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Echinococcus granulosus sensu lato larvae cause cystic echinococcosis, a highly contagious zoonotic illness
that poses a worldwide threat to human health and development. The purpose of this study was to determine
the therapeutic effectiveness of albendazole and praziquantel, each alone and in combination, in vive and
to estimate the serum levels of interleukin-2, interleukin-9 and interleukin-10 as biomarkers in evaluating
the responsiveness to albendazole and praziquantel treatment in experimentally infected mice. To assess
treatment efficacy in vivo, mice were intraperitoneally inoculated with viable protoscolices and then gavaged
daily for 1 mo with albendazole (15 mg/kg/d) and praziquantel (25 mg/kg/d), separately and in combination
(albendazole 15 mg/kg/d and praziquantel 25 mg/kg/d. The mice were euthanized on d 120 of the experiment
and the number, size and location of the generated secondary hydatid cysts were investigated and serum
levels of interleukin-2, interleukin-9 and interleukin-10 were estimated. The size and number of hydatid
cysts were decreased upon treatment with each drug, but the decrease was significant (p<0.05) in isolates 2,
3,4,6,8,9 and 10, and 2 and 3, respectively. The most often infected organ was the liver (44.91 %), followed
by a peritoneal cavity (30.3 %), subcutaneous (21.1 %), spleen (3.29 %) and lungs (0.38 %). Interleukin-2
level was significantly elevated in mice inoculating with most parasite isolates, whereas interleukin-9 and
interleukin-10 levels were not altered considerably experimentally in infected and treated mice compared
with untreated control. Albendazole and praziquantel markedly reduced the number and size of secondary
hydatid cysts compared to the untreated control group in Echinococcus granulosus-infected mice and
stimulated the production of interleukin-2, which is helpful for parasite elimination. These results indicate
that albendazole and praziquantel have protoscolicidal effects and the combination of albendazole and
praziquantel has significant additive effects.
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Cystic Echinococcosis (CE) is a chronic parasitic disease
caused by the tapeworm Echinococcus granulosus
sensu lato (E. granulosus s. [.) metacestode stage, which
is endangering human health and social development
all around the world"?. Dogs and other canids serve
as definitive hosts for this cestode, whereas sheep and
other herbivores serve as intermediate hosts?*. Humans
can become hosts by inadvertently ingesting eggs'.
Cysts develop in the human liver and lungs but may
potentially affect other organs and tissues™®. Because
the disease has a long incubation time, most patients
experience no symptoms and eventually develop
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chronic infection!”. A hydatid cyst in the liver can be
treated non-operatively or operatively. Methods of
operation might be conservative orradical. Percutaneous
and chemotherapeutic treatments are non-operative
procedures®l. Chemotherapy may decrease the size
and tension of cysts and may result in the sterilization
of cyst components in rare situations?.. Albendazole
(ABZ) and Praziquantel (PZQ) are often used to treat
hydatid cysts!'”. PZQ was protoscolicidal and may be
combined with ABZ to enhance effectiveness!'''?.. The
World Health Organization (WHO) divided hydatid
cysts in the liver into five types (CEl to CES) and
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three biological stages (active, transitional and inactive
CE). However, the processes underlying self-healing
(inactivation) or chronic infection maintenance are still
unknown!"*#. Within the E. granulosus s. I. complex,
currently, ten genotypes exist (G1-G10) corresponding
to different species. The host specificity, morphological
and genetic traits, and pathogenicity patterns of each
species vary. Sheep, Tasmanian and Buffalo strains are
part of the E. granulosus (sensu stricto) complex (G1-
G3). The horse strain is E. equinus (G4), while the cow
strain is E. ortleppi (G5), the camel and pig strains is E.
intermedius (G6-G7). The American cervid strain and
the Fennoscandian cervid strain are both classified as
E. canadensis (G8-G10)5313, Most human isolates fall
under the G1-G3 genotype. Nevertheless, all genotypes
except G4 (E. equinus) have been shown to infect
humans. E. granulosus, E. multilocularis, E. vogeli
and E. oligarthrus are the four species of the genus
Echinococcus that are now recognized and considered
taxonomically valid¥. Recent research has found two
additional species, E. felidis and E. shiquicus, despite
the absence of evidence on their human pathogenicity!.
Cytokines seem to have a complicated impact on
the host immune system. They vary according to the
genera and species of helminths, their size and location
inside the host, their metabolic products and the host
species!!*!%1, Based on several studies conducted in CE
patients and experimental models, it is widely believed
that T helper (Th) 2-type cytokines were associated with
illness chronicity in active CE cysts. In contrast, Thl-
type cytokines were associated with disease resistance
in inactive CE cysts!!617],

Th-9 cell subsets are a new form of effector Cluster of
Differentiation 4 (CD4+) T cells that primarily release
Interleukin (IL)-9. IL-9 is a cytokine of the Th2 type that
acts on a variety of inflammatory and tissue cells and is
required for parasite infections and allergy diseases!”.
The current study attempts to evaluate serum levels of
IL2, IL-9 and IL-10 in response to treatment with ABZ
and PZQ in experimentally induced infection in Bagg
Albino (BALB)/c mice and to investigate whether it can
be used as biomarkers for responsiveness to treatment.

MATERIALS AND METHODS

The current study took place in the animal house
laboratory at the college of pharmacy, Hawler Medical
University from October 1%, 2020 to July 28", 2021.

Protoscolices isolation:

Infected sheep’s livers with multiple hydatid cysts were
obtained from a slaughterhouse in Erbil (one sample
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per animal) during post mortem examination. A cold
box and ice were employed to minimize contamination
and then brought to the animal house laboratory at the
college of pharmacy within an hour. The cysts surfaces
were then sterilized with 70 % methanol and cyst fluid
(25 ml) was drained using a sterilized syringe and put
into glassware cylinders for 30 min. The protoscolices
dropped to the bottom of the cylinders and stayed there.
The supernatant was removed and the protoscolices
were repeatedly rinsed with Phosphate Buffered Saline
(PBS), including antibiotic antimycotic solution. The
viability of the protoscolices (fig. 1) was determined
using 0.1 % eosin and microscopic observation.
Protoscolices samples with more than 90 % viability
were used!!”%],

Fig. 1: The light microscopy of protoscoleces stained with 0.1 %
eosin reveals both dead and live protoscoleces

Materials:

ABZ and PZQ were obtained from European
Pharmacopoeia (EP) Ltd. Co., China, with the
following catalog numbers: P2670000 and A0325100,
respectively. Dimethyl Sulfoxide (DMSO) extra pure,
EP, United States Pharmacopeia (USP) and antibiotic
antimycotic solution purchased from sigma Aldrich (St.
Louis, Missouri, United States). Mouse IL-2, IL-9 and
IL-10 Enzyme-Linked Immunosorbent Assay (ELISA)
kits were purchased from Sunlong Biotech Co. Ltd,
China. ABZ and PZQ were diluted with 0.1 % DMSO
to get the required concentration levels!'”..

Animal studies:

Albino BALB/c mice (n=21; age, 6 w; weight, 20 to
25 g) were obtained from the College of Medicine-
University of Sulaimani. The mice were reared and
reproduced at the college of pharmacology’s animal
home in a temperature-controlled (21°), light-cycled
(12 h light/dark cycle) environment with 45 % to 55 %
humidity. During the experiment, mice were given ad
libitum with regular pellet meal and tap water in plastic
cages?. A total of 288 male and female inbred mice
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were separated into 12 groups, with each group divided
into four sub-groups of six mice. For each mouse, the
first, second and third groupings were injected with
2000 protoscolices in 200 ul of PBS, while the fourth
group was left as a negative control, injected with 0.9
% normal saline®. 30 d post-inoculation, all mice were
treated orally (0.25 ml) by gavage with ABZ (15 mg/
kg/d), PZQ (25 mg/kg/d) and a combination of ABZ
(15 mg/kg/d) and PZQ (25 mg/kg/d). The fourth mice
group (positive control) was administrated with the
same volume of Distilled Water (DW) containing 0.1
% DMSO. For a month, all administrations were done
simultaneously every day. The mice were euthanized
on d 120 of the experiment and the number, size, and
location of the generated secondary hydatid cysts were
investigated!”.

Blood collection:

Before scarification, blood samples were obtained from
the mice through heart puncture on d 120 of the study.
Before centrifugation (3000 rpm for 5 min), the blood
was left to clot at room temperature for 10 min; roughly
200 pl of serum was taken from each animal and kept
at -20° until used to estimate cytokines?’!,

Cytokine assays:

According to the manufacturer’s recommendations,
ELISA commercial kits were used to determine IL-2,
IL-9 and IL-10 in mouse serum. All tests were carried
out twice. IL-2 and IL-9 had 1.2 pg/ml-100 pg/ml assay
range and IL-10 had 1 pg/ml-100 pg/ml assay range.

Statistical analysis:

Means and Standard Deviation (SD)?! were used
to represent the data. Student’s t-test and one-way
Analysis of Variance (ANOVA) were used to examine

differences based on data attributes, with the Least
Significant Difference (LSD) utilized in comparative
analysis. The International Business Machines (IBM)
Statistical Package for the Social Sciences (SPSS) 25.0
version was used to analyze the data, p-values less than
0.05 were deemed statistically significant.

RESULTS AND DISCUSSION

The mice were euthanized after a 1 mo treatment period,
the peritoneal cavity was opened and the secondary
hydatid cysts were carefully removed. The size,
quantity and location of hydatid cysts were calculated
in each treatment group and compared to the untreated
control group. According to Table 1, compared to the
positive control groups, the number of cysts emerging
in mice after ABZ, PZQ and ABZ+PZQ treatment
was significantly reduced (p<0.05) in isolates 2, 3, 4,
6, 8, 9 and 10. In contrast, in isolates 11 and 12, the
number of secondary hydatid cysts was reduced but not
significantly (p>0.05). On the other hand, only ABZ
treatment was significant in isolate 1 and in isolate 5,
both PZQ and ABZ+PZQ were significant. While the
size decreased considerably in isolate 7 only when
treated with PZQ.

As seen in Table 2, the results obtained in this study
revealed statistical differences (p<0.05) between
control groups and treated groups when the size of
hydatid cysts was measured (diameter) in isolates
2 and 3. In contrast to the control groups, the size of
secondary hydatid cysts was decreased no significantly
(p>0.05) in isolates 1, 4, 5, 7, 9, 10 and 11. In isolates
8 and 12, the size of cysts was decreased significantly
only in the groups treated with combination and PZQ
alone, respectively. While in isolate 6, the size of cysts
was reduced considerably in both ABZ and PZQ treated
groups.

TABLE 1: TREATMENT OF MICE INFECTED WITH 12 ISOLATES OF E. granulosus PROTOSCOLECES
REGARDING THE NUMBER OF SECONDARY HYDATID CYSTS THAT DEVELOPED OVER 1 MO OF

INFECTION
Number Number Number Number
Isolates Number of cysts Number of of cysts Number of  of cysts of cysts
of mice  (MeanzSD) mice (MeanzSD) mice (MeantSD) (MeanzSD)
Controls ABZ PZQ combination
105 R 50 .
1 6 (17.519.02) 4 12 (3£2.16) 6 (8.33+7.84) 23 (4.6x2.607)
* 0 *
2 5 60(12.0£7.54) 4 0 (0.03+0.05) 5 (0.02+0.04) * 0 (0.03+0.05)
3 5 76 4 0 (0.03+0.06)* 6 0 0 (0.02+0.05)*
(15.2£10.94) e (0.02+0.05)* e
100 . 5 .
4 5 (20+12.84) 4 2 (0.5+0.01) 3 (1.6620.57)* 1 (0.25+0.01)
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78

> 4 (25.75:8.95) 60 (15:4.082) A.67:058¢ 3 5 (0.25:0.01)"
6 6 (15.53?0.55) (0.02112).04)* (0,0313-05)* 6 7 (0.83+0.26)*
¢ 6 (25.6;2;3.93) (12,629_16) (3.502;1 76)" 6 32 (5.33+5.125)
8 ! (28.711'71?2.36) 10 (2.5:1.73)" (4.8:.'919)* 4 6 (0.03:0.05)"
? ° (25.6112185.58) 8 (1.6<0.894)" (4_03?3 45)* 5 24 (4.8+3.701)*
10 4 (28.1715114) 6 (1.00:0.0)" 8 (1.60+0.8)" 6 33 (5.50+4.85)*
1 4 (33.51133%.59) (16.81301117.6) 30 (5.0:2.1) 6 (45.3%37.53)

"z ! (59-5213687.71) (20.85?8.33) (0.0220.04) 4 2 (0.50+0.58)

Note: *Significant difference

TABLE 2: TREATMENT OF MICE INFECTED WITH 12 ISOLATES OF E. granulosus PROTOSCOLECES
REGARDING THE SIZE OF SECONDARY HYDATID CYSTS THAT DEVELOPED OVER 1 MO OF INFECTION

Mean.of Mean of Mean_of Mean.of

Isolates Number of  cyst size  Number of cyst size Number of  cyst size  Number of cyst size
cysts (mm)+SD cysts cysts (mm)xSD cysts (mm)+SD

Controls (mmzSD ABZ PZQ combination
1 105 4.21+19.04 12 1.33+2.01 50 1.12+3.88 23 2.10+5.52
2 60 3.78+14.49 0 0.05+0.00* 0 0.05+0.00* 0 0.05+0.00*
3 76 3.25+15.46 0 0.05+0.00* 0 0.05+0.00* 0 0.05+0.00*
4 100 4.24+20.83 2 0.5+0.00 5 0.5+0.00 1 4+0.02
5 103 3.43+15.43 60 1+4.21 78 2.89+21.46 5 1+1.024
6 93 2.59+22.95 0 0.05+0.00* 0 0.05+0.00* 5 0.5+0.12
7 154 4.13+26.33 76 1.06x5.31 21 1.47+2.731 32 1.06+2.97
8 115 4.22+23.78 10 2.4+4.76 24 1.104+£2.911 0 0.05+0.00*
9 128 4.35+24.43 8 2.37+3.42 20 4.15+10.02 24 3.31£8.92
10 115 4.54+25.75 6 1.83+0.75 8 0.5+0.462 33 1.16+3.09
11 134 4.08+29.25 101 1.60+7.80 30 2.45+5.65 272 1.59+11.24
12 238 2.78+26.40 125 1.25+6.97 0 0.05+0.00* 2 1.05+0.04

Note: *Significant difference

As shown in fig. 2, the location of developing hydatid
cysts on the internal organs of mice treated with ABZ
(15 mg/kg), PZQ (25 mg/kg) and ABZ+PZQ (15 mg/
kg+25 mg/kg) was variable. However, the liver was the
most common site of infection (44.91 %), followed by
a peritoneal cavity (30.3 %), subcutaneous (21.1 %),
spleen (3.29 %) and lungs (0.38 %).

The serum level of IL-2 in mice was shown in Table
3. The mean concentration of IL-2 in isolates 1, 2, 3
and 4 for ABZ, PZQ and ABZ+ PZQ were considerably
(p<0.05) higher in comparison to the control groups
(fig. 2). Conversely, all other isolates (5, 6, 7, 8, 9, 10,
11 and 12) indicated no significant variations (p>0.05)
when compared to comparable control groups.
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The serum level of IL-9 in the study mice groups was
shown in Table 4 for all isolates. The mean concentration
of [L-9 inisolates 1 was significantly (p<0.05) decreased
in mice treated with ABZ+PZQ (Table 4). Conversely,
all other isolates (2, 3, 4, 5,6, 7, 8,9, 10, 11 and 12)
revealed no statistically significant (p>0.05) differences
compared with relevant control groups.

Table 5 shows the serum level of IL-10 in the studied
mice. The mean concentration of IL-10 in isolates 3 and
9 revealed a significant (p<0.05) difference when treated
with ABZ and ABZ+PZQ, respectively. Conversely,
no significant (p>0.05) difference was found between
the other isolates (2, 4, 5, 6, 7, 8, 10, 11 and 12) and
relevant control groups.
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Location of Secondary hydatid cyst in
diffferent sites of experimentally
infected mice

Fig. 2: Distribution of secondary hydatid cysts on the internal organs of the experimental mouse, ( =) Liver; ( = ) Lungs; ( =)
Peritoneal cavity; ( = ) Spleen; ( =) Subcutaneous

TABLE 3: CONCENTRATION OF SERUM IL-2 IN MICE FOLLOWING TREATMENT WITH ABZ, PZQ AND
ALZ+PZQ AMONG ISOLATES

Negative control ABZ (15 mg/kg) PZQ (25 mg/kg) Combination (15+25

Isolates (Mean:SD) (MeanxSD) (Mean:SD) mg/kg) (MeanSD)
1 113.89+10.5 (147.64+1.18)" (149.7411.78)" (149.32+8.31)*
2 113.89+10.5 (147.85+15.15)* (147.85+2.07)* (73.9+2.07)*
3 113.89+10.5 (140.71+5.64)* (144.7+20.79)* (158.36+0.29)*
4 113.89:10.5 (156.05+10.1)* (153.31£8.02)* (144.7:4.75)*
5 113.89+10.5 (139.45:4.45) (128.136.54) (139.24+21.98)
6 113.89+10.5 (131.05:4.45) (132.1£10.1) (128.52+16.93)
7 113.89:10.5 (125.37+23.76) (95.54+5.94) (122.01:13.66)
8 113.89+10.5 (112.77+12.47) (124.32+8.02) (115.712.37)
9 113.89+10.5 (116.13£6.3) (90.5+4.2) (116.34+12.81)
10 113.89:10.5 (151£0.59) (134.239.21) (120.12+2.07)
11 113.89+10.5 (121.38:0.29) (124.01£5.49) (102.16:0.74)
12 113.89+10.5 (122.12+1.932) (120.1245.05) (126.42+1)

Note: *Significant difference

TABLE 4: CONCENTRATION OF SERUM IL-9 IN MICE FOLLOWING TREATMENT WITH ABZ, PZQ AND
ALZ+PZQ AMONG ISOLATES

Negative control ABZ (15 mg/kg) PZQ (25 mg/kg) Combination (15+25

Isolates (Mean+SD) (MeanxSD) (Mean+SD) mg/kg) (MeanzSD)
1 143.28+24.34 135.93:0.73 137.49+5.4 35.93:2.7*
2 143.28+24.34 134.02+0.49 182.45:55.24 120.65:8.59
3 143.28+24.34 152.42+20.62 146.3421.71 145.82+21.11
4 143.28+24.34 167.18+9.08 146.34+15.95 148.43+10.55
5 143.28+24.34 142.87+10.06 176.72+7.85 162.49+20.62
6 143.28+24.34 154.5+3.928 150.86+9.08 161.1+8.83
7 143.28+24.34 163.53+26.02 136.79+1.96 149.29+4.91
8 143.28+24.34 162.31+5.64 151.55+27.25 155.37+0.73
9 143.28+24.34 139.05+5.64 163.18+10.31 148.95+11.29
10 143.28+24.34 136.27+15.95 152.59+10.55 164.75+7.61
11 143.28+24.34 143.39+14.24 169.09+18.16 152.94+0.73
12 143.28+24.34 139.66+8.22 140.35+9.94 153.11+17.67

Note: *Significant difference
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TABLE 5: CONCENTRATION OF SERUM IL-10 IN MICE AFTER TREATMENT WITH ABZ, PZQ AND ALZ+PZQ

Negative control

ABZ (15 mg/kg)

PZQ (25 mg/kg)

Combination (15+25

Isolates (MeanxSD) (MeanxSD) (Mean:SD) mg/kg) (MeanSD)
1 83.43:18.75 125.63£12.22 170.9369.38 109.09+1.06
2 83.43:18.75 79.96+18.34 99.51+9.83 99.32+46.25
3 83.43:18.75 105.33£26.58 88.04:14.35 126.01+77.09
4 83.43+18.75 117.18+26.84 91.24+13.55 447.81+468.92
5 83.43:18.75 126.01+36.15 100.82+16.48 78.83:0.26
6 83.43:18.75 104.39+7.7 123.38+33.49 99.13:8.24
7 83.43:18.75 91.2430.57 82.03:30.3 99.69:10.1

8 83.43:18.75 94.81+5.31 119.43+55.55 96.5+12.49
9 83.43:18.75 83.53+27.64 119.06+24.72 94.81:10.63
10 83.43:18.75 105.9+2.39 99.510.26 121.69+15.68
11 83.43:18.75 104.58+1.06 95.18+15.41 99.88:0.26
12 83.43:18.75 105.71+38.81 106.46+5.84 102.89+16.74

Note: *Significant difference

Identifying markers indicating treatment efficacy is one
of the most pressing issues in CE patients after surgical
or pharmacological therapy immunosurveillance. In the
pharmacological therapy of CE, the frequent recurrence
ofillness after an initial treatment success is a significant
issue®. This study aimed to determine the serum levels
of IL2, IL-9 and IL10 in response to treatment with
ABZ and PZQ in experimentally induced infection in
BALB/c mice.

Generally, benzimidazole derivatives (mebendazole
and ABZ) and PZQ are used to treat hydatid cysts!'?,
ABZ and mebendazole may, in certain situations,
reduce the size of cysts and result in cyst component
sterilization?®!. ABZ is more effective when used with
PZQI2423],

In the present study, the number of secondary hydatid
cysts arising in mice after ABZ, PZQ and ABZ+PZQ
treatment was significantly reduced (p<0.05) in isolates
2,3,4,6,8,9 and 10 when compared to the untreated
control group. These findings support previous
research®. In contrast, the number of secondary
hydatid cysts was reduced in isolates 11 and 12, but not
significantly (p>0.05). These results are inconsistent
with the previous studies!!*?71, In our results, the size
of hydatid cysts was decreased in all isolates upon
treatment with each drug. These results agree with
the previous studies’*], However, the decrease was
significant (p<0.05) in isolates 1 and 2 compared with
the untreated control group that was consistent with
previously published data®.

In previous studies, secondary hydatid cysts were
identified in the livers of BALB/c and abdominal
cavities of Naval Medical Research Institute NMRI
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mice 4 mo following protoscolices injection®**!!, In
the present study, the location of developing secondary
hydatid cysts on the internal organs of mice treated with
ABZ, PZQ and ABZ+PZQ was variable. However, the
liver was the most often infected organ (44.91 %),
followed by a peritoneal cavity (30.3 %), subcutaneous
(21.1 %), spleen (3.29 %) and lung (0.38 %). This result
agrees with the previously published data?®!,

In the current study, response to treatment with ABZ,
PZQ and both in combination was variable in mice
groups harboring secondary hydatid cysts from different
parasite isolates. Cyst development was not seen in
mice inoculated with protoscolices from isolates 1, 2,
6 upon treatment with ABZ and PZQ separately, isolate
8 when both drugs were administered in combination
(ABZ+PZQ) and isolate 12 when treated with PZQ.
Such inconsistent response to treatment might be
due to host and parasite factors such as the strain of
E. granulosus®. The cyst’s age, the patient’s age, the
cysts localization and morphological features have
been indicated as factors influencing the therapeutic
results?*.

Trying to find biochemical markers that can monitor
the progression of hydatid disease, some studies
explored the correlation between cytokine levels in the
serum and disease outcome and infection stage. Th2
and Thl serum cytokine levels were increased in CE
patients through the aggressive phase of the disease
before treatment, according to Naik et al.**. However,
IL-4 and IL-10 levels decreased significantly 2 y after
chemotherapy. An experimental study found that the
Th1 cytokine profile was predominant in the early post-
infection phase (3-4 w), then shifted to the Th2 cytokine
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profile in the 4™ wP*. Furthermore, Torcal et all®®
found a link between IL-1, IL-2 and IL-4 levels and
cysts number, characteristics and location in the liver.
Touil-Boukoffa et al.3% proposed that serum cytokine
levels measurement after surgical removal of hydatid
cysts could allow early relapse detection.

In the mouse model with E. granulosus infection, an
initial elevation in the secretion level of Thl cytokines
was fatal for the parasite. Then, the Thl response
was progressively shifted towards the Th2 response,
resulting in increased production of anti-inflammatory
cytokines, beneficial for oncosphere survival®37,
Clinical investigations have also shown that successful
therapy is linked to the Th1 profile. In contrast, treatment
resistance is associated with increased Th2 cytokine
production, suggesting that the Th1/Th2 imbalance is
critical for controlling CE immunopathogenesis!**3),

This study found a significant (p<0.05) rise in IL-2
cytokine in isolates 1, 2, 3 and 4. Previous studies
have supported these findings>%1%3740-451 Other isolates
(5,6,7,8 9,10, 11 and 12) showed no significant
differences (p>0.05). These results were in agreement
with previous studies!'’*’), Human subjects receiving
treatment have a higher Thl cytokine profile than Th2
subjects*®!. The host immune system may be exposed
to various antigens during therapy, such as antigens 5
and B, and antigen E and tegumental antigen (Teg)?*+7..
This may assist in explaining why our study’s cytokine
expression was so variable. Additionally, host genetic
variables may be implicated®l.

According to Li et al.*!, patients with active cysts had
higher Thl cytokines before treatment than normal
controls; despite this, no noticeable change from Thl
to Th2 response was detected in patients with inactive
cysts after therapy.

According to our findings, the serum cytokine I1L-9
is significantly (p<0.05) reduced in mice treated with
ABZ+PZQ in isolate 1. On the other hand, none
of the other isolates (2, 3, 4, 5,6, 7, 8, 9, 10, 11 and
12) demonstrated a statistically significant difference
(p>0.05) when compared to the untreated control group.
These findings agree with a previous study™.

Other ex vivo experiments that found cytokines in
CE patient’s serum supported the link between the
production of cytokines and the prognosis of the illness.
Rigano et al.™® found higher serum levels of 1L-4 and
IL-10 in patients who did not respond to therapy than
those who did; Bayraktar et al.!'"> discovered higher
serum levels of IL-2, IL-4 and IL-10 in CE patients
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before treatment compared to those who were treated
and healthy controls.

The patient’s age, chemotherapy schedule, prior
surgery, cyst location, metacestode integrity, cyst form
and age, and parasite strain may impact the immune
response and account for the widely different clinical
presentation of illness! ‘..

In the present study, the mean concentration of IL-10
in isolates 1 and 10 revealed a significant (p<0.05)
difference when treated with PZQ and ABZ+PZQ,
respectively. These findings are consistent with previous
researches!!”74¢l, In contrast, no significant (p>0.05)
difference was found between all other isolates (2, 4,
5,6,7,8,9, 11 and 12) and relevant control groups,
and this might be due to cytokines are not specific for
a particular disease, as they are produced in every Thl
or Th2-mediated inflammatory. These results agree
with previously published data*#-% It’s known that
the immune response to hydatid cysts in intermediate
hosts is complicated and contradictory. The Th1/Th2
cytokine imbalance plays a significant role in promoting
the disease’s immunopathogenesis change through Thl
and Th2 cytokines®.

The cytokine response may be contradictory due to
different T cell activation. It may also be related to the
study design, time frame and classification of cysts.
Recent research discovered no significant variations
in serum concentrations of Thl and Th2 cytokines
between individuals with liver cysts at various stages
(CE1-CES), revealing several limitations in using
cytokines as biomarkers of hydatid cyst biological
activity?’l. According to our results, we believe that
longitudinal monitoring in a time frame that allows for
observation of changes in cyst development and the
host’s immune response after the intervention may be
the most valuable use of cytokine as a marker.

ABZ and PZQ reduced the number and size of
secondary hydatid cysts markedly compared to
the untreated control group in infected mice. They
stimulated the release of IL-2, which is beneficial
to parasite clearance and decreases IL-9 and IL-10
cytokines. Overall, high IL-2 production with low
IL-9 and IL-10 production in complete responders and
enhanced IL-9 and IL-10 production with low IL-2
output in non-responders suggest Th-1 cell activation
in protective immunity and Th2/Th9 cell activation
in susceptibility to hydatid disease. Such wvariable
response to treatment and varying cytokine expression
levels observed in mice experimentally infected with
different local isolates of E. granulosus protoscoleces
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necessitate further investigations to identify the local
strain of E. granulosus impact on the immunological
and chemotherapeutical response in both human and
animal hydatidosis.
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