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Abstract: The present study was conducted as an attempt to treat secondary 

hydatid disease in white mice strain Balb/c by immunohistoflourescent (IHF) 

staining technique. For this purpose, the mice were infected with hydatid cysts 

and treatment was done by oxfendazole (OFZ) at a concentration of 30 mg/kg, 

praziquantel (PZQ) at a concentration of 40 mg/kg and albendazole (ABZ) at a 

concentration of 10 mg/kg of body weight. Each drug was given weekly for 

four months and the same concentrations as above. The results showed that the 

highest treatment efficiency was in case of OFZ + PZQ treated mice, while the 

groups treated with OFZ, OFZ + ABZ and ABZ + PZQ showed less treatment 

efficiency, respectively. The IHF staining technique was used to determine the 

cytokinesis of TGF-β3 in the spleen and liver of experimental mice. For this 

reason, OFZ is considered as one of the most promising chemotherapies used 

in the treatment of hydatid cysts. 
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Introduction 

Hydatid disease is a common disease between humans and animals. The 

causative agent of the disease is the larval stage (metacestode) of the tapeworm of 

the genus Echinococcus (Wahlers et al., 2012). The host's resistance to the parasite 

Echinococcus granulosus depends on the cellular immunity of the Th1 helper T 

cells, while the susceptibility to infection depends on the secretions of the helper T 

cells Th 2 (Zhang et al., 2003), called cytokines, which are important in regulating 

the immune response in all stages of the immune response in addition to its effect 

on innate and acquired immunity. Transforming growth factor-β3 (TGF-β3) protein 

is a regulatory cytokine, which is secreted from lymphocytes, phagocytes and 

dendritic cells, and works on the growth, proliferation, differentiation of cells, 

programmed cell apoptosis (Vaughn et al., 2000). It plays their role in controlling 

the immune system, and is one of the great regulators in the immune response, 

stimulates and regulates organized T cells. It reduces toxic factors in the immune 

response and chronic inflammatory diseases and induces fibrosis in many worm 

infestations (Harraga et al., 2003).  
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In view of the absence of previous studies conducted in Iraq, on the use of a drug 

from the benzimidazole derivatives (oxfendazole), and its use alone or mixed with 

another drugs, such as albendazole and praziquantel, which are the most commonly 

used to treat hydatid cysts, hence, prospects are opened in trying to treat this disease 

both immunologically and chemically. The members of the experimental mice were 

tested in this study by using the IHF staining technique to determine the expression 

of TGF-β3 in spleen and liver of experimental mice. 

 

Material and Methods 

Experimental Animals 

Ninety Balb/C strain white male mice (Mus musculus Linnaeus, 1758), 4-5 

weeks old, weighing 20±5 g, obtained from the Drug Control Department in 

Baghdad were used. These mice were transferred directly to the animal house of the 

study site for breeding under the appropriate environmental conditions. 

 

Preparation of Hydatid Fluid Antigen and Protoscolices 

Hydatid cyst samples were collected from local sheep whose livers were 

naturally infected with cystic echinococcosis after slaughtering in the Al-Shula 

slaughterhouse in Baghdad. Smyth & Barrett (1980) method was used to extract 

hydatid cyst fluid antigen (HCFAg) at a concentration of 3.36 mg/ml by using 

Bradford (1976) method. Approximately 2,000 live protoscolices per mouse were 

injected in a single dose (Wangoo et al., 1989). 

 

Mice Injection 

Mice were injected at a challenge dose of 2000±5 protoscolices in intra 

peritoneal cavity (I/P) needle after sterilization of the injection area with 70% ethyl 

alcohol, at the same time. The positive control group (15 mice) was injected with 

the same dose of the protoscolices, while the negative control group (15 mice) was 

injected with 0.2 ml/ mouse of the physiological buffer saline (PBS). 

 

Preparation of the Drugs  
Three drugs had been used in an attempt to treat secondary hydatid cysts in mice 

that were experimentally infected with protoscolices in the intraperitoneal cavity. 

The drugs were:- 

1- Albendazole (ABZ) at a concentration of 10 mg/kg of body weight, equivalent to 

0.01 mg/kg human equivalent dose (HED) according to Pérez-Molina et al. 

(2011). 

2- Oxfendazole (OFZ) at a concentration of 30 mg/kg of body weight, equivalent to 

0.04 mg/ml (Gavidia et al., 2010). 

3- Praziquantel (PZQ) at a concentration of 40 mg/kg of body weight, equivalent to 

0.06 mg/ml (Gavidia et al., 2010). 

The drugs given to groups of mice were divided individually or in combination 

with the same concentrations as above. 

1- OFZ, 2- OFZ+PZQ, 3 -OFZ+ABZ, 4- ABZ+PZQ 
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OFZ was used at a concentration of 30 mg/kg of body weight, equivalent to 0.5 

mg/ml (Gavidia, et al., 2010) and the drug was locally obtained (Synanthic ®, Fort, 

Dodge, Mexico). 

Groups of rats were dosed one week after a challenge dose of 0.25 ml of OFZ 

oral administration, as one dose per week for four months. The negative control 

group was dosed with the same volume of distilled water. Four months after giving 

the challenge dose, the mice were killed and the internal organs were examined. 

 

Histopathological Examination 

Preparation, examination and photographing those sections was done by using a 

compound microscope, Olympus type, equipped with a Konica type camera, and 

using Konica films with a sensitivity of 100 ASA. 

 

Immunohistoflourescent Examination 

The immunohistochemical tests for tissue staining work, where specific 

antibodies conjugated to fluorecenisothiocyanate (FITC) staining technique were 

used to examine the immunological activity of those antibodies by using 

histological growth factor (TGF-β3) according to the manufacturer's instructions 

(the DAKO Envision Detection Kit K5007) as follows:- 

1- After obtaining tissue slices of the liver and spleen of the study group, with a 

thickness of 4-5 micrometers, by means of a rotary microtome device, the cut 

strips were carried out by using a small brush on charged slides. 

2- The slices were placed in the oven for 30 minutes, then placed in the xylene in 

the oven at a temperature of 60 °C for 10 minutes. 

3- The slides were taken out of the oven and placed in xylene for two stages, each 

stage, for five minutes, to get rid of the wax, for five minutes for two rounds. 

4- The slides were dried and outlined with a pap pen by drawing a circle around the 

tissue section. 

5- The slides were placed in a humid chamber and peroxidase was added. 

Peroxidase reagent was in the form of drops that cover the slide for 15 minutes 

at room temperature. 

6- The slides were washed with buffer PBS = 7.4 for five minutes and then dried. 

7- The slides were returned to the wet jar, and 50 μl of protein block or bovine 

serum albumin were added to each histological section to block antibody 

determinants (proteins). 

8- The slides were washed with buffer PBS = 7.4 for five minutes and then dried. 

9- The slides were returned to the wet jar and the primary antibody (growth-

converting factor) TGF-β3 was applied in a 50:1 dilution ratio with protein block 

solution. The neighbor was placed in the incubator, and incubated at 37° C for 

one hour or for the next day, overnight. 

10- The slides were washed with buffer PBS = 7.4 for five minutes and then dried. 

11- The slides were placed in the jar. Conjugate fluorescent rabbit serum was added 

in the form of drops covering the tissue sections. Then, they were placed in the 

incubator at 37 °C for one hour. 
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12- The tissue sections were washed with buffer PBS = 7.4 solution for five 

minutes, then they were placed in distilled water for five minutes.  

13- The tissue sections were passed a series of dehydration alcohols with a 

concentration of 50%, 60%, 70%, 80%, 90% and 100% for five minutes for each 

concentration and then transferred to xylene in two stages for five minutes in 

each stage for the purpose of clearing. 

14- A drop or two DPX mounting medium was tightened, the cover slip was placed 

and left to dry. 

15- The slides were examined under an Olympus fluorescence microscope 

equipped with a camera. 

 

Results 

Immunohistofluorescence of Liver and Spleen 

Transforming Growth Factor β-3 

The results of histological immunostaining with FITC method showed that the 

spleens of the experimental mice (Plates 1, 4, 5, 8), treated lymphocytes stained 

with a bright green color for TGF-β3 expression, and the cytoplasm of hepatocytes 

was colored in bright green by FITC method (Plates 2, 3, 6, 7). 

 

 
Plate 1: Section of the spleen of OFZ-treated mice showing the expression of TGF-β3 in 

FITC-mediated bright green stained lymphocytes (40X). 

 
Plate 2: Section of the liver of OFZ-treated mice showing the expression of TGF-β3 protein 

in bright green pigmented lymphocytes and hepatic cytoplasm with bright green 

color by FITC method (40X). 
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Plate 3: Section of the liver of OFZ+PZQ treated mice showing expression of TGF-β3 in 

bright green pigmented lymphocytes and bright green hepatocytes diffuse in the 

cytoplasm liver by FITC method (40X). 

 

 
Plate 4: Section of the spleen of OFZ+PZQ treated mice showing the expression of TGF-β3 

in bright green pigmented lymphocytes by FITC method (40X). 

 

 
Plate 5: Section of the spleen of OFZ+ABZ treated mice showing the expression of TGF-

β3 in bright green colored lymphocytes by FITC method (40X). 
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Plate 6: Section of the liver of OFZ + ABZ treated mice showing the expression of TGF-β3 

(IHC) in lymphocytes stained in bright green and the cytoplasm of hepatocytes in 

bright green (40X). 

 

 
Plate 7: Section of the liver of mice treated with ABZ + PZQ showing the expression of 

TGF-β3 in bright green pigmented lymphocytes and bright green hepatocytes 

diffused in the cytoplasm liver by FITC method (40X). 

 

 
Plate 8: Section of the spleen of mice treated with ABZ+PZQ showing the expression of 

TGF-β3 lymphocytes stained with green color by FITC method (40X). 
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Discussion 

In the current study, a clear expression of TGF-β was observed in the red pulp of 

the spleen, while moderate expression in the white pulp. This result is consistent 

with Ueda et al. (2003). The predominantly pigmented cells are macrophages and 

lymphocytes. In the liver, the expression was more pronounced in hepatocytes 

along the central vein. Significant differences appeared between the treated groups 

in IFAT in the tissue sections of the liver and spleen, and most of the pigmented 

cells appeared in a bright green color. On the production of cytokines, it is possible 

that it activates white blood cells and endothelial cells, and stimulates them to 

secrete cytokines. This is consistent with what was found by Reuben et al. (1979) 

upon activation of chelating macrophages by tuberculosis vaccine, which reversed 

an increase in lymphocyte counts and colony stimulating factor (CSF) secretion. 

TGF-β is a multifunctional cytokine that either stimulates or inhibits cell 

proliferation depending on cell type, the differentiating state of the cells and the 

environment in which they operate (Barnard et al., 1990). The role of TGF-β in 

liver regeneration remains an enigma. TGF plays a pivotal role in hepatocyte 

regeneration (Fausto et al., 1991). The liver is a place for different types of cells of 

hepatic, biliary and visceral origin, and during the regeneration of hepatocytes, all 

of these cells restore the size of the liver by coordinating action with the kinetic 

TGF-β. It seems that TGF-β produces the ground for new divisions of the 

hepatocytes by means of the consolidation and reconstruction of the extracellular 

matrix and thus somewhat inhibits the growth of unnecessary hepatocytes. 

Martinez-Hernandez & Amenta (1995) and Uyama et al. (2002) worked to stop the 

building of DNA in hepatocytes. Mutations in TGF-β3 cause many diseases, 

including chest diseases and osteoporosis (Rienhoff et al., 2013; Matyas et al., 

2014; Bertoli-Avella et al., 2015). Normal hepatocytes are unable to activate latent 

TGF, but regeneration-inducing hepatocytes have such a capacity (Jakowlew et al., 

1991). TGF appears to be a negative regulator of hepatocyte proliferation and in 

this way determines liver size and several immunosuppressive cytokines (Huang et 

al., 2013). Immunosuppressive expression TGF-β is observed in most parts of 

granulomatous lesions, inflammatory areas in the liver and visceral tissues, 

especially these areas near damaged cystic Echinococcus (CE). Increased 

expression of TGF-β is observed in the epithelial cells of liver sinusoids and 

fibroblasts. Recent studies have indicated that visceral cells including the epithelial 

cells of the liver are the main source of TGF-β. Thus, they work by inhibiting the 

growth factors on the liver cells by lateral effect “paracrine” (Nakatsukasa et al., 

1990; Jakowlew et al., 1991; Fausto et al., 1995). 

According to Ueda et al. (2003), TGF-β1 is formed in the spleen and secreted 

into the portal bloodstream. Expression of TGF-β in the spleen coincides with 

plasma concentrations of TGF-β.  Other organs, such as the pancreas or stomach 

are sources of TGF-β1 in the portal circulation. The release of TGF from these 

organs has a similar effect on hepatocytes, which is the anti-proliferation effect 

(Kahn et al., 1990). The mechanism of increased build-up of TGF-β in the spleen 

during liver regeneration is not yet clear (Lin et al., 2011). It means that E.
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 multilocularis posteriorly exerts a profound influence on liver homeostasis by 

modulating a number of gene expression and metabolic pathways, and that tissue 

damage stimulates the production of cytokines (Falk et al., 2005). Immunity of 

mice injected with protozoans stimulates both Th2 and Th1 (Al-Qaoud & Abdel-

Hafez, 2005). 

Th2 cytokines were concentrated in the serum of patients with hydatid cysts as 

the parasite continued to grow in the body. Zhang et al. (2003) reported that tissue 

damage and programmed cell death stimulate the production of cytokines that 

mediate the effect of drugs and reduce their negative effects.  
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