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Abstract
Most of the drugs used for trichinellosis treatment showed a limited bioavailability, a high
degree of resistance and a weak activity against encapsulated larvae. Therefore, there is an
urgent need to develop new agents to improve the bioavailability of these drugs. So, the aim
of the present study was to assess the use of chitosan (CH) nanoparticles alone or loaded with
full and half dose albendazole (ABZ) to increase albendazole dissolution rate, to enhance its
antiparasitic activity during the muscular phases of T. spiralis infection. Fifty male albino
mice were used. They were divided into six experimental groups. Two control groups each
includes five mice and four infected treated groups each includes ten mice. Chitosan nanopar-
ticles were used orally at a dose of 100mg/kg/day starting from the 31% -day post infection
(dpi) for seven successive days either alone or loaded with full dose or half dose of ABZ. Re-
sults revealed a significant improvement in all treated groups with the highest reduction rate
(97.3%) of muscle larval counts, improvement of muscular histopathological changes, and
degeneration of encysted larvae with minimal pathologic changes of infected skeletal mus-
cles. A significant decrease in inducible nitric oxide synthetize (iINOS) expression in muscle
tissues was in mice treated by CH loaded with a full dose of ABZ compared to control group.
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Introduction

Trichinella spiralis (T. spiralis) is a nema-
tode parasite that infects about 11 million
people worldwide (Murrell and Pozio,
2011), particularly in the Mediterranean re-
gion and African countries (Pozio, 1991) In
Egypt, it was reported in man (Abdel-Ha-
feez et al, 2015) and in slaughtered pigs in
Cairo Abattoirs (Morsy et al, 2000).

Generally, Trichinellosis is a serious food-
borne parasitic zoonosis caused by eating
the raw or undercooked pig meats contami-
nated with the Trichinella spiralis encysted
larvae (Gottstein et al, 2009). Its life cycle
consists of two phases; enteral and muscular
(Abou Rayia et al, 2017). Within the skele-
tal muscles, the larvae induce the myocyte to
transform into a new cell type called nurse
cell, which maintains the life of the larvae
for months or even up to years (Despo-
mmier, 2009). Heavy infection causes seri-
ous muscle pain and other complications or
even death (Taratuto and Venturiello, 1997).

301

The commonly used drugs for trichinello-
sis are benzimidazole derivatives as albend-
azole®, flubendazole®™, mebendazole®, or
thiabendazole® (McKellar and Scott, 1990).
These drugs have a better outcome at the
stage of intestinal invasion. However, when
included in conventional pharmaceutical
forms, these drugs fail to be effective to Kkill
the muscle encysted larvae (Pozio et al,
2001) or the newborn larvae of T. spiralis
(Saad et al, 2016). They have a high degree
of resistance and a weak activity against en-
capsulated larvae (Garcia et al, 2014).

The nanoparticles have been used widely
in previous studies as vehicles to deliver
drugs or vaccines to improve their therapeu-
tic efficacy (Jiang et al, 2013; Gaafar et al,
2014). Chitosan (CH) is a natural polysac-
charide produced by deacetylation of chitin
(Abdel-Latif et al, 2017). It is used in the
pharmaceutical applications due to its bioco-
mpatibility, nontoxicity, muco-adhesiveness,
low immunogenicity and ecological safety
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(Priotti et al, 2017). Multiple approaches
aimed at improving ABZ water solubility
and dissolution rates, such as oil/water emu-
Isions (Mingjie et al, 2002), formulation of
chitosan microspheres (Abulaihaiti et al,
2015) and microcrystals (Priotti et al, 2017).
Also, it was demonstrated that the enhanced
bioavailability of the parent drug/ active me-
tabolite correlated with an improved an-
tiparasitic effect (Abulaihaiti et al, 2015).

The present study aimed to increase albe-
ndazole dissolution rate to enhance the anti-
parasitic activity during the muscular phases
of T. spiralis infection by assessing chitosan
nanoparticles loaded with the full and half
doses or alone during the T. spiralis muscu-
lar phases in experimental infected mice.

Materials and Methods

A total of 50 laboratory-bred parasites
free, male Swiss albino mice weighing 18-
20gm each, were used. Experimental ani-
mals were obtained from the animal house
of Theodore Bilharz Research Institute, Gi-
za, Egypt. Mice were fed on a standard pel-
let diet and water ad libitum. The isolate of
T. spiralis used was originally obtained from
infected pork from the Cairo Governmental
Slaughterhouse, and maintained in the la-
boratory of Medical Parasitology Depart-
ment, Tanta Faculty of Medicine by consec-
utive passages in animal model. They were
maintained in accordance with the institu-
tional and national guidelines and were kept
in the animal house exposed to 12 hours
light/12 hours; dark and fed on a standard
diet and tap water. Stool examination was
done prior to the study to be sure that mice
were free from any intestinal parasitic infec-
tion. Trichinella isolate used in this study
were genotyped as T. spiralis by the Euro-
pean Union Reference Laboratory for Para-
sites, Superior Institute of Health, Rome,
Italy. Mice were orally infected with 200 T.
spiralis larvae/mouse (Dunn and Wright,
1985) and maintained in accordance with the
institutional and national guidelines.

Drug administration: the Albendazole was
purchased as Alzental (Epico). One tablet
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(100mg) was dissolved in 50ml distilled wa-
ter and given orally in a dose of 50mg/kg/
day (Attia et al, 2015). Chitosan nanoparti-
cles: degree of deacetylation 93%. From
Sigma-Aldrich, USA, was used as a solu-
tion, given orally in a dose 100 mg/kg/day.
Chitosan nanoparticles loaded with either
full dose or half dose of ABZ, was adminis-
tered orally in a dose of 100 mg/kg/day
(Akhtar et al, 2012).

The experimental animals were divided
into six groups: GI (control negative) in-
cludes 5 mice, GIlI (control positive) in-
cludes 5 mice, GlII (infected treated by
ABZ) includes 10 mice, group IV (infected
treated by CH nanoparticles) includes 10
mice, GV (infected treated by CH nanopar-
ticles loaded with full dose of ABZ) in-
cludes 10 mice and GVI (infected treated by
CH nanoparticles loaded with half dose of
ABZ) includes 10 mice. Drugs were admin-
istrated from 31 days post infection for sev-
en consecutive days. Mice were sacrificed
49 days p.i. for evaluation of the drugs in the
muscular phase of infection. Muscle samples
were obtained from the hind limb of mice
and preserved in 10% formalin for histopa-
thological and immunohistochemical stud-
ies. The remaining muscles of mice were
digested for the larval count. Isolated larvae
of T. spiralis were preserved in glutralde-
hyde solution for scanning electron micro-
scopic study

T. spiralis larval count in muscles: Each
mouse was dissected and digested in 1%
pepsin (1:10.000) and 1% concentrated HCL
in 200ml distilled water. The mixture was
incubated at 37°C for an hour under contin-
uous agitation using an electric stirrer. The
digested product was passed via a 50mesh/
inch sieve to remove the coarse particles.
The encysted larvae were collected on a 200
mesh/inch sieve, washed twice with tap wa-
ter and then suspended in 150ml of tap water
in a conical flask. The supernatant fluid was
then discarded and the sediment larvae were
counted microscopically using a McMaster
counting chamber (Denham, 1965). Efficacy



of treatment (%) = 100 X mean number re-
covered in controls minus mean number re-
covered covered in treated mouse/mean nu-
mber recovered in controls (Ashour et al,
2016).

For histopathological examination, skele-
tal muscle specimens from the hind legs
were taken from mice sacrificed on the 49"
dpi (Monib et al, 2010). These specimens
were fixed in 10% formalin, dehydrated,
cleared and then embedded in paraffin
blocks (Garcia, 2007). Formalin-fixed, par-
affin-embedded sections (5um thickness)
were prepared and stained with hematoxylin
and eosin (H & E). Muscle specimens were
examined and sco-red using a semi-
quantitative score for the skeletal muscle
specimens: the number of larvae per low
power field was demonstrated and scored as
follows: +1 < 5 larvae, +2 =5-10 larvae, +3
> 10 larvae. Also, the intensity of the in-
flammatory reaction surrounding the capsule
was evaluated and scored: +1=mild,
+2=moderate, +3=intense reaction. For
evaluation of the extent of infection and in-
flammation, these two parameters were
used, an examination of 10 low-power fields
(x100) in each histological section was done
with the average score was calculated (Dru-
ry and Wallington, 1980).

Immunohistochemical staining of iNOS:
The presence of iINOS protein was analyzed
by immunohistochemical staining using the
avidin-biotin  immunoperoxidase complex
technique (Ultra vision & Detection System
anti-polyvalent HRP/DAB, ready to use;
Thermo Scientific Corporation, USA). Im-
munohistochemistry was performed accord-
ing to the manufacturing protocol. Tissue
sections (4pm thick) of the previously form-
alin-fixed, paraffin-embedded specimens
were cut and mounted. The sections were
deparaffinized and rehydrated in graded eth-
anol and endogenous peroxidase was block-
ed by using 3% hydrogen peroxide in meth-
anol for 5 minutes (min). For antigen re-
trieval, the slides were immersed in a citrate
buffer and put in the microwave for 8min.
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Samples were then incubated for an hour at
room temperature with iNOS (Rabbit Poly-
clonal Antibody; Thermo Scientific Corpo-
ration) at a dilution of 1:100. After the ap-
plication of a secondary antibody, slides
were developed using 3-3'-diaminobenzi-
dine chromogenic and counterstained with
hematoxylin. Negative control slides were
made by omitting the primary antibody. Sec-
tions from the lung were stained as a posi-
tive control (Attia et al, 2015).

Evaluation of iNOS expression: iNOS im-
mune stains were assessed microscopically
in 10 high power field (HPF) (x400) in each
tissue section. Positive cells for iNOS show
brownish cytoplasmic staining that was
semi-quantitatively scored based on the per-
centage of positive cells as follows: 0 (0-
9%), +1 (10-49% positive cells), +2 (50-
89% positive cells), +3 (>90% positive
cells). Staining intensity was graded as fol-
lows: 0 (no staining), +1: weak, +2: moder-
ate & +3: strong. The final scores were cal-
culated by multiplying the quantity score
with intensity score, divided by 3, with a
range from 0 to 9. A score of 7-9 was con-
sidered a strong immune-reactivity (+3); 4-
6= moderate (+2); 1- 3= weak (+1); and 0=
negative (Ravn et al, 1993; Lee et al, 2008).

SEM: Worms were directly pipetted into a
fresh fixation solution of 2.5% glutaralde-
hyde (w/v) in 0.1 M sodium cacodylate at
pH 7.2 and left overnight at 3 °C. Worms
were washed in 0.1 M sodiumcacodylate
buffer at pH 7.2 for 5 min, post-fixed in a
2% (w/v) osmium-tetroxide in sodium caco-
dylate buffer for 1hr. Specimens were dehy-
drated in an ethanol series, dried in liquid
carbon dioxide and mounted on a stub. After
sputter coating with gold, was examined by
Jeol microscope (Jeol Corp., Mitaka, Japan).

Statistical analysis: Data were tabulated
and analyzed by SPSS version 22.0 on IBM
compatible computer. Quantitative values of
the measured parameters were expressed as
mean * standard deviation (SD). Mann-
Whitney test (non-parametric test) tested the
significance between the two groups without



normal distributed quantitative variables.
Probability of significant differences was
determined by chi-square (y°) test. Differ-
ence was considered significant when P
<0.05, highly significant when p < 0.01 and
not significant when p > 0.05.

Results

The total larval count in all treated groups
showed a significant difference (Tab. 1), as
each compared to control non-treated group
(P< 0.001). The highest reduction of the to-
tal larval count was achieved by chitosan
nanoparticles loaded with a full dose of al-
bendazole (97.3 %), followed by the infect-
ed group that was treated with chitosan na-
noparticles loaded with a half dose of alb-
endazole (96.7%). While in GllI the larval
count reduction was 71.3%. The lowest re-
duction was detected in GIV treated with
chitosan nanoparticles (60.9%).

Muscles of infected control group showed
many encysted T. spiralis larvae (+3) each
surrounded by a thick intact capsule with
intense inflammatory infiltrate formed main-
ly of lymphocytes and macrophages with fat
deposition (Fig. 1a). Most of infected mice
that were treated with ABZ (80%) showed a
moderate degree of larval deposition (+2)
with a significant difference between GllI
and each of GIV, GV & GVI (P10=0.02,
P11=0.007, P12=0.02) respectively. Most of
larvae showed fragmentation, homogeniza-
tion (replaced by eosinophilic material) and
invasion by inflammatory cellular infiltrate.
Capsules around most of the larvae showed
thinning in some areas (Fig. 1b). CH treated
(GIV) showed a dense larval deposition (+3)
with degeneration of the larvae in the form
of fragmentation and invasion by inflamma-
tory cellular infiltrate (Fig. 1c). There was a
significant difference between GIV and each
treated group (Tabs. 2 & 3). The lowest in-
tensity of larval deposition in muscular tis-
sue was noticed in group treated with CH
nanoparticles loaded with full dose of ABZ
(GV) as eight mice out of ten recorded +1
scores (80%) with degeneration of the larvae
in the form of fragmentation, vacuolation,
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and invasion by inflammatory cellular infil-
trate (Fig. 1d). The same findings were ob-
served in the group treated with CH nano-
particles loaded with a half dose of ABZ
(GVI) but with higher intensity of larval
deposition in the muscular tissue while, no
significant difference between both GV&
GVI (P15=0.61).

Immunohistochemical expression of iINOS
in the muscular tissues of infected control
revealed strong staining (+3) in the inflam-
matory cellular infiltrate around the capsule
(Fig. 2a). Eight of ten of infected mice were
treated with ABZ (80%) showed moderate
degree of INOS expression (+2) (Fig. 2b)
with higher significant differences between
this group and each treated group (GIV, GV
& GVI) (P10=0.02, P11<0.001, P12=0.004)
respectively (Tab. 4). Chitosan treated group
showed the highest degree of iINOS expres-
sion among all treated groups (Fig. 2c).
Lowest intensity of iNOS expression (80%)
was noticed in the group treated with CH
nanoparticles loaded with a full dose of
ABZ (GV) as two mice out of ten recorded
negative INOS expression (20%) and 8/10
mice showed weak expression +1. This re-
vealed mild staining (+1) in inflammatory
cellular infiltrate around capsule (Fig. 2d).
Mice treated with CH nanoparticles loaded
with a half dose of ABZ (GVI) showed a
higher score of INOS expression without
significant difference (P15=0.08). No signif-
icant difference was between mice received
CH loaded with ABZ full dose or CH loaded
with a half dose of ABZ as to the histopath-
ological or immunohistochemical changes.

SEM in infected untreated group showed
cuticle with normal morphology (Fig. 3a).
Marked destruction was in all treated groups
with more destruction in that treated by CH
loaded with a full dose of ALB (GV). Culti-
cle showed areas with marked swellings,
multiple large blebs, fissures and vesicles
with loss of normal creases, ridges, and ann-
ulations of cuticle. Sloughing of some areas
of cuticle was observed (Fig. 3 b).

Details were given in tables and figures



Table 1: Comparison between the groups regarding larval count.

group MSD Range Reduction % | Mann Whitney test | P value of mean
Gl (control —ve) Il versus 111 =3.08 | P1=0.002*
(n=5) No No No Il versus IV =3.11 | P2=0.002*
GIl (control +ve) | 280200.0+3408.2 Il versus V =3.47 P3=0.001**
(n=5) 221000 — 300000 0% Il versus VI =3.11 | P4=0.001**
GlIl (infected TTT 71.3% I versus IV =0.91 | P5=0.36
e' ABZ) (n=10) 80360.0+56807.9 9400 — 140100 270 Il versus V =3.73 | P6<0.001**
Larval count Reduction % [ versus VI =3.57 | P7<0.001**
Mann Whitney test |P value of mean | IV versus V =3.99 | P8<0.001**
M+SD Range 6200 — 20201 97.3% IV versus VI =3.82 | P9<0.001**
' V versus IV b =3.19 | P10=0.001**
Table 2: Histopathological examination of muscular tissues of all groups regarding larval count.
Groups Larval deposition intensity | Larval deposition% in muscles + test P value
Gl (control —ve) (n=5) No. % I versus 11 =10.0 P1 =0.007*
0 5 100 I versus 111 =15.0 P2=0.002*
GlI (control +ve) (n=5) +2 1 20.0 I versus IV =15.0 P3=0.001**
+3 4 80.0 I versus V =15.0 P4=0.001**
Gl (infected TTT with +1 1 10.0 I versus VI =15.0 P5=0.001**
ABZ) (n=10) +2 8 80.0 11 versus 111=7.40 P6=0.02*
+3 1 10.0 Il versus IV=0.17 P7=0.68
GIV (infected TTT with +2 3 30.0 Il versus V =12.0 P8=0.002*
CH) (n=10) +3 7 70.0 Il versus VI =11.63 | P9=0.003*
GV (infected TTT with +1 8 80.0 111 versus IV =7.77 | P10=0.02*
CH + full ABZ) (n=10) +2 2 20.0 111 versus V =10.04 | P11=0.007*
GVI (infected TTT with +1 7 70.0 [l versus VI =7.77 | P12=0.02*
CH +half ABZ) (n=10) +2 3 30.0 IV versus V =15.20 | P13=0.001**
IV versus VI =14.00 | P14=0.001**
V versus VI =0.27 | P15=0.61

Table 3: Histopathological examination of muscular tissues of groups regarding inflammatory reaction intensity.

Groups Inflammation degree Inflammatory intensity y test P value
Gl (n=5) No. % I versus 11=10.0 P1=0.007*
0 5 100 I versus 111=15.0 P2=0.002*
GllI (n=5) +2 1 20.0 I versus IV=15.0 P3=0.001**
+3 4 80.0 I versus V=15.0 P4=0.001**
GllI (n=10) +1 1 10.0 I versus VI=15.0 P5=0.001**
+2 8 80.0 I versus 111 =7.40 P6=0.02*
+3 1 10.0 Il versus 1V =0.17 P7=0.68
GIV (n=10) +2 3 30.0 Il versus V =12.00 P8=0.002*
+3 7 70.0 Il versus VI =11.40 P9=0.003*
GV (n=10) +1 8 80.0 I versus IV =7.77 P10=0.02*
+2 2 20.0 Il versus V =10.04 | P11=0.007*
GVI (n=10) +1 6 60.0 11 versus VI =6.71 P12=0.04*
+2 4 40.0 IV versus V =15.20 | P13=0.001**
IV versus VI =13.14 | P14=0.001**
V versus VI =0.95 P15=0.33
Table 4: iNOS expression in muscular tissues in all groups.
Group iNOS expression intensity iNOS expression% 2 test P value
Gl (control —ve) (n=5) No. % I versus 11 =10.0 P1=0.007*
0 5 100 I versus 111 =15.0 P2=0.001**
GlI (control +ve) (n=5) +2 1 20.0 I versus IV =15.0 P3=0.001**
+3 4 80.0 | versus V =8.57 P4=0.003*
Gl (infected TTT with +2 8 80.0 I versus VI =15.0 P5=0.001**
ABZ) (n=10) +3 2 20.0 11 versus 111 =5.00 P6=0.02*
GIV (infected TTT with +2 3 30.0 Il versus 1V =0.17 P7=0.68
CH) (n=10) +3 7 70.0 Il versus V =15.0 P8=0.002*
GV (infected TTT with 0 2 20.0 Il versus VI =11.63 P9=0.003*
CH + full ABZ) (n=10) +1 8 80.0 111 versus 1V =5.05 P10=0.02*
GVI (infected TTT with +1 7 70.0 111 versus V =20.0 P11<0.001**
CH + half ABZ) (n=10) +2 3 30.0 11 versus V=11.27 P12=0.004*
IV versus V =20.0 P13<0.001**
IV versus V=14.00 P14=0.001**
V versus VI =5.07 P15=0.08
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Discussion

The commonly used drugs for the treat-
ment of trichinellosis are effective against T.
spiralis adults with no or low effects on the
encysted larvae in muscles (Kukhaleva et al,
2015). Albendazole is extensively used to
treat intestinal parasites due to its extended
spectrum activity and low cost (Priotti et al,
2017). But, it showed a high degree of re-
sistance and weak activity against encapsu-
lated larvae (Solana et al, 2009).

The present results revealed that the group
treated with chitosan nanoparticles loaded
with a full dose of albendazole (GV) gave a
high reduction percentage of larval count
(97.3%). This may be due to the microcrys-
tals made with chitosan which appear to be
the best options to optimize oral absorption
of the active pharmaceutical ingredient de-
signed to improve albendazole dissolution
rate in treating T. spiralis infected mice dur-
ing the intestinal phase of the parasite cycle
(Garcia et al, 2013). Also, it was well-
known that the smaller the particle size, the
larger the surface area and the faster the dis-
solution rate of drug particles (Priotti et al,
2017).

In the present study, larval count reduction
with albendazole was 71.3%. This agreed
with Siriyasatien et al. (2003); Shalaby et al.
(2010) and Abou Rayia et al. (2016). The
mild effect of albendazole on encysted lar-
vae may be attributed to the fact that once
the larvae were encysted in muscle tissues,
therapeutic intervention is not feasible as
their susceptibility to chemotherapies dimin-
ishes with the infection duration (Yadav and
Temjenmongla, 2006; 2012). But, Attia et
al. (2015) reported that larvae reduction was
90.9%. The lowest larval count reduction
(60.9%) was in the group treated with chi-
tosan nanoparticles. However, there was a
significant difference (P2=0.002) between
this group and the control one in the mean of
larval count. These results were in harmony
with Hoseini et al. (2016), Abdel-Latif et al.
(2017) and El-Dek et al. (2019) who used
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loaded chitosan particles for other parasites.
Chitosan has the ability to penetrate and ad-
here to the intestinal mucosa inducing intes-
tinal mastocytosis, goblet cells hyperplasia
and mucin 2 expressions (Tho-ngborisute et
al, 2006). The increased mucosal mast cells
count and mucus secretion trapped adult
worms and expel them (Khan et al, 1995).

In the present study, the lowest inflamma-
tion intensity and the lowest larval deposi-
tion were infected mice treated with chitosan
nanoparticles loaded with a full dose of al-
bendazole. There was marked decrease in
histopathological changes including the in-
flammatory cellular infiltrate compared to
infected untreated ones. Most of the infected
mice treated with albendazole showed a
moderate degree of inflammation and a
moderate degree of larval deposition, but
mice treated with chitosan nanoparticles
alone showed the highest degree of inflam-
mation and of larval deposition among all
treated groups. The histopathological chang-
es agreed with Shalaby et al. (2010) and
Abou Rayia et al. (2016). Control of in-
flammation reduced systemic cytokine re-
lease from activated immune cells, which
relieved clinical pictures like the fever, tis-
sue edema and vasculitis (Kociecka, 2000).

In the present study, the lowest intensity of
INOS expression was in infected mice treat-
ed with chitosan nanoparticles loaded with
albendazole full dose. Also, most of the in-
fected mice treated with albendazole showed
a moderate degree of iINOS expression with
higher significant differences. But, chitosan
treated group showed the highest degree of
INOS expression among all treated groups.
These results agreed with others who studied
INOS expression in mice infected with T.
spiralis (Yu et al, 2013; Attia et al, 2015).
Also, the stimulatory effect of ALB on en-
zymes involved in oxygen and nitrogen free
radical-based host defense (iNOS) in trichi-
nellosis was reported (Boczon et al, 2004;
Zeromski et al, 2005). This explains the iN-
OS expression in ALB treated groups. In the



present study, the effects of chitosan on iN-
OS expression agreed with Li et al. (2009).

Increasing the activity of iINOS and ind-
uced synthesis of NO in macrophages were
influenced by chitosan (Porporatto et al,
2003; Yu et al, 2004). This explained the
severe inflammation and the strong iNOS
expression in the chitosan treated groups.
The NO is identified as an important effec-
tor molecule that limits the pathogens in the
infected hosts by playing a role in tissue pa-
thology (Ashour et al, 2016). Host tissue
damage in the muscle phase of trichinellosis
was not only caused by the invading parasite
but also by inflammatory cells that produce
high re-active oxygen species levels and
several stress markers as iINOS (Abou Rayia
et al, 2016).

In the present study, by SEM all treated
groups showed changes in T. spiralis adults
and larvae structures. But more changes
were in chitosan loaded with the albendazole
full dose treated mice. Destruction of larvae
led to decrease in toxin produced by them
that stimulated the immune system and de-
creased the cellular infiltration causing mus-
cles’ pathological changes. These results
were not surprising as transcuticular passive
diffusion was the principal mechanism of
drug entry into helminthiasis (Thompson
and Geary, 1999). The cuticular changes are
good indicator for the anti-helminthic drug
activity (Gaafar et al, 2014; Abou Rayia et
al, 2016). The changes in the shape of the
organisms may be secondary to changes
from interference of the drugs with DNA
synthesis of the parasite or interference with
folic acid cycle (Hammouda et al, 1992).

Conclusion

Both combined drugs of chitosan nanopar-
ticles loaded either with full or half doses of
albendazole caused the highest reduction
rate in larval counts. They caused improve-
ment in histopathological lesions, mild iNOS
expression and marked degeneration of en-
cysted larvae better results than albendazole
alone. Chitosan nanoparticles loaded with
albendazole represented a promising drug
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for treatment of T. spiralis encysted larvae in
host muscles.
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Explanation of figures
Fig. 1: a: TS in skeletal muscle of GllI (infected none treated) shows heavy larval deposition (green arrows) (+3) within muscle fibers
surrounded by intense inflammatory reaction (yellow arrows) (+3) and thick capsule (C) with fat deposition (blue arrow) in between muscle
fibers (H&E) (x200); b: TS in skeletal muscle of GllI (infected treated by ABZ) shows moderate larval deposition (green arrow) (+2) within
muscle fibers surrounded by moderate inflammatory reaction (yellow arrow) (+2) and homoginization and dissolving of parts from encysted
larvae (D) (H&E; x200); c: TS in skeletal muscle of GIV (infected treated by CH) shows heavy larval deposition (green arrow) (+3) within
muscle fibers surrounded by dense inflammatory reaction (yellow arrows) (+3) (H&E; x200) and d: TS in skeletal muscle of GV (infected
treated by CH+ full ABZ) shows mild larval deposition (yellow arrow) (+1) within muscle fibers surrounded by mild inflammatory reaction
(green arrows) (+1) with intact muscle fibers (M), thin capsule (C) and disintgration of encysted larva (red arrow) (H&E; x200).
Fig. 2: (a): TS in skeletal muscle of GII (infected none treated) stained ¢' immunohistochemical stain shows, strong iNOS (+3) expression
(blue arrows) within inflammatory cells and nurse cells and multiple granulomas (yellow arrows) (x100); (b): TS in skeletal muscle of GllII
(infected treated by ABZ) stained with immunohistochemical stain shows, moderate iNOS (+2) (yellow arrow) expression within
inflammatory cells and nurse cells surrounding multiple granulomas (red arrows) (x200); (c): TS in skeletal muscle of GIV (infected treated
by CH) stained with immunohistochemical stain shows, strong iNOS (+3) (red arrows) expression within inflammatory cells and nurse cells
and multiple granulomas (white arrow) with thick capsule (C) (x200) and (d): TS in skeletal muscle of GV (infected treated by CH+ full
ABZ) stained with immunohistochemical stain shows, mild iNOS (+1) (red arrow) expression within inflammatory cells and nurse cells with
thin capsule (yellow arrow) (x200).
Fig. 3: a: TS of T. spiralis larva of an infected control mice shows, fine longitudinal ridges (L) and transverse creases (C) seen b: S.T. of T.
spiralis larva of an infected treated with CH + full ABZ shows sloughing and destruction of cuticle (yellow arrows) with multiple fissures
(red arrow) with loss of cuticle normal annulations (green arrow).
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