
binds, leading to cell wall distortion or disruption and resulting
in expose the cell membrane to osmotic shock and exudation
of cytoplasmic constituents and potential extraction of

membrane lipids resulting in bacterial death (Vishukumar et
al., 2005; Tortora, 2010).

For the generation of molecular markers based on
protein polymorphisms, the most common technique is the
electrophoretic separation of proteins, then specific staining of
a unique protein subclass. Changes in haemolymph proteins of
the 5th instar infected larvae were mentioned qualitatively due
to the therapeutic technique based on treating infected B. mori
larvae with treatments; (Tg-Chs) followed by free Chs and free
Tq using two concentrations 0.1% then 0.05% of each of them.
The band with molecular weight 65 KDa was evident in (Tg-
Chs) treatment. Chs is characterized also by the presence of the
band with molecular weight 60 KDa, meanwhile the bands
with molecular weights 66 & 29 KDa were detected with Tq.
The appearance of these specific new bands which are
characteristic for each treatment while absent in the control
groups, may be attributed to changing into one or more of the
other protein components of the blood, or to the increase of the
rate of digestive (amylase) and oxidizing (succinate
dehydrogenase) enzymes which help in the utilization of
exogenous food materials, leading finally to more production.
While, absence of protein bands may point to either failure of
production, utilization or breakdown of blood proteins to
preserve amino acid concentration in the blood which might be
consumed to form silk proteins, as documented by
LakshmiKumari et al. (1997) and Mahesha et al. (2000). These
changes in haemolymph proteins may be also owing to levels
of bombyxin hormone (an insulin-like protein) in blood which
is modulated by the brain as a result to variation in nutrients,
and consists a part of the mechanism harmonizing the growth
of internal organs with overall somatic growth; it also has a role
in carbohydrate metabolism as documented by Nijhout and
Grunert (2002). Therefore, the results of the protein analysis are
positively correlated with the biochemical qualities of larvae.

CONCLUSION

The promotion of silk protein synthesis and enhanced
silk production of silkworm larvae depend on the healthy
growth of larval instar and with being pathologically free.
From the results obtained in the present study, it can be
concluded that Thymoquinone (Tq) and Chitosan (Chs) were
found to have an inhibitory impact against pathogenic bacteria
attacking Bombyx mori larvae, and proved their activity as
antioxidant and anti-inflammatory, especially with higher
concentration (0.1%), with various mechanisms. Moreover,
the antibacterial effect of Tq against pathogenic bacteria might
be increased by loading it into Chs nanoparticles.

Disclosure of potential conflict of interest
The authors declare no conflict of interest.

REFERENCES

Al-Majed, A. A.; Al-Omar, F. A. & Nagi, M. N. (2006):
Neuroprotective effects of thymoquinone against
transient forebrain ischemia in the rat hippocampus.
Eur J Pharmacol. 543:40-47.

Alam, S.; Khan, Z. I.; Mustafa, G.; Kumar, M.; Islam, F.;
Bhatnagar, A. & Ahmad, F. J. (2012): Development
and evaluation of thymoquinone-encapsulated
chitosan nanoparticles for nose-to-brain targeting: a
pharmacoscintigraphic study. International journal of
nanomedicine, 7, 5705. 10.2147/1JN.S35329.

358



J. of Plant Protection and Pathology, Mansoura Univ., Vol. 11 (7) July, 2020

Aljabre, S. H. A; Randhawa, M. A; Akhtar, N; Alakloby, O.
M; Alkurashi, A. M. & Aldossary, A. (2005):
Antidermatophyte activity of ether extract of Nigella
sativa and its active principal thymoquinone. J.
Ethnopharmcol. 116-119.

Aneja, K. R. (2003): Experiments in microbiology, Plant
pathology and biotechnology. New Age International
(P) Limited Publeshers, 4th Edition. P.376.

Anitha T.; Sironmani P.; Meena P. & Vanitha R. (1994) P:
Isolation and characterization of pathogenic bacterial
species in the silkworm, Bombyx mori L. Sericologia,
34 (1): 97 -102.

Baronos, H. and Blackstock, J. (1973): Estimation of lipids in
marine animals and tissue: Detailed investigations of
the sulphophosphovanillin method for total lipids. J.
Exp. Mar. Biol., Ecol., 12: 103-118.

Bhattacharya, S.; Ahir, M.; Patra, P.; Mukherjee, S.; Ghosh,
S.; Mazumdar, M.; Chattopadhyay, S.; Das,
T.,Chattopadhyay, D. & Adhikary, A. (2015):
PEGylated-thymoquinone-nanoparticle mediated
retardation of breast cancer cell migration by
deregulation of cytoskeletal actin polymerization
through miR-34a. Biomaterials, 51, 91-107.

Calvo, P; Remunan Lopez, C; Vila Jato, J. L. & Alonso, M. J.
(1997): Novel hydrophilic chitosan polyethylene
oxide nanoparticles as protein carriers. Journal of
Applied Polymer Science, 63(1), 125-132.

Chitra, C.; Bhandarkar, A.; Karanth, N. G. K &
Vasantharajan, V. N. (1973): Studies on Sappe' disease
of the silkworm Bombyx mori L. I. Isolation and
characterization of pathogenic bacteria from diseased
silkworms. Current Science, 42:373-376.

Choudhury, A; Guba, A; Yadav, A; Unni, B. & Roy, M.
(2002): Causal organism of flacherie in the silkworm
Antheraea assama: isolation, characterization and its
inhibition by garlic extract. Phytother. Rca. 16: 89-90.

Chung, Y. C.; Yeh, J. Y. & Tsai, C. F. (2011): Antibacterial
characteristics and activity of water soluble chitosan
derivatives prepared by the maillard reaction.
Molecules. 16:8504-8514.

Cockerill, F. R.; Wikler, M. A.; Alder, J.; Dudley, M.N;
Eliopoulos, G.M.; Ferraro, M.; Hardy, D. J.; Hecht, D.
W.; Hindler, J. A; Patel, J. B.; Powell, M.; Swenson,
J. M.; Thomson, R. B.; Traczewski, M. M.; Turnidge,
J.D.; Weinstein, M. P. & Zimmer, B. L. (2012):
Methods for dilution antimicrobial susceptibility tests
for bacteria that grow aerobically. Approved Standard-
Ninth Edition. Volume 32 Number 2, Clinical and
Laboratory Standards Institute (CLSI). P.12. ISBN 1-
56238-784-7.

Gumustas, M.; Sengel-Turk, C. T.; Gumustas, A.; Ozkan, S.
A. & Uslu, B. (2017): Effect of Polymer-Based
Nanoparticles on the Assay of Antimicrobial Drug
Delivery Systems. In Multifunctional Systems for
Combined Delivery, Biosensing and Diagnostics (pp.
67-108). Elsevier.

Hansen, 1. G. & Hodgson, E. (1971): Biochemical
characteristics of insect microsomes. N-and o-
demethylation. Biochem. Pharmachol. 20:1569-1578.

Jia, S.; Lu, Z.; Gao, Z.; An, J.; Wu, X.; Li, X.; Dai, X.; Zheng,
Q. & Sun, Y. (2015): Chitosan oligosaccharides
alleviate cognitive deficits in an amyloid-p1-42-
induced rat model of Alzheimer's disease.
International journal of biological macromolecules,
83, 416-425.

Khader, M. & Eckl, P. M. (2014): Thymoquinone: an
emerging natural drug with a wide range of medical
applications. Iran J. Basic Med.Sci; 17:950-957.

Khsai, A. W. (2002): Isolation and characterization of active
ingredients from Nigella sativa for antibacterial
screening. Master's thesis, Dept. of chemistry, East
Tennesse State University.

Kokoska, L; Havlik, J; Valterova, I; Sovova, H; Sajfrtova, M.
& Jankovska, 1. (2008): Comparison of chemical
composition and antibacterial activity of Nigella sativa
seed essential oils obtained by different extraction
methods. J. Food Prot; 71:2475-2480

Krishnaswami, S. (1978): New technology of silkworm
rearing. Central Sericulture Researches and Training,
Inst., Mysore Bull., 2:1- 10.

Kumar, M. R.; Muzzarelli, R.; Muzzarelli, C.; Sashiwa, H. &
Domb, A. J. (2004): Chitosan chemistry and
pharmaceutical perspectives. Chemical reviews,
104(12), 6017-6084. 10.1021/cr030441b.

Laemmli, U. K. (1970): Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature
227, 680-685

LakshmiKumari, B; Ananthanarayana, S. R. & Jayaprakash,
K. (1997): Effect of radiation on the activity of
digestive enzymes in the silkworm Bombyx mori L.
Sericologia, 37(2): 221-228.

Laufer, H. & Schin, K. S. (1971): Quantitative studies of
hydrolytic enzymes activity in the salivary gland of
Chironomustentans (Diptera:Chironomidae) during
metamorphosis. Can. Entomol., 103: 454-457.

Lei, Z.; Pang, X.; Li, N.; Lin, L. & Li, Y. (2009): A novel two-
step modifying process for preparation of chitosan-
coated Fes04/SiO, microspheres. J. Mater. Process.
Technol., 209: 3218-3225.

Mahesha, H. B.; Theiaswini, P. H. & Honnaiah, S.(2000):
Haemolymph proteins of F1 progeny raised from ethyl
methanesulfonate treated silkworm Bombyx mori L.
Indian J. Seric., Vol. 39, No.2, 139-144.

Mahmoud, S. M. (1988): Activation of silk secretion by
silkworm, Philosamia ricini and Bombyx mori after
applying antibiotics. Ph. D. Thesis, Faculty Agric.,
Cairo University, Egypt.

Mansour, M. A.; Nagi, M. N.; EI-Khatib, A. S. & Al-Bekairi, A.
M. (2002): Effects of thymoguinone on antioxidant
enzyme activities, lipid peroxidation and DT-diaphorase
in different tissues of mice: a possible mechanism of
action. Cell Biochem Funct., 20:143-151.

Nijhout, H. F. & Grunert, L. W. (2002): Bombyxin is a growth
factor for wing imaginal disks in Lepidoptera.
Proceedings of the National Academy of Sciences
USA99 (24): 15446-15450

No, K. H.; Park, N. Y.; Lee, S. H. & Meyers, S. P. (2002):
Antibacterial activity of chitosans and chitosan
oligomers with different molecular weights.
International Journal of Food Microbiology. 74:65-72.

359



Eman M. Hassanand Heba M. Fahmy

Okeke, I.; Laxminarayan, R.; Bhutta, Z.; Duse, A.; Jenkins, P.
& OBrien, T. (2005): Antimicrobial resistance in
developing countries. Part I: recent trends and current
status. The Lancet Infectious Diseases, 5: 481-493.

Pandiarajan, J.; Jeyarani, V.; Balaji, S. & Krishnan, M. (2016):
Silver nanoparticles an accumulative hazard in silkworm:
Bombyx mori. Austin J. Biotechnol. Bioeng., 3(1): 1057.

Paolino, D.; Sinha, P.; Fresta, M. & Ferrari, M. (2006): Drug
delivery systems. Encyclopedia of medical devices
and instrumentation.

Patil, R. R.; Naika, H. R.; Rayar, S. G.; Balashanmugam, N.;
Uppar V. & Bhattacharyya, A. (2016): Green
synthesis of gold nano-particles: its effect on cocoon
and silk traits of mulberry silkworm (Bombyx mori L.).
Particulate Science and Technology, 35(3): 291-297.

Patil, G. B. & Surana, S. J. (2017): Bio-fabrication and
statistical optimization of polysorbate 80 coated
chitosan nanoparticles of tapentadol hydrochloride for
central antinociceptive effect: in vitro—in vivo studies.
Avtificial cells, nanomedicine, and biotechnology,
45(3), 505-514. https://doi.org/10.3109/21691401.
2016. 1163713.

Paulino, A. T.; Simionato, J. I.; Garcia, J.C. & Nozaki, J.
(2006): Characterization of chitosan and chitin
produced from silkworm crysalides. Carbohydr.
Polym., 64: 98-103.

Prashanth, K. H. & Tharanathan, R. N. (2007): Chitin/chitosan:
modifications and their unlimited application potential—
an overview. Trends in food science & technology, 18(3),
117-131. https://doi.org/10.1016/] ifs.2006.10.022.

Randhawa, M. A. & Al Ghamdi, M. J. (2002): A review of
pharmacotherapeutic effects of Nigella sativa. Pak. J.
Med. Res. 41(2):77-83.

SAS Institute (1988): SAS users guide. Statistics SAS
Institute, Cary, N.C.

Sakthivel, S.; Angaleswari, C. & Mahalingam, P. U. (2012):
Isolation and identification of bacteria responsible for
flacherie in silkworms. Adv. Appl. Sci. Res., 2012,
3(6):4066-4068

Singh, N. B. & Sinha, R. N. (1977): Carbohydrates, lipids and
proteins in the developmental stages of Sitophilusoryzae
and S. Granaries (Coleoptera: Curculionidae). Ann.
Entomol. Soc. Amer., 70: 107-111.

Sonia, T. A. & Sharma, C. P. (2011): Chitosan and its
derivatives for drug delivery perspective. In Chitosan
for biomaterials 1 (pp. 23-53). Springer, Berlin,
Heidelberg. https://doi.org/10.1007/12_2011 117.

Subramanian, S.; Mohanraj, P. & Muthuswamy, M. (2009):
New paradigm in silkworm disease management
using probiotic application of Streptomyces noursel.
Karnataka J. Agric. Sci. 22(3): 499-501.

Tanaka, K.; Uda, Y.; Ono, Y.; Nakagawa, T.; Suwa, M.;
Yamaoka, R. & Touhara, K. (2009): Highly selective
tuning of a silkworm olfactory receptor to a key
mulberry leaf volatile. Curr. Biol. 19, 881-890.

Tortora, J.; Funke, B. R. & Case, C. L. (2010): Microbiology:
An Introduction; Pearson Benjamins Cummings: New
York, NY, USA., 85-88.

Truman, J. W. & Riddiford, L. M. (1999): The origins of insect
metamorphosis. Nature 401, 447-452.

Vishu Kumar, A. B.; Varadaraj, M. C.; Gowda, L. R. &
Tharanathan, R. N. (2005): Characterization of chito
oligosaccharides prepared by chitosanolysis with the
aid of papain and pronase and their bacterial action
against Bacillus cereus and Escherichia coli.
Biochemistry Journal.; 391:167-175.

Yang, Y. M. & Shao, J. (2000): Synthesis of sulfhydryl chitin
and its adsorption properties for heavy metal ions. J.
Applied Polymer Sci., 77: 151-155.

Yang, W., Fu, J.; Wang, T. & He, N. (2009): Chitosan/sodium
tripolyphosphate nanoparticles: Preparation,
characterization and application as drug carrier.
Journal of biomedical nanotechnology, 5(5), 591-595.

Zhou, L., Wang, Y. Liuy Z & Huang, Q.
(2009): Characteristics of equilibrium, kinetics studies
for adsorption of Hg(ll), Cu(ll) and Ni(ll) ions by
thiourea-modified magnetic chitosan microspheres. J.
Hazard Mater., 161: 995-1002.

") oganSia g g All Baga o 48 gL gl Clasn JA03 Adlall 0y i gadl) Balal L iSall sldaal) il

A acall J213 e tia yaa U i Alaal
"2 gagh dana d 510 3 gana (o

raa Ao )3l il S pa i) A g i gag gaa el &gag acdl

saa b ALY drda | a gl 4408 4y gal) ol judl) and?

13 il ¢ 5 sl ) 38U (Tq) Y 55 5a0) 4(Ch) e sl o it € 531 0 small 00 s ) Al d ) s

A A ol il (e Al 0 DA (g i) a3 Apsesd) Ly L Abadll ")) sanSane 'l land (TQ-Chs NPS) 4 sl sl Claws
sl S il L 5 <y 50 Sl ¢y saall IS 5 sl (miixed function oxidase) sauS sall Jal sall (5 sicse dl S dadlaal) 5 jall i
(0.05%, ) Cxsline (o 5S i 1o S5 (sl Alisall ) ypzmaily Alalmal) il 31 o e e same S 4345 8 e gama O ) Uil siie B ) asn 5 38
(8 A oY) (U] &y ot 2 5 ) ALYl 5 Cadall 3 5 Lgana cpasnd (3 sk (e Lgalatiind 5 ) (S0 Al ) juantll a5 23 B5.0.1%
Aala Aot CObaall 30O Sal Jalial) 5 U Sl Sliaal) Bl 5liS 3aly y Jam o) G B i) Ao sl cdbiall o ) i) o Uil 85 paall
£0.1% 38 leindas 5 U il 3 8 (MFO) pf s sieadd o sine it el U(T-Chs NPS dslis 5, 580 43 e 3 0 3333 e
Ak galady sina 8y i) < pelal IS sima Loalditl Ll oy 3391 (5 sinsn (il Cum (T) a0 538 sl 5 (ChS) s siadll Lgilbma o Al B )
Al a8 ) msen (30,190 (oY1 S A plasind wa el 5.l a0 KU 5 (lipid) s e IS IS (s sisd 5 acid phosphatase a il i
e Al 28 Ak dl) Blaal G (g ) ) ) el e dae (B Laal 5 Ll Aslall B 23 gl e sl el LS (g K10 5 Jaa
8ol A () (s Law B pll Al ANal) S (455 ) (555 (B uan 2 93 5 a3 Lo J g SIA B g e Al JSI8 il g g0 gl ) 56k
A s s A Ayl L Sl LS (Chs) O sl s (T0) 058 safl) uleld (alin Ga Laa Al il o3¢l (sl angll yind A o 2l ) 5

(TQ-Chs) 4 siall s siadll iy s e (5 538 sl Jrandy IS il o3 il 5 Ao ldsaly ) (Sang gl Z U 5 805m (A by ity 5 5al)

360


https://doi.org/10.3109/21691401

