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Role of Tacrolimus in Preventing Intra-Abdominal Adhesions 
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Abstract 

Aim: The study aimed to identify whether tacrolimus has preventive effects on intraperi-

toneal adhesions. Methods: Thirty-four 8–10-week-old male Wistar Albino rats were 

used. They were randomized into 3 groups; control group, abdominal lavage group, and 

systemic administration group. The features of abdominal adhesions were evaluated mac-

roscopically, and the degree of adhesion within rats was graded by using Nair and 

Knightly adhesion grading scales. Results: Adhesion grades were significantly lower in 

tacrolimus administered groups. However, route of tacrolimus administration did not af-

fect the reduction of adhesion formation. Conclusion: Tacrolimus has been observed to 

potentially mitigate the incidence of intraperitoneal adhesion formation without signifi-

cantly compromising wound healing processes. 
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1. Introduction

Peritoneal adhesions frequently occur after abdominal surgery1. Chronic pelvic pain,

intestinal obstruction, and female infertility are some well-known serious conditions re-

lated to postoperative adhesions1-3. While approximately 30% of intestinal obstructions 

are due to intra-abdominal adhesions, postoperative peritoneal adhesions can occur in 9 

out of 10 patients when all laparotomies are considered4. Despite advanced surgical tech-

niques and medical approaches, postoperative adhesions remain a problem. 

To prevent abdominal adhesions, some methods have included modifications in sur-

gical techniques and approaches and the use of surgical adjuvants such as fibrinolytic 

agents, anticoagulants, anti-inflammatory agents, and mechanical separation agents (car-

boxymethyl cellulose)5,6. Clinical observations have indicated significant reduction in ad-

hesion formation in patients received immunosuppressive therapy for organ transplanta-

tion; however, experimental and clinical data demonstrating the effect of immunosup-

pressive agents on adhesion formation remain insufficient7. This study aimed to research 

the preventive effects of tacrolimus on intraperitoneal adhesions using experimental rat 

models. 

Despite the plethora of experimental studies that have investigated pharmacological 

strategies for preventing postoperative intra-abdominal adhesions, the potential role of 

tacrolimus in adhesion prevention, particularly in terms of the comparative effects of 
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systemic and intraperitoneal administration methods, remains to be fully elucidated. 

Therefore, the objective of this study was to evaluate the effect of tacrolimus in preventing 

intraperitoneal adhesion formation and to compare the effectiveness of systemic and in-

traperitoneal administration routes in an experimental rat model of intra-abdominal in-

flammation. 

2. Materials and Methods 

Our study was performed at Ankara University, Laboratory of Experimental Ani-

mals, and the research and the animal protocols. The experimental procedures were car-

ried out in accordance with the guidelines established for the use of vertebrates in exper-

imental settings (UN, Stroudsburg, 20 February, 1985). 

Thirty-four 8–10-weeks-old male Wistar Albino rats, weighing 250–350 mg, were 

used. They were randomized into three groups as outlined in Table 1, kept under 12-h 

light/12-h dark cycles, and provided with food ad libitum. 

2.1. Surgical Procedure 

The tacrolimus dose (0.5 mg/kg) was selected based on previous experimental stud-

ies evaluating the antifibrotic and immunomodulatory effects of tacrolimus in animal 

models, where similar doses were shown to exert biological activity without causing sig-

nificant systemic toxicity. All rats were placed under general anesthesia via intramuscular 

injection of 60 mg/kg ketamine (Ketalar, Pfizer, NY, USA) and 5 mg/kg xylazine (Rompun, 

Bayer Turk Chemical Industry Limited Company, Istanbul, Turkey). The procedures were 

performed by only one surgeon for standardization in accordance with the principles of 

asepsis and antisepsis. The rats were placed in the supine position, and after laparotomy, 

cecal ligation and puncture of cecum were performed on all rats in all groups. A median 

incision was made in the abdomen, approximately 3 cm from the xiphoid process follow-

ing which cecum was ligated with 3/0 silk suture (Sterisilk, SSM, Istanbul, Turkey) with-

out blocking passage from the intestine to colon. Thereafter, a 22-gauge needle was punc-

tured into the cecum on one side and through the cecal wall on the opposite side, and 

contamination was achieved by feces extralumination. The blind bowel ligation and per-

foration (CLP) model is a widely used experimental approach to simulate two conditions 

closely associated with excessive inflammatory responses in the abdominal cavity: 

namely, intra-abdominal sepsis and polymicrobial peritonitis. The inflammatory environ-

ment has been demonstrated to encourage fibrin deposition, impaired fibrinolysis, and 

subsequent adhesion formation. Consequently, the CLP model provides a clinically rele-

vant framework for evaluating the therapeutic potential of agents designed to reduce ad-

hesion formation under inflammatory intra-abdominal conditions. The CLP model was 

selected for this procedure due to its ability to address these requirements. The full-thick-

ness of the abdominal incision was sutured continuously with 4/0 polypropylene sutures 

(Prolene, Ethicon Ltd, USA). Imipenem (Tienam, Merck Sharp & Dohme, New York, USA) 

was administered intramuscularly to all subjects at 15 mg/kg to reduce the mortality rate 

caused by sepsis. Further, 10 mL 0.9% sodium chloride (NaCl) solution was injected sub-

cutaneously for fluid resuscitation. In the postoperative eighth hour under general anes-

thesia, relaparotomy was performed and necrotic cecum was resected. Abdominal lavage 

was administered with 20 mL 0.9% NaCl solution, and the full-thickness abdominal inci-

sion was sutured continuously with 4/0 polypropylene sutures. 

Group 1 (Control Group): All rats in this group underwent the standard adhesion 

induction procedure. 

Group 2 (Abdominal Lavage Group): Abdominal lavage was performed with 0.5 

mg/kg tacrolimus added to 20 mL 0.9% NaCl for all rats in this group. 
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Group 3 (Systemic Administration Group): Tacrolimus was injected 2 h before surgi-

cal intervention, and daily tacrolimus was administered subcutaneously at the same dose 

until the tenth postoperative day. 

All rats were euthanized with intracardiac injection of 100 mg/kg thiopental (Pento-

thal, Abbott Company, Chicago, IL, USA), and relaparotomy was performed. The perito-

neal cavity of rats was exposed through U-shaped incisions, providing maximal exposure 

to quantitatively evaluate adhesions using the Nair and Knightly adhesion scoring sys-

tems (Table 2)8,9. The features of abdominal adhesions were evaluated macroscopically, 

and the degree of adhesion within rats was graded from 0 to 4 (Figure 1). Macroscopic 

adhesion evaluation was conducted by an independent investigator who was blinded to 

the group allocation in order to minimize potential observer bias. 

2.2. Statistical Analysis 

The data were analyzed using SPSS version 23.0 (SPSS Inc., Chicago, IL, USA). The 

Non-parametric Kruskal–Wallis H-test was used to determine whether there were differ-

ences between the groups. If significant differences were found, multiple comparison tests 

were used to determine which groups were different. When statistically significant differ-

ences were identified, a post-hoc test, specifically the Dunn–Bonferroni method, was em-

ployed to perform pairwise comparisons. A p-value < 0.05 was accepted as significant. 

2.3. Ethics Approval 

This study was approved by Ankara University, Local Ethics Committee for Animal 

Experiments (protocol number: 2009-38-182, date: 2009/03/04). 

 

Table 1. Features of the study groups. 

Groups Number of rats 
Surgical procedure (Laparotomy, cecal 

ligation, and puncture) 

Method of tacrolimus admin-

istration 

Group 1 12 + None 

Group 2 11 + Abdominal lavage 

Group 3 11 + Systemic administration 

 

 

Table 2. Nair and Knightly adhesion grading scales. 

Grade Nair Knightly 

Grade 0 No adhesion No adhesion 

Grade 1 
Single band of adhesion between viscera to ab-

dominal wall 
A single, thin, easily separable adhesion 

Grade 2 
Two adhesive bands either between viscera or 

viscera to abdominal wall 

Less extensive but weak adhesions which stool 

traction poorly 

Grade 3 

More than two bands between viscera or viscera 

to abdominal wall or intestines, forming a mass 

without being adherent to the abdominal wall 

cohesive attachment 

Numerous extensive visceral adhesions, which 

involved the parietal extensions 

Grade 4 

Dense and complex adhesive bands between vis-

cera or viscera to abdominal wall, or visceral ad-

hesion to abdominal wall directly 

Numerous extensive dense adhesions, which in-

volved the adjacent mesentery, intestine, and 

omentum, extending to the abdominal wall 

 

3. Results 

Throughout the study process, four rats were lost (group 1, two rats; group 2, one; 

and group 3, one). The cause of mortality was identified as sepsis in all four rats, and there 
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were no differences between the groups in terms of exitus (Pearson χ² = 0.807). A total of 

30 rats were sacrificed on tenth postoperative day. 

Wound infection was observed in five rats (group 1, two rats; group 2, one; and group 

3, two), but there were no significant differences between the groups (Pearson χ² = 0.787). 

The mean Nair and Knightly adhesion scores of the study groups are shown in Table 

3. We compared the Nair and Knightly adhesion grades between the groups and deter-

mined that both grades were significantly lower in groups 2 and 3 than in group 1 (P < 

0.05; Table 4). There were no significant differences in the scores between groups 2 and 3 

(P > 0.05; Table 4). 

 

Table 3. Kruskal–Wallis test results for adhesion formation in the study groups. 

Study Group Nair Adhesion Score Mean ± SD Knightly Adhesion Score Mean ± SD 

Group 1 2.2 ± 0.79 2.0 ± 0.67 

Group 2 1.2 ± 0.76 1.1 ± 0.74 

Group 3 1.1 ± 0.74 1.1 ± 0.74 

Group 1: Control Group, Group 2: Abdominal Lavage Group, Group 3: Systemic Administration Group 

 

 

Table 4. Paired statistical comparisons of adhesion formation between the study groups.  

Study Groups P-value for Nair Adhesion Scores 
P-value for Knightly Adhesion 

Scores 

Group 1/Group 2 0.006 0.015 

Group 1/Group 3 0.006 0.015 

Group 2/Group 3 1.000 1.000 

Group 1: Control Group, Group 2: Abdominal Lavage Group, Group 3: Systemic Administration Group 

 

 

 
Figure 1. Representative adhesions after surgical procedure. (A) Grade 0 adhesion (B) Grade 3 adhesion. 

 

4. Discussion 

Postoperative intra-abdominal adhesions are one of the most important factors af-

fecting long-term morbidity, and preventive strategies against adhesion formation have 

been the goal of numerous studies. Local or systematic administration of several drugs 

and materials, such as mechanical barriers and physical, chemical, and pharmacologic 
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agents, has been used for prevention of adhesion formation10,11. However, there is no ap-

proved standard procedure or therapy despite many promising investigations12. 

Peritoneal inflammation characterized with extravasations of serum and cellular el-

ements is the first response to trauma, ischemia, infection, and foreign bodies13,14. Extrav-

asation of fibrinogen molecules with postoperatively increased vascular permeability 

causes a fibrous exudation. Inflammatory cells, particularly phagocytes, infiltrate the in-

jured area by the first day, and then fibroblasts begin to produce collagen fibrils on the 

third day. The inflammatory response depends significantly on the local release of proin-

flammatory cytokines10,15. Transforming growth factor (TGF)-β plays a key role in tissue 

recovery and triggers tissue fibrosis. It is known that excessive amounts of TGF-β are re-

leased by the peritoneum in the acute inflammatory phase and cause increased adhesion 

formation. In the period of peritoneal recovery and adhesion formation, plasmin activates 

not only latent TGF-β but also other cellular mediators of adhesion formation16. 

Nagano et al. studied the effects of tacrolimus in rats with lung fibrosis induced by 

bleomycin and they showed that tacrolimus inhibited the TGF-β-dependent collagen syn-

thesis and decreased lung fibrosis17. Studies regarding tacrolimus have focused mainly on 

its immunosuppressive effects, and a limited number of studies have researched the anti-

fibrinogenic and antiproliferative effects of tacrolimus. Tacrolimus is a calcineurin inhib-

itor-like cyclosporin A (CsA) but differs from CsA with antiproliferative effects on human 

gingival fibroblast18. 

Studies of adhesion formation have focused on the similarities in cytokine produc-

tion during responses to rat and human peritoneal injury19. Animal models can provide 

the same conditions in some experimental studies19. Wichterman et al. first performed ce-

cal ligation and puncture in rats to generate an experimental model of polymicrobial sep-

sis in 198020. Experimental cecal ligation and puncture is a research model technique suit-

able for modifications and manipulations. In this model, the diameter of the cecal punc-

ture is directly related to the mortality of the rats. Using a 22-gauge needle for puncture 

in this model results in a 27% mortality rate, whereas a puncture with 0.5 cm diameter 

causes a 95% mortality rate. Varying the diameter of the puncture can adjust the severity 

of sepsis in experimental studies and gives the advantage of being able to obtain clinical 

features resulting in different types of models, such as pure sepsis and adhesion models21. 

Tuzuner et al. investigated the effects of hyaluronan-based agents on intra-ab-

dominal adhesion formation in a model of sepsis and identified more extensive adhesions 

in septic groups22. Previous studies already confirmed that abdominal sepsis is a predic-

tive factor for intra-abdominal adhesions23. 

Treatment strategies preventing adhesion formation should aim to control cellular 

mediators and cytokines in the peritoneal fluid at the beginning of adhesion formation24. 

Some of these mediators are tnf-α, IL-1, IL-6, TGF-β, and epidermal growth factor25-27. 

Wasserberg and colleagues conducted a study in which they performed small intes-

tine transplants on four groups of rats. A substantial decrease in the total adhesion score 

was observed in animals treated with tacrolimus, both in allogeneic and syngenic combi-

nations28. Peker et al. utilized a rat model to comparatively assess the efficacy of systemi-

cally and intraperitoneally administered common immunosuppressive medications, in-

cluding mycophenolate mofetil, tacrolimus, and cyclosporine, in the prevention of post-

operative intraperitoneal adhesions7. They reported a decrease in fibrosis with all immu-

nosuppressive agents. Further, they mentioned that the decrease in fibrosis was most pre-

dominant in rats that received intra-peritoneal tacrolimus. Furthermore, a reduction in 

vascular proliferation was observed in all experimental groups except those receiving sys-

temic tacrolimus treatment. The most significant reduction in vascular proliferation was 

observed in rats treated with intraperitoneally administered tacrolimus7. 
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4.1. Limitations 

It is imperative to acknowledge the limitations of this study when interpreting the 

findings. Firstly, the relatively modest sample size may constrain the generalizability of 

the findings. Secondly, adhesion assessment was performed using macroscopic scoring 

systems. However, histopathological confirmation of fibrosis or inflammatory activity 

was not performed. Additionally, the evaluation of cytokine levels and molecular media-

tors implicated in adhesion formation was not conducted. Subsequent studies with aug-

mented sample sizes and comprehensive histopathological and biochemical assessments 

may offer a more exhaustive understanding of the mechanisms by which tacrolimus af-

fects adhesion formation. 

5. Conclusion 

Tacrolimus seems to reduce intraperitoneal adhesion formation significantly without 

any prominent adverse effect on wound healing in the therapeutic dose range. Immuno-

suppressive drugs may offer an effective solution for preventing postoperative intraperi-

toneal adhesions and their potentially serious complications. 
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