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Abstract 

Background: ICAM1 in pregnancy with Toxoplasma gondii infection can increase the 
number of Tachyzoite infections into the placenta and fetus. Hyperbaric Oxygen 
Therapy (HBOT) is often used and is safe in the treatment of anemia in pregnancy, 
besides HBOT can reduce ICAM1 through the induction of eNOS. It is hoped that 
HBOT therapy in pregnancy with Toxoplasmosis can prevent T. gondii from infecting 
the fetus. 
Material and Methods : This is an experimental study with a post-test only design on 
37 pregnant Rattus norvegicus Sprague Dawley, then the rats were divided into 4 
groups. The group A is pregnant rats infected with tachyzoite received Hyperbaric 
Oxygen Therapy (HBOT); the group B is Pregnant, not infected with tachyzoite and 
get HBOT; the group C is Pregnant and infected with tachyzoite T.gondii but not 
received HBOT, and group D consisted of normal pregnant rats that were not infected 
with tachyzoite and were not given HBOT. Rats were killed and the myometrial ICAM1 
levels were measured with Immunohistochemistry examination. All data were 
analyzed with the ANOVA test with SPSS 21 Program.  
Results: The results show that HBOT can downregulate ICAM1 in the administered 
of HBOT 2.4 ATA for 3x30 minutes in 10 sessions over 5 days of therapy. 
Conclusion: The study concludes that HBOT can downregulate the expressions of 
ICAM1 in the myometrium, in the provision of HBO 2.4 ATA for 3x30 minutes in 10 
sessions. 
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Introduction 

Tachyzoite T. gondii infection can harm the fetus and often causes abortion and 

congenital disability (McAuley et al., 2014). T. gondii infection can cause an increase 

in ICAM1 and 5-HT and the migration of mast cells to the site of infection. This results 

in decreased submucosal thickness and impaired extra cellular matrix formation 

(ECM) over a period of 12-24 hours after infection (Pastre et al., 2019). 

Tachyzoite T. gondii can easily invade cells that are far from the site of infection 

by infecting monocytes and multiplying in these cells then through ICAM1, infected 

monocytic cells will attach to other cells. After that a Tachyzoite process will infect cells 

which are attached by infected monocytes to cause damage when lysis of infected 

cells occurs. (Ueno et al., 2014) 

HBOT can reduce ischemia-reperfusion due to neutrophil-ICAM1 adhesion 

through CD18 polarization barriers. It is expected that with the inhibition of adhesion, 

Tachyzoite T.gondii potential to select myometrial cells can be reduced. (Uzun Gunalp 

et al., 2010; Lavrnja et al., 2015). HBOT can also reduce ICAM1 formation (Uzun 

Gunalp et al., 2010; John et al., 2008). 

Therefore, the administration of HBOT is expected to reduce ICAM1 production 

so that the spread of Tachyzoite T. gondii can be prevented or reduced so that there 

will be no spread in all organs, especially myometrium during pregnancy. 

 

Materials and Methods 

This is experimental study with a post test only design on 37 pregnant Rattus 

norvegicus Sprague Dawley, then the rats were divided into 4 groups. The HBOT 

group A is pregnant rats infected with tachyzoite received  therapy 10 sessions of 

HBOT 2.4 ATA in 3x30 minutes; the group B is Pregnant, not infected with tachyzoite 

and get HBOT; the group C is Pregnant and infected with tachyzoite T.gondii but not 

received HBOT; and group D consisted of normal pregnant rats that were not infected 

with tachyzoite and were not given HBOT. Each infected pregnant rats were given a 

103 Tachyzoite of Toxoplasma gondii via intraperitoneal. Examinations of ICAM1 

expressions were performed on day-5 after HBOT (twice a day). The sacrificed rats 

will be taken myometrium tissue and immunohistochemistry is examined to see the 

expression of ICAM1 (ICAM1 SANTA CRUZ Biotechnology Inc, Dallas, Texas, United 

States Of America). The data obtained were then tested by ANOVA test with SPSS 

21. This experiment has an ethical clearance No.777_KE from Animal Care and Use 
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Committee (ACUC) Faculty of veterinary medicine, Universitas Airlangga. 

ICAM1 expression from each sample was assessed semiquantitatively 

technique according to the modified Remmele method (Novak et al., 2007), where the 

Remmele scale index (ImmunoReactive Score / IRS) was the result of multiplication 

of the percentage of positive immunoreactive cells with color intensity scores on 

immunoreactive cells. Data for each sample is the average IRS value observed in 5 

(five) different Fields of View at 400x magnification. The ICAM1 examination use an 

ordinary light microscope, the Nikon H600L brand, which is equipped with a 300 

megapixel Fi2 DS digital camera and Nikkon Image System image processing 

software. 

 

Results 

The mean results of calculating ICAM1 expression in the four groups obtained 

ICAM1 values in the pregnant Rattus norvegicus group infected with Tachyzoite T. 

gondii without obtaining therapy or group C experienced a significant increase of 8,525 

while in group A HBOT expression could decrease ICAM1 expression in myometrium. 

Whereas in group D normal pregnant without infection and group B (normal and given 

HBOT) a decrease in ICAM1 expression was obtained. 

Table 1. ICAM1 Expression in Myometrium 

No Group Average Standar Deviation 

1. A 7.67 2.8 

2. B 7.5 2.81 

3. C 8.53 3.11 

4. D 6.82 1.88 

The mean ICAM1 expression in group B Rattus norvegicus is lower than group 

A which is from the table above we can see that the expression in group A is lower 

than the group C, then the lowest is in group D. The lowest ICAM1 expression in group 

D is in the control group. The results of the ANOVA test using SPSS 21 obtained the 

results of the significance between groups of p = 0.652. Then the LSD test was 

obtained by group A relationship with group B group at p = 0.896, group A with group 

C at p = 0.503, group A with group C at p = 0.465, Group B and C at p = 0.438, Group 

B and D for p = 0.470 and group C and D for p = 0.161. 
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Discussion 

 Increased penetration of Tachyzoite T. gondii to the myometrium of Rattus 

norvegicus is influenced by the high IFNγ (Aboubacar et al., 2004a; Pfaff et al., 2005; 

Nurdianto et al., 2018; Nurdianto et al., 2019). Increased ICAM1 due to high IFNγ 

stimulation can facilitate the migration of Tachyzoite T.gondii-infected monocytes to 

myometrial cells (Abbas et al., 2000; Pfaff et al., 2005). Monocytes are cells that are 

often infected with Tachyzoite T. gondii and are used as vehicles to infect myometrial 

cells (Channon et al., 2000). IFNγ if neutralized can also cause tachyzoite 

transmission to myometrial cells (Abou-bacar et al., 2004b) because IFNγ is needed 

in the optimum amount to eliminate T.gondii tachyzoite (Nurdianto et al., 2018). 

 The results of this study indicate that ICAM1 myometrium levels in group A were 

lower than those infected and did not get HBOT namely group C. This is in accordance 

with other studies which state that administration of HBOT can reduce ICAM1 

expression (Song et al, 2016). It is hoped that by decreasing ICAM1 expression, the 

chance of monocytes infected with Tachyzoite T. gondii to invade Myometrium cells 

decreases. 

Cell death due to Tachyzoite T. gondii infection is caused by cell rupture due to 

Tachyzoite which multiplies in cells and immunological factors. ICAM1 is widely 

distributed in all cells and its expression can be regulated by cells. ICAM1 expression 

can be triggered by interleukin 1 (IL-1β), tumor necrosis factor (TNF-α), and interferon-

gamma (IFN-γ) which increases due to Th1 which is activated by T. gondii infection. 

With the high ICAM1 in the myometrium it is easier for Tachyzoite to infect cells and 

multiply in them which then makes myometrial cells damaged so that it can increase 

the risk of abortion (El-Sayed and Ismail., 2012) However this does not occur in group 

A, where IFN-γ rats rose (Nurdianto et al., 2018) but abortion did not occur. 

Another study found that IFN-β can reduce ICAM1, CXCL9 and CXCL10 

production. Because the decrease in CXCL9 can reduce excessive cell inflammation. 

So further research is needed to answer this (John et al., 2019). 

HBOT can reduce ICAM1 expression through eNOS induction in in vivo 

endothelial cells conditioned to experience hypoxia and reperfusion injury (Buras, 

2010). This is in accordance with the results of group A where the administration of 

HBOT causes a decrease in ICAM1 expression compared to group C. 

HBOT can reduce apoptosis by decreasing the expression of HIF 1α, P53 and 
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BNip3 besides also increasing the expression of Bcl2 in artery spiralis (Nurdianto et 

al., 2019) and Caspase 3. HBOT can also reduce apoptosis by suppressing apoptosis-

associated speck-like protein (ASC) and Caspase 3. (Long et al., 2014) 

HBOT can also reduce CD18 function which is directly related to the actin 

cytoskeleton and binding of actin proteins to neutrophils and decreases ICAM1 

expression in endothelial cells (Uzun Gunalp et al., 2010; Lavrnja et al., 2015). In other 

reports besides inhibiting ICAM1 formation, HBOT can also reduce the possibility of 

Tachyzoite T. gondii to infect cells, especially myometrium through barriers in 

neutrophils (Uzun Gunalp et al., 2010; John et al., 2008). 

The administration of HBOT can increase NO and high NO concentrations can 

cause an actin cytoskeleton disruption. Cytoskeletal relationships allow integrins 

(CD18) to mediate cell adhesion and regulate cell shape. Because polarization of the 

CD18 molecule is needed to form strong adhesion, NO can interfere with CD18 

function through the actin disruption of the cytoskeleton. NO mediates inhibition of c-

GMP PMN, inhibition of membrane guanylate cyclase, or reduction of F-actin which 

can contribute to cytoskeleton actin disorders and prevent CD18 polarization (Jones 

et al., 2010). 

Thom et al., Showed that neutrophils undergoing HBOT treatment, releasing 

NO which causes an increase in nitrosylated actin which can eventually disrupt the 

intracellular F-actin assembly that regulates the function of integrins (Jones et al., 

2010) and this will also disrupt the process Neutrophil Tachyzoite T. gondii infected 

with cells expressing ICAM1 so that it can reduce the possibility of myometrial cells to 

become infected. 

Statistical results did not show significant results but from the average results it 

was found that administration of HBOT in pregnant Rattus norvegicus infected with 

Tachyzoite T. gondii could reduce ICAM1 expression. 

 

Conclusion 

The HBOT can reduce ICAM 1 expression in myometrium of mother rats 

infected with Tachyzoite T.gondii by administering a dose of 2.4 ATA 3x30 minutes for 

10 sessions. 
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