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Abstract
Background: The protective response developed against Trichinella spiralis infec-

tion provokes immune and inflammatory responses mediated by cytokines released
from T helper cells. We aimed to evaluate the effect of albendazole or myrrh on
the expression of IFN-γ and IL-10 in BALB/c mice infected with T. spiralis.
Methods: This study was done at the Animal House of Faculty of Medicine, Assiut University (Assiut, Egypt) from April to December 2015. Mice were infected
with 300 T. spiralis larvae and treated with albendazole (50 mg/kg per day) or myrrh
(500 mg/kg per day) for 3 consecutive days post-infection (pi). The expression of
INF-γ and IL-10 was detected in the intestinal tissue by reverse transcription (RT)
PCR.
Results: The expression of IFN-γ in mice treated with albendazole and myrrh was
detected on days 3 and 15 pi respectively. In the control group, it was found on days
5, 10, 15 and 20 pi with the highest expression on day 15 pi. The expression of IL-10
was detected on days 3, 20 pi in the albendazole and myrrh treated groups, respectively. In the control group, IL-10 expression appeared on days 5 and day 20 pi.
Conclusion: The target of albendazole and myrrh on the profile of IFN-γ and IL10 on these cytokines were encouraging to reinforce their therapeutic use against
trichinellosis.

Introduction

T
188

. spiralis is a worldwide zoonotic parasite. Humans are infected by eating
raw or undercooked meat or meat

products from infected and imported animals
(1). T. spiralis initiates infection by penetrating
the small intestinal epithelial cells that require
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rapid indications for the acute inflammatory
reaction by the production of proinflammatory and inflammatory mediators.
In the acute stages of infection, the inflammation process is characterized by neutrophils
and macrophages/monocytes infiltration in
the lamina propria. In the late stages of infection, the number of mast cells rises in the lamina propria and between epithelial cells (2).
The expulsion of T. spiralis adult worms' from
the small intestine is a complex process mediated by immune system. It involves mucosal
mast cells and Th2 cells activation with Th1type cytokine, IFN-γ production during the
early stage of infection. Cytokines elaborated
by Th1 and Th2 cells stimulate antagonistic
types of immunity but other studies suggest
that strong responses of Th1 and Th2 develop
simultaneously and one response does not
necessarily prevent or inhibit the other (3).
The regulatory cytokine IL-10 (Th2-type) inhibits the release of pro-inflammatory cytokine and prevents liver necrosis in trichinellosis acute stage (3-5). Improvement of signs of
inflammation during experimental trichinellosis is correlated with the increase of regulatory
cytokines IL-10, TGF-β and regulatory T cells
and down-regulation of pro-inflammatory cytokines; IFN-γ, IL-6, and IL-17; in the spleens,
mesenteric lymph nodes and colon of mice (6).
Albendazole is a benzimidazole drug that is
used worldwide against a wide variety of human helminthic infections including Trichinella.
(7-11). The host defense mechanisms can be
affected by its stimulatory effect on enzymes
and mediators involved in host biochemical
defense including glutathione transferase
(GST) and inducible nitric oxide synthase
(iNOS) respectively (11-13). The albendazole
effect on the modulation of T cell immune
activation profile and production of Th1/Th2
cytokines during helminthes infection was investigated by many authors on different
helminthes (14-18).
Myrrh is an aromatic gum resin resulting
from the trunk of Commiphora molmol (C.
molmol) and is used as a traditional natural
Available at: http://ijpa.tums.ac.ir

medicine. It has anti-inflammatory, antimicrobial, anti-bacterial and anti-fungal effects
(19). It also has fasciolicidal, molluscicidal,
schistosomicidal effects proved effective
against intestinal and muscular phases of T.
spiralis (20), with results nearly comparable to
those achieved by albendazole (11). C. molmol
reduces hepatic injury by down-regulation of
inflammatory mediators and cytokines such as
TNF-α, IL-6, IL-10 and iNOS. This property
might be sufficient to combat cellular damage
and could be a potential clinical application
(21). Five bioactive compounds derived from
myrrh and frankincense (an aromatic resin
belongs to genus Boswellia) could inhibit the
expression of IL-1β, IL-2, IL-10, IL-12, TNFα, INF-γ (22).
We aimed to assess the expression of two
different cytokines as a representative for inflammatory and anti-inflammatory cytokines
(INF-γ and IL-10) in the intestinal tissues of
experimental trichinellosis in mice and treated
with albendazole (reference drug) or myrrh
(plant extract). Here, we had an opportunity to
explore a potential new target of albendazole
and myrrh besides their direct deworming effect on reinforcing the therapeutic use of
these medications against trichinellosis.

Materials and Methods
Parasites and experimental animals

The strain of T. spiralis isolated from a naturally infected pig obtained from El-Bassatine
Abattoir, Cairo. It was maintained by routine
in vivo passages in BALB/c mice. The study
was done at the animal house of Faculty of
Medicine, Assiut University (Assiut, Egypt)
from April to December 2015 under specific
pathogen-free conditions. The infected mouse
carcasses were skinned and minced then digested in 1% pepsin-hydrochloride and incubated at 37 °C overnight. The isolated infective larvae were washed several times in 0.85%
NaCl, after that the larval number per ml was
determined (23).
189
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Study design

Fifty-five BALB/c mice free from parasites
(20-25 g) aged 6-8 wk were used. Forty-five of
them were divided into three groups (G1, G2,
and G3) of 15 mice each. These groups were
orally infected with about 300 muscle larvae of
T. spiralis per mouse; the remaining 10 mice
were kept as a non-infected non-treated control group. The first and second group (G1and
G2) were treated orally with 50 mg/kg/day
albendazole and 500 mg/kg/day myrrh (C.
molmol), respectively (11), starting from the
first day of infection for three successive days
while the third group (G3) was the control
group (untreated).

Reference drug

Albendazole suspension 20 mg/ml was
from the Egyptian International Pharmaceutical Industries Co.

Plant material and extract preparation

Myrrh is an oleo-gum-resin (C. molmol)
which belongs to the Burseraceae family. The
extraction of myrrh was done (11, 24). The
Cytotoxicity assay (CTAs) on tissue culture
cells was done (11, 25). Evaluation of microbial contamination and Bacterial Endotoxin
Test (BET) were done (26, 27).

Tissue sample collection for RNA extraction

In order to study the cytokines profile of
IFN-γ and IL-10 over a 20-d period, 3 mice of
each group (G1, G2 and G3) and two from
the non-infected control group were sacrificed
on days 3, 5, 10, 15 and 20 pi (28). At necropsy, 1-cm-long fragments of the small intestine
were taken from each mouse starting with 4
cm from the gastro-duodenal junction (29).
We washed the samples several times in PBS,
preserved in RNA later (RNA stabilization
reagent, Imgenex), and stored at 80 °C until
used for PCR.

Extraction of RNA

RNA extraction from homogenized tissues
was according to the manufacturer’s instructions
QIAamp RNA Blood Mini Kit (Qiagen ®,
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Germany). The RNA was resuspended in 50 l
of RNase water and by spectrophotometer at an
optical density at 260 nm (OD260) was quantified.

Detection of cytokines mRNA by semiquantitative RT-PCR

To detect mRNAs of IFN-γ and IL-10, total
RNA was subjected to reverse transcription
using primers of these genes, and such cDNA
was further amplified by the PCR method. A
cDNA from each sample was prepared using
High-Capacity cDNA Reverse Transcription
Kits for 200 and 1000 Reactions (Applied Biosystems ®, USA). RT-PCR was achieved on
every sample using 1 g of total RNA (30).
Then 5 l of cDNA were used as a template
for PCR amplification, with Go Taq
® G2 Green Master Mix (Promega, USA) in
final volume of 30 l. Forty cycles of amplifications were run under conditions of denaturation at 95 C for 40 sec and extension at 72 C
for 1 min. Initial denaturation was carried out
for 3 min and the final extension for 10 min.
Amplified DNA was analyzed by electrophoresis on 1% agarose gel stained with ethidium
bromide. The PCR products were visualized
and analyzed using the BioDoc Analyze 2.1
(Biometers ®, Germany). Primers of IFN-γ
and IL-10 were as follows: IFN-γ (sense 5’-

AAT GAA CGC-TAC ACA CTG CA-3’ and antisense 5’-TGA AGA AGG TAG TAA TCA GG-3’)
and IL-10 (sense 5’-GGA CAA CAT ACT GCT
AAC CGG-3’ and antisense 5’-ATA TTT CGG
AGA GAG GTA CA-3’).

Statistical analysis

The evaluations of the collected data were by
Statistical Package for Social Sciences ver.20 for
Windows. The values were expressed as mean
± standard deviation. Between the groups, the
significance of differences was calculated by
ANOVA test. The statistically significant Pvalue was <0.05.

Ethics

The experimental animal studies were conducted in accordance with the international
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valid guidelines and were maintained under
convenient conditions at the Animal House,
Faculty of Medicine, Assiut University.

Results
Cytotoxicity assays (CTAs) on tissue culture cells

Myrrh extract achieved the acceptance
standards for the CTAs.

Microbial contamination and Bacterial
Endotoxin Test (BET)
Myrrh extract was proved safe and fulfilled
the criteria determined by the European Directorate for the quality of Medicines &
HealthCare. In addition, BET showed absence
of bacterial endotoxins in our herbal product

Cytokine gene expression after infection
with T. spiralis in mice treated with
albendazole and myrrh

To discover the mechanism that influences
the modulation of the immune system in mice
infected with T. spiralis and treated with
albendazole and myrrh, we examined the ex-

pression of IFN-γ and IL-10. The production
of cytokine mRNA during T. spiralis infection
was compared between the three groups of
mice (G1, G2, and G3). The expression of
cytokines mRNA of IFN-γ and IL-10 was detected in jejunal tissue on days 3, 5, 10, 15 and
20 by RT-PCR. In the group of mice treated
with albendazole (G1), the production of
IFN-γ was only seen on day 15 pi. Surprisingly,
in the group of mice treated with myhrr (G2),
the expression of IFN-γ was detected early on
day 3 pi (acute phase). In the control group
(G3), the detection of IFN-γ was found on
days 5, 10, 15 and 20 pi with a higher expression on day 15 pi (Fig. 1).
Anti-inflammatory cytokine (IL-10) was examined in the previously mentioned mice
groups. The results of PCR products of IL-10
were completely different from those found
with IFN-γ. The expression of IL-10 in mice
appeared early on day 3 pi in (G1) while the
group of mice treated with myrrh (G2)
showed expression of IL-10 late on day 20 pi
(stage of migration). In the control group (G3),
IL10 expression appeared on days 5 and day
20 pi (Fig. 1).

Fig. 1: Detection of cytokine mRNAs from intestinal tissues of different mice groups during T. spiralis infection; An (Albendazole), M (Myrrh), C+ (Control positive) and C- (Control negative)

We presented our data in a quantitative form
by using BioDoc Analyze 2.1 software and
measured the band intensity for the cytokinespecific RT-PCR product illustrated in (Table
1). The influence of T. spiralis infection on the
Available at: http://ijpa.tums.ac.ir

expression of IFN-γ mRNA showed a significant difference in the level of IFN-γ expression between the albendazole-treated group
and the non-infected non-treated group (7.19
ng/l) on day 15 pi. There was another signif191
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icant difference between the levels of IFN-γ in
non-infected non-treated group among days 5,
10, 15, 20 pi with a significant peak of expression on day 15 pi. In sharp contrast to IL-10
production, it showed nearly equal lower levels between 2.17 ng/l and 2.62 ng/l in the

three mice groups without a statistical difference but the non-infected non-treated group
showed a relatively higher value (2.62 ng/l)
on day 5 pi (Table 1). The levels of these cytokines in the control group (non-infected
mice) were undetectable.

Table 1: Semi-quantitative PCR analyze of band intensity showing values of the expression of IFN- γ, and IL10
Albendazole (mean+SE)

Myrrh (mean+SE)

IFN
IL-10
IFN
IL-10
Day 3
2.17+0.12
3.91+0.09
Day 5
Day 10
2.48+0.11
Day 15
4.14+0.13a
Day 20
The same small letter is significant difference in the same row
The same capital letter is significant difference in the same column

Discussion
Our herbal extract microbial limit was within
the acceptable range that does not cause
health hazards to the planned groups or reduces herbal stability (31). The outcome of
infection with intestinal nematodes has contributed to the capacity of the intestine to
mount immune and inflammatory responses
to infection especially those mediated by T
cells. The inflammatory processes that accompany these responses may play a vital role in
host defense, but can also have pathological
concerns (2). The intestinal mucosa and associated lymphoid tissues are the first point of
host contact during T. spiralis infection (32),
and the mechanism of the intestinal expulsion
of T. spiralis adult worm is known to be dependent on a Th2-type cytokines (IL-4, IL-13,
IL-9, and IL-10) which lead to mucosal mast
cells activation (3, 33).
The effectiveness of myrrh extract against T.
spiralis both phases (intestinal and muscular),
and its results were nearly similar to albendazole (11). Thus, we focused our work on the
recognition of two different cytokines mRNA
(IFN-γ and IL-10) produced from intestinal
192

Non-infected non-treated
(mean+SE)
IFN
IL-10
3.11+0.15A
2.62+0.11
2.00+0.05AB
7.19+0.24aABC
5.04+0.17ABC
2.58+0.09

tissue to analyze the modulation of immune
response during the T. spiralis intestinal phase
after treatment with albendazole or myrrh on
the indicated days.
In the present study, the expression of IFNγ was astonishing in the group of mice treated
with myrrh (G2) as it showed early expression
(Day 3 pi) before the other two groups, which
may alarm the immune system about the inflammatory process and enable the host to
control larvae production. IFN-γ is involved
in protection against newborn larvae and it
does not affect the adult worms' expulsion. Its
mechanisms of action against newly born larvae are by enhancement of the cytotoxic killing by granulocytes, eosinophils and activated
macrophages (3).
The production of IFN-γ in the mice treated
with albendazole (G1) was remarkably delayed
until day 15 pi, which indicated that such
chemical compound might interfere with early
production of this inflammatory cytokine. We
were not surprised to find that the expression
of IFN-γ in the infected non-treated group
(G3) was detected throughout the experimental days (days 5, 10, 15 and 20 pi). The
inflammatory process proceeded late in G3
Available at: http://ijpa.tums.ac.ir
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until day 20 pi, which suggested the inability
of immune system to combat infection. These
results were consistent with previous report
showed the early production of IFN-γ from
the intestinal tissue of pig infected with T. spirals (28).
In the current study, the pattern of antiinflammatory cytokine gene expression
mRNA (IL-10) during T. spirals infection was
examined in the previous groups of mice. Our
data showed amazing results as the production
of IL-10 was delayed in the mice treated with
myrrh (day 20 pi), in sharp contrast to its early
expression in the mice treated with albendazole (day 3 pi). The delayed production of
IL-10 until day 20 pi in the mice treated with
myrrh permits IFN-γ to employ its defensive
effects against newly born larvae that in turn
may restrict the number of larvae entering
blood circulation (3). However, in the mice
treated with albendazole, the expression of IL10 was early (day 3 pi) even before the expression of IFN-γ, and the host did not get the
benefit of the balancing effect of antiinflammatory cytokine. Meanwhile, IL-10 is
essential for T. spiralis adult worms’ expulsion
from the small intestine via Th1 and Th2 responses regulation at mucosal surfaces (3). In
addition, it regulates the protective host immune response against the newly born larvae
(34, 35). Nevertheless, the expression of IL-10
in the infected non-treated control group of
mice was produced during early and late stage
(day 5 and day 20 pi) of infection. Our observations about the importance of IL-10 are in
harmony with a prior work (4, 5), which revealed the essential role of IL-10 in preventing
the migration of intestinal T cells to the liver
and inhibiting the development of hepatitis in
mice infected with T. spirals. The balance between IFN-γ and IL-10 is important to determine the immunity against various stages of
the parasite (3).
As far as we know, no available published
literature detected the effect of albendazole
and myrrh treatment on gene expression of
cytokines mRNA during experimental trichiAvailable at: http://ijpa.tums.ac.ir

nellosis in mice. However, the combined use
of myrrh and frankincense (an aromatic resin)
was significant in suppressing arthritis progression mainly by reduction of proinflammatory factors (22). While in other
study, myrrh extracts showed high iNOS (biochemical inflammatory mediator) expression
during trichinellosis in experimental animal
model, which is nearly similar to albendazole,
and this high expression may efficiently modify the defense mechanisms of the host (11).
The effect of albendazole treatment either
alone or combined with other medications on
the Th1 and Th2 plasma cytokines during
other helminthes infection was evaluated. Albendazole treatment during Ascaris lumbricoides
infection might decrease worm load leading to
a reduction in IL-10 production, which ultimately improved cellular immunity and
CD4+T cell counts (17). The combined therapy of albendazole and astragalus (plant belonging to family Fabaceae used for immune
enhancement) adjust the Th1 / Th2 cytokine
levels which decrease the development and
progression of liver injury caused by clonorchis
sinensis infection (18).

Conclusion
Treatment with albendazole and myrrh were
exhibited different cytokine patterns. Their
effect on the cytokine profile of INF-γ and
IL-10 is promising to reinforce their therapeutic use against trichinellosis. Nevertheless, further characterization will be needed at the cellular level to identify the cells and other cytokines involved in trichinellosis.
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