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ABSTRACT

Background:
The objective of this study is to investigate bacterial typing (BT) in the context of infectious diseases (1.0.), including the
identification of pathogens, their transmission routes, and common characteristics.

Methods:

The study included 90 albino male rats in three groups: control (Gl), simple ileal blockage (Gll), and strangulated (GII1).
Various surgical procedures were conducted under intramuscular ketamine anesthesia. Biochemical analysis measured CRP,
IL-10, and oxidant and antioxidant activities. Histopathology assessed mucosal injury and inflammatory cell infiltration.
Bacteriological examination identified bacterial species and CFU by cultivating tissue and blood samples.

Observation:

Strangulated intestinal obstruction increased bacterial proliferation, oxidative stress indicators, and IL-10 response,
according to the study. The mean CFU/g of luminal bacteria count was 8.8 x 108 in Gl, 5.6 x 1010 in GlI, and 1.4 x 1012
in GlIl. Mean MDA levels were 5.5+ 0.5in GI, 12.0 £ 1.9 in GllI, and 21.9 £ 1.0 in GIII. The mean GPx levels were 125 +
30in Gl, 165 40 in Gll, and 150 + 35 in GllI. The mean IL-10 levels were 50 + 15in GI, 36 £ 12 in GlIl, and 9 £ 3 in GlII.
Bacterial translocation was polymicrobial, with 49% in GIl and 60% in GllI. Most enteric bacteria were E. coli, 42.2% in
Gll and 45.5% in GlII.

Conclusion:

Intestinal obstruction causes bidirectional bacterial translocation through a systemic portal, with a three-hit model primarily
responsible for the ensuing inflammatory response. A non-selective marker of possible 1.0. cases is the C-reactive protein.
The C-reactive protein serves as an indicator of both Impaired blood flow to the tissues and the level of BT.

Recommendations:
Further studies should focus on developing more specific markers for early diagnosis of intestinal obstruction subtypes and
exploring potential therapeutic interventions to manage bacterial translocation effectively.
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INTRODUCTION

Multiorgan dysfunction syndrome is primarily to blame for
the high mortality rate associated with intestinal obstruction
(10), a common and deadly abdominal emergency (MODS)
[1]. Septic peritonitis and bacterial translocation (BT) are
the main causes of MODS in 10 [2]. In the past, research on
BT served as a unifying theory to explain MODS; however,
more recently, other distinct mechanisms—such as
immunoinflammatory ones—have come into play [3].

Bacterial overgrowth that upsets the natural ecological
balance causes bacterial translocation [4,5], host immune
dysfunction triggering a balance between cytokines that are
pro- and anti-inflammatory [6], and impairment of the
mucosal barrier, which promotes the release of oxidants [7].
There is currently no accurate, expensive, and non-
reproducible  diagnostic  procedure  for intestinal
strangulation outside of computerized tomography [8].
Lastly, ischemia and neovascularization are thought to be
indicated by the inflammatory marker C-reactive protein
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[9,10], thus verified in this investigation for 10, 10 subtypes,
and BT detection.

Objective

The objective of this work is to showcase bacterial typing
(BT) in the context of infectious diseases (1.0.), including
the identification of pathogens, their transmission routes,
and common characteristics. Additionally, this work aims to
investigate the local and systemic inflammation associated
with BT and 1.0., as well as the reliability of C-REACTIVE
PROTEIN as a tool for studying BT and 1.0. The potential
impacts of 1.0. on the ecological balance of microorganisms,
chemical composition, and immunological defenses that
protect B.T. are being considered.

METHODS

Study design

An experimental observational study.
Study setting

This study was conducted at the Histology experimental
laboratory unit from April 2022 to March 2024. The study
involved 90 albino male rats, which were separated into
three categories, with each category consisting of 30 rats.
Category | serves as the control category. Category Il
represents a simple ileal obstruction, where the ileum is tied
off 5 cm before the caecum. Category Il consists of a
strangulated ileal obstruction, where a 5 cm loop of the
ileum is tied off along with its mesentery, 5 cm before the
caecum.

Study protocol

Anesthesia was induced using intramuscular ketamine at a
dosage of 5 mg/kg body weight for Gll and GllII. Following
sterilization, a centerline laparotomy was performed to carry
out the intended intraosseous (I1.O) procedure. The
abdominal closure was done using Vicryl sutures in layers.
After recovering, all categories were kept in a room with a
semi-controlled temperature of 23°C (+2). They were
provided with laboratory chow and tap water over a specific
duration of 28 hours until the relaparotomy.

In the second laparotomy, the same anesthetic technique was
used for all three categories. A surgical cut was made in the
thoracoabdominal region while maintaining a sterile
environment. The following procedures were performed:
direct sampling of blood from the heart, sampling of blood
from the portal vein, resection of the left hepatic lobe,
excision of multiple mesenteric lymph nodes, and resection
of the ileal segment proximal to the ligature. In addition,
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resection of the ileal segment in GI, which included the
luminal contents, was done for cases of obstruction in GlI
and strangulated section of the ileum in Grade Il Finally,
animals were euthanized by cervical dislocation.

Laboratory study
Biochemical study

1. Thestudy focused on investigating the oxidant and
antioxidant activity of the ileal loop.
2. The levels of serum C-reactive protein and IL-10
were measured.
1)a. Oxidant (Malonyl dialdehyde (MDA)): The samples of
tissue were subjected to homogenization using a 0.1 ml/L
PBS solution and subsequently subjected to centrifugation
at a speed of 2000 rpm. The concentration of MDA was
measured at an optical density of 534 nm [11].
1)b. The measurement of the Glutathione peroxidase, an
antioxidant, was conducted using the NAD PH oxidation
principle and recorded at an optical density of 340nm [12].
(2) a. The C-reactive protein a semiquantitative assay was
conducted using a latex agglutination test with a normal
cutoff of less than 0.5 mg/L.
(2) b. The serum level of IL-10 (interleukin-10) was
determined using available ELISA Kits.

Histopathologic study

(1) The ileal segments were analyzed to assess the extent of
damage to the mucosal lining [13].

(2) The ileal segment, MLN, and samples were analyzed to
determine the severity of inflammatory cell infiltration. The
grading system used was as follows: Gl: one inflammatory
cell per cubic millimeter, GlI: two to four inflammatory cells
per cubic millimeter, and GIlI: more than five inflammatory
cells per cubic millimeter [14].

Bacteriologic study

The luminal contents refer to the substances present inside
the intestines. The intestinal wall, MLN (mesenteric lymph
nodes), and liver tissues are the specific anatomical
structures involved. The cardiac and portal blood refers to
the blood circulating through the heart and the portal vein,
respectively. Samples were collected to determine their
colony forming unit (CFU) index and identify the type of
bacteria using gram stain, characteristic biochemical
reactions, and resistance to antibiotic tests.

The contents inside the lumen were mixed thoroughly in a
sterile solution of isotonic saline and then spread onto
McConkay and Columbia blood agar plates, which support
the growth of both aerobic and anaerobic bacteria. These
plates were obtained from Oxid-Germany. The intestinal
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wall, liver, and mesenteric lymph nodes (MLN) were also
included in the analysis. The tissues were pulverized in PBS
and subsequently cultured in the Gas Park system for
anaerobic growth. As for the blood samples, they were
centrifuged at 3000 rpm for 30 minutes and the resulting
sediments were cultured in the same manner as the tissues.

Statistical analyses

The C-reactive protein values are represented as the middle
value in a set of data, while other variables are expressed as
the average value plus or minus the standard deviation. The
CFU values are converted using a logarithmic scale. The
Mann-Whitney U test, Chi-square test, and the one-way
analysis of variance test were utilized for comparison, when
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appropriate. The Pearson correlation test was employed to
identify the relationship between C-reactive protein levels

and CFU density in various tissues, while logistic regression
was utilized to identify the key predictors.

RESULTS

Intestinal obstruction, particularly the strangulated type, is
strongly linked to overgrowth of bacteria, an imbalance in
oxidative stress markers (specifically, a disproportionate
increase in MDA and GPx), and an impaired IL-10 response
(marked decrease in IL-10 levels) (Table 1).

Table 1: Factors that increase the probability of bacterial translocation among the categories

under study.

Lumenal bacteria | Intestinal wall mucosal stress Serum IL-10
count
CFU/g MDA nanomol/mg | GPx unit/mg protein | Pg/ml
protein mean = SD mean = SD
mean
G1 8.8 * 10"8 55+0.5 125+ 30 50 + 15
G2 5.6* 1010 120+19 165 + 40 36+12
G3 1.4*10"M2 219+1.0 150 + 35 9+3
P value Less than 0.05 Less than 0.05 Less than 0.05 Less than 0.05
P1 Less than 0.05 Less than 0.05 Less than 0.05 Less than 0.05
P2 Less than 0.05 Less than 0.05 Less than 0.05 Less than 0.05
P3 Less than 0.05 Less than 0.05 Greater than 0.05 Less than 0.05

The bacterial translocation exhibited a high prevalence of
polymicrobial composition, with rates of 49% in GIlI and
60% in GlIl. Many of the bacteria were of enteric origin,

with a significant proportion being anaerobic. Among the
enteric bacteria, E. coli was the most predominant,
accounting for 42.2% in Gll and 45.5% in GllII (Table 2).
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Table 2: Frequency & types of isolated organism.
Glll.O Gllll.O
Isol | Enteric Non- enteric Iso | Enteric Non- enteric
ates lat
es
134 |A |B | C D E F G H |16 |A|B |C D E F G H
8
Lum (50 |1 |2 |4 |6 4 6 4 66 |2 |6 |6 6 6 8 8 6
inal 8 0
Wall | 42 1 2 2 4 4 6 4 40 |1 |- 4 4 4 4 4 2
4 8
ML | 20 1 - 2 2 - 2 2 36 |1 |- 4 2 4 2 6 2
N 0 6
Live | 12 8 - - 2 - - - 2 |1 |2 |2 2 - - 2 2
r 2
BL 10 4 - 2 2 - - 2 14 |6 |2 |2 2 - - 2 -
Port | O - - - - - - - 8 4 |- |2 - - - 2 -
al
DISCUSSION Bacterial overgrowth, bacterial virulence, and wall integrity

This study examined the relationship between bacterial
overgrowth and intestinal obstruction (1.0), which is known
to disrupt the normal functioning of the intestinal tract. The
study found that 1.0 leads to oxidative stress, which causes
a depletion of ATP, disruption of the cytoskeleton, and
priming of neutrophils. These effects result in dysfunction
of the gut barrier. Additionally, the study found that 1.0. is
associated with impaired IL-10 response, indicating a
compromised immune system. These findings are consistent
with previous studies conducted [15-18], as well as [19-22].
[23] refutes those associations.

Based on the findings of [22], [24], [25] and [26], it was
observed that BT (bacterial translocation) occurred during
1.0 (intestinal obstruction). Furthermore, the decrease in the
occurrence and concentration of the pathogens towards the
center supports the idea that tissue colonization is derived
from the gut rather than the blood. This study also
established that BT, which stands for bidirectional transit,
occurs specifically in the ischemic variant of 1.0, as reported
by [27] and [28]. This bidirectional transit is directly related
to injury to the intestinal wall.

Additional evidence supporting the gut origin theory during
intraoperative (1.0.) procedures is the prevalence of enteric
bacteria, as identified by [30] and [29]. In addition, E. coli
is more abundant than other pathogens due to its ability to
adapt to different environments and its surface structures,
such as fimbriae, which help it colonize and spread through
the lymphatic system, facilitating bacterial translocation.
Moreover, the identification of obligate anaerobic organism
isolates, as documented by [1], [31], [32], defines the failure
of colonization susceptibility in cases of ischemic 1.0.

collaborate synergistically.

This study supports the gut-origin hypothesis by showing
that pathogens are commonly found in the gut. It also
suggests that the transmission of these pathogens occurs
through local routes such as phagocytes or enterocytes. This
is consistent with previous studies by [4], [29], [30], [33],
[34], [35], and [26], which found that lymphatic routes are
more common in simple 1.0 and venous portal routes are
more common in the ischemic variant.

The local and  systemic  immunoinflammatory
histopathologic changes observed, as reported by [24], may
be associated with the release of cytokines, which leads to
an influx of inflammatory cells and tissue injury. This
supports the hypothesis that cytokines are responsible for
generating inflammation [36]. Therefore, we hypothesize
that the three-hit model [2] occurs as follows: first, there is
an increase in intestinal pressure or ischemia; second, there
is reperfusion injury, which leads to more secretion and less
absorption due to prostaglandin release and the opening of
collaterals, resulting in gut barrier failure; and finally, there
is bacterial and cytokine translocation.

Although there was an increase in C-reactive protein levels
during the occurrence of 1.0., the cutoff value of C-reactive
protein did not accurately predict any specific subtypes of
1.0. Therefore, C-reactive protein cannot be considered a
selective marker in suspected cases. To determine the
presence of 1.O subtypes, it is necessary to carefully
examine the medical history and physical examination
findings, considering whether they support or contradict the
cases where C-reactive protein is positive. However, once
1.0 (ischemic optic neuropathy) is diagnosed, the C-reactive
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protein (C-reactive protein) becomes a strong indicator of
the ischemic variant [37].

Elevated levels of C-reactive protein were found to be linked
to bacterial translocation (B.T) during intraoperative (1.O)
procedures, as well as its various subtypes. The cutoff level
of C-reactive protein has been found to have an indicator
value that has a significant impact according to statistical
analysis in accurately and specifically detecting bacterial
translocation (BT) during intra-abdominal infections (1.0.)
[1]. Therefore, C-reactive protein is considered a solid test
for BT detection. The previously discovered parallel
relationship between C-reactive protein levels and BT
(frequency and density), particularly in the case of the
ischemic variant, is primarily associated with the cascades
of mediators involved in systemic inflammation [38]. C-
reactive protein can serve as an indicator of both vascular
compromise and the severity of BT.

CONCLUSION

In conclusion, the various types of intestinal obstruction are
linked to precursors of BT. BT operates during 1.0. and has
routes that allow for movement in both directions. The
majority of pathogens are of enteric origin, particularly E.
coli, with the occasional presence of obligate anaerobes in
the ischemic variant.

Bacterial overgrowth, pathogenicity, wall structure, and
function synergistically interact. Both the BT (blood-brain
barrier) and cytokine synthesis hypotheses are active during
immune-oncology (I.0), and the 3-hit model is suitable. The
C-reactive protein is a diagnostic marker that is not specific
to a particular condition, but it can be used to identify
suspected cases of 1.O. Once I.O. is confirmed, the C-
reactive protein becomes a reliable indicator of its different
subtypes. The C-reactive protein is a dependable diagnostic
test for bacterial contamination during intraoperative
procedures (1.0.). The C-reactive protein serves as an
indicator of both Impaired blood flow to the tissues and the
level of BT.

LIMITATIONS

One limitation of this study is the use of an animal model,
which may not fully replicate the complexities of human
intestinal ~ obstruction and  bacterial  translocation.
Additionally, the controlled laboratory setting and the
specific conditions applied to the rats might not accurately
reflect the variability seen in clinical practice. The relatively
small sample size of 90 rats and the short duration of
observation might have limited the ability to detect long-
term effects and subtle differences between groups.

RECOMMENDATIONS
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Further studies should focus on developing more specific
markers for early diagnosis of intestinal obstruction
subtypes and exploring potential therapeutic interventions to
manage bacterial translocation effectively.
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