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Abstract

Background: Cholecystitis is defined as the sudden inflammation of the gallbladder. Surgical intervention is 
usually necessary to treat this condition because of the difficulty in achieving non-surgical resolution and frequent 
recurrence without surgery. Objective: We aimed to assess the effect of medication and surgical treatment 
on cytokine concentrations in patients with acute and chronic cholecystitis who showed disease progression. 
Methods: A total of 133 patients with cholecystitis admitted to our hospital were categorized into two distinct 
groups. The acute cholecystitis group included 79 patients with acute cholecystitis, whereas the chronic 
cholecystitis group included 54 patients with chronic cholecystitis. An automatic immunoassay analyzer was used 
to assess the levels of cytokines interleukin 1 (IL-1), IL-4, IL-6, and tumor necrosis factor-alpha in the blood 
plasma. Results: IL-6 concentrations dramatically increased by a five-fold amount compared to those in the 
control group. IL-6 concentrations were considerably higher in patients with chronic cholecystitis (P < 0.01), 
but the concentrations of other cytokines were not significantly different (P > 0.05). The Evaluation of cytokines 
demonstrated that IL-6 levels increased by 88% in the acute cholecystitis group and 81% in the chronic cholecystitis 
group, with regard to sensitivity and specificity. In the chronic cholecystitis group, the level of serum IL-1β 
remained significantly elevated (P < 0.05) during discharge relative to its pre-treatment level; in contrast, other 
cytokines did not show significant changes (P > 0.05). Conclusion: IL-6 levels increase during inflammation, but 
treatment reduces cytokine concentrations and elevates IL-4 levels.
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INTRODUCTION

Inflammatory and degenerative illnesses 
of the gallbladder affect approximately 
15% of individuals in affluent countries.

[1] Cholecystitis is the primary sign of gallstone 
formation.[2] Gallstones are solid masses made 
up predominantly of calcium ions, bilirubin, and 
lipids, along with small amounts of proteins and 
additional compounds, present in the gallbladder.
[3,4] Surgery is usually required in cases of sudden 
gallbladder infections leading to cholecystitis. 
Achieving remission without surgery is challenging 
and there is a high likelihood of recurrence.[5] About 
80–85% of individuals with acute cholecystitis 
have gallstone disease as the primary cause. The 
most common purulent symptoms are perivesical 
infiltration and suppurative cholecystitis. 
Subhepatic abscess, hydrocholecystis, localized 

peritonitis, and extensive peritonitis were observed in 3.6%, 
7.5%, 1.3%, and 2.3% of patients, respectively.[6,7]

Interleukin 1 (IL-1a), IL-6, and tumor necrosis factor-alpha 
(TNF-α) are stronger cytokines generated mainly by monocytes 
and macrophages. They have pro-inflammatory effects on 
immune responses and inflammation.[8,9] TNF-α stimulates 
the production of IL-6, affecting gallbladder functions, such 
as absorption, secretion, and smooth muscle contractions, 
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which play a key role in initiating inflammation.[10-12] IL-6 
trans-signaling is essential for transitioning from acute to 
chronic inflammation, hence sustaining disease states.[13]

We aimed to assess the effect of medication and surgical 
treatment on cytokine concentrations in patients with acute 
and chronic cholecystitis who showed disease progression.

METHODS

One hundred and thirty-three patients admitted to the 
department of surgery at our hospital with cholecystitis were 
categorized into two distinct groups. Acute cholecystitis 
group has 79 patients with acute cholecystitis, whereas the 
chronic cholecystitis group consisted of 54 patients with 
chronic cholecystitis. The control group has 38 patients 
with biliary tracts who tested negative for hypokinesis or 
hyperkinesis. Each clinical diagnosis was validated based on 
the clinical symptoms and ultrasound examination.

Within the research sample, the control group consisted of 64% 
females, the acute cholecystitis group had 82% females, and 
the chronic cholecystitis group had 79% females. The mean 
patient age was 45 years. The percentage of patients older 
than the average age was 56% in the control group, 71.4% in 
acute cholecystitis group, and 65.7% in chronic cholecystitis 
group. The majority of patients in the acute cholecystitis group 
were hospitalized within 24 hours of the onset of sickness 
symptoms (79.3%). About 81% of the surgical procedures in 
both clinical groups included laparoscopic surgery.

An automatic immunoassay analyzer (Lepu Medical 
Technology, Beijing, China) was used to assess the levels of 
cytokines IL-1, IL-4, IL-6, and TNF-α in blood plasma.

Statistical analyses were performed using Statistica v8.0 
software developed by StatSoft, Inc., Tulsa, USA. The data are 
presented as the mean ± standard deviation. Student’s t-test was 
utilized to assess disparities across groups. A margin of error 
was used to evaluate the change encompassing the highest and 
lowest limits of variation in each group at various significance 
levels (P < 0.05 [95%]; P < 0.01 [99%]; P < 0.001 [99.9%]). 
The sensitivity and specificity of the cytokine parameters were 
assessed using traditional methods.[11] Data obtained from 
patients who provided informed consent were kept confidential. 
This study was approved by the Bioethics Committee of 
the International Higher School of Medicine in Kyrgyzstan 
(protocol No. 93, dated October 21, 2022) and was conducted 
in accordance with the guidelines of the Declaration of Helsinki.

RESULTS

The concentrations of IL-1β (P < 0.001), IL-4 (P < 0.05), 
and IL-6 (P < 0.001) were notably higher in the patients in 
the acute cholecystitis group [Table 1]. The concentration 

of TNF-α was not substantially different from that in 
the control group (P > 0.05). IL-6 concentrations were 
dramatically increased by a five-fold amount compared 
with those in the control group. IL-6 concentrations were 
considerably higher in patients with chronic cholecystitis 
(P < 0.01), but the concentrations of other cytokines were 
not significantly different (P > 0.05). The concentrations of 
IL-1, IL-4, and IL-6 were significantly lower in the chronic 
cholecystitis group than those in the acute cholecystitis group 
(P < 0.05–P < 0.01). There was no significant difference 
in TNF-α concentration between the acute and chronic 
cholecystitis groups.

In patients with acute cholecystitis, IL-6 concentrations 
were significantly greater compared to in the control group 
(P < 0.001). TNF-α levels showed a substantial increase 
(P < 0.05), but IL-1 and IL-4 concentrations did not show 
a significant difference (P > 0.05) [Figure 1]. At the time of 
discharge from the hospital, the levels of IL-1β, IL-6, and 
TNF-α in the chronic cholecystitis group were substantially 
reduced compared with those before surgery [Figure 2]. 
However, IL-4 and IL-6 levels were substantially higher than 
those in the control group.

In the chronic cholecystitis group, the level of serum IL-1β 
remained significantly elevated (P < 0.05) during discharge 
relative to its pretreatment level [Figure 3]; in contrast, 
other cytokines did not show significant changes (P > 0.05). 
Relative to the levels in the control group, IL-1β and IL-6 
levels were significantly increased (P < 0.05).

We examined the variations in cytokine concentrations over 
time in both groups on patient discharge [Figure 4]. The acute 
cholecystitis group had higher levels of IL-1β and TNF-α 
than the chronic cholecystitis group (P > 0.05), while IL-4 
concentrations were lower (P > 0.05).

The immunological processes in acute cholecystitis are 
affected by cytokine activity, which is influenced by the 
interactions between antigen-presenting cells and T-cells, 
leading to structural alterations. Cytokines mediate 
interactions between immune system cells and the epithelium. 
TNF-α is usually triggered by viruses, endotoxins, lipids, and 
various bacterial components when cholecystitis progresses 
and bile crystals obstruct the bile ducts.

The evaluation of cytokines demonstrated that IL-6 levels 
increased by 88% in the acute cholecystitis group and 81% 
in the chronic cholecystitis group with regard to sensitivity 
and specificity. IL-1β levels reached 66% in the acute 
cholecystitis group and 71% in the chronic cholecystitis 
group. The percentages of IL-4 were 63% and 57% in the 
acute and chronic cholecystitis groups, respectively, whereas 
the percentages of TNF-α were 65% and 60% in the same 
groups. Cytokines can act as sensitive indicators of disease 
progression and severity of cholecystitis as well as for 
assessing the effectiveness of acute therapy.
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DISCUSSION

The rise in IL-4 in the acute cholecystitis group in the early 
stages is a protective compensatory response to elevate the 
cytokines IL-1β and IL-6.[14,15] Increasing IL-4 levels promotes 
the generation of immunoglobulin G and components related 
to antibody-mediated immunity, while also decreasing the 
number of cytotoxic T-cells and lowering the concentrations 
of prostaglandin and gamma-interferon.[16,17] After a 
scheduled surgical procedure resolved an acute condition in 
the liver, gallbladder, and bile ducts, the concentrations of 
IL-1β, IL-6, and TNF-α decreased, while the level of IL-4 
increased compared with those in the chronic cholecystitis 
group.

Cytokines sometimes have systemic effects on inflammation. 
Pro-inflammatory cytokines help to accumulate neutrocytes 
and macrophages at infection sites, boost their phagocytic 
and bactericidal functions, and stimulate the adaptive 
immune reaction, contributing to worsening inflammation.[18] 
The mechanisms by which these activities harm the liver, 
gallbladder, and bile ducts are not well known.

Cytokines play significant roles in initiating and advancing 
inflammation by aiding in antigen recognition, enabling 
the production of major histocompatibility complexes 
and adhesion molecules, and stimulating, enhancing, and 
distinguishing immune cells to generate effector cells, thereby 
shaping the characteristics of the immune response.[14] TNF-α 
plays a role in gallstone formation in patients with chronic 
cholecystitis.[17] In patients with chronic cholecystitis, there 
was no correlation between TNF-α and IL-4 levels. TNF-α 

Table 1: Blood plasma cytokine concentrations and statistical parameters in each group
Groups Cytokines (pg/mL)

IL-1β IL-4 IL-6 TNF-α
Control group (38 patients) 5.24±0.47 3.32±0.31 11.51±0.92 8.4±0.65

Acute cholecystitis group (79 patients) 15.8±52.21*** 7.94±0.86* 66.6±7.54*** 9.1±1.21

Chronic cholecystitis group (54 patients) 6.45±0.72** 4.39±0.66* 26.7±4.31*** 7.65±1.09*
М ± m = mean ± standard deviation. *P<0.05; **P<0.01, ***P<0.001. IL-1β: Interleukin 1β, IL-4: Interleukin-4, IL-6: Interleukin-6, 
TNF-α: Tumor necrosis factor-α

Figure 1: Differences in cytokine concentrations in the blood 
plasma of individuals with acute cholecystitis (Group 1) and 
chronic cholecystitis (Group 2)

Figure 2: Blood plasma cytokine concentrations in the acute 
cholecystitis group before surgery and at discharge

Figure 3: Blood plasma cytokine concentrations in the chronic 
cholecystitis group before surgery and at discharge

Figure 4: Blood plasma cytokine concentrations in the acute 
and chronic cholecystitis groups at the time of discharge
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protein expression was higher than IL-4, suggesting that 
patients with gallstones may have a predisposition to form 
gallstones. Iranian research has shown that IL-4 suppresses 
the development of gallstones, and even TNF-α promotes 
inflammation in the gallbladder and accelerates the 
production of gallstones.[19] Patients with gallstones have a 
significant decrease in IL-4 levels compared to those with 
IL-6, IL-1, and TNF-α.[17] Pro-inflammatory cytokines in 
the blood become more abundant through inflammatory 
processes occurring in the gallbladder. Because IL-6 levels 
increase in direct proportion with inflammation levels, IL-6 
levels are commonly used as an indicator of inflammation.[17]

Studying inflammatory mediators can help understand 
the malfunction of the liver, gallbladder, and bile ducts. 
Elevated concentrations of pro-inflammatory cytokines in 
the bloodstream are linked to inflammatory, congestive, and 
calculi-forming conditions in the gallbladder. Inflammation 
in the form of cholecystitis and gallstone development occurs 
when cytokine concentrations increase.

CONCLUSION

Serum IL-6 concentrations increased significantly during the 
purulent inflammatory processes. After receiving medication 
and surgical therapy, acute cholecystitis is resolved, leading 
to a notable reduction in pro-inflammatory cytokine 
concentrations and an elevation in anti-inflammatory IL-4 
concentrations. No changes were observed after surgical 
treatment of chronic cholecystitis. Therapeutic interventions 
have improved the clinical and functional outcomes of 
patients with chronic cholecystitis. However, the cytokine 
profile did not revert to the levels seen in the control group, 
suggesting that the normalization of cytokine balance occurs 
gradually after successful treatment of chronic cholecystitis.
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