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Abstract

Background Peritoneal adhesions are fibrous bands of
tissues formed between organs that are normally separated
and/or between organs and the internal body wall after peri-
toneal injury. The aim of the study was to investigate the
effect of intra-peritoneal administration of Kombucha on
intra-peritoneal adhesions.

Materials and methods Eighty Wistar rats were subjected
to standardized lesion by scraping model and were ran-
domly divided into two groups. Group I received no treat-
ment, and Group II received 15 ml of Kombucha solution
intra-peritoneally. On the post-operative 14th day adhesion
intensity score, inflammatory cell reaction and number of
adhesion bands were determined.

Results In the control group, there were no rats with
grade 0 and I adhesions. In the group II, there were 26 rats
(78.8%) with grade 0 -2 adhesions. Adhesion intensity was
significantly less in group II (P<0.0001). Number of adhe-
sion bands was significantly less in group II (P<0.001).

Conclusion it was concluded that intra-peritoneal ad-
ministration of Kombucha might be useful for preventing
peritoneal adhesions.
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Introduction

Adhesion formation after surgery is a significant cause of
morbidity [1, 2]. The formation of peritoneal adhesion is a
specific peritoneal response to injury activating the cascades
which leads to adhesion formation [3]. The inflammatory
response, normally induced by infection or tissue injury,
is crucial in controlling and eliminating infectious agents,
as well as in promoting wound healing [4]. It is known
that wound healing and adhesion formation has similar
pathways, following the sequence of tissue inflammation,
fibrin deposition, fibrin organization, collagen formation,
and maturation [5]. Peritoneal adhesions are defined as
pathological fibrin bands developed between any surfaces
in the peritoneal cavity. For the development of adhesions
between two surfaces inside the peritoneum, there must be
peritoneal mesothelial damage on at least one surface [6]. A
few hours after the mesothelial damage, fibrinouse exudate
is released. When the exudates is absorbed, fibrous bands
and newly formed capillary vessels remain in the site and
these structures form the permanent fibrotic adhesion [6].
Post-operative peritoneal adhesions (PPA) develops
after 90% of all laparotomies [7, 8]. Intestinal obstruction
related to PPA develops in 1% of all surgical interventions
and in 3% of all laparotomies [7]. The 15-20% of female
infertility is caused by PPA [9, 10]. Also entero-cutaneous
fistuli, intra-abdominal abscess, ureteral obstruction, and
chronic abdominal pain may develop as a result of PPA
[10]. Several agents have been used to solve this very seri-
ous problem of abdominal surgery [11, 12]. On this topic,
biomedical companies also continue to search and there are
several barrier products in the market too [12, 13, 16, 17].
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Kombucha is an old folk remedy, which originated cen-
turies ago somewhere in the Far East. It is a symbiotic cul-
ture of yeast and several different strains of bacteria grown
on sweetened black or green tea. More recently a German
microbiologist discovered small mobile bacteria inside the
yeast cells (endosymbionts). Because of their small size
and size variations he has not been able to determine the
species. It is too early to make any statements about the
significance of this discovery.

Kombucha looks like a white rubbery pancake. The cul-
ture is placed on or in the tea which is allowed to ferment
for about 7-10 days. One drinks 4-8 oz. of the tea every
day for detoxification of the body. It has a slightly sour to
vinegary taste perhaps similar to a cider. The finished tea
contains glucuronic acid, lactic acid, acetic acid, vitamins
and other components. Glucuronic acid is used by the liver
to detoxify certain compounds and is considered by many
to be the main beneficial ingredient of Kombucha tea [14].
People from all over the world claim drinking Kombucha
tea provides relief from many physical ailments. While it
may not be the cure to all the ills of mankind, it is a tradi-
tional fermented beverage used in many cultures to promote
well-being.

In this study, we planned to investigate the effect of
Kombucha in preventing PPA developing after a wound
healing process in rats.

Materials and methods

In this study, the Kombucha tea used was prepared as fol-
low [14,15]:

Based on many years of experience, producing the best
tasting Kombucha Tea, the following is a brief instructional
guide on how to care for your Kombucha Mushroom. In-
cluded are: How to prepare, ferment the tea, how and when
to harvest and how to store the mushroom.

Preparation

1. Remove and discard tea bags or empty tea ball.

2. Allow sweetened tea to cool to room temperature,
even if it takes overnight.

3. When at room temperature, pour the sweetened tea
into a One gallon, 5 inch diameter size jar. (This is
where the tea will ferment.)

4. Before pouring the cooled tea into the jar, pour 8
oz. of the starter tea (which came with the mush-
room) into the jar. Then pour the cooled tea into the
Jar, to ensure an even mixture of the tea with
the starter. For future batches you may use your
own Kombucha tea starter. In the event that
no starter is available to you, you may use 8 oz. of
organic, raw and unfiltered apple cider vinegar as a
starter.
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5. Place the Kombucha mushroom on top of the sweet-
ened, cool tea, making sure that the darker rougher
side faces down.( Don’t worry if it sinks to the bot-
tom, it’s O.K.)

6. Cover jar with a piece of loosely woven cloth (the
mushroom has to “breath”. Cotton or linen or paper
towel will do just fine.)

7. Secure with a rubber band to keep cloth (or paper
towel) in place and to keep out any insects or con-
tamination.

The study was conducted in Tabriz University of medical
sciences, faculty of medicine, Experimental animal Raising
and Research laboratory. The rats were also obtained from
this laboratory. After approval of the local Ethics com-
mittee, eighty 6 month-old, out-bred, male Wistar rats
weighting 200 to 250g were used. The rats were kept in air-
conditioned colony rooms and given standard rat chow diet
and water and libitum. After overnight fasting, all animals
were anesthetized with 25 mg/kg Ketamine and 4 mg/kg
Xylazine. The abdomen was shaved and swabbed with a
povidine iodine solution pre-operatively. In order to remove
powder particles, operation gloves were washed thoroughly
with saline. The same researcher performed all surgical
procedures. A 5 cm midline incision was made and the
abdomen was opened under clean surgical conditions. The
terminal ileum and cecum of all animals were mobilized
and placed onto wet gauze. Both sides of a 10 cm terminal
ileum segment, just proximal to the cecum, and cecum were
scraped and parietal peritoneum until there were serosal
petechiae on the intestinal and peritoneal surfaces. Later the
arteries of the scraped segments were clamped for 1 minute
to induce transient ischemia (scraping model) [18].

In order to eliminate the possible differences between
the rats, animals were randomly divided into two groups
by using number random table, treated as follows: group I
(n = 40) was the control group and received intra-peritoneal
administration of 15 ml normal saline, group II (n = 40)
received intra-peritoneal administration of 15 ml of Kom-
bucha solution. The abdominal incision was then closed in
two layers with 3—0 propylene suture. The animals were
then placed on the regular pellet (state manufacturer) food.
All rats were sacrificed on the 14th day after being anes-
thetized with overdose ethyl ether before re-laparotomy.
Two observers, who were blinded to treatment groups,
assessed the extent of adhesion formation. The frequency
and intensity of adhesions were recorded and the mean of
the two observers’ scores was used for statistically analysis.
Adhesions were graded as 0-3 according to their severity
[19] (Table 1).

The injured terminal ileum and cecum walls with fibrous
adhesions were excised to confirmation of the wall scrap-
ing and adhesion formation. The specimens were fixed in
70% alcohol, dehydrated and embedded in paraffin wax.
Sections were cut at a thickness of 5 mm and stained with
hematoxylin eosin.
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Table 1 Adhesion grading according to Evans model [19]
Grade

Grading of adhesions

0 No adhesions

Spontaneously separating adhesions

1
2 Adhesions separating by traction
3

Adhesions separating by dissection

A Mann—Whitney U-Statistic as a non- parametric test
was used to determine differences in adhesion grading ac-
cording to severity. A Chi-Square test was used to analysis
number of adhesion bands between groups. A P-value <0.05
was considered significant and <0.001 was considered
highly significant.

Results

The grading of adhesions in each group is summarized in
Table 2. There were no animal in grade 0 and 1 in the con-
trol group and seven and thirty-tree in grade 2 and 3 respec-
tively, but group II (study group) contained six (18.2%) in
grade 0, five (15.1%) in grade 1. In group II, there were 15
(45.5%) in grade 2 and 7(21.2%) in grade 3. Comparison of
groups by Mann — Whitney U test indicated that severity of
adhesion bands was highly significantly less in the group II
(P <0.001). In group I, all of animals had adhesion bands,
but in group II, six rats had no adhesion band. Comparison
of groups indicated that number of adhesion bands was
highly significantly less in the group II (P < 0.001). The
number of adhesion bands in each group is summarized in
Table 3. Non-specific inflammatory changes were seen in
the damaged cecal and terminal ileal walls in all specimens.
The dominant inflammatory cells were polymorph nuclear
neutrophils. In the group II, the inflammation was less sever
and the dominant cells were macrophage and polymorph
nuclear neutrophils fewer in number than control group.

Among the studied rats, seven rats in the group II died
immediately after operation, but etiology was unknown. No
infection (intra-abdominal and incisional) was observed in
both groups.

Discussion

There two major strategies for adhesion prevention or
reduction. Surgical trauma is minimized within the perito-
neum by careful tissue handling, avoiding desiccation and
ischemia, spare use of cautery, laser, and retractors. Fewer
adhesions form with laparoscopic surgical techniques due
to reduced tissue trauma. The second major advance in ad-
hesion prevention has been the introduction of barrier mem-
branes and gels, which separate and create barriers between

Table 2 Adhesion grading of the groups (P < 0.001 between
groups I and II according to Mann—Whitney U-test)

Grade Group | Group II
0 0 6(18.2%)
1 0 5(15.1%)
2 7(17.5%) 15(45.5%)
3 33(82.5%) 7(21.2%)
Total 40(100%) 33(100%)

Table 3 Number of adhesion bands according to number of
cases of the groups (P < 0.001 between groups I and group II)

Number of adhesion Group 1 Group II

bands (number of rats) (number of rats)

0 0 6

1 0 2

2 0 13

3 4 5

4 5 7

5 4 0

6 10 0

7 6 0

8 2 0

9 1 0

10 1 0

11 0

12 2 0
Total 40 33

damaged surfaces, allowing for adhesion-free healing.
Modified oxidized regenerated cellulose and hyaluronic
acid membranes or solutions have been shown to reduce
adhesions in gynecologic patients, and being investigated
for their ability to prevent adhesion formation in general
surgical patients [20, 21].

Innumerable substances and methods have been used, ei-
ther locally or systemically in an effort to reduce or prevent
PPA formation, such as sodium citrate, heparin, dextran,
prostigmine, olive oil, steroids and antihistamines [11].

Mechanical separation of the peritoneal surfaces used
either organic (ox peritoneum) or bioabsorbable inorganic
(Seprafilm1 Genzyme Co., USA) membranes [13]. But, un-
fortunately these materials and procedures had only limited
success in abdominal surgery.

There are many experimental models for engendering
peritoneal adhesions: the damaged uterine horn model, the
ileal transection model, the large bowel anastomosis model,
the peritoneal damage model, the bacterial peritonitis mod-
el, and the scraping model [7, 22-26].

The scraping model is very effective in engendering
peritoneal adhesions because there are two stages in the
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damage: direct mechanical intestinal wall damage from
gauze scraping until petechial points appear, plus ischemic
damage which is secondary to vascular clamping. For the
reason that, this model mimics abdominal surgery, we have
chosen it in our study.

Several researchers have used different criteria for grad-
ing adhesions [23, 25, 27-29]. The Evans model grades
adhesions as 0-3 according to their severity [16]. We
have adopted the Evans model in this study because of its
simplicity and rationale. A large number of studies have
described the agents used to prevent the formation and
reformation of peritoneal adhesions. Kombucha is used in
many medical research studies for many purposes, but it has
never previously been tried in preventing PPA.

We wanted to test the effect of Kombucha on PPA due to
its contents. Kombucha tea is an ancient drink from Man-
churia that is cultivated from a culture formed from Bacte-
rium Iylinum. The taste of Kombucha is slightly acidic in
nature and has been known to taste like apple cider vinegar,
slightly sweet, slightly sour.

In this study we observed that administration of 15ml of
0.1 mg/ml Kombucha solution significantly decreases the
development of PPA. In our study, we showed that intra-
peritoneal administration of Kombucha, inhibits inflam-
mation and altered the intensity and frequency of adhesion
formation.

Conclusion

This study suggests that intra-peritoneal administration of
Kombucha solution decrease peritoneal adhesion forma-
tion. In the light of the promising and encouraging results
of our study, we are optimistic as regards the power of our
innovation to contribute to the prevention and decrease of
PPA. To our best knowledge there are no recognized limita-
tions to this treatment. However, further large-scale experi-
ments are needed before clinical trials can be performed. In
addition, more studies are needed in order to understand the
mechanisms of this prevention of PPA by Kombucha.

The mechanism is not clear, since, we do not have much
information either on the properties of Kombucha or on the
PPA process. More detailed studies are needed on these
topics. Although the mechanism of action is not clear, ad-
ministration of Kombucha intra-peritoneally significantly
reduces the PPA.
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