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Abstract
Blastocystis hominis is a cosmopolitan protozoan that has been associated with several gastrointestinal
disturbances involving lactose intolerance. However, the underlying pathogenic factors remain indistinct.
20 Swiss albino mice were utilized and assembled into four groups, each of �ve mice: group-I: received
neither infection nor lactose (healthy control), group-II: received a single dose of 10000 cysts of
Blastocystis and lactose diets in a dose of 12.5 g/ day/mouse for 7 consecutive  days starting from day
14 p.i, group-III: non-infected mice with oral doses of lactose (12.5 g/day/mouse) for 7 consecutive  days
(positive control), group-IV: infected mice on lactose free diet (negative control). We investigated the
histopathological changes using H&E stain. Also, lactase enzyme activity was measured using
spectrophotometry and the production of TNF-α and apoptotic events were explored via
immunohistochemistry and compared in the small intestine of all groups. The active in�ammatory
changes in the infected animals were moderate in the form of loss of villous architecture, increased ILC
(P- value > 0.001) besides scattered forms of the parasite as compared to non-infected mice. There was a
reduction in lactase enzyme activity p.i... The TNF-α levels were induced p.i. as compared to non-infected
mice (P-value > 0.001). The expression of Bax protein was upgraded, while Bcl-2 expression decreased
signi�cantly with a reverse in Bax/Bcl2 ratio in infected animals. Blastocystis infection appears to
humble lactase enzyme activity via the induction of apoptosis in the epithelial cells of the small intestinal
brush border in a TNF-α associative pathway.

Introduction
Blastocystis is a single-celled anaerobic and enteric parasite that was found to colonize small intestine
and large intestine (Wang et al., 2004, Pavanelli et al., 2015 and Kumarasamy et al., 2017). Although, It is
supported by strong clinical and scienti�c evidences that Blastocystis is pathogenic organism, the
virulence factors, pathogenicity and other risk factors involved in disease manifestation are still obscure
(Tan et al., 2010 and Scanlen, 2012).

Recently, Blastocystis infections are associated with a variety of gastrointestinal disorders and
extraintestinal disorder; cutaneous and joint manifestation (Boorom et al., 2008 and Wawrzyniak et al.,
2013). Clinical features of Blastocystis infection include abdominal pain, diarrhoea, nausea, anorexia,
bloating, �atulence, lactose intolerance, constipation and weight loss (Tan et al., 2010) with signi�cant
association between Blastocystis and irritable bowel syndrome (IBS) (Tungtrongchitr et al., 2004, Yakoob
et al., 2010, Jimenez-Gonzalez et al., 2012 and Poirier et al., 2012), Blastocystis -associated enteritis
(Gallagher and Venglarcik 1985, Gorman et al., 1993, Zuckerman et al., 1994 and Rossignol et al., 2005),
terminal ileitis (Tsang et al. 1989), and ulcerative colitis (Jeddy and Farrington, 1991, Kök et al., 2019).

β-glucosidases enzymes comprise lactase phlorizin hydrolase enzyme that catalyzes the digestion of
lactose present in milk into glucose and galactose since early infancy. Lactase enzyme also termed the
brush border enzyme that is produced by the enterocytes that line the luminal side of the brush border of
the small intestine. Disorders in lactase enzyme lead to lactose intolerance, or incompetency in the
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digestion of lactose resulting into its fermentation by intestinal microbiota causing gas production and
abdominal discomfort (Daniels et al., 1981, Day et al., 2000). The relationship between microbial
infections in the gastrointestinal tract and lactose intolerance has been speculated in several studies. In
giardiasis infection carbohydrates is one of the most frequently mal-absorbed nutrients (Ament &
Rubin,1972, Ament et al., 1973, Singh et al., 2000). Additionally, rotavirus causes the destruction of the
enterocytes lining the brush border of the intestinal mucosa and thus minimize the absorptive surface
area and distress several digestive enzymes leading to osmotic diarrhoea primarily due to carbohydrate
malabsorption (Graham et al., 2984). However, the hidden impact of blastocystosis on lactose intolerance
has not been much explored.

TNF-α in�ammatory cytokine is a protein in nature which is produced by the mesenchymal and epithelial
cells for cell signaling to regulate the epithelial barrier in multiple ways, including mucus secretion, barrier
permeability, proliferation/differentiation and wound healing (Günther et al., 2013). Additionally, if cells of
immune system especially macrophages detect infection, they release TNF-α to alert other cells of
immune system as well as cells of other tissue leading to in�ammation (Lake et al., 1994).

Bax is a pro-apoptotic regulator while Bcl-2 is an anti-apoptotic. They are both essential in intrinsic cell
death via mitochondria (Westphal et al., 2014). Yu et al. (2014) reported the incidence of apoptosis in
intestines infected with Trichinella spiralis in murine models. Liu et al., (2020) reported that Giardia
duodenalis triggers apoptosis in the epithelial cells lining the intestinal mucosa in a pathway dependent
chie�y on reactive oxygen species. Buret et al. (2003) speculated that Cryptosporidium andersoni
prompts apoptosis and interrupts tight junctions in the intestinal mucosa. In 1995, Wiley et al.
characterized and identi�ed the TNF dependent apoptosis. Also, Sundararajan et al. (2001) speculated
that TNF-α triggers apoptosis through Bax-Bak interaction. However, in adenovirus infections, the virus
possesses Bcl-2 homologue that blocks TNF-α-mediated apoptosis. In this context, in blastocystosis
infection, the apoptotic events in the small intestinal tract are still not clear.

The present work is an experimental cross sectional study that manipulated murine models to reveal the
pathological changes in the mucosa of the small intestine in Blastocystis induced infections.
Additionally, the associative lactase enzyme activity and the role of intestinal epithelia as producers and
targets for TNF-α cytokine in the apoptotic death were evaluated.

Methodology And Material
Recruitment of infective samples

Twenty -�ve patients attending Diagnostic and Research Unit of Parasitology (DRUP) at Kasr Al-Ainy
school of medicine, the outpatient clinic of Abu El-Rish children hospital and the outpatient clinic of
Theodor Bilharz Research Institute (TBRI) in the period from December 2019 to October 2020 were
considered for the study. Two to three samples were collected from each patient. Patients with
in�ammatory bowel disease, gastrointestinal tumours were excluded as well as subjects who took
antibiotics, proton pump inhibitors or non-steroidal anti-in�ammatory drugs in the last 30 days. Subjects
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with persistent gastrointestinal manifestations more than 6 months were also excluded. All samples were
recruited in sterile clean plastic cups taking care that the specimens were not contaminated with water or
urine then they were subjected to the routine macroscopic & microscopic examination.

Isolation of the parasite and culture conditions

Positive stool samples containing Blastocystis were pooled together then emulsi�ed in normal saline and
strained through gauze into centrifuge tube. The tube was centrifuged at 2000 r.p.m. for 10 minutes, the
supernatant was decanted. This process was repeated several times until the supernatant was totally
clear.

The parasite was grown using Jones’ media supplemented with 10% horse serum and antibiotic solution
(Penicillin G and Streptomycin in a concentration of 0.1%). The pH was accustomed to pH 7 with
Na2HPO4, KH2PO4, and NaCl prior to autoclaving for sterilization at 121oC. For culture inoculation, a
stool portion was transferred aseptically into the culture tubes with a clean glass rod and mixed with the
culture medium. Each tube was labelled with the patient's name and number, and the date and incubated
at 37ºC for 48 – 72 hrs. in the incubator.

Animals

Twenty laboratory bred male Swiss albino mice aged 3-4weeks age were supplied by the European
Country Farms in Egypt and were a�rmed in TBRI. Throughout the experiment, the mice were kept under
standard experimental circumstances in a 12 h light/dark cycle and were kept on a standard diet
containing 24% protein, 4% fat and about 4-5% �ber and water in the biological unit of TBRI under a
temperature of 24°C. Periodic veterinary inspections were performed to approve that all animals were
clear of common murine pathogens. Hygienic disposal was performed to remove mice waste and the
dead animals.

Experimental design

Sample size was calculated by: Statistical analysis of ANOVA test as (according to G power analysis
(v.9.3.1) α=0.05, sample size effect =0.4, 1-β=0.5, number of group 4, one way, total sample size =20,
sample size =5 mice (Ari�n and Zahiruddin, 2017). Group I (healthy control group) received neither
infection nor lactose. Group II was infected by Blastocystis and received lactose diet. Group III were non-
infected mice and received lactose diet (positive control). Group IV was infected with Blastocystis without
lactose intake (negative control).

Induction of infection

Experimental mice were inoculated via intra oesophageal catheter with 104 cysts from Blastocystis
culture (Moe et al., 1997) suspension in sterile saline. Weekly post-infection (p.i.), faecal samples from
mice’s rectum were collected and subjected to parasitological examination by direct wet mount technique
to detect Blastocystis infection.



Page 5/22

Lactose administration

Fourteen days p.i., Blastocystis was detected in stool with more than 8 cysts in the �eld indicating heavy
infection of mice when lactose diet was initiated to group II and group III for 7 consecutive days (Silvia et
al., 2002). Extrapolation of animal dose was calculated using the following formula (Nair and Jacob,
2016):

Twenty-one days post infection all mice were sacri�ced by rapid decapitation of all groups by a well-
trained laboratory technician. Mice were fastened overnight to minimize intestinal contents and parts of
the small intestine were prepared for detection of lactase enzyme activity. They were stained with
Haematoxylin and Eosin to detect any histopathologic or structural abnormalities in addition to
immunostaining for detection of in�ammatory (TNF-α) and apoptotic biomarkers (Bax and Bcl-2) in situ
in collected tissue of the intestine.

Bioassay of lactase enzyme activity

Lactase activity was used as a biomarker of Blastocystis hominis induced mucosal damage. The activity
of the enzyme was evaluated and de�ned as unites/mg of tissue protein.

Sample preparation/extraction

Small intestinal tissue samples were accurately weighed; PBS (0.01 M, pH7~7.4) was added to the
sample according to the ratio of weight (g): volume (mL) = 1:9; tissue samples were mechanically
homogenized in ice water bath; all samples were then centrifuged at 3500 rpm for 10 min. Total protein
concentration was investigated in the supernatant of homogenized tissue samples using NANODROP®

2000C spectrophotometer and the supernatant was stored at – 20 ºC.

The enzymatic reaction was carried out according to the lactase assay kit (Cat. no. E-BC-K131-S,
Elabscience Biotechnology Inc, USA). Brie�y, 5.5 mmol/L glucose standard solution was prepared
together with the blank, samples and control. The substrate solution was added, mixed thoroughly and
incubated at 37 ºC for 20 min. Afterwards, the stop solution was added and fully mixed, then all mixtures
were centrifuged at 4000 r.p.m for 10 min. T he chromogenic agent was added to supernatant of each
mixture, mixed well and incubated for 10 min. Each sample was measured in triplicate at 505 nm using
spectrophotometer.

The amount of lactase in 1 mg of protein that hydrolyzes 1 nmol of lactose per minute at 37°C and pH
6.0 was de�ned as 1 unit according to the following formula:
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Histopathological examination

The excised segments of the small intestine were cut both transversely and longitudinally, labelled and
numbered then �xed in formalin 10%. Then the samples were impregnated in molten para�n for 6 hours.
After that samples were sectioned by microtome at 5 μm thickness (Drury and Wallington, 1980) and
stained with Hematoxylin & Eosin stain (H&E).

Immunohistochemical staining

Detection of in�ammatory biomarker (TNF) and apoptotic biomarkers (Bax and Bcl-2) was performed in
situ in the intestine. Tissue sections were depara�nised, dehydrated in absolute ethanol for 15 seconds,
and incubated sequentially in 2% (v/v) H202 in methanol for 30 to 45 seconds, 95% ethanol for 20
seconds, 70% ethanol for 20 seconds, distilled H20 for 1 minute, and PBS (120 mmol/L NaCI, 11.5
mmol/L NaH2PO4, 31.3 mmol/L KH2PO4, pH 7.4 to 7.6) for 5 minutes. Then the tissue sections were
heated by microwaving in acidic buffer then washed twice in PBS for 5 minutes.

Tissue sections were pre-blocked for 30 to 45 minutes in Tris sodium potassium (TNK) solution (100
mmol/L Tris, pH 7.6 to 7.8; 550 mmol/L NaCI; 10 mmol/L KCI) containing 2% (w/v) bovine serum
albumin, 0.1% Triton X-100, and 1% normal goat serum. We applied the following anti-rodent primary
monoclonal antibodies: anti-Bax (1:1000 to 1:2000 v/v), anti-Bcl-2 (1:800 to 1:1500 v/v), and anti-TNF-α.
Then the tissue sections were incubated overnight at room temperature. After washing with PBS, tissue
sections were incubated for 1 hour with 2.8 pg/ml of biotinylated goat anti-rabbit antibody in the same
buffer containing 0.5% normal mouse serum. Tissue sections were then washed and incubated for 30 to
45 minutes with an avidin-biotin complex reagent containing horseradish peroxidase (Vector) in TNK.
Colour development was achieved by incubation for 10 minutes with a solution containing 3, 3'-
diaminobenzidine and 0.1% (v/v) H202 in TNK buffer. Counterstaining was performed using hematoxylin.
Slides were photographed with a light microscope equipped with a 35-mm camera with Ektar 100 �lm
(Krajewskiet al., 1994). Median density, intensity, area percentage were measured and morphological
analysis was carried using different magni�cation powers. Immunostained sections were evaluated in a
blind fashion, with the help of a pathologist. Immunopositivity was scored from grade 1 to grade 4 by
increasing the extent of immunostaining in 10 �elds (1: 25%; 2: 25%–50%, 3: 50%–75%; 4: 75%–100%)
and through the addition of the staining intensity grade: 1 (mild), 2 (moderate), and 3 (strong)
immunoreactivity; the �nal grades were expressed as 1 (mild or weak), 2 (moderate), and 3 (strong).

Statistical analysis of data
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The collected data were carefully revised, coded, tabulated and introduced to a personal computer using
"Microsoft O�ce Excel Software" program (2010) for windows. The pre-coded data were then transferred
to the Statistical Package of Social Science Software program, version 23 (IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY: IBM Corp.) to be statistically analysed. Data were presented using
range, mean, standard deviation (S.D.) for quantitative variables. Descriptive statistics were done in the
form of the mean and the standard deviation (+/- S.D.) for the parametric numerical data. For the
analytical statistics, paired t-test was used to assess the statistical signi�cance among the experimental
groups, P-value was considered signi�cant at < 0.001. The results were represented in tables and graphs.

Results
Infected animals either on the lactose diet (group II) or on lactose free diet (group IV) refused feeding and
showed weight loss, diarrheic stool, lethargy and signs of depressions than that observed in the control
non infected groups (group I and group II). One mouse died from group IV throughout the course of the
experiment. The burden of parasite shedding in the stool of group II and group IV showed a signi�cant
increase 14 days p.i., P- value >0.001.

Histopathological examination of tissue sections from the small intestine of mice 21 days p.i. showed
signi�cant hyperplasia in the number of goblet cells in group II and group-IV as compared to non-infected
groups (P- value> 0.001). Sections of the small intestine from infected mice showed moderate active
in�ammation in the form of shortening and broadening of the villi, edema of lamina propria, and
moderate in�ammatory cellular in�ltrates. There was signi�cant increase (P- value> 0.001) in the
intraepithelial lymphocytic count in both infected animals on lactose diet (group II) and those infected but
on lactose free diet (group IV) as compared with group I and group III. Scattered vacuolar forms of the
parasite were also present in the mucosa of the infected mice, �gure (1).

The overall concentrations of proteins revealed insigni�cant variation among different groups (P- value<
0.001). The concentrations and activity of Lactase enzyme in the small intestine showed signi�cant
reduction in the infected groups than in non-infected groups (P- value >0.001). However, the mean values
of lactase enzyme activity in group II (4.593 ± 0.775) were higher than group IV (2.484 ± 0.908), �gure (2).
Mean values are presented in tables (1, 2, and 3).

Table (1): Concentrations of proteins in the tissue samples of small intestine of mice 21 days p.i.
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Groups Protein concentration (mgprot /ml) Mean +/-S.D. P- value

Group I 30.72 31.15  ± 1.045 < 0.001

32.81

31.80

30.32

30.12

Group II 24.12 25.91  ± 7.226 < 0.001

35.21

25.27

16.31

28.64

Group III 17.05 27.58 ±  8.955 < 0.001

28.68

34.66

28.58

28.93

Group IV 39.96  32.51±13.076 < 0.001

36.95

27.10

13.35

45.20

Table (2): Lactase enzyme concentrations in the small intestine of mice 21 days p.i.
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P- value Mean +/-S.D. Spectrophotometry Measurements Groups

>0.001 0.343 ±0.005  0.339 Group I

0.342

0.348

0.341

0.339

>0.001     0.170  ± 0.047 0.156 Group II

0.234

0.196

0.124

0.173

>0.001 0.490 ±0.324  0.184 Group III

0.456

0.829

0.457

0.465

>0.001 0.149 ±0.063  0.155 Group IV

0.133

0.117

0.047

0.209

Table (3): Measurements of lactase enzyme activity in the small intestine of mice 21 days p.i.
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P- value Mean +/-S.D. Lactase activity (U/mg prot.) Groups

>0.001 8.780 ± 0.263 8.97 Group I

8.48

8.89

7.89

7.82

>0.001 4.593 ± 0.775 4.59 Group II

5.143

5.81

5.026

4.40

>0.001 13.883  ±6.388 7.97 Group III

13.288

20.69

13.37

14.12

>0.001 2.484± 0.908 2.75 Group IV

2.43

2.792

0.944

3.508

Tumour necrosis factor alpha (TNF-α) immune staining
In group-I and group-III, TNF-α was positive in small intestine of three of the 10 normal mice (3/10, 30%).
The expression of TNF-α was mild and limited to super�cial epithelial cells in lamina propria of the small
intestine. These positive cells were few in number and largely con�ned to the subepithelial zone and to
some degree in submucosa. In group II and group IV, TNF-α was positive in small intestine of six out of 10
infected mice (6/10, 60%). Among the positive sections, the expression of TNF-α was strong in 4 tissue
samples and moderate in 2 samples, �gure (3). Expression of TNF-α was cytoplasmic and extracellular,
widely distributed in super�cial and basal epithelial cells along the brush border of the small intestinal
villi.

Apoptotic biomarker (Bax)
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In group I and group III, Bax protein was positive in the small intestine of four non-infected animals out of
10 mice (4/10, 40%). Among the positive sections, the expression of Bax was mild in 3 tissue samples
(3/4, 75%) and moderate in 1 sample (1/4, 25%). Bax expression was mostly located at the free edge of
the surface epithelial cells of the villi, especially at the tips in addition to the lower part or the base of the
crypts. In group II and group IV, the expression of Bax protein was signi�cantly detected in six mice out of
10 infected animals (6/10, 60%) as compared to non-infected groups (P- value >0.001). Among positive
sections, the expression of Bax was strong in 4 tissue samples (4/6, 66.6%) and moderate in 2 samples
(2/6, 33.3%). Bax expression was widely distributed in the cytoplasm of the super�cial and basal
epithelial cells along the brush border of the villi of the small intestine, �gure 4.

Anti-apoptotic biomarker (Bcl2)

In group I and group III, Bcl2 protein was positive in small intestine of �ve of the 10 normal mice (5/10,
50%). Among the positive sections, the expression of Bcl2 was mild in one tissue sample (1/5, 20%),
moderate in three samples (3/5, 60%) and strong in one tissue sample (1/11, 20%). Bcl-2 protein was
mostly in the cytosol and nuclear envelope of epithelial cells in the lower part or base of crypts in normal
small intestine. Expression of Bcl2 protein was also observed in the surface epithelial cells of the villi and
at the lower part or base of the crypts in some cases. In group II and group IV, Bcl2 protein was positive in
small intestine of two out of 10 infected mice (2/10, 20%) where the expression of Bcl2 was mild with P-
value >0.001 as compared to non-infected mice. Bcl2 expression was mostly in the cytoplasm and
nuclear envelope of the epithelial cells of the small intestinal villi.

In regard to the extent of immunostaining and the grade of staining intensity, Bax/Bcl-2 ratio showed
signi�cant up-regulation in infected groups whereas in normal groups it was signi�cantly down-regulated
(P- value <0.001).

Discussion
In this study, detection of Blastocystis infection in the mucosa of the small intestine supports that
Blastocystis can colonize small intestine a well as colon of the host. Similar to our results, Pavanelli et al.
(2015) showed the distribution of vacuolar forms of Blastocystis in orally infected mice that involved the
small intestine (duodenum), cecum and large intestine (proximal colon). As well, Wang et al. (2014)
detected the DNA of Blastocystis within the contents of duodenum, jejunum and ileum in 36% (10/28) of
experimentally infected pigs. Likewise, Defaye et al. (2018) reported that Blastocystis vacuolar forms
were observed from duodenum to distal colon mainly localized in the lumen and in close contact with
epithelial cells.

Regarding the changes in villous architectures, there was signi�cant loss in the normal histological
structure in infected mice; besides the signi�cant proliferation of the intraepithelial lymphocytic counts, in
the infected mice as compared to non-infected mice. Kumarasamy et al. (2017) reported the signi�cant
sloughing of the mucosal epithelium, reduction in the goblet cells, in�ltration of polymorphonuclear
neutrophils and monocytes in the intestinal mucosa. Also, Yao et al. (2005) demonstrated the presence of
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the parasites in the whole gastrointestinal tract in the immunocompromised mice with severe edema,
hyperemia and congestion in the tissues of jejunum, ileum, cecum and colon where the epithelial lining of
the small intestine and colonic mucous membrane exhibited exfoliation, in�ammatory cell in�ltration in
submucosa, and structural changes in glands. Furthermore, Camilleri et al. (2012) documented that
biopsy analysis from Blastocystis-infected patients showed disorders in the integrity and permeability of
the intestinal barrier. Blastocystis altered expression of tight junction (TJ) which allows the diffusion of
luminal antigens and/or proteases to the submucosal compartments.

In the present study, there was a signi�cant reduction in lactase enzyme activity in Blastocystis infected
groups to its lowermost levels with a mean value 2.484 ± 0.908. This result of lactase enzyme activity
was lower than normal groups with or without lactose diet and elucidated the relation-ship between
Blastocystis infection and the reduction in the lactase enzyme activity which is commonly considered as
the �rst-line of digestion fordisaccharides. Previous studies reported the symptoms of lactose intolerance
in 6% of patient and irritable bowel syndrome in 12% of Blastocystis infected patients (Bálintet al., 2014).
Also, Yakoobet al (2011) demonstrated lactose intolerance in 21 % of patients with IBS, 15% in patients
with chronic non-speci�c diarrhea and bloating in 50% of patients with IBS. Interestingly, Kain et al.
(1987) reported that dietary management with lactose-free diet in patients with B. hominis infection was
found to reduce either symptoms or parasite numbers in an epidemiological study.

In the current study, the effect of B. hominis infection on cell mediated response was investigated by
immune staining of TNF-α in small intestine of all study groups. There was moderate to strong
expression of the cytokine in the super�cial epithelial cells in the lamina propria of small intestine in 60%
of the infected mice (60%); whereas in normal groups, positive cells were largely con�ned to the
subepithelial zone in only three mice. Iguchi et al. (2009) suggested that the intestinal colonization of
Blastocystis parasites trigger the activation of T cells, monocytes/macrophages, and/or natural killer
cells in local tissues through the upregulation of TNF-α, IFN-γ, and IL-12. The same authors suggested the
absorption of Blastocystis-derived molecules through the epithelial lining of the intestinal mucosa via
paracellular and transcellular pathways. Additionally, Yakoob et al. (2014) reported the induction of Th1
immune responses and production of IFN-γ and TNF-α from T and natural killer cells in Blastocystis
infections. Similarly, Sarhan et al. (2019) reported the presence numerous immune positive in�ammatory
cells in the submucosa of an intestinal fold in Blastocystis infected mice. However, Jimenez et al. (2012)
revealed the signi�cant linkage disequilibrium in TNF-α expression in Blastocystis infection.

In the current study, expression of BAX protein was moderate to strong positive in 60% of the small where
as in the normal groups the expression was con�ned to 40% of the cases and mostly located at the tips
of the free edges of the surface epithelial cells of the villus. Additionally, the expression Bcl2 protein was
mild to moderate in 20% of the infected mice as compared with non-infected mice where the expression
of the protein was moderate to strong in 50% of the animals. Steck et al. (2011) and Mirza et al. (2012)
reported that both parasite and parasite lysates have damaging effects on intestinal epithelial cells
causing apoptosis and degradation of tight junction proteins occludin and ZO1, resulting in increased
intestinal permeability. Similarly, Kumarasamy, et al., (2013) signi�ed that Blastocystis-Ag stimulation
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has caused various patterns of cytokine and apoptotic gene expressions with increase Th1 cytokines
(e.g., IFN-γ and TNF-α) which represents the cellular immune responses. Furthermore, Puthia et al. (2006)
reported that Blastocystis ratti induces apoptosis in the intestinal epithelial cells in a contact-independent
manner. Besides, it rearranges F-actin protein, decreases transepithelial resistance, and increases
epithelial permeability. Interestingly, Parker et al. (2019) demonstrated that in TNF-dependent intestinal
in�ammation the rate of apoptosis increases causing impairment in the turnover of the epithelial cells
lining the intestinal villi and irreversible reduction in the length of the intestinal villi.

Conclusion
Blastocystis infection was associated with reduced lactase enzyme activity. Immunity to Blastocystis
infection involved the small intestinal mucosa in a TNF-α associative pattern. The rate of apoptosis
despite being low in normal mucosa, Bax/Bcl2 ratio increased signi�cantly in the mucosa of the small
intestine of Blastocystis infected mice. Blastocystosis seems to trigger lactose intolerance with an
associating induction to the expression of TNF-α and apoptotic proteins in the epithelial cells of the small
intestine.
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Figure 1

Histological images of the murine intestinal biopsies stained with H&E: (A) Tissue section from a healthy
normal control. (B) Lymphocytic aggregation (arrow) 21 days p.i. with Blastocystis hominis. (B) Vacuolar
forms of Blastocystis hominis in the intestinal mucosa. (C) Scattered parasites in the mucosa cropped
and magni�ed from B (arrows).
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Figure 2

Chart shows comparison of lactase enzyme activity between different groups
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Figure 3

Microphotograph showing the expression of TNF-α in the small intestine of mice: Mild expression of TNF-
α in healthy control (A). Intense expression of TNF-α in infected mice 21 days p.i.. (B,C), (D) Control slide:
primary immune staining was omitted; magni�cation, 200 X.
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Figure 4

Photomicrograph shows immune reactivity for Bax. (A, B) Bax expression in super�cial and basal
epithelial cells along the brush border of the small intestinal villi, magni�cation x4o and x100
respectively. (C, D) BAX positive cells are brown in color and expressed in the cytoplasm, magni�cation
x200.
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Figure 5

Photomicrograph shows immune reactivity for Bcl-2. (A), (B) Strong Bcl-2 expression along the brush
border of the small intestinal villi in non-infected mice, magni�cation x200. (C) Expression of Bcl-2 in
Blastocystis hominis infected mice 21 p.i., magni�cation x40.


