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Abstract

The majority of the medications used to treat trichinellosis had little bio-availability and a elevated resistance level. This work
compared the usage of Curcuma longa extract, pomelo peels extract, and their chitosan (CS) nanoparticles (NPs) versus the
existing albenazole treatment for experimental trichinellosis. A total of 49 male albino mice were used in this study. Healthy
controls (Gl), infected untreated controls (Gll), Albendazole-treated infected group (GlII), infected group receiving pomelo
peels extract (IV), infected group receiving pomelo peels extract-loaded CS NPs (GV), infected group receiving Curcuma
longa extract (GV1), infected group receiving Curcuma longa extract-loaded CS NPs (GV), infected group receiving Curcuma
longa extract loaded CS (G VII).They were divided into seven experimental groups: healthy control (Gl), infected untreated
control (GII), Albendazole administered infected group (GlII), infected group receiving pomelo peels extract (1V), infected
group receiving pomelo peels extract-loaded CS NPs (GV), infected group receiving Curcuma longa extract (GVI), and
infected group receiving Curcuma longa extract-loaded CS NPs (GVII). The extracts were given orally to experimentally
infected mice at a rate of 100 mg/kg/day commencing 24 hours after infection and continuing for 14 days on parasite burden,
histological alterations in the gut, skeletal muscle, and oxidative stress. Except for the healthy control group, all groups were
infected orally with T. spiralis larvae at a dose of 200 larvae per mouse. On the 35" day following infection, all groups were
sacrificed. The results demonstrated a significant reduction in adult worm count during the intestinal phase in all treated
groups. The group treated with pomelo NPs had the highest reduction rate of adult worms, at 94.13 %. For the group treated
by pomelo NPs, it showed better rank compared to non-infected group and albendazole administered infected group, as well
as reduced larval count during muscle phase, the highest reduction rate of larvae was 80.2% for the group treated by Curcuma
NPs. The same concept has been counted for the encysted phase. This was reflected further by improved parasite burden,
histopathological alterations, cytokines and oxidative stress compared to control group and Albendazole administered infected
group. TNF-a, IL-6, NOS2, SOD3, a-GST concentrations have been investigated in sera and showed that TNF-o, IL-6, and
NOS2 levels have been elevated significantly (P <0.01) in infected group (GllI), while SOD3 and o-GST levels have been
significantly decreased compared to negative control (GI) (P<0.01). Treatment of infected mice with Curcuma and pomelo
NPs have been significantly improved (P<0.05) all parameters levels in sera and back them close to the original levels of
negative control. Finally, we can conclude that introduction of Curcuma and pomelo NPs could be of therapeutic potential use
against trichinellosis.

Key words: Trichinella spiralis, Albendazole, Chitosan Nanoparticles, Curcuma longa, pomelo peels.
1. Introduction animals that have been infected with Trichinella

Trichinellosis is a dangerous zoonotic parasite
iliness that is found all over the world. [1]. The
intestinal phase of trichinellosis is crucial since it
dictates both the disease's course and outcomes. The
public risk caused by these larvae in human ingestion
is linked to their distribution load in different
muscles. Because trichinellosis is so widely spread
among carnivorous animals, consumers must take
extra care to avoid becoming infected [2]. Humans
contract the virus by eating meat from pigs or other

larvae. These larvae are released from capsules after
eating infected meat, invading the intestinal cells at
the top position and maturing to adult worms. They
are fertilised in 2-3 weeks. Females yield 1500
newborn larvae, which enter and encapsulate in the
skeletal muscles via lymphatic and blood systems [3].
The Trichinella larvae persuade the muscle cell to
develop into a new one, known as a nurse cell, which
allows the larvae to live for months to years [4]. The
treatment for T. spiralis that is now available is
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ineffective [5]. The major anthelmintic medications
used to treat trichinellosis are benzimidazole
analogues like albendazole (ABZ) and others [6].
Despite this, they have a low bioavailability, a high
risk of resistance, and only moderate action against
encapsulated muscle larvae [7]. Furthermore, several
of these medications are prevented for pregnant
women as well as the under 3 children [8], while
others are thought to be carcinogenic [9].As a result,
efforts must be performed to recuperate effective and
safe antitrichinellosis medications using plants as
medicines [8], where they have low toxicity and
minimum burden effects [10].

Pomelo (Citrus grandis L. Osbeck) is a
popular citrus fruit endemic to the moderate tropical
regions of Southeast Asia.The fruits and peels are
high in Vitamin C and antioxidants such as f-
carotene, B-sitosterol, polyphenols, and others [11].
Anti-inflammatory, anti-oxidant, and anti-microbial
features are all found in pomelo. Pomelo peel oil
(PPO) is high in antioxidants [12].

Curcumin, the major active element in
Curcuma longa L., has been demonstrated to have
many pharmacological advantages, including anti-
parasitic actions [13]. Curcuma is high in
antioxidants, anti-inflammatory, anti-infection, and
anti-tumor compounds. Curcumin possesses many
pharmacological activities. This compound has anti-
oxidant, anti-inflammatory, anti-infectious, anti-viral,
and anti-carcinogenic impacts [14]. It reduces the
burden of parasite worm, pathology, and granuloma
size in the afflicted hepatic cells [13]. Curcumin has
been used as encapsulated NPs because it is a
powerful, biocompatible, and bioactive substance
with antibacterial properties [15].

Chitosan nanoparticles (CS NPs) have been
utilized as a drug delivery approach for the
cryptosporidium therapy [16]. Previous researches
have employed NPs as vehicles to deliver
medications to improve the effectiveness of therapy
[17]. Infections can affect healthy hosts, while also
stimulating the immune system of the infected host.
The immune system responds by producing harmful
oxidants known as free radical species [18].

Biochemical parameters, such as nucleic acid,
proteins, carbohydrates, lipids, and micro-nutrients
including vitamins, and carotenoids have been
definitely proven to be damaged by “radicals” [19].
Reactive oxygen species (ROS), for instance
hydroxyl and superoxide radicals, as well as
hydrogen peroxide are responsible for cell mortality
[20].

Chronic inflammation, age-related illnesses,
and cancer are all linked to ROS [21]. Because free
radicals are at the heart of many disease pathways,
lowering their production or completely eliminating
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these chemical species could be beneficial for disease
prevention and treatment [22]. Many anti-oxidants in
cells modulate the ROS formation, including
enzymatic and non-enzymatic processes [20], which
enable them to neutralise ROS, to defend biological
organisms from free radical damage [23].

Antioxidant enzymes like as catalase (CAT),
superoxide dismutases (SODs), glutathione reductase
(GR), as well as glutathione peroxidases (GPxs) are
part of the complex endogenous antioxidant system
[24]. Non-enzymatic substances such as glutathione
(GSH) [25] also play an important role. By
conjugating ROS and detoxifying lipid peroxidation
products, GSH shields the cell from the harmful
effects of endogenous and external oxidants
[26,27,28]. Interleukin-6 (IL-6) and IL-1 are
expressed constitutively in  human myoblasts,
whereas IL-1 and tumour necrosis factor (TNF-a) are
only found following treatment with pro-
inflammatory cytokines. IL-6 is a multifunctional
cytokine that is released in response to tissue injury
and infections [28,29].

Nitric oxide (NO) plays a limited function in
the evacuation of T. spiralis adults during the
intestinal phase of T. spiralis infection, but it is
mostly involved in intestinal pathology [30]. Many
structural and metabolic changes occur in muscles
during the muscular phase, which are modulated by
ROS (nitrogen and oxygen radicals) released from
the parasite and its host. These ROS can be reacted
with NO to generate peroxy-nitrate, which causes
muscle fibre mortality. This elevated iINOS activity in
T. spiralis-infected mice's skeletal muscle may play a
role in the host's biochemical defence mechanism
[30].

Overall, the goal of this work is to examine
the effects of Pomelo and Curcuma extracts and their
CS NPs on oxidative stress, parasitological, and
histopathological parameters in mice infected with
Trichinellosis in an experimental models.

2. Materials and methods
Experimental animals

This study was conducted on 49 laboratory-bred
female Swiss albino mice that were purchased from
Theodor Bilharz Research Institute, Imbaba, Giza,
Egypt, housed and fed according to the national
guidelines, the experiment has been approved by the
Research Ethics Committee.

Extraction of methanolic pomelo peels and
curcuma longa extracts

For preparing the extracts, the method of Ojarudi's
group [31]was used with some maodifications
(pomelo peels and rhizome of curcuma longa) was
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obtained from the local market at the Tanta
governorate, Egypt. Each Curcuma longa rhizome or
dreid pomelo peels was ground with a mechanical
grinder into a fine powder. The 200 g of powder was
dissolved in 600 ml of 95%ethanol in a beaker and
then kept in a water bath for 2 h at 50°C following
filtration and with whatman No. 1 filter paper more
than once and it was dried at room temperature.

Preparation of the inoculums

The diaphragms of heavily diseased pigs were
chopped into small pieces and manually combined.
Artificial digestion fluid (1 percent pepsin, W/V & 1
percent HCL, V/V) was used to digest these
fragments. Larvae were collected using the Baermann
technique in phosphate buffered saline at the end of
the digestion process [32]. The number of larvae per
ml. solution was calculated after the sediment of
larvae was separated in clean petri-dishes and washed
with phosphate buffer saline [32].

Parasite and dose of infection
Mice were prevented from food 12 hours before
infection, then each mouse was received 200 orally
inoculated larvae using a tuberculin syringe with
blunt nozzle according to [33].

Preparation of curcuma and pomelo extracts-
loaded chitosan nanoparticles

The  electrostatic  interaction  between
negatively and positively charged molecules such as
poly anionic and cationic polymers is used to create
nanoparticles (NPs) via the ionotropic gelation
process. The amino groups on chitosan NPs linked
with anionic groups of TPP salt in curcuma or
pomelo extract-encapsulated chitosan NPs. TPP was
synthesised at 1 mg/mL in acidified distilled water
(DW), and chitosan mixture was conducted at 1
mg/mL in DW. To begin, 1 mL of chitosan mixture
was agitated for 10 minutes before being adjusted to
1.5 mL with DW. Then, to 1 mg/mL of Kumquat
extract, add 5 L tween 80. The extracts of curcuma
and pomelo were then added to the chitosan mixture
in two distinct tubes. Finally, 100 uL. of TPP solution
as a cross linker were added to emulsified-Curcuma
or pomelo extract-chitosan solution in a dropwise
way. The obtained solution was stirred for 30 min
and centrifuged at 4000 g for 5 min. At last, the
supernatant was transferred into a new tube and kept
for subsequent analysis [34].

Curcuma and pomelo extracts-loaded chitosan
NPs characterization

The samples were sonicated for 5 min before
being analyzed and they were immediately used for
measurements.
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Entrapment efficiency measurement

Dialysis tubing technique was used to purify
the synthesized NPs for eliminating the impurities
and the free non-conjugated compounds suspended in
the solution by eluting it through regenerated
cellulose (Amicon 10,000 MWCO ultra filter,
Millipore, USA). The Entrapment efficiency (EE%)
for the NPs were measured and processed with the
microplate reader (BMG Labtech, Germany). The
compound entrapment efficiency was calculated from
the ratio of the compound amount incorporated into
the NPs to the total added compound amount [35].

Transmission electron microscopy (TEM)

Particle morphology of the NPs was examined
by TEM (Philips CM-10, FEI Inc., Hillsboro, OR,
USA). 100 pg/mL of the NPs were dropped into
formvar-coated copper grids, and after complete
drying, the samples were stained using 2% wi/v
uranyl acetate (Electron Microscopy Services, Ft.
Washington, PA). Image capture and analysis was
done using Digital Micrograph and Soft Imaging
Viewer Software [36].

Particle size and zeta potential analyses

Particle size and zeta potential of the NPs
were determined using Malvern Zeta Sizer (Nano ZS,
Malvern Instruments, UK). All the samples were
maintained at a constant temperature of 25.0°C.

Study design groups of animals

This study was carried out on laboratory bred
Swiss albino male mice (nh = 49) aged 8 weeks,
weighing 20-25 g. Stool examination ofthe mice was
done prior to the study to sure the absence of any
intestinal parasitic infection.

All mice in the studied groups except normal
control were infected with T. spiralis larvae. The
experimentally mice were classified into seven main
groups (7 mice /cage) where they were categorized
into the following groups; GI: non-infected and non-
treated (negative control); GllI: infected and non-
treated (positive control); GllI: infected, treated with
Albendazole drug; 1V: infected, treated with curcuma
longa extract V: Curcuma longa extract-loaded
CSNPs, GVI pomelo peels extract and GVII pomelo
peels extract-loaded CSNPs.

The infected mice (GlII - GVII) were treated
orally starting from first day Pl by Albendazole
(ABZ) drug (GIII) or with 50mg/kg of tested extracts
twice daily (GIV to GVII) for 14 successive days. On
the 71" and 30" days post-infections, the infected mice
were sacrificed by their neck dislocation.

Albendazole administration
Albendazole (ABZ) drug was purchased from the
Egyptian International Pharmaceutical Industries Co.
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One tablet (100mg) was dissolved in 50ml distilled
water and given orally in a dose of 50mg/kg/day for
three consecutive days [37].

49 mice
(8 week old and weighing 20-25g)
7 normal mice - =

N 42infected mice with T. spiralis lzrvae in

| e | adose of 200 larvae per mouse
|
Dividedinto 6

groups

(7 mice for each)

—a—

T T T T L]
Positive contral Treated by ABZ Treatedby
(cn) (Gim) pomelo GIV)

1
Treated by Treated by Treated by
pomeloNPs curcuma (GVI) curcums NPs
V) f =

Fig. 1: Flow chart of experimental design

Parasitological Examination

For counting the number of adult worms, four mice
from each infected groups (untreated and treated
infected groups) were sacrificed on the 7" day to
investigate the effects of the extracts and their NPs
against adult worms (intestinal phase) [38]. Small
intestines of the treated and untreated infected groups
were removed, opened longitudinally were cut into 2
cm pieces and placed in a beaker containing 250 ml
0.85% physiological saline at 37°C for 3—4 h. After
that, the intestine was shaken well in the solution and
rinsed with saline. All the fluid was collected and
centrifuged at 1500 rpm for 5 min. The worms were
counted in the reconstituted sediment drop by drop
using a stereo microscope [39]. The average number
of adult warms per mice was also calculated [40].
Moreover,the efficacy of drug group or tested extract
groups calculated according to the equation:

Efficacy % = A-B X 100

A
Where: A = Number of worms or larvae extracted from
control animals. B = Number of worms or larvae extracted
from treated animals.
Compression diagnostic method
At 30 day all mice were sacrificed, then a piece from
each mouse diaphragm was placed between two
slides and pressed to obtain a thin layer which was
examined under low-power objective to detect the
presence of T. spiralis larvae and confirm infection
[41].

Collection of larvae

Artificial Digestion method

The carcasses of mice were weighed, diced, and
digested in acid pepsin solution after evisceration
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[42]. Digestion took place at 37°C for 2 hours.
Larvae were subsequently separated from each
mouse's digest by filtration. Through two layers of
gauze onto a 200 mesh cm—2 sieve [43], which kept
any undigested tissues but allowed for digestion the
passage of larvae of T. spiralis. After that, the tissues
were rinsed. Using tap water and simple
sedimentation to concentrate larvae 30 minutes
technique The supernatant was poured away, and the
sediment was left behind and repeatedly cleaned
three times with tap water sedimentation.

Counting of T. spiralis larvae

The silt was measured, and three 0.1 mL samples
were distributed on a microscope slide to count larvae
using a McMaster counting chamber (10 objective)
[43,37]. We calculated the number of larvae per gram
of tissue by averaging the results of three counts. The
effectiveness of each formula was determined by
comparing the number of larvae collected from
infected groups that had been treated and those that
had not been treated.

Biochemical analysis

Assessment of oxidant/antioxidant status in sera of
mice was evaluated using some ELISA kits of Tumor
necrosis factor-alpha (TNF-a), Interleukin 6 (IL-6),
Nitric oxide synthase-2 (NOS2), Superoxide
Dismutase 3 (SOD3), a-glutathione S-transferases (a-
GST) concentrations were quantitatively measured
using ELISA Kkits purchased from (Wuhan Fine
Biotech Co., China).

Sample Collection and Storage

The whole blood sample was placed at room
temperature for 2 hours and centrifuged for 20
minutes at approximately 1000xg. The serum was
collected and the assay carried out immediately. The
blood collection tubes were disposable, non-
pyrogenic, and non-endotoxin.

ELISA procedure

The Competitive-ELISA detection approach
was used in the development of these kits. The target
has been pre-coated on the given microtiter plate.
During the process, a set amount of target on the
solid phase supporter competes with target in the
sample or standard for sites on the Biotinylated
Detection Antibody specific to target. Excess
conjugate and unbound sample or standard were
removed from the plate, and each microplate well
was incubated with HRP-Streptavidin (SABC). After
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that, each well is filled with TMB substrate solution.
The enzyme-substrate reaction is stopped, and the
colour change is detected using a spectrophotometer
at 450nm.The target concentration in the samples is
then determined by comparing the OD of the samples
to the standard curve.

Histopathological examination

Muscle specimens were acquired from the hind leg of
mice euthanized on the 30th dpi, whereas one
centimetre from the jejunum at the junction of the
proximal 1/3 and distal 2/3 was removed from mice
sacrificed 7 dpi [44].These specimens were fixed in
10% buffered formalin, cut into 1 c¢cm thick slices,
dehydrated with alcohol, cleaned with xylol, and then
imbedded in paraffin wax, which was then processed
into paraffin blocks. Serial paraffin slices of 5m
thickness were cut with a Reichert Rotary microtome
and stained with Harries Hematoxylin and Eosin [45].

Statistical analysis

All results were presented as mean + standard
deviation (SD). Results were analyzed statistically by
one-way analysis of variance (ANOVA) using SPSS
15.0 program, IBM Company (NY, USA) and value
of P<0.05 was considered statistically significant.

3. Results

Characterization of the NPs

In the present study, TEM used to illustrate
the morphology of the synthesized Curcuma and
pomelo extracts-loaded CS NPs. Fig 2A,B showed
the TEM images of the two NPs. The average size of
the Curcuma NPs was around 127.5 nm (Fig 2A),
while the average size of the pomelo NPs was
ranging from 137 nm and 247.7 nm (Fig 2B) of the
particles in the TEM images. The images display
spherical NPs with a nano-capsule of CS shell. The
dialysis tubing approach was used to determine the
entrapment efficiency (EE %) of synthesised
Curcuma and pomelo NPs. The EE percent of the free
Curcuma and pomelo inside the nano-capsules was
found to be 88.32 % and 91.21 %, respectively (Table
1).

The Curcuma and pomelo-loaded CS NPs were
characterized using the Malvern Zeta Sizer
equipment Dynamic Light Scattering (DLS).
Statistical analysis showed that their Z-average
diameters were 125.5+6.12 nm and 185.84+ 9.01 nm,
respectively. The polydispersity indexes (PDI) were
0.1 and 0.35 for both NPs, respectively. These results
reflect the high constancy of the Curcuma and
pomelo NPs. On the surface of the Curcuma and
pomelo-loaded CS NPs, there was a constant pattern
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of positively charged zeta potential (ZP; + 34.1+2.51
mV and + 26.5+7.24 mV, respectively) (Table 1).

Fig. 2: TEM images of the Curcuma (A) and pomelo
(B)-loaded CS NPs. This image showed the morphology
of the NPs.

Table (1): Average of size, polydipersity index (PDI),
Zeta potential (ZP), and entrapment effeciency (EE) of
the synthesized NPs.

The nano-formulation of the Curcuma and
pomelo-loaded CS NPs was very stable; where zeta
potential and PDI index of the synthesized NPs
indicated that they are stable formulations. Because
the ZPswere not near to zero and the PDI value was
less than 0.5 for both NPs, electrostatic stabilisation
would be sufficient to stabilize the suspensions.

Biochemical measurements

ELISA technique was utilized to investigate
some factors in mice's sera. TNF-a, IL-6, NOS2,

NPs type Mean + SD EE,
%
Size, nm PDI ZP, mV
Curcuma | 125.5+6.12 0.1 +0.00 +34.1+2.51 88.32
NPs
Pomelo 185.84+9.01 | 0.35+0.01 +26.5+7.24 91.21
NPs

SOD3, a-GSTlevels were tested, and illustrated in
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Figs. 3 and 4. In infected group (GllI), TNF-a, IL-6,
and NOS2 (Fig. 3A,B) levels were elevated
significantly (P <0.01), while SOD3 and a-GST (Fig.
4A,B) concentrations were significantly decreased
when compared to negative control (GI) (P<0.01).

Al 100

EGl
350 B Gl
300 E G
% 20 GIV
| |
E 200
2 150 uGV
¥ 100 = GVI
50 GVII
0
TNF-a(pg/ml) IL-6 (pg/ml)
B] 50 -+ a
w40 -
g
3 30 -
320
0
Z 10 -
0 _

NOS2 (ng/ml)

Fig. 3: TNF-a, IL-6 (A) and NOS2 (B)sera levels upon
treatments versus positive control (Gll) and negative
control (GI). a; means significance difference (P <0.01)
when comparing Gl with GI. b; means significance
difference (P <0.05) when comparing treated groups with
Gll.c; means high significance difference (P <0.05) when
comparing treated groups with GII.

Treatment of infected mice with Curcuma and
pomelo-loaded CS NPs were significantly improved
(P<0.05) all parameters levels in sera and back them
close to the original levels of negative control.
Indeed, the TNF-0, IL-6, and NOS2 levels in the
treated mice with ABZ, Curcuma extract, pomelo
extract, and their nanocomposites were significantly
decreased (P<0.05) compared to the infected mice
group (GII), reporting the highest significant decrease
(P<0.01) in GVI.

On the other hand, the SOD3 and o-GST
concentrations in the treated mice with ABZ,
Curcuma extract, pomelo extract, and their
nanocomposites showed high significant increase
(P<0.01) compared to the infected mice group (GlI),
recording significant increase(P<0.05) of SOD3 when
comparing GlII and GIV with GIlI.

Egypt. J. Chem. 65, No. 2 (2022)

A] 8 —

7 Gl
_6 =Gl
[7]
3> =Gl
!

"8‘3 =GV
P 5 mGv
1 =GVl

0 GVII

SOD3 (ng/ml)
B]
50 c
40 -
°
330
[
[C] 20 -
-]
10 -
O |

a-GST (mlIU/ml)

Fig. 4: SOD3 (A) and o-GST (B) sera levels upon
treatments versus positive control (GIl) and negative
control (GI). a; means significance difference (P <0.01)
when comparing GIlI with GI. b; means significance
difference (P <0.05) when comparing treated groups with
Gll.c; means high significance difference (P <0.05) when
comparing treated groups with GII.

Effects of pomelo, curcuma, and their NPs against
adult worms

A significant reduction of T. spiralis adult worm
count and larval count was recorded in all treated
groups as compared to infected group (G11). There
was a significant difference between all treated
groups (GII-GVII) (P<0.05). There was a significant
difference between albendazole treated group (G111)
and all treated groups (P<0. 01). The least count was
found in group (GV) which received pomelo CS NPs,
with efficacy of 94.1% followed by GVII which
received Curcuma extract loaded CS NPs with
efficacy of 88.26%, followed by (GVI) which
received Curcuma extract with efficacy of 74.57%.
The least decrease in the adult worms' count has been
seen in pomelo-treated group (G 1V) with efficacy of
56.96% (Table 2).

Effects of extracts and their NPs against encysted
larvae

On day 30 after infection, there was a significant
decrease of total larval counts in the infected treated
group (44 +0.81,6 +0.81, 26 +1.82, 12 +1.63) in
groups (GIV-GVII) as compared with infected
untreated group (68.75 4. 78) (P<0.05), with
resistance to infection 0%. The best reduction of
larval count was found in groups (GV and GVII)
which received pomelo peels extract loaded CS NPs
and Curcuma CS NPs with resistance to infection
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79.9%, followed by GVI which received Curcuma
extract with resistance to infection 67. 63%. The least
decrease in the count of the average larva has been
seen in pomelo-treated group (GIV) with resistance
to infection with efficacy 50.54%.

Table (2): Effects of extracts and their NPs against
adult worms

Groups Intestinal Resistance to
worms infection %
(MeanzSD)

Gl 0 Not infected

GllI 102.25%+1.7 -

GlllI oP 100

GIV 445 +0.81 56.96

GV 6° +0.81 94.13

GVI 26 +1.82 74.57

GVII 12° +1.63 88.26

Sig. 0.00 -

(P<0.05)

a; means significance difference (P <0.01) when
comparing Gll with GI. b; means very high significance
difference (P =0.00) when comparing treated groups with
Gll.

Table (3): Effects of extracts and their NPs against
encysted larvae

Groups muscle  larvae | Resistance to
(Mean£SD) infection %

A 0 Not infected

B 68.75%+4.78 -

C oP 100

D 34° +2.94 50.54

E 20° +2.16 70.9

F 22.25 +2.87 67.63

G 20° +0.81 70.9

Sig (0.05) 0.00 -

a; means significance difference (P <0.01) when
comparing Gl with Gl.b; means very high significance
difference (P =0.00) when comparing treated groups with
Gll.

Histopathological changes

Histopathological changes in the small
intestinal sections of different experimental groups
(H&E at high power view X (200 x, 400 x) (Figs. 5-
11). Normal group (G1) showed normal small
intestinal structure, and no histopathological changes
were observed (Fig. 5). Infected control group (GlI):
Intestinal wall showed thin mucosal thickness with
markedly and totally necrotic villi, partially necrotic
crypts, moderate inflammatory infiltrate with
scattered eosinophils extending to underlying
submucosa and musculosa (Fig. 6).

Egypt. J. Chem. 65, No. 2 (2022)

Albendazole (ABZ) treated group (GlII):
Intestinal wall showed average mucosal thickness
with average villi/crypt ratio, villi with average
connective tissue cores, intact brush border and
average goblet cells, average crypts, average
submucosa, as well as average musculosa (Fig. 7).

Pomelo extract treated group (GIV): Intestinal
wall showed scattered fragmented and partially
necrotic villi, villi with edematous connective tissue
cores, partial loss of brush borders and depletion of
goblet cells, average crypts, average submucosa, as
well as average musculosa (Fig.8).

Pomelo loaded CS NPs (GV): Intestinal wall
showed scattered fragmented and partially necrotic
villi with viable intra-mucosal parasite, villi with
average connective tissue cores, preserved brush
borders and average goblet cells, scattered
fragmented and necrotic calcified crypts, submucosa
with mild inflammatory infiltrate, and partially
edematous musculosa (Fig. 9).

Curcuma extract group (GVI): Intestinal wall
showed few scattered partially necrotic villi, scattered
villi with edematous connective tissue cores, marked
lymphoid hyperplasia, crypts with scattered apoptotic
cells, average submucosa, as well as average
musculosa (Fig. 10).

Curcuma  extract loaded CS NPs group

(GVII): Intestinal wall showed marked decrease of
mucosal thickness with intra-mucosal parasites,
partially necrotic villi, totally necrotic crypts with
mild inflammatory infiltrate and mildly dilated
congested blood wvessels, as well as average
musculosa (Fig. 11).

Fig. 5: Normal control (GI). A) high power view of
intestinal wall showing average villi/ crypt ratio and villi
composed of connective tissue core (black arrow) covered
by tall columnar epithelial cells (blue arrow), average
crypts (green arrow), and average musculosa (red arrow)
(H&E X 200). B) higher power view showing average villi
composed of connective tissue core (black arrow) covered
by tall columnar epithelial cells (blue arrow) with intact
brush border (red arrow) and average goblet cells (green
arrow) (H&E X 400) .
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Flg 6: posmve control group (GlI). A) hlgh power view
of intestinal wall showing thin mucosal thickness with
markedly necrotic villi (black arrow), average submucosa
(blue arrow), and destructed musculosa with mild
inflammatory infiltrate (red arrow) (H&E X 200).
B)another view showing partially necrotic crypts (black
arrow), moderate inflammatory infiltrate (yellow arrow)
with scattered eosinophils (green arrow), average
submucosa (blue arrow), and average musculosa (red
arrow) (H&E X 400).

Fig 7: drug control group (GlII). A) mtestlnal wall
showing average mucosal thickness with average villi
(black arrow), and average musculosa (red arrow) (H&E X
100). B) high power view showing average villi/ crypt ratio
with average villi (black arrow), average crypts (blue
arrow), and average musculosa (red arrow) (H&E X 200).

Fig. 8: Pomelo extract group (GlV) A) another view of
intestinal wall showing scattered fragmented (black arrow)
and partially necrotic villi (black arrow), and average crypts
(red arrow) (H&E X 200). B) higher power view showing
villi with edematous connective tissue core (black
arrow),partial loss of brush borders (blue arrow) and
depletion of goblet cells (red arrow) (H&E X 400).

Flg 9: Pomelo extract Ioaded CS NPs group (GV) A)
high power view of intestinal wall showing scattered
fragmented (black arrow) and partially necrotic villi (blue
arrow), intra-mucosal parasite (green arrow), and average
musculosa (red arrow) (H&E X 200). B)another view
showing fragmented crypts (black arrow) with viable intra-
mucosa parasite (blue arrow), and partially edematous
musculosa (red arrow) (H&E X 400).
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Fig.10: curcuma extract group (GVI). A) hlgh power
view of intestinal wall showing scattered villi with
edematous connective tissue cores (black arrow), and
average musculosa (red arrow) (H&E X 200). B) another
view showing crypts with scattered apoptotic cells (black
arrow), average submucosa (blue arrow), and average
musculosa (red arrow) (H&E X 400).

Fig. 11: curcuma extract loaded CSNPS group (GVII).
A)higher power view of intestinal wall showing partially
necrotic villi (black arrow) with intra-mucosal parasite
(blue arrow), and average musculosa (red arrow) (H&E X
400). B) higher power view showing partially necrotic

crypts (black arrow) with mild inflammatory infiltrate
(blue arrow), and mildly dilated congested blood vessels
(red arrow) (H&E X 400).

Histopathological changes in the skeletal muscle
sections of different experimental groups (H&E at high
power view X (200 x, 400 x) represented in (Figures 12 -
18). Normal group (Gl): showed normal muscle cells with
no inflammatory reaction (Fig. 12).

Infected control group (GII) showed skeletal
muscle showed heavy infestation by viable parasites with
mild inflammatory infiltrate, and partially necrotic muscle
fibers (Fig. 13). Albendazole (ABZ) treated group (GIII)
skeletal muscle showed partially edematous and markedly
necrotic muscle fibers, with few scattered inflammatory
infiltrate, and no parasites (Fig.14). Pomelo treated
group(GIV): skeletal muscle showed heavy infestation by
viable parasites, some parasites are partially calcified,
marked inflammatory infiltrate, lymphoid hyperplasia, and
markedly necrotic muscle fibers (Fig. 15). Pomelo loaded
CS NPs showed muscle showed few scattered partially
necrotic muscle fibers, no parasites (Fig 16). Curcuma
extract group skeletal muscle showed heavy infestation by
viable parasites and ova, marked inflammatory infiltrate,
and scattered partially necrotic muscle fibers (Fig. 17).
Curcuma CS NPs group showed skeletal muscle showed
heavy infestation by viable and few scattered necrotic
parasites with marked inflammatory infiltrate, and partially
necrotic muscle fibers (Fig. 18).
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Fig 12: Normal control (GI) A) skeletal muscle showmg
average muscle fibers with distinct borders (black arrow),
and average interstitium (red arrow) (H&E X 200). B) high
power view showing average muscle fibers with distinct
borders (black arrow) and peripherally located nuclei (blue
arrow), and average interstitium with average blood vessels
(red arrow) (H&E X 400).

Fig 13: positive control group (GII) A) skeletal muscle
showing heavy infestation by viable parasites (black arrow)
with mild inflammatory infiltrate (blue arrow), and partially
necrotic muscle fibers (red arrow) (H&E X 200). B) high
power view showing viable parasite (black arrow) with
mild inflammatory infiltrate (blue arrow), and partially
necrotic muscle fibers (red arrow) (H&E X 400).

Fig. 14: Drug control group (G111). A) high power view
of skeletal muscle showing markedly necrotic muscle fibers
(black arrow), and few scattered inflammatory infiltrate
(red arrow), no parasites (H&E X 400). B): another view
showing partially edematous (black arrow) and partially
necrotic muscle fibers (red arrow), no parasites (H&E X
400).

Flg 15 pomelo extract group (Gl\O A) skeletal muscle
showing infestation by viable parasites (black arrow) with
marked inflammatory infiltrate (blue arrow), and lymphoid
hyperplasia (red arrow) (H&E X 100). B) another view
showing partially calcified parasite (black arrow) with
marked inflammatory infiltrate (blue arrow), and partially
necrotic muscle fibers (red arrow) (H&E X 400).
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Fig 16: pomelo loaded CSNPS group (GV) A) h|gh
power view of skeletal muscle showing few scattered
partially necrotic muscle fibers (black arrow), no parasites
(H&E X 200). B) higher power view showing few scattered
muscle fibers with bright eosinophilic cytoplasm (black
arrow), no parasites (H&E X 400).
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Flg 17: curcuma extract group (GVI) A)hlgh power
view of skeletal muscle showing heavy infestation by
viable parasites (black arrow) with marked inflammatory
infiltrate (blue arrow), and partially necrotic muscle fibers
(red arrow) (H&E X 200).B): another view showing
infestation by viable parasite (black arrow), and marked
inflammatory infiltrate (red arrow) (H&E X 400).

Fig. 18 curcuma Ioaded CSNPS group (GII) A) high
power view of skeletal muscle showing heavy infestation

by viable parasites (black arrow) with marked
inflammatory infiltrate (blue arrow), and partially necrotic
muscle fibers (red arrow) (H&E X 200). B): another view
showing infestation by viable parasites (black arrow) with
mild inflammatory infiltrate (blue arrow), and partially
necrotic muscle fibers (red arrow) (H&E X 400).

Discussion

Because of its broad spectrum of activity and
low cost, albendazole is widely used against intestinal
parasites [46]. However, numerous important
parameters influence its efficacy, including oral
bioavailability, which is mostly determined by
solubility, and the timing of treatment initiation after
infection [47]. According to several recent studies,
there may be a strong chance of finding some
alternative medication molecules derived from
medicinal plants that can be used to treat T. spiralis
infections effectively [48,49,50].

The efficiency of pomelo extract, Curcuma
extract, and pomelo and Curcuma extract loaded CS
NPs against different stages of T. spiralis in mice was
compared to a positive control and albendazole, a
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common commercial medicine. The present study
disclosed a remarkable low in the average count of
adult warms as well as larvae in all treated groups.
ABZ showed the highest effect versus both the
intestinal and muscular phases. These results showed
high significant decrease in the average count of adult
warms in treatment with pomelo  extract NPs
followed by Curcuma longa extract loaded CS NPs,
while curcuma extract then pomelo extract had the
least efficacy. While pomelo and Curcuma extract
loaded CS NPs had the same effect on larvae count
(70.9%) reduction followed by Curcuma extract then
pomelo extract Tables (2 and 3).

These findings corroborated those of [46],
who stated that micro-crystals prepared from CS
seem to be the best choice for optimising the
absorption of compounds orally. They also stated that
microencapsulated formulations (based on chitosan
particles of various concentrations) were designed to
improve albendazole dissolution rate in treating T.
spiralis infected mice during the intestinal
pharyngitis phase.

The high therapeutic response was related to
improved albendazole bioavailability and intestinal
bioavailability in these formulations, as well as
improved drug dissolution rate and, as a result, drug
absorption by intestine T. spiralis w. These results
agreed with Priotti's group [46]who indicated that the
micro-crystals madewith CS appear to be the best
options to optimize oral absorption of the active
reported that microencapsulated formulations based
on CS particles with different concentrations,
designed to improve albendazole dissolution rate
intreating T. Spiralis infected mice during the
intestinal phase of the parasite cycle. The high
therapeutic response observed was due to a better
bioavailability of albendazole and improvement of
the intestinal bioavailability of the drug in these
formulations and improving the drug dissolution rate
and consequently, its absorption by intestinal T.
spiralis worms. The smaller the particle size, the
higher the surface area and the faster the dissolving
rate of drug particles is well-known [46].

Abdel-Latif's team [51] found that chitosan
particles reduced both adult and egg counts in mice
infected with H. nana (95 % for adult and 77 % for
eggs.

The current findings contradicted with that
mentioned by Gaafar's team [52], who found no
significant reduction in parasite count in the infected
group treated with chitosan nanoparticles in the
treatment of murine toxoplasmosis when compared to
controls. When compared to the free medication,
curcumin-loaded nanoparticles demonstrated less
cytotoxicity. As a result, CS-coated NPs could be a
promising technique for directly delivering curcumin
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into the oral cavity for the treatment of oral cancer
[53]. Treatment with C. maxima peel extracts has the
potential to be  both  therapeutic  and
immunoregulatory in the treatment of
Cryptosporidiosis [54].

A significant reduction in the present study in
serum TNF-a on 30" days p.i. was observed in all
treated groups (GlII- GVII) compared to positive
control (GII). Curcuma CSNPs (GVII) showed the
highest reduction, followed by group treated with
pomelo extract CS NPs (GV), followed by groups
treated with Curcuma extract and pomelo extract,
respectively. TNF-a is implicated in apoptosis and
systemic inflammation. Wu's team found that the
TNF-o/TNF receptor 1 signalling pathway is
involved in nurse cell production via apoptosis and
anti-apoptosis [55], with associated indirectly with
our findings.

IL-6 is the first myokine to be discovered, and
it is secreted by muscle cells to regulate metabolic
processes in other tissues [56]. IL-6 production from
exercised muscle was linked to a high plasma IL-6
content [57]. It was found IL-6 gene expression in T.
spiralis-infected people' peripheral blood
mononuclear cells treated with crude worm extract.
These findings show that elevated IL-6 expression in
diseased skeletal muscle can contribute to systemic
IL-6 induction, which has been described as a pro-
inflammatory cytokine as well as an anti-
inflammatory myokine [58].

T. gondii [59,60] is an example of an
infectious pathogen for which IL-6 is a key cytokine
in the protective immune response [61]. They was
also found that after T. gondii infection and treatment
with enrofloxacin, toltrazuril, or a combination of
sulfadiazine and pyrimethamine, proinflammatory
cytokines such as IL-6 were reduced in villous
explants.These findings could be one way for the
parasite to elude the immune system, according to the
authors.

The immune system's functional role of nitric
oxide (NO) is debatable. As a result, the role of NO
in parasite diseases is still being debated, and further
research is needed [62]. Inducible nitric oxide
synthase (iNOS or NOS2) inhibitor aminoguanidine
(AG) [63]. It has been utilised in several
experimental investigations to examine its effect on
parasite load and the inflammatory process, including
toxocariasis,  filariasis,  hymenolepiasis,  and
strongyloidiasis [64]. iNos oxide in untreated infected
mice showed very high significant value compared to
infected treated mice. After administration of tested
extract, extract loaded CS NPs showed a significant
reduction in serum NOS2 on 30™"days p.i. GV and
GVII in this study revealed a high significant
decrease in the NOS2 compared to other groups.
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In mice persistently infected with Toxoplasma
gondii, the iINOS inhibitor L-NMMA (NG-
mononomethyl-L-arginine) indicated reactivation of
infection with enhanced inflammatory alterations in
brain regions, according to Scharton-Kersten et al.
[65]. In contrast to previous findings [66], it was
discovered that iNOS activity is not required for the
regulation of intra-cerebral persistent toxoplasmosis
in the latent phase of infection.Mice infected with
toxoplasmosis and treated with the I-N6-iminoethyl-
lysine (I-NIL) iNOS inhibitor revealed decreased
iNOS expression in brain regions [67].

SOD, GPx, and TAS are antioxidant enzymes
that help the body fight free radicals [68]. SOD and
GPx are two of the most important defence
antioxidants, preventing the formation of new free
radical species by converting existing free radicals
into less harmful molecules before they can react, or
by preventing the formation of free radicals from
other molecules. In the present study, we observed a
significant increase in the activity of both antioxidant
enzymes SOD and GSH in the blood from mice
infected with T. spiralis and treated with pomelo
loaded CS NPs and curcuma loaded CS NPs
compared to other groups.

As shown in our results, GSH (nhon-enzymatic
antioxidant or a-GST) decrease in the serum of
infected-untreated mice showed oxidative stress in
the current investigation. Muscle tissues from
infected mice showed a similar increase in SOD
activity from mice infected with T. spiralis [69].

Our findings imply that antioxidant enzymes
like SOD and GPx, as well as non-enzymatic low
molecular antioxidants, may play a key role in the
host's biochemical defence mechanisms against
oxygen-derived free radicals during trichinellosis.
The importance of antioxidant processes in host
defence mechanisms during parasite infections
(Plasmodium spp., Schistosoma mansoni,
Dicrocoelium dendriticum, Wuchereria bancrofti,
Trypanosoma cruzi) has been proven in various
researches.

Before settling inside the striated muscles, T.
spiralis can generate systemic inflammatory
symptoms throughout the body. During migration, its
most deadly stage, new borne larvae (NBL), passes
through the bloodstream of several organs [70]. After
penetrating skeletal muscle tissue, Trichinella larvae
cause a strong inflammatory response, which is
responsible for the accompanying myopathy [71].
When compared to infected untreated mice, there was
a significant reduction in  histopathological
abnormalities, including the inflammatory cellular
infiltration, necrotic muscle fibers and larval
deposition. The majority of infected mice treated with
the tested extract showed mild inflammation,
however animals treated with pomelo and curcuma
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loaded chitosan nanoparticles showed the greatest
reduction in inflammation and larvae deposition of all
the treatment groups. The change in histopathology
agrees with Abou Rayia's team [37].

This could be because CS-based microcrystals
appear to be the greatest alternative for optimising
oral absorption [72]. It was also widely understood
that the smaller the particle size, the higher the
surface area and the faster the drug particle
dissolution rate [46].

Prior investigations found a link between
histopathological alterations and previous studies
[50,37]. Controlling inflammation lowered the
release of systemic cytokines from activated immune
cells, alleviating symptoms such as fever, tissue
edoema, and vasculitis [29]. Furthermore, Abdel
Latif's results have agreed with the current CS
findings [51]. In Hymenolepis nana infected mice,
CS improved intestinal morphometric measures and
reverted changes to nearly normal length and width,
as well as crypts.

Curcumin has been used in the creation of
nanoparticles as a powerful, biocompatible, and
bioactive agent with antibacterial properties [16,17].
Curcumin was loaded into chitosan nanoparticles
using an ionotropic gelation technique in this work.
Citrus peel extracts were found to be efficient against
root knot nematodes [73]. Curcumin has been used in
the creation of nanoparticles as a powerful,
biocompatible, and bioactive agent with antibacterial
properties [16,17]. Curcumin was loaded into
chitosan nanoparticles using an ionotropic gelation
technique in this work. Citrus peel extracts have been
shown to be effective against nematodes [73].

Conclusion

The findings of the current study denote that
remarkable biochemical, oxidative stress,
histopathological, and parasitological alterations may
have a therapeutic role for trichinellosis treatment in
vivo when treated with Curcuma or pomelo-loaded
CS NPs.
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