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Introduction 

Super-oxidized water (SOW) is a relatively new 
formulated pH-neutral solution that has a potent 
disinfectant activity (1). SOW does not cause 
harmful effect on the human tissues and used for 
various conditions like wound, skin infections, 
ulcers and diabetic foot (2,3). The other forms of 
this formulation were not neutral pH and has a 
strong acid aqueous ingredient and theoretically 
may lead to toxic and negative effect on the tissue 
and subcellular level (4). SOW is generated by 
exerting electrical current on salty water and 
conduct electrochemically in aqueous solutions 
from water and sodium chloride. Water is reduced 
to oxygen, ozone and other reactive species 
however, the major ingredient formed during this 
process is hypochlorite and hypochlorous. On 
marketing, there are a variety of compounds that 
have different concentrations and pH values (5).  
On literature search, it was reported and 
confirmed by several studies that SOW has a 
potent antimicrobial activity including viruses and 
bacteria (6). Although SOW is used mainly for 
hospital wall’s surfaces and metal health’s 

equipment, many published data investigated its 
effect on external surface of body such as in 
diabetic foot ulcers, burn wounds and skin 
infections (7). However, there are limited data 
about the use of SOW in intraabdominal organs or 
within the integrity of body system. Two studies 
investigated the effect of super-oxidized solutions 
on the perforated appendicitis with 
intraabdominal use and found beneficial effects. 
However, these molecules were in strong acid 
component. The tuba-ovarian abscess and pelvic 
peritonitis are common complications of pelvic 
inflammatory disease. During the surgery of these 
conditions, abscess drainage is maintained with 
addition of normal saline irrigation of peritoneal 
cavity which is in fact has no microbicidal activity. 
Therefore, it will be rational to use a potent pH-
neutral and non-toxic agent like SOW during these 
operations. As far as we know, there is no study 
that evaluated the effect, toxicity and 
complications of SOW on uterine and ovary tissue 
during direct intraabdominal infusion.  
Aim of this study is to conduct an experimental 
rat study to investigate the macro and microscopic 
findings in uterine and ovary tissues following the 
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intraperitoneal infusion of SOW solution in rats 
and also to determine any toxic effect of SOW. 

Material and methods 

This experimental study was conducted in animal 
research laboratory of a University Hospital. The 
study was approved by the Ethics committee for 
Animal Experiments of that University. The 
reference number of was 19 at 26/06/2015. Thirty 
Wistar-Albino rats (weight 250-300 gr) were used 
as a model in accordance with Declaration of 
Helsinki. All the animals were fed with ad libitum 
with food approved by Standards Institute. The 
rats were randomly divided equally into three 
groups (10 rats in each group).   
Experimental groups: All rats were administered 
by intraperitoneal infusion of SOW (Crystalin, 
Wound Care, NPS, İstanbul, TURKEY). The 
procedure was performed by one of our authors 
who has registration and certificate for animal 
research Project (A.A.). The experimental groups 
were divided into three groups as follows: 
Group 1 (control group, intraperitoneal saline): 
An intraperitoneal single dose of 10cc /kg 0.9 
(normal saline) was injected into the pelvic 
peritoneal cavity using 22-French syringes. 
Group 2 (single dose intraperitoneal SOW group): 
Rats received a single dose of 10 cc/kg SOW via 
injection into the pelvic peritoneal cavity using 22-
French syringes.  
Group 3 (Multiple dose intraperitoneal SOW 
group): The intraperitoneal multiple dose of 10 
cc/kg SOW was administered on the first, third 
and fifth day with 22-French syringes. After   
injections the rats were returned to Standard 
vivarium care. 

After one week of follow up, the rats were 
sacrificed under 75mg/kg Ketamin anesthesia. 
Each on its back on the operation table and 
pleuro-peritoneal cavity was opened. The pelvic 
peritoneal cavity, uterus, bilateral fallopian tubes 
and bilateral ovaries were examined 
macroscopically. Any macroscopic changes 
including adhesions, ulcerations or notable 
differences were noted by the experienced 
pathologist who is one of the authors (S.Y.) and 
blinded to the three groups. The tissue specimens 
of uterus including endometrium, myometrium 
and perimetrium and ovarian tissue samples 
including cortex and medulla were obtained. 
Following dehydration and paraffinization, the 
tissues were cut into sections (5 µm thick) and 
stained with hematoxylin and eosin. Samples were 
examined under a light microscope. 
Histopathologic examinations were done by the 
pathologist who was blinded to the groups.  

Results 

The rats were followed up for one week and all 
the animals survived until at the end of 
experimental study after injection of SOW. No 
rats showed any surgical site reaction regarding 
injection of SOW on abdominal cavity including 
infection or allergy. The macroscopic examination 
of three groups showed no changes in the pelvic, 
uterus fallopian tubes, and the other 
intraabdominal organs (Figure 1). No pathologic 
findings were noted on macroscopic view. On 
microscopic examination, the three groups’ 
uterine were examined and showed no differences 
between groups (Figure 2). There was no toxic or 
structural deterioration within endometrial glands 
and myometrial tissue. 

 

 
Fig. 1. Shows the macroscopic findings of the group 1, 2 and 3 as presented. 
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Fig. 2. Shows the microscopic examination of the three groups that presents the active glandular structures in 
endometrium of the rats. 
 

 
Fig. 3. Shows the microscopic examination of the three groups that presents the functional in ovarian cortex at 
different stages of maturation. 
 
The microscopic of ovarium revealed no changes 
on ovarian surfaces in all three experimental 
groups. No histologic differences were noted 
between groups (Figure 3). The three groups were 
found to have primordial, primary, secondary, 
graafian and corpus luteum in which are rational 
findings that show the normal integrity of tissue.  
On toxicologic examination, the presence of 
active endometrial glandular within uterus and 
within ovaries in each three groups identified no 
toxic effect of SOW administration for single and 
multiple repeated dosages. 

Discussion 

Super-oxidized water (SOW), used in our 
experimental study, is a pH-neutral solution and 
has a potent antimicrobial efficacy. This solution 
being used for many conditions including non-
organic and organic surfaces. Currently, it is used 
in hospital equipments for its beneficial effect on 
microorganisms as a disinfectant (8). However, 
the first used super-oxidized solutions had strong 
acid aqueous content and had potential role of 

become toxic and hazardous to human surfaces 
and tissues. The new generation SOW solutions 
have a pH-neutral with a longer shelf-life (>12 
months) than the former super-oxide solutions. 
These new generation SOW are intended for the 
topical treatment of infective chronic and acute 
wounds like diabetic ulcers. Although there are 
several studies that evaluated the external use of 
these products in human body, there is very 
limited data about the use of pH-neutral SOW in 
intraperitoneal organs. So we aimed to conduct 
such an experimental rat study to investigate the 
complications and toxic effects of the 
intraperitoneal infusion of SOW on uterine and 
ovarian tissues. Our study findings showed that 
the use of SOW intraperitoneally does not has any 
toxicity effects and complications on uterine and 
ovarian tissues. And, there were no significant 
differences between the use of single versus 
multiple repeated doses of SOW with regards to 
the tissue reactions.  
The super-oxidized solutions have been found to 
be very efficient molecules that can fight against 
different types of microorganisms including spore-
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forming bacteria, viruses and fungi (9). Park et al 
(10) studied on the evaluation of liquid- and fog- 
based application of hypochlorous acid solution 
for surface inactivation of human noroviruses 
which are the most frequent causes of 
gastroenteritis outbreaks with surface mediated 
transfer via contact. They reported that 
Hypochlorous acid is likely to be effective in 
disinfecting in common settings to reduce 
norovirus exposures. Another pH-neutral super-
oxidized water solution called microcyn 
investigated and found to have a wide 
antimicrobial spectrum with major advantages 
over acidic SOWs, including neutral pH, lower 
free active chlorine (51-85 ppm) and long shelf 
life (1 year) (11). In a previous experimental study 
that used a rat burn model investigated the effect 
of electrolyzed oxidized water on pseudomonas 
aeruginosa infection (12). The former study 
reported that irrigation and disinfection with 
electrolyzed oxidized water may become useful in 
preventing burn-wound sepsis (12).  
In literature search, we found an interesting study 
by Kubota et al (6) who studied on the efficacy 
and safety of strong acid electrolyzed water for 
peritoneal lavage to prevent surgical site infection 
in patients with perforated appendicitis. They 
found that peritoneal lavage and wound washing 
with strong acid electrolyzed water have no 
adverse effects and are effective for preventing 
surgical site infection. However, the previous 
study used a strong acid solution, not a pH-neutral 
oxidized water in which evaluated in our study. As 
far as we know from literature, there is no study 
that investigated the intraperitoneal use of SOW. 
The peritoneal infection that is caused by pelvic 
inflammatory disease may involve the uterus, and 
ovaries in which may be resulted in tubo-ovarian 
abscess formation. The routine gynecology 
practice uses normal saline irrigation during the 
surgical treatment of this intraabdominal abscess 
formation. The saline, in fact, has no microbicidal 
activity. The use of a non-toxic and disinfectant 
agent would be very helpful during these 
procedures. Before the application of a SOW 
intraperitoneally in human body, we thought that 
it should be investigated in an experimental study 
in order to find whether it has any toxic effect or 
complications on uterus and ovaries or not. Our 
study showed that it has no toxic effect on uterus 
and ovarian tissues.  
The normal functioning uterine glandular 
structures and absence of atretic follicles and 
necrosis of oocytes and granulosa cells are the 
indirect signs of non-toxic effect of SOW infused 

intraperitoneally (13). In our study, the ovarian 
tissue showed functional at different stages of 
maturation and the uterine glandular changes were 
not different between the three groups. In normal 
situation, the chemical compounds that have 
contacted with human tissues have an 
accumulation effect. This was investigated in our 
study and the multiple of SOW that applied on the 
uterine and ovarian tissues showed no difference 
in macro-and microscopic toxic reactions on these 
tissues.  
This study has several limitations. First, no long-
term follow up of greater than one week to 
observe the toxic reaction or complications has 
been done. However, we think that this 
disinfectant solution shows its effect immediately 
when it comes contact with the tissue and one 
week will be enough to see the toxic effect. 
Second, we focused on uterine and ovarian tissue 
complications after infusion of SOW. We did not 
assess the other systemic changes that will be 
resulted with hormonal changes. On the other 
hand, the strength of our study was that all 
histopathologic examinations were performed by 
the same experienced pathologist.  
In conclusion, we conducted an experimental rat 
study that is performed with intraperitoneal 
infusion of pH-neutral new generation super-
oxidized water solution and found no 
histopathological evidence of adverse toxic 
reaction and complication on the uterine and 
ovarian tissues. Our study results showed that 
SOW can be used in intraperitoneal abscess 
formation that involved the ovary without 
resulting significant toxic reactions and 
complications.  
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