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Abstract

Trichinella spiralis is a recurrent parasite that infects people everywhere. This work com-
pared the usage of methanolic extract of Alhagi maurorum versus Albendazole in treating
trichinellosis in experimental infected mice. Mice (72) were divided in to six groups: CN: Neg-
ative control (non-infected-untreated), C-Alb: Mice treated with albendazole but not infected,
C-Alhag: Mice treated with methanolic extract of Alhagi, but not infected, CI: Positive control
(infected, not treated), T-Alb: Mice were infected then treated with Albendazole, T-Alhag: mice
were infected then treated with methanolic extract of A. maurorum. Mice were infected orally
with 7. spiralis larvae at a dose of 300 larvae/ mouse except control untreated groups. On 7"
day post infection half of the groups were sacrificed for intestinal phase and the second half
were sacrificed on t 35™ day post infection for the muscular phase. Treatment efficacy was de-
termined by parasitological and immunological parameters. The results showed that 4. mauro-
rum treated mice gave lowest number of 7. spiralis. The counts of adult in intestine and larval
in muscle, and immunologic data showed lowest levels of [FN-y, TNF-a, TGF-B, IL-4, IL-2 &

IL-12 and highest level of IL-10 than infected control mice.
Keywords: Trichinosis, Albendazole, Alhagi maurorum, IFN-y, TNF-0, TGF-p, IL4, IL10.

Introduction

Trichinellosis is a worldwide zoonotic par-
asite of many mammals, including pigs and
man caused by nematodes of genus Trichin-
ella reported in Egypt (Morsy et al, 2022).
Trichinellosis' intestinal phase is significant
since it determines the course and results of
the illness. The distribution of these larvae
in various muscles is related to the public
risk posed by their consumption by humans.
Because trichinellosis is so prevalent in car-
nivorous animals, consumers must take spe-
cial precautions to prevent contracting the
disease (Krivokapich et al, 2012). By con-
suming meat from pigs or other animals that
have been contaminated with Trichinella
larvae, humans can be infected. After con-
suming contaminated meat, these larvae are
expelled from their capsules, entering the
intestinal cells at the top and growing into
adult worms. They become fertile in two to
three weeks. Females give birth to 1500
newborn larvae, which use the lymphatic
and blood systems to penetrate and encapsu-
late in the skeletal muscles (Saad et al,
2016). larvae can induce the muscle cell to
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transform into a new one, called a nurse cell,
this ability enables larvae to live for months
to years (Despommier, 2009). The available
T. spiralis therapy is more or less ineffective
(Mostafa and Atwa, 2020). Albendazole®
(ABZ) and others are the main anthelmintic
drugs used to treat trichinellosis (Gottstein et
al, 2009). But, they only have a moderate
effect on encapsulated muscle larvae and a
limited bioavailability and a significant risk
of resistance (Codina et al, 2015). Also, sev-
eral of these drugs should not be taken by
pregnant women or children under the age of
three (Yadav and Temjenmongla, 2012),
while others are suspected to be carcinogen-
ic (Shalaby et al, 2010). Therefore, it is nec-
essary to make attempts to find antitrichinel-
losis treatments that are safe, effective, and
made from plant, which have low toxicity
and negligible side effects (Basyoni and El-
Sabaa, 2013).

Alhagi maurorum, known as camel-thorn
(=Shawkat al-Jamal), is a perennial shrub, of
family Fabaceae. It grows up to 2m and
blooms in July. The flowers are hermaphro-
dite, tiny, and brilliant pink to maroon and



hermaphrodite. Local folk medicine has em-
ployed alhagi maurorum as a therapy for
bile duct disorders, glandular tumors, and
nasal polyps (Shinwari et al, 2006). Because
of its diaphoretic, gastroprotective, diuretic,
laxative, expectorant, antiseptic, antidiarrhe-
al, and therapeutic properties, it is utilized as
a medicinal herb. Haemorrhoids and rheum-
atism are both treated using oil extracted
from leaves, and flowers are applied to cure
piles (James, 2011).
Materials and Methods

Animals: Seventy-two Swiss clean labora-
tory bred Albino male mice, weighing 25-
30gm were purchased from Theodor Bilharz
Research Institute, Giza. They were provid-
ed with regular pellet food and water and
were housed in well-ventilated cages with
stainless steel lids. Every day, bedding was
replaced. Mice were allowed a week to get
used to the lab before experimentation.

Parasite: By breaking down muscles of tri-
chinosis infected pigs, infectious larvae were
recovered as follows: substance submerged
for 12 hours in a digestive solution made up
of normal saline 1L, + Hcl acid 0.02L + pep-
sin 0.02L, which were mixed continuously
by a mechanical stirrer at 37°C to separate
larvae, suspension was centrifuged at 1,000
rpm for 2 min. after being progressively rin-
sed in normal saline (Guenther et al, 2008).
Sediment larvae were then put back into a
stable suspension by adding 1.5% gelatins to
saltwater. After doing repeated counts by a
hemocytometer, each targeted number of
larvae requires was an adjusted inoculum.
Mice were starved for 12 hours, given light
anesthesia before infection, and then were
infected with the larvae by a blunt tuberculin
syringe directly into the stomach. Each ino-
culum per mouse was about 300 larvae.

Treatment: 1- Methanolic extract of Alhagi
maurorum was prepared from the whole pla-
nt and given orally as 400mg kg. The freshly
harvested plant parts, including leaves, roo-
ts, and flowers (2 kg), were collected, and
dried before being ground to powder. The
dried powder was extracted three times with
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methanol at room temperature for 21 days,
and the crude extracts were then concentrat-
ed using a rotary evaporator under decreased
pressure. To have the desired fractions, the
crude extract was suspended in water and
divided with n-hexane, chloroform, ethyl ac-
etate, n-butanol, and soluble residual aque-
ous fraction (Shinwari et al, 2013). 2- Albe-
ndazole® (EIPICO): 50mg/kg/day were giv-
en orally after being acquired as a 20mg/ml
suspension.

Experimental design: Mice (72) were divi-
ded in to six group: CN: negative control
(neither infected nor untreated), C-Alb: mice
not infected, but treated with albendazole,
C- A. maurorum: mice were not infected, but
treated with methanolic extract, CI: positive
control (infected, not treated), T-Alb: mice
were infected and then treated with Albend-
azole, T-Alhag: mice were infected and tre-
ated with 4. maurorum methanolic extract.
The infected mice were orally infected with
300 larvae/mouse and treatment started one
day post infection (Oivanen ef al, 2002). Af-
ter seven days post infection (PI) half of the
groups were sacrificed for intestinal phase
and on the 35" day PI, the second half was
sacrificed for muscular phase.

Parasitological examination: Parasite inte-
stinal phase was by a method modified from
Benham (Denham, 1965). Worm burden was
calculated as total number in intestines in
each mouse by counting the adults. To allow
worms' travel from the gut to the container,
the intestine was dissected out, cleaned, and
incubated in 0.01 liter of saline at 37°C for
two hours. Fluid was repeatedly washed un-
til being clear then gathered and centrifuged
for five minutes at 1,500rpm. After superna-
tant decanted, sediment was reconstituted in
a few drops of saline, and droplet examined
by a dissecting microscope to count adults.

Larval extraction and preparation: Muscles
from infected mice were digested by immer-
sion in a beaker containing 50ml of water,
0.5ml of Hcl, and 0.5gm of pepsin, 24 hours
of mixed incubation at 37°C followed by 15
minutes of electric stirrer agitation. After



sieving the resulting filtrated fluid, remove
the supernatant and discard the sediment. By
centrifugation for 3 minutes at 1000, dis-
carded the supernatant and applying saline
to sediment before repeating this process
three times (Wassom et a/, 1988).

Immunological examination: Mice were
killed by cervical dislocation, and blood
samples were taken to separate sera by cen-
trifugation at 860G for 20 minutes. ELISA
kits (R&D, Minneapolis, MN, USA) were
used to assess the quantities of [FN-y, TNF-
a, TGF-B, IL-4, IL-10, IL-2, & IL-12 in ac-
cording to the manufacturer's instructions.

Ethical consideration: The Ethical Comm-
ittee, Faculty of Science, Mansoura Univeri-
ty approved the protocol, which went with
the Helsinki declaration (2008), Approval
Number: Sci-Z-M-2021-53.

Statistical analysis: Data were presented as
mean £ SD, by using GraphPad Prism 9 for
Windows (GraphPas Software, San Diego,
USA). To compare differences the ANOVA
was used. It was significant at P <0.05.

Results

When infected controls were compared to
treated groups showed a great reduction in
intestinal worms. Albendazole recovered

ones as compared to the infected control
(80.17+3.87), and lowest mean count value
was demonstrated (9.5+1.25) with P <0.01
as compared to A. maurorum treated one.
When compared to positive control, recove-
red worms from A. maurorum-treated mice
(37.50+2.14) significantly lower (P< 0.01).
On 35" day pi, muscle larvae in treated mice
significantly decreased as compared to un-
treated infected control ones. Larvae recov-
ered from 4. maurorum treated mice showed
count (161.2 £12.6) as compared to infected
control (529.5+17.7, P <0.01), and com-
pared to Albendazole treated mice (P <0.01).
When compared to infected control mice,
larvae from albendazole-treated mice was
significantly reduced (216.8+ 13.2, P <0.01).

Immunologically the proinflammatory and
anti-inflammatory cytokines showed produc-
tion of cytokines in sera of control, infected
and treated group. There was a significant
decrease in IFN-y, TNF-a, TGF-B, IL-4, IL-
2, & 1L-12 in A. maurorum treated mice
compared to infected mice & Albendazole
treated ones, with a significant incre-ase in
IL-10 cytokine.

Details were given in tables (1 to 9) and
figures (1 to16).

Table 1: T spiralis adults and larvae recovered from groups (n=6)

Trichinella spiralis Variants CI T-Alb T-Hag p-Value
Adults in intestine Mean 80.17 9.50 37.50
on 7" day pi SE+ 3.87° 1.25° 2.14° <0.01"
Larvae in muscles Mean 529.5 216.8 161.2 «
on 35" day pi SE+ 17.7° 13.2° e | 00!

abc = significant differences; *P<0.01=significant
Table 2: Concentration of TNF-a in treated mice compared to infected ones in intestinal & muscular phase.

Variants CN C-Alb C-Hag CI T-Alb T-Alhag
Intestinal phase | 22.00£0.42° | 24.32+0.63° | 23.83+0.52" [ 66.58+1.35° [ 42.19+1.17*" | 31.12+0.36 *°
Muscular phase | 26.85+0.50° | 33.14+0.33° | 28.24+0.50° | 56.81+1.02° | 36.54+2.67*° | 34.67+2.97?°

Table 3: Concentration of IL-4 in treated mice compared to infected ones in intestinal & muscular phase.

Variants CN C-Alb C-Hag CI T-Alb T-Alhag
Intestinal phase | 15.67+0.55" | 25.26+0.58° | 23.23£0.36° [ 90.24+2.51° | 33.65£1.23*° [ 31.7240.67*°
Muscular phase | 22.36+0.50° | 18.64+0.28" | 17.56£0.42° | 76.36+1.13° | 22.74+0.37*° | 21.43+0.31*°

Table 4: Concentration of IL-10 in treated groups compared to infected ones in intestinal & muscular phase.

Variants CN C-Alb C-Hag CI T-Alb T-Alhag
Intestinal phase | 106.2+0.20° | 124.7+2.09° | 116.240.26" | 43.21+2.05° | 84.09+2.26 *° | 94.64+1.87 *°
Muscular phase | 120.9£0.31° | 112.1+0.56° | 123.6£0.22° [ 42.55+0.55° | 91.75£0.96*° | 103.3+0.91 *°

Table 5: Concentration of TGF-f in treated groups compared to infected ones in intestinal & muscular phase.
Variants CN C-Alb C-Hag CI T-Alb T-Alhag
Intestinal phase | 12.98+0.33% | 15.34£0.28° | 17.11+0.17° | 67.21£1.05° | 34.58+0.49°° | 26.82+0.40*°
Muscular phase | 14.5120.66" | 20.01£0.19° [ 17.01+0.21° | 57.68+0.49" | 34.68+0.33*" | 27.24+0.65 "
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Table 6: Concentration of IFN-y in treated mice compared to infected ones in intestinal phase.

Variants CN C-Alb C-Hag CI T-Alb T-Alhag
Intestinal phase | 30.81:0.24° | 34.00+0.53° | 34.14+0.46° | 103.2+0.91° | 52.19+0.70*® | 42.52+0.58%°
Muscular phase | 38.19+£0.22° | 42.45+0.18" | 40.34+£0.16" | 119.8+0.39° | 55.33+0.50°" | 47.81+0.20*°

Table 7: Concentration of IL-12 in treated mice compared to infected ones in intestinal &muscular phase.

Variants CN C-Alb C-Hag CI T-Alb T-Alhag
Intestinal phase | 48.51:0.19° | 50.37+0.26° | 49.40+0.34° | 119.7£0.28° | 66.21:0.79*° | 61.04+0.08*°
Muscular phase | 43.56=0.28 | 46.25£0.29° [ 45.57+0.15" | 126.440.155" | 66.78+0.46*" [ 50.32£0.30™"

Table 8: Concentration of IL-2 in treated mice compared to infected ones in intestinal &muscular phase.
Variants CN C-Alb C-Hag CI T-Alb T-Alhag
Intestinal phase | 23.08£0.11° | 26.00£0.29° | 24.82+0.37° | 98.06£0.60° | 58.03x1.20*° | 45.70+2.40%°
Muscular phase | 25.89£0.319* | 27.59+0.314° [ 26.72+0.166° | 90.73+0.46° | 51.71£0.47*® | 45.03+0.31*°

a = significant difference from control (P <0.05). Compared to infected group, b =significant (P <0.05). Same-letter super-

scripts= not significant (P > 0.05).
Discussion

Trichinosis, a serious meat-borne zoonosis
is characterized by an extremely wide host
range and geographical distribution (Pozio,
2021). T. spiralis muscle larval (ML) excre-
tion/ secretion (ES) antigen is the most
widely used diagnostic antigen of trichinel-
losis, but preparation of ES antigen requires
collecting worms from infected animals, and
detection of specific IgG against ML ES an-
tigen may result in a false negative at the
early stage of infection (Yue et al, 2020).
Cytokines and regulatory T cells (Steel and
Nutman, 2003), conditional Th2 cells (Diaz
and Allen, 2007)altered function of antigen
presentation cells or APCs (Venugopal et al,
2009). Nevertheless, Bruschi er al. (2022)
reported that as Trichinella infection or mol-
ecules interfere with many aspects of the
immune system, a word of caution is in ord-
er to possible adverse effects of Trichinella-
based therapies have to be anticipated and
thoroughly evaluated to ensure safety for
humans. Albendazole and mebendazole are
currently the main drugs used to treat trichi-
nosis, albendazole influence good amount of
plasma concentration levels and without mo-
nitoring but, mebendazole plasma concentra-
tion levels differ from one to another requir-
ing individual checking and managing (Yad-
av and Temjenmongla, 2012). Meanwhile,
Pozio (2001) found that it had minor effica-
cy when used on 7. spiralis encysted larvae.

In the present study, on the 7" day pi of all
treated mice showed significantly less intes-
tinal adults activity than the infected mice.

In the present study, comparison to both
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control infected and albendazole treated mi-
ce, just a small number of worms were de-
tected in mice treated with A. maurorum ex-
tract. This agreed with Awaad Amani et al,
(2006), who reported that Thl immune re-
sponse was an inflammatory responses. Al-
so, Bruschi and Chium- iento (2011) report-
ed that the long-term tri-chinosis in muscles
interacted strongly with the host immune
system, resulting in muscle inflammation.
Koenderman et al. (2014) re- ported that the
cellular immune response to 7. spiralis in-
fection was polarized to a Thl type immune
response depending on the sig-nal type pro-
vided by dendritic cells (DCs) during the
intestinal phase of the infection as an essen-
tial bridge between innate and adaptive im-
munity, DCs play a crucial role in the im-
mune response to parasites.

In the present study, the cytokines decrea-
sed in treated A. maurorum and Albendazole
mice and increase in infected ones. This ag-
reed with Yu et al. (2013), who reported that
in vitro and in vivo, showed that Thl cyto-
kines like interleukin (IL)-12 significantly
increased during the early stage of 7. spir-
alis intestinal infection. Teng et al. (2015)
reported that naive T cells were encouraged
to differentiate into Thl cells that produce
INF by IL-12. Ming et al. (2016) found that
interferon (INF)-y, IL-1f and tumor necrosis
factor (TNF)-a and that NF-y (type II interf-
eron) a cytokine that played a significant
role in both innate and adaptive immunity.
Besides, numerous immune cells, including
CD4+ T cells, release NF-y (type II interfer-
on) in response to some immunological or



inflammatory stimuli, such as infections, sp-
ecific antigens, or activation of the T cell re-
ceptor (Bogdan and Schleicher, 2006). Thl
cell growth and differentiation are accelerat-
ed by NF-y (Pestka et al, 2004), activated
transcription factors including nuclear factor
(NF)-B and increased the production of ind-
ucible nitric oxide synthase or iNOS (Miihl
and Pfeilschifter, 2003) and also regulated
the synthesis of TNF-a as well as other infl-
ammatory cytokines (Neumann et al, 1998).
Also, it stimulates DCs to express MHC cl-
ass I & II molecules (Pestka et al, 2004).

In Th2 immune response, 7. spiralis exp-
ulsion down-regulatory cytokine IL-10 was
extensively expressed by a variety of imm-
une cells, even though it was not cell type
specific (Hedrich and Bream, 2010). Thus,
to reduce tissue damage from increased im-
muno-inflammatory reactions and this goes
along with this study as the treated groups of
A. maurorum and Albendazole showed dec-
reased levels of IL-10 as compared with in-
fected mice. Increasing the synthesis of IL-
10, a recurring aspect of the host's immune
response in helminthiasis, caused immuno-
regulation (Ili¢ et al, 2021). IL-10 may inh-
ibit the release of IL-12, antigen presenta-
tion, DC proliferation, and cell markers.
TSL-1 also increased the production of I1L-4
and IL-10 from Th2 cells, but lowered the
production of INF-y, polarizing immune res-
ponse to a high Th2 cellular immunity.

IL-10 is required for a productive gut im-
mune response. This is due to the high vul-
nerability to the initial 7. spiralis infection
caused by the lack or reduction of IL-10,
which results in a notable delay in the expul-
sion of 7. spiralis and an increase in the par-
asite burden (Helmby and Grencis, 2003).

Other cytokines generated and released
during the Th2 immune response included
the IL-4, IL-5, and IL-13, which promote the
production of IgE, which led to the mast cell
and eosinophil hyperplasia, trigger acute hy-
persensitivity reactions, and help to remove
T. spiralis from host intestine (Rogerio and
Anibal, 2012).
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Conclusion

The immune response of the Thl type can
be elicited by antigens produced by 7. spir-
alis, which can then altered by 7. spiralis in-
to a Th2 type immune response, which was
thought to defend the host by eliminating 7.
spiralis. However, both responses result in
the development of intestinal illness, which
supports parasitism in the host. Albendazole
diminishes the trichinellosis inflammatory
response, but with limited pharmacological
activity against 7. spiralis infection.

Alhagi maurorum methanolic extract prov-
ed to have potent anti-inflammatory effects.

Conflict of Interest: The authors declared
that they neither have conflicts of interest
nor received any funds.
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Explanation of figures:

Fig.1:
Fig.2:
Fig.3:
Fig.4:
Fig.5:
Fig.6:
Fig.7:

mean levels of TNF-a in intestinal phase in all groups.
mean levels of TNF-a in muscular phase in all groups.
mean levels of IL-4 in Intestinal phase in all groups.
mean levels of IL-4 in muscular phase in all groups.
mean levels of IL-10 in intestinal phase in all groups.
mean levels of IL-10 in muscular phase in all groups.
mean levels of TGF-f in Intestinal phase in all groups.
Fig.8: mean levels of TGF-p in muscular phase in all groups.
Fig.9: mean levels of IFN-y in Intestinal phase in all groups.
Fig.10: mean levels of IFN-y in muscular phase in all groups.
Fig.11: mean levels of IL-12 in Intestinal phase in all groups.
Fig.12: mean levels of IL-12 in muscular phase in all groups.
Fig.13: mean levels of IL-2 in Intestinal phase in all groups.
Fig.14: mean levels of IL-2 in muscular phase in all groups.
Fig.15: number of adult worms in infected and treated groups.
Fig.16: number of larvae in infected and treated groups.
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