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ABSTRACT 
 

Introduction and Aim: Interleukin 1 (IL-1a and IL-1b), IL-6, and tumor necrosis factor-alpha (TNF-alpha), which 

are mostly released by monocytes and macrophages, are three cytokines that are effective, have multiple uses, and 

act as proinflammatory proteins during immune response and inflammation. The objective of this study was to 

evaluate the role of cytokine system in patients with acute calculous cholecystitis (ACC) and chronic calculous 

cholecystitis (CCC) when the disease got worse after medical and surgical treatment. 
 

Materials and Methods:  One hundred and thirty-three patients with acute cholecystitis who were hospitalized in 

our department and were divided into two groups. 79 patients with ACC made up Group 1. 54 patients with CCC 

made up Group 2. Based on clinical symptoms and an ultrasound scan, the clinical diagnosis was confirmed.  
 

Results: A comparison of cytokines revealed that in purulent cholecystitis, the value of IL-6 becomes considerably 

higher than in ACC, and TNF-alpha becomes significantly higher, whereas IL-1 and IL-4 do not reach significant 

levels. A comparison of the concentration-time patterns of cytokines in the two groups when they left the hospital 

showed that IL-1beta and TNF-alpha in group 2 patients were higher than in group 1, but IL-4 was lower. 
 

Conclusion: Following drug and surgical treatment, ACC resolves with a significant drop in the levels of pro-

inflammatory cytokines and a rise in anti-inflammatory IL-4. 
 

Keywords: Cytokines; acute calculous cholecystitis; chronic calculous cholecystitis; interleukins; tumor necrosis 

factor-alpha. 
 

INTRODUCTION 
 

allbladder inflammatory and destructive 

diseases affect up to 15% of the population in 

developed nations (1, 2). Inflammation of the 

gallbladder is an early sign of gallstone development 

(3). Gallstones are hard bile fluid deposits in the 

gallbladder (4). Gallstones are mostly made up of 

calcium salts, bilirubin, and cholesterol, with trace 

quantities of protein and other substances (5). A 

sudden inflammation of the gallbladder is known as 

cholecystitis. Surgical intervention is usually 

necessary due to the difficult course of cholecystitis. 

Due to immune system irregularities prior to surgery, 

postoperative purulent-inflammatory problems occur 

often (6). In 80-85% of patients, gallstone disease 

(GSD) is the underlying factor in acute cholecystitis. 

Perivesical infiltrate (15%) and gallbladder empyema 

(12.4%) are the most prevalent purulent 

manifestations of acute cholecystitis, while subhepatic 

abscess (3.6%), hydrocholecystis (7.5%), localized 

peritonitis (1.3%), and widespread peritonitis (2.3%) 

are also reported (7-9). 
 

Interleukin 1 (IL-1a and IL-1b), IL-6, and tumor 

necrosis factor-alpha (TNF-α), which are mostly 

released by monocytes and macrophages, are three 

cytokines that are effective, have multiple uses, and 

act as proinflammatory proteins during immune 

response and inflammation (10–12). By promoting the 

development of other inflammatory mediators, such as 

IL-6, which affects the gallbladder's absorption, 

secretion, and smooth muscle contractility, TNF-α is 

known to play a significant role in the beginning of 

inflammation (13–15). The intracellular cytokine IL-

1a has both cytokine and transcription factor 

characteristics (10). By promoting the change from 

acute to chronic inflammation, IL-6 trans-signaling 

plays a crucial role in maintaining the disease 

condition (16). 
 

The objective of this study was to evaluate the role of 

the cytokine system in patients with acute calculous 

cholecystitis (ACC) and chronic calculous 

cholecystitis (CCC) when the disease got worse after 

medical and surgical treatment. 
 

MATERIALS AND METHODS 
 

In this study, 133 patients with acute cholecystitis who 

were hospitalized in the department of surgery of the 

City Clinical Hospital in Osh, Kyrgyzstan, were 

divided into two groups. 79 patients with ACC made 

up Group 1. 54 patients with CCC made up Group 2. 

A total of 38 individuals were used as the control 

group, and their biliary tracts were checked for hypo- 

and hyperkinesis. Based on clinical symptoms and an 

ultrasound scan, the clinical diagnosis was confirmed. 
 

Most of the participants in the study groups were 

female: 64% in the control group, 82% in group 1, and 
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79% in group 2. The average patient is older than 44 

years old; in the groups, this percentage was 56%, 

71.4%, and 65.7%, respectively. Patients in Group 1 

were typically admitted to the hospital within 24 hours 

after the onset of illness symptoms (79.3%). 

Laparoscopic surgery accounted for 81% of surgical 

interventions in both clinical groups. 
 

Blood plasma was evaluated for cytokines such as               

IL-1, IL-4, IL-6, and TNF-α using an immunoassay 

photometer analyzer (HumanReader HS, Wiesbaden, 

Germany). 
 

Statistica v8.0 (StatSoft Inc., Tulsa, USA) was used 

for the statistical analysis. The acquired information is 

shown as mean ± standard deviation. To evaluate 

parameter differences, the Student's t test was used.              

A 95% confidence interval is used to evaluate the 

range that contains both the upper and lower limits of 

a difference in the studied groups (P equal to 95%, or 

P<0.05; at P equal to 99%, or P<0.01; with P equal to 

99.9%, or P<0.001). The techniques for determining 

sensitivity (Se) and specificity (Sp) were identified 

using a standard method (11). The data acquired was 

kept confidential, and the International Higher School 

of Medicine Bioethics Committee gave its approval 

for this study (Protocol No. 93, dated October 21, 

2022). 
 

RESULTS  
 

Table 1 shows that the levels of IL-1β (P<0.001), IL-4 

(P<0.05), and IL-6 (P<0.001) in the plasma of patients 

with ACC from Group 1 have gone up significantly. 

However, the level of TNF-α hasn't changed much 

(P>0.05). The value of IL-6 rises five times and is 

much higher. When compared to the values of the 

control group, IL-6 levels in patients with CCC from 

this group over this time period significantly rise 

(P<0.01), while other cytokine indices do not reach 

significant levels (P>0.05). There is a decrease in IL-

1, IL-4, and IL-6 when compared to the parameters of 

Group 1 (P<0.05–P<0.01); however, there are no 

significant changes in TNF-α (P>0.05).   

 

A few patients in Group 1 had gangrenous 

cholecystitis, which was determined surgically. A 

comparison of cytokines (Figure 1) revealed that in 

purulent cholecystitis, the value of IL-6 becomes 

considerably higher (P<0.001) than in ACC, and TNF-

α becomes significantly higher (P<0.05), whereas IL-1 

and IL-4 do not reach significant levels (P>0.05). The 

concentrations of IL-1β (P<0.05), IL-6 (P<0.001), and 

TNF-α (P<0.05) in the blood in this group during 

discharge from the hospital are significantly lower 

than their levels prior to treatment (Figure 2), but IL-4 

and IL-6 are significantly higher than they were in the 

control group (P<0.01 and P<0.05, respectively). 
 

In group 2, IL-1β in the blood stayed significantly 

higher (P<0.05) at the time of discharge from the 

hospital compared to the time before treatment (Figure 

3), but none of the other cytokine parameters changed 

significantly (P>0.05). Relative to the parameters of 

the control group, there is an increase in IL-1β and IL-

6 (P<0.05). 
 

A comparison of the concentration-time patterns of 

cytokines in the two groups when they left the hospital 

(Figure 4) showed that IL-1β and TNF-α in group 2 

patients were higher than in group 1 (P>0.05), but IL-

4 was lower (P>0.05). 
 

Some of the measurements of the cytokine system in 

people with acute cholecystitis may show changes in 

metabolism, cell growth, and immunity, depending on 

how bad the inflammation in the bile tissue is and how 

many pro-inflammatory and anti-inflammatory 

cytokines are active. These modifications also affect 

immunocompetent cells and phagocytic system 

malfunction. In the human body, cytokines play a role 

in chemical signaling that can activate cellular 

inflammatory mediators such as the products of lipid 

peroxidation. Pro-inflammatory cytokines are more 

abundant in the blood as a result of the gallbladder's 

inflammatory process. The amount of IL-6, which 

rises in direct proportion to the level of inflammation, 

is a common parameter of this. 
 

Table 1: Parameters of the concentration of cytokines in blood plasma in the study groups 

No

. 

Variables Statistical 

parameters 

Cytokines in pg/ml 

IL-1β IL-4 IL-6 TNF-α 

1. Control group (n=38) М±m 5.24±0.47 3.32±0.31 11.51±0.92 8.4±0.65 

2. Group 1 (n=79) 
M±m 

Р2-1 

15.8±52.21 

<0.001 

7.94±0.86 

<0.05 

66.6±7.54 

<0.001 

9.1±1.21 

>0.05 

3. Group 2 (n=54) 

M±m 

Р3-1 

Р3-2 

6.45±0.72 

>0.05 

<0.01 

4.39±0.66 

>0.05 

<0.05 

26.7±4.31 

<0.01 

<0.001 

7.65±1.09 

>0.05 

>0.05 

All data are expressed as М±m = mean ± standard deviation. *p< 0.05. Interleukin = IL-1β, 

Interleukin-4 = IL-4, Interleukin-6 = IL-6, Tumor necrosis factor-α = TNF-α 
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Fig. 1: Comparison of cytokine levels in blood plasma in patients with ACC and gangrenous cholecystitis 

 

 
Fig. 2: Comparison of cytokine levels in blood plasma in patients with ACC during the discharge period 

 

 
Fig. 3: Comparison of cytokines in blood plasma in patients with CCC during the discharge period 

 

 
Fig. 4: Comparison of cytokines in blood plasma in patients with ACC and CCC during the discharge period 
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An increase in IL-4 in Group 1 in the acute period can 

be regarded as a protective-compensatory reaction to 

an increase in pro-inflammatory IL-1β and IL-6. This 

stimulates the production of immunoglobulin G and 

humoral immunity factors, as well as a decrease in the 

population of cytotoxic T-cells, prostaglandins, and 

interferon gamma (IFN-γ). With the resolution of an 

acute pathological process in the hepato-biliary 

system, the concentration of pro-inflammatory 

cytokines (IL-1β, IL-6, and TNF-α) lowers and IL-4 

increases compared to group 2 with a planned surgical 

intervention. 
 

The metabolic processes of glucose and lipids in the 

liver tissue change in conjunction with an increase in 

IL-6 concentration in the blood. Intrahepatic 

cholestasis is a result of this process, which causes 

calculi to form. An increase in IL-1β concentration in 

the blood can also be accompanied by the acidification 

of bile. With inflammation of the gallbladder tissue, a 

mechanism of formation of bile inhomogeneity in the 

gallbladder is also possible, which results in bile clots. 

The activity of IL-4 raises painful biliary symptoms at 

various levels. 
 

The cytokine system in cholelithiasis and acute 

cholecystitis characterizes the immune mechanisms of 

structural changes, which are controlled by immune 

system cells between antigen-presenting cells and      

T cells. The interaction of cells of the immune system 

and the epithelium is determined by cytokines, which, 

as shown in our studies, significantly change their 

activity even with respect to functional changes in the 

gallbladder in patients in the control group. 
 

TNF-α is mostly active because of viral infections, 

endotoxins, lipopolysaccharides, and other bacterial 

parts. These parts are activated when cholecystitis gets 

worse and bile crystals block the bile ducts. 
 

Determination of sensitivity and specificity of 

cytokine parameters showed that IL-6 reached the 

highest values, which amounted to 88 and 81%, 

respectively; IL-1β values were 66 and 71%; IL-4 was 

63 and 57%; and TNF-α was 65 and 60%. These 

parameters indicate that the parameters of the cytokine 

system can serve as sensitive markers of the course, 

severity, and effectiveness of treatment for acute 

cholecystitis. 
 

DISCUSSION 
 

Considering inflammation, cytokines may 

occasionally have a systemic effect. Proinflammatory 

cytokines, which promote neutrophil and macrophage 

accumulation at the site of infection, promote their 

phagocytic and bactericidal activities, and trigger the 

antigen-specific immune response process, are related 

to the development of the inflammatory process (17). 

These processes, not only in damaging the gallbladder 

but also in the entire hepatobiliary system, remain 

poorly understood to date. 
 

Cytokines play a direct role in the development of 

inflammation, which helps identify antigens, promotes 

the expression of the histocompatibility and adhesion 

complex, activates, multiplies, and differentiates 

immune system cells to make effector cells, and thus 

determines the features of the immune response (18). 
 

In all patients with CCC, TNF-α was found to 

contribute to gallstone development (19). There is no 

association between TNF-α and IL-4 in patients with 

CCC when TNF-α protein expression exceeds that of 

IL-4. This showed individuals with gallstones have an 

immunological predisposition. According to Ebadi et 

al., IL-4 inhibits the formation of gallstones, whereas 

TNF-α increases gallbladder inflammation and speeds 

up gallstone formation (20). Patients with gallstones 

had significantly lower quantities of the IL-4 than they 

had of the IL-1, TNF-α, and IL-6 (19). 
 

There is evidence that factors related to food can 

affect the risk of cholesterol-related gallstones. 

Refined sugar, cholesterol, saturated fat, trans fatty 

acids, and potentially legumes are dietary variables 

that can increase risk (21). Another risk factor for 

gallstones is obesity. Fiber, coffee, polyunsaturated 

and monounsaturated fats, and diet may help avoid the 

formation of gallstones (21). Having vegetarian food 

has been linked to a lower risk. A ketogenic diet has 

been shown to help treat several diseases, such as 

cancer, high cholesterol, epilepsy, cardiovascular 

disease, and type 2 diabetes (22, 23). Diabetes, cancer, 

heart disease, and inflammation are only some of the 

diseases that can be treated with omega-3 fatty acid 

supplements (24-27). 
 

Based on the information given about the cytokine 

system's indicators, it can be said that inflammatory 

mediators can be very helpful in describing how the 

human hepatobiliary system breaks down. 

Inflammatory, congestive, and calculi-forming 

processes in the gallbladder are accompanied by a 

increase in the concentration of pro-inflammatory 

cytokines in the blood. Apparently, the initial sign of 

cholelithiasis is dyskinesia of the biliary tract, and 

later, with an increase in the concentration of 

cytokines, inflammation is revealed in the form of 

cholecystitis with the formation of gallstones. 
 

CONCLUSION 
 

In purulent-inflammatory processes, the concentration 

of IL-6 in the blood increases sharply. Following drug 

and surgical treatment, ACC resolves with a 

significant drop in the levels of pro-inflammatory 

cytokines and a rise in anti-inflammatory IL-4. With 

the operational resolution of the CCC, such dynamics 

are not observed. As a result of therapeutic measures 

in patients, there is a recovery of clinical and 

functional parameters. But at the same time, the 

cytokine profile does not reach the values of the 

control group, which indicates that the normalization 
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of the functioning of the cytokine system occurs much 

later after the success of the treatment. 
 

CONFLICT OF INTEREST  
 

The authors declare no conflicts of interest. 
 

REFERENCES 
 

1. Bystrov, S. A., Zhukov, B. N., Biziarin, V. O. Minimally 

invasive surgery of cholelithiasis in patients with high 

operation risk. Khirurgiia (Mosk). 2010;7:55-59. 

2. Jansen, S., Stodolski, M., Zirngibl, H., Godde, D., Ambe, P. 

C. Advanced gallbladder inflammation is a risk factor for 

gallbladder perforation in patients with acute cholecystitis. 

World J Emerg Surg. 2018;13:9.  

3. Rege, R. V. Inflammatory cytokines alter human gallbladder 

epithelial cell absorption/secretion. J Gastrointest Surg. 2000; 

4(2):185-192.  

4. Tanaja, J., Lopez, R. A., Meer, J. M. Cholelithiasis. In: 

StatPearls. Treasure Island (FL): StatPearls Publishing; 2023. 

5. Njeze, G. E. Gallstones. Nigerian J Surg. 2013;19(2):49-55. 

6. Markelova, E. V., Kostyushko, A. V., Krasnikov, V. E. 

Pathogenetic role of disorders in the cytokine system in 

infectious and inflammatory diseases. Pacific Medical 

Journal. 2008;3:24-29. 

7. Beburishvili, A. G., Panin, S. I., Zubina, E. N., Bykov, A. V. 

The optimal timing of surgical treatment of acute 

cholecystitis according to evidence-based studies. Annals of 

HPB Surgery. 2020;25(3):12-19. 

8. Musbahi, A., Abdulhannan, P., Bhatti, J., Dhar, R., Rao, M., 

Gopinath, B. Outcomes and risk factors of cholecystectomy 

in high-risk patients: A case series. Ann Med Surg (Lond). 

2020;50:35-40.  

9. Yamashita, Y., Takada, T., Kawarada, Y., Nimura, Y., 

Hirota, M., Miura, F., et al., Surgical treatment of patients 

with acute cholecystitis: Tokyo Guidelines. J Hepatobiliary 

Pancreat Surg 2007;14(1):91-97.  

10. Dinarello, C. A. Interleukin 1 and interleukin 18 as mediators 

of inflammation and the aging process. Am J Clin Nutr. 2006; 

83(2):447S-455S.  

11. Kishimoto, T. The biology of interleukin 6. Blood. 1989; 

74(1):1-10. 

12. Yasoshima, M., Kono, N., Sugawara, H., Katayanagi, K., 

Harada, K., Nakanuma, Y. Increased expression of 

interleukin-6 and tumor necrosis factor-alpha in pathologic 

biliary epithelial cells. Lab Invest. 1998;78(1):89-100. 

13. Gilloteaux, J., Tomasello, L. M., Elgison, D. A. Lipid 

deposits and lipo-mucosomes in human cholecystitis and 

epithelial metaplasia in chronic cholecystitis. Ultrastruct 

Pathol. 2003;  27(5):313-321. 

14. Hotamisligil, G. S., Shargill, N. S., Spiegelman, B. M. 

Adipose expression of tumor necrosis factor-alpha: direct role 

in obesity-linked insulin resistance. Science. 1993;259(5091): 

87-91. 

15. Tsai, C. J. Steatocholecystitis and fatty gallbladder disease. 

Dig Dis Sci. 2009;54(9):1857-1863. 

16. Rose-John, S., Scheller, J., Elson, G., Jones, S. A. 

Interleukin-6 biology is coordinated by membrane-bound and 

soluble receptors: role in inflammation and cancer. J Leukoc 

Biol. 2006;80(2):227-236. 

17. Wertz, J. R., Lopez, J. M., Olson, D., Thompson, W. M. 

Comparing the diagnostic accuracy of ultrasound and CT in 

evaluating acute cholecystitis. AJR Am J Roentgenol. 2018; 

211(2):W92-W97.  

18. Avdeeva, Zh. I., Alpatov, N. A., Akolzina, S. E., Medunitsin, 

N. V. Immunoadjuvant effect of cytokines. Pacific Medical 

Journal. 2009;3:19-22. 

19. Issa, A. H., Muthena, M. M. Serum levels of several types of 

cytokines associated with chronic cholecystitis in 

Basrah/South of Iraq. Basrah J Sci. 2014;32(2):248-280. 

20. Ebadi, P., Daneshmandi, S., Ghasemi, A., Karimi, M. H. 

Cytokine single nucleotide polymorphisms in patients with 

gallstone: dose TGF-β gene variants affect gallstone 

formation? Mol Biol Rep. 2013;40(11):6256-6260.  

21. Gaby, A. R. Nutritional approaches to prevention and 

treatment of gallstones. Altern Med Rev. 2009;14(3):258-

267. 

22. O'Neill, B., Raggi, P. The ketogenic diet: Pros and cons. 

Atherosclerosis. 2020:292:119-126. 

23. Vityala, S., Kanteti, K. P., Abdul, H. M., Vityala, Y., 

Damineni, U., Bellam, S., et al., Nutritional treatment with 

the ketogenic diet in children with refractory epilepsy: a 

narrative review. Explor Neurosci. 2023;2:245-250. 

24. García-López, S., Villanueva Arriaga, R. E., Nájera Medina, 

O., Rodríguez López, C. P., Figueroa-Valverde, L., Cervera, 

E. G., et al., One month of omega-3 fatty acid 

supplementation improves lipid profiles, glucose levels and 

blood pressure in overweight schoolchildren with metabolic 

syndrome. J.Pediatr Endocrinol Metab.2016;29(10):1143-

1150.  

25. Jang, H., Park, K. Omega-3 and omega-6 polyunsaturated 

fatty acids and metabolic syndrome: A systematic review and 

meta-analysis. Clin Nutr. 2020;39(3):765-773.  

26. Robinson, L. E., Mazurak, V. C. N-3 polyunsaturated fatty 

acids: relationship to inflammation in healthy adults and 

adults exhibiting features of metabolic syndrome. Lipids. 

2013; 48(4):319-332.  

27. Vityala, S., Kanteti, K. P., Vityala, Y., Zhumabekova, A., 

Vipin. Effects of supplementation with omega-3 

polyunsaturated fatty acids as an adjuvant therapy in the 

treatment of patients with breast cancer: A systematic review: 

Effect of omega-3 as adjuvant therapy. Arch Breast Cancer. 

2023;10(4):323-330. 

1726


