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Abstract

Background and aims: Diabetes mellitus (DM) is known to have an increased susceptibility to infections and poor treatment
outcomes, intraabdominal infections (IAI), in particular. Changes in the functioning of mechanisms for regulating inflamma-
tion under the DM influence are the main reason. It is crucial to study the state of the cytokine network. Since cytokines (Ctk)
play a major role in the immune response and inflammation regulation. Our study aims to compare changes in cytokine status
in JAI with underlying DM in the experiment. Material and method: The object of the studies is 100 mature albino nonlinear
rats. Their weight is 180-200 g. To create the IAl model, animals have undergone a transesophageal gastric perforation. DM has
been induced by subcutaneous administration of a 1.6% alloxan solution in distilled water at a dose of 16 mg per 100 g of body
weight. The animals have been divided into the following groups: intact animals, animals with DM models, intact animals with
peritonitis models (group 1), animals with peritonitis models with underlying DM (group 2). IAI has been modeled 3 months
following the DM simulation. The blood has been taken from the cervical vein both before the IAI simulation and in 6, 12, 24, 48
hours of its simulation. The content of tumor necrosis factor o (TNFa) and interleukins (IL) 2, 6, and 10 in blood plasma have been
studied. Results: The content of proinflammatory Ctk in animals with DM models has been significantly higher than in intact
ones. The IL 10 content has been lower. After 6 hours of IAI modeling, the plasma content of all Ctk, most notably TNFa, has sig-
nificantly increased in group 1. The amount of TNFa has slightly changed in group 2. The amount of IL 2, IL 6 (table 4) has signifi-
cantly increased. The amount of IL 10 has increased more than 50 times. The amount of TNFa, IL 6, and 10 have been significantly
decreased. The amount of IL has remained at the same level. The number of all Ctk has immediately decreased in group 2. The
TNFa number has been the lowest. After 24 hours, the number of TNFa has slightly increased in group 1 since the IAI simulation.
The number of other Ctk is unlikely to have been decreased. IL 2 is the most pronounced to have been decreased. The number of
TNFa has remained quite the same in group 2. The number of remaining Ctk has continued to decrease rapidly. After 48 hours, the
number of TNFa and IL 10 have decreased in group 1 since the IAI simulation. Moreover, the number of IL 10 has become less than
the initial indicators. The number of IL 6 has slightly changed, and the number of IL 2 has increased significantly. The number
of IL 6 has increased significantly in group 2. The number of IL 6 has increased slightly, while the number of TNFa and IL 10 has
remained almost unchanged. Conclusions: DM modeling causes a disparity in cytokine status. The reason is a higher number of
pro-inflammatory Ctk in the background of a less number of IL 10. Intact animals with IAI models have shown signs of cyclical
changes in the activity of various mechanisms of inflammatory regulation within 48 hours. At the same time, in 48 hours, there
have been signs of impaired function of the regulation mechanisms of the immune response. There have been differences in the
functioning of various mechanisms of inflammatory regulation in 6 hours in animals with IAI models with underlying DM. There
have been signs of immunosuppression in 12 hours. These changes have been progressing later on and the signs of immune insuf-
ficiency have been shown in 48 hours.
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Background and aims

Diabetes mellitus (DM) is known to be
associated with increased susceptibility to infec-
tions and poor treatment outcomes [1-3]. This
fully applies to sepsis [4, 5], in particular intra-ab-
dominal infections (IAI) [6, 7], which is reflected
in the guidelines for their treatment [8-10].
Changes in the functioning of mechanisms for
regulating inflammation under the DM influence
are the main reason [11]. Some of the changes are
described in our studies as well [12-14]. It is crucial
to study the state of the cytokine network. Since
cytokines (Ctk) play a major role in the immune
response and inflammation regulation [11, 15]. Our
study aims to compare changes in cytokine status
in IAI with underlying DM in the experiment.

Material and method
Study design

The object of the studies is 100 mature
albino nonlinear rats. Their weight is 180-200 g.
To create the IAI model, animals have undergone
a transesophageal gastric perforation. DM has
been induced by subcutaneous administration of
a1.6% alloxan solution in distilled water at a dose
of 16 mg per 100 g of body weight [16].

The animals have been divided into the
following groups: intact animals, animals with
DM models, intact animals with peritonitis mod-
els (group 1), animals with peritonitis models
with underlying DM (group 2).

The main criterion of DM has been blood
glucose, indicating 5.39+0.25 mmol/l (in intact
animals, 3.21+0.53 mmol/l, p<0.01). IAI has been
modeled 3 months following the DM simulation.
The blood has been taken from the cervical vein
both before the IAI simulation and in 6, 12, 24, 48
hours of its simulation.

While performing the research, the
basic requirements concerning biomedical
experiments of the Vancouver Convention were
observed (1979, 1994). The animals were taken out
from the experiment by overdosing on an anes-
thetic. All manipulations have been performed
under sevoranov anesthesia.
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Laboratory, anthropometric, and clinical
data collection

The content of tumor necrosis factor a
(TNFa) and interleukins (IL) 2, 6, and 10 in blood
plasma have been studied. The study has been
performed on an immunoenzyme analyzer AIFR-
01 “Uniplan” with reagents from the “Biosuorce”
company.

Statistical analysis

The statistical calculations of the
research results have been conducted with the
help of Microsoft® Office Excel spreadsheets
(build 11.5612.5703). The Shapiro - Wilk crite-
rion has checked the law of samples distribution
for normality. To test the hypothesis of average
equality the student criterion has been used. To
check normally distributed samples the Fisher
criterion has been used. The Wilcoxon and Wil-
coxon-Mann-Whitney criteria have been applied
for samples whose distribution was different
from normal.

Results

The content of pro-inflammatory Ctk in
animals with DM models has been significantly
higher than in intact ones. The IL 10 content has
been lower.

In 6 hours since IAI modeling, the plasma
content of all Ctk, most notably TNFa, has signifi-
cantly increased in group 1 (Table 2). The amount
of TNFa has slightly changed in group 2. The
amount of IL 2 (table 3), IL 6 (Table 4) have signifi-
cantly increased. The amount of IL 10 (Table 5)
has increased more than 50 times.

The amount of TNFa, IL 6, and 10 have
been significantly decreased. The amount of IL
has remained at the same level. The number of all
Ctk have immediately decreased in group 2. The
TNFanumber have been the lowest.

After 24 hours, the number of TNFa has
slightly increased in group 1 since the IAI simula-
tion. The number of other Ctk is unlikely to have

© 2021 The Authors



Table 1: The initial amount of cytokines (pcg/ml) in

the blood plasma of experimental animals (M+m).

Indicators

TNFa

IL 2

IL6

IL 10

Animals with

Intact animals DM models

34.256+14.444 203.770+65.602,
p<0.01

146.002+42.045  299.772+39.224,
p<0.01

33.461+2.667 55.643+9.527,
p<0.05

26.166+6.920 8.3332.092,
p<0.01

Rom J Diabetes Nutr Metab Dis. 2021; volume 28, issue 3

been decreased. IL 2 is the most pronounced to
have been decreased. The number of TNFa has
remained quite the same in group 2. The num-
ber of remaining Ctk has continued to decrease
rapidly.

After 48 hours, the number of TNFa and
IL 10 have decreased in group 1 since IAI simula-
tion. Moreover, the number of IL 10 has become
less than initial indicators. The number of IL 6
has slightly changed, and the number of IL 2 has
increased significantly. The number of IL 6 has
increased significantly in group 2. The number of

Table 2: Changes in the amount of TNFa (pcg/ml) during the experiment (M+m).

No

1
2
3
4

Observation time

6 hours
12 hours
24 hours
48 hours

Group1l Group 2
480.511+180.213 297.717+192.852, p<0.01
44.531+16.615, p1-2<0.01 22.776+7.230, p1-2<0.01
59.964+16.983 33.040+25.521
37.292+18.413, p1-2<0.01 33.237+23.071

Table 3: Changes in the amount of IL2 (pcg/ml) during the experiment (M+m).

No Observation time Groupl Group 2

1 6 hours 361.082+39.312 711.334+82.409, p<0.01

2 12 hours 358.414+42.022 290.201+73.543, p1-2<0.01

3 24 hours 265.112+34.602 171.815+40.734, p<0.05

4 48 hours 379.741+36.404 p3-4<0.01 183.775+22.062, p<0.01, p3-4<0.05

Table 4: Changes in the amount of IL 6 (pcg/ml) during the experiment (M+m).

No

1
2
3
4

Observation time Group1l Group 2
6 hours 153.195+59.788 813.288+86.566, p<0.01
12 hours 41.455+2.164, p1-2<0.01 149.859+47.533, p<0.01, p1-2<0.01
24 hours 34.944+2.250 24.417+4.356, p<0.05, p2-3<0.01
48 hours 42.866+4.390 43.589+4.038, p3-4<0.05

Table 5: Changes in the amount of IL 10 (pcg/ml) during the experiment (M+m).

No Observation time Groupl Group 2
1 6 hours 177.834+17.265 449.719+221.575, p<0.05
2 12 hours 68.833+16.441, p1-2<0.01 140.772+50.555, p<0.01, p1-2<0.01
3 24 hours 39.500+11.337 23.833+4.689, p<0.05, p2-3<0.05
4 48 hours 24.833+6.874 24.166+6.154
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IL 6 has increased slightly, while the number of
TNFaand IL 10 has remained almost unchanged.

Discussion

A significantly higher number of proin-
flammatory Ctk in the background of a less
number of IL10 in animals with DM models is
the reason for cytokine status disparity. These
changes cause numerous consequences listed
below. The development of systemic insulin
resistance, chronic stress, hypercoagulation
syndrome, impaired immune response, etc. [11,
17-21].

The increased content of Ctk, which has
been found 6 hours after IAI modeling, is a well-
known natural phenomenon [8, 9, 22, 23]. This is
considered as the activation of mechanisms for
regulating inflammation [11, 15]. Although the
dynamics of individual indicators in groups of
animals have differed.

The number of TNFa has got the top-most
in group 1, which is consistent with the literature
data [8, 9, 21]. The predominant increase in the
amount of IL 2 and 6 among pro-inflammatory
Ctkin group 2 indicates a predominant activation
of other mechanisms of inflammatory regula-
tion. A relatively smaller increase in the amount
of TNFa may have happened due to due to inhi-
bition of its synthesis under the IL 6 influence
[15]. It should be noted that IL 6 is one of the main
stimulators of stem cell proliferation and granu-
locytopoiesis [11, 15]. Therefore, the growth of its
synthesis has been directed specifically at these
mechanisms. A lack of non-specific cellular fac-
tors might be the reason.

It is noteworthy that one of the effects of
TNFa is the activation of neutrophilic leukocyte
deposit [11, 15]. In our opinion, its relatively low
content may be one of the reasons for the suppres-
sion of the activity of non-specific immune cells
as well as some diagnostic difficulties observed in
patients with DM and IAI [24].

A significantly higher amount of anti-in-
flammatory IL 10 in group 2 is also worth paying
attention. This may have been due to a simultane-
ous increase in the production of pro-inflamma-
tory IL 2 and 6. In general, it shows differences in
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the functioning of immune mechanisms for reg-
ulating inflammation under the DM influence.

A significant decrease in the amount of
TNFa and IL 6 in 12 hours in group 1 indicates
inhibition of the response of non-specific cells. At
the same time, an almost constant amount of IL
2, indicates the development of a specificimmune
response [11, 15]. Since it can stimulate the prolif-
eration and function of different classes of lym-
phocytes. A number decrease of IL 10 indicates a
consistent function of different protection links.

A rapid number reduction of all Ctk in
group 2 indicates significant differences in the
function of immune mechanisms. A simultaneous
decrease in the amount of TNFa and IL 2 indicates
adecreasein the stimulation of various partsofthe
immune system. The relatively high amount of IL
6, which was higher than in group 1, may indicate
that the immune system plays a major role in reg-
ulating inflammation. It is possible though that
this is a consequence of disorders of the immune
system. This is confirmed by a disproportionately
high amount of IL 10, which indicates activation
of immunosuppression mechanisms [11, 15].

A decrease in the amount of IL 2, 6, 10 in
group 1 in 24 hours indicates inhibition of the
function of the producing cells of these Ctk. A
simultaneous increase in the amount of TNFa
indicates the activation of its producers.

TNFa is one of the main activators of
non-specific cells [11, 15]. Given the permanent
changes in microbial inducers of IAI during its
development [23, 25], an increase in its number
may indicate the activation of non-specific cells.
They are assigned a primary role in curbing the
spread of the inflammatory process [11, 15].

A decrease in the amount of IL 2, 6, 10
in group 2 against the background of a constant
amount of TNFa indicates the functional inhibi-
tion of producers of these Ctk, which indicates
suppression of the immune response. Let’s focus
separately on the meaning of low TNFa content.
TNFa is a stimulator of procoagulant factor syn-
thesis [11, 15]. It promotes blood clot growth on
the endothelial surface and increases the number
of adhesive receptors on its cells [11, 15]. There-
fore, the inhibition of TNFa synthesis contrib-
utes to impaired hemocoagulation and the spread
of IAIL
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A significant decrease in the amount of
TNFa and IL 6 in 12 hours in group 1 indicates
the response inhibition of non-specific cells. An
increase in the amount of IL 2 indicates the acti-
vation of specific immune mechanisms [11, 15].
A decrease in the amount of IL 10 might have
been associated with a decrease in the produc-
tion of pro-inflammatory Ctk. Though a constant
decrease in the amount of IL 10 could rather be
regarded as a function violation of the mecha-
nisms of the immune response regulation.

Minor changes in the amount of TNFa, IL
2 and 10 against the background of IAI progres-
sion in group 2 indicate the insufficient function
of their producers. In our opinion, the insuffi-
ciency of peripheral immunocompetent cells
was one of the reasons for the increase in the
number of IL 6 aimed at activating the prolifera-
tion of inflammatory effector cells. According to
the literature, such ratios of indicators indicate
immune insufficiency due to immune paralysis
[11, 15].

Later on, the study was not conducted,
since most of the animals from group 2 died after
48 hours. Therefore, it became impossible to con-
duct a comparative analysis.

Conclusions

DM modeling causes a disparity in cyto-
kine status. The reason is a higher number of
pro-inflammatory Ctk in the background of a less
number of IL 10.

Intact animals with IAI models have
shown signs of cyclical changes in the activity of
various mechanisms of inflammatory regulation
within 48 hours. At the same time, in 48 hours,
there have been signs of impaired function
of the regulation mechanisms of the immune
response.

There have been differences in the func-
tioning of various mechanisms of inflammatory
regulation in 6 hours in animals with IAI models
with underlying DM. There have been signs of
immunosuppression in 12 hours. These changes
have been progressing later on and the signs of
immune insufficiency have been shown in 48
hours.

© 2021 The Authors

Rom J Diabetes Nutr Metab Dis. 2021; volume 28, issue 3

References

10.

11.

12.

13.

14.

15.

Romanian Journal of Diabetes, Nutrition and Metabolic Diseases :: www.rjdnmd.org

Shapoval, S., Tribushniy, O., Savon, I., et al. (2021).
Complex treatment of patients with complicated syn-
drome of diabetic foot and sepsis. Rom ] Diabetes Nutr
Metab Dis. 28(2):131-136.

Voineag, C., Barbu, R. E., Bogdan-Goroftei, E., et al.
(2021). Prevalence of diabetes and diabetes complications
in a South-Eastern County from Romania. Rom | Diabetes
Nutr Metab Dis. 28(2):178-184.

Nasreem, B., Wara, B., Morrissey, H., Ball P. (2020).
Emerging evidence on the association between COVID-19
and type 2 diabetes. Diabetes and COVID-19. Rom ] Diabe-
tes Nutr Metab Dis. 27(4):410-418.

Dugar, S., Choudhary C., Duggal A. (2020). Sepsis and
septic shock: Guideline-based management. Cleve Clin |
Med. 87(1):53-64.

Rhodes, A., Evans, L. E., Alhazzani, W., et al. (2017). Sur-
viving sepsis campaign: International Guidelines for
management of sepsis and septic shock: 2016. Intensive
Care Med. 43(3):304-377.

Nunez, S. A., Lacal, V., Nunez, J., Serruto, G., Zarate,
M. S., Verdn, M. T. (2020). Antibiotic resistance in com-
munity-acquired intra-abdominal infections: Diabetes
mellitus as a risk factor. Surg Infect. (Larchmt) 21(1):62-68.
Popejoy, M. W., Long, J., Huntington, J. A. (2017). Anal-
ysis of patients with diabetes and complicated intra-
abdominal infection or complicated urinary tract
infection in phase 3 trials of ceftolozane/tazobactam.
BMC Infect Dis. 17:316.

Hecker, A., Reichert, M, Reuf3, C. J., etal. (2019). Intra-ab-
dominal sepsis: New definitions and current clinical
standards. Langenbecks Arch Surg. 404(3):257-271.
Muresan, M. G., Ioan Balmos, A., Badea, I., Santini, A.
(2017). Abdominal sepsis: An update. ] Crit Care Med.
(Targu Mures) 4(4):120-125.

Mazuski, J. E., Tessier, J. M., May, A. K., et al. (2017). The
Surgical Infection Society Revised Guidelines on the
Management of Intra-Abdominal Infection. Surg Infect.
(Larchmt) 18(1):1-76.

Zak, K. P., Tron’ko, M. D., Popova, V. V., Butenko, A. K.
(2015). Saharnyj diabet. Immunitet. Citokiny [Diabetes mel-
litus. Immunity. Cytokines]. Kyiv: Knyga-pljus. pp. 488.
Turkmen, K. (2017). Inflammation, oxidative stress, apop-
tosis, and autophagy in diabetes mellitus and diabetic
kidney disease: the Four Horsemen of the Apocalypse. Int
Urol Nephrol. 49:837-844.

Grynchuk, F. V., Grynchuk, A. F., Maksimiuk, V. V. (2017).
Comparative characteristic of fibrinolytic activity in case
of experimental peritonitis and underlying diabetes melli-
tus. Mizhnarodnyi endokrynolohichnyi zZhurnal 13(8): 618-623.
Grynchuk, F. V., Grynchuk, A. F. (2019). Comparative char-
acteristics of proteolytic activity in case of experimental
peritonitis and its development on the background of
diabetes mellitus. Mizhnarodnyi endokrynolohichnyi zhur-
nal 15(3):196-20L.

Cavaillon, J. M., Singer, M. (2017). Inflammation: From
Molecular and Cellular Mechanisms to the Clinic. Wein-
heim: John Wiley & Sons; pp. 352.

259


www.rjdnmd.org�

Grynchuk FV et al. Characteristics of cytokine status in intra-abdominal infection with underlying diabetes mellitus: An experimental study

16.

17.

18.

19.

20.

21.

260

Shaw, D. J., Mcletchie, N. G. B. (1943). Experimental
alloxan diabetes in the rat. Lancet 242(6265):384-387.
Akash, M. S. H., Rehman, K., Liagat, A. (2018). Tumor
necrosis factor-alpha: Role in development of insulin
resistance and pathogenesis of type 2 diabetes mellitus. |
Cell Biochem. 119(1):105-110.

Rehman, K., Akash, M. S. H., Liagat, A., Kamal, S., Qadir,
M. 1., Rasul, A. (2017). Role of interleukin-6 in develop-
ment of insulin resistance and type 2 diabetes mellitus.
Crit Rev Eukaryot Gene Expr. 27(3):229-236.

Rosenzwajg, M., Churlaud, G., Hartemann, A.,
Klatzmann, D. (2014). Interleukin 2 in the pathogenesis
and therapy of type 1 diabetes. Curr Diab Rep. 14(12):553.
Randeria, S. N., Thomson, G. J. A., Nell, T. A., Roberts,
T., Pretorius, E. (2019). Inflammatory cytokines in type 2
diabetes mellitus as facilitators of hypercoagulation and
abnormal clot formation. Cardiovasc Diabetol. 18(1):72.
Badiu, D. C., Paunescu, V., Aungurenci, A., Pasarica, D.
(2011). Proinflammatory cytokines in peritonitis. ] Med
Life 4(2):158-162.

https://doi.org/10.46389/rjd-2021-1038

22.

23.

24.

25.

Naz, S., Shafique, N., Sharif, S., Manzoor, F., Saifi, S.Z.,
Firasat, S., et al. (2020). Association of interleukin 10 (IL-
10) gene with type 2 diabetes mellitus by single nucleotide
polymorphism of its promotor region G/A 1082. Crit Rev
Eukaryot Gene Expr. 30(4):285-289.

Doran, H., Patrascu, T., Pacescu, E. (2001). Acute abdo-
men and diabetic patients-difficulties of diagnosis and
therapeutical decision. Chirurgia (Bucur) (1):81-84.
Clements, T. W., Tolonen, M., Ball, C. G., Kirkpatrick,
A. W. (2021). Secondary peritonitis and intra-abdominal
sepsis: An increasingly global disease in search of better
systemic therapies. 110(2):139-149.

Grynchuk, F. V., Polianskyi, I. Iu., Maksimiuk, V. V.
(2008). Pathogenetic, clinical and treatment particulari-
ties of acute peritonitis at patients with concomitant dis-
eases. Hospital Surgery 2:93-96.

© 2021 The Authors



	_GoBack

