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ABSTRACT

BACKGROUND: The aim of this study was to quantify serum levels of elafin, a serine protease inhibitor, and to assess its effects on 
histopathological and biochemical parameters in hepatic ischemia-reperfusion injury.

METHODS: Forty female Wistar albino rats were divided into five groups: Group 1 served as the control group. Liver ischemia was 
induced for 30 minutes in the other four groups. An additional 1-hour, 2-hour, and 3-hour reperfusion was induced in Groups 3, 4, 
and 5, respectively. At the end of the experiment, intracardiac blood samples were obtained for biochemical examination, and tissue 
samples from the liver were taken for histopathological examination. Levels of elafin, ischemia-modified albumin (IMA), total antioxi-
dant status (TAS), and total oxidant status (TOS) were also examined.

RESULTS: Serum elafin levels decreased beginning from Group 2, with the lowest level reached in Group 5 (p<0.01). The IMA level 
was the lowest in the control group and the highest in Group 5 (p<0.01). TOS, aspartate aminotransferase (AST), and alanine amino-
transferase (ALT) levels were lowest in the control group and highest in Group 5 (p<0.01). Group 5 had the highest IMA/albumin ratio, 
although no significant differences were found between these four groups. The lowest TAS level was found in the control group, but a 
stable and significant increase was not detected in the other groups. No significant differences were found between the groups in terms 
of alkaline phosphatase (ALP) and albumin levels. A negative correlation was observed between serum elafin levels and AST, ALT, and 
TOS levels (p<0.01). The number of Grade 1 histopathological results was found to be higher in the groups with reperfusion (Groups 
3, 4, 5). In histopathological subgroup analysis, while the elafin level was lower in Grade 1 group, AST, ALT, and TOS levels were higher 
(p<0.01). Additionally, the IMA/albumin ratio was found to be higher in the Grade 1 group (p=0.02).

CONCLUSION: In hepatic ischemia-reperfusion injury, elafin levels decreased as the reperfusion time increased. As the reperfusion 
time increased, both hepatocyte damage and oxidant capacity increased, with a negative correlation observed between these findings 
and elafin levels. Therefore, elafin may play a protective role in hepatic ischemia-reperfusion injury and could assist clinicians in assess-
ing liver injury.
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INTRODUCTION
One of the scenarios in which ischemia-reperfusion injury is 
commonly observed in humans is during liver surgery. Liver 
ischemia-reperfusion injury is most frequently caused by 
shock, trauma, the Pringle maneuver during liver surgery, 
and liver transplantation. Ischemia-reperfusion injury occurs 
if the tissue cannot tolerate the free oxygen radicals (FORs) 
generated during reperfusion following ischemia.[1,2] Numer-
ous mechanisms related to the pathophysiology of isch-
emia-reperfusion injury have been described. These include 
increased consumption of Adenosine Triphosphate (ATP), 
elevated intracellular Na+ and Ca+2 levels, reduced oxidative 
phosphorylation, decreased intracellular pH, and activation of 
proteases and phosphatases that lead to phospholipids degra-
dation. Consequently, excessive amounts of FORs are formed, 
causing oxidative stress.[3-6] 

One of the identified serine protease inhibitors against these 
FORs is elafin. Elafin was first described in bronchial mucus 
in 1981, and consequently in skin and lung in 1990.[7-9] Three 
primary targets of elafin include neutrophil elastase, protein-
ase 3, and pancreatic elastase, which play crucial roles in in-
flammatory damage mechanisms. Elafin, a polypeptide, inhibits 
these proteases by blocking the reactive serine amino acid at 
their center.[10] It is synthesized in various tissues including the 
colon, lung, skin, salivary gland, vaginal mucosa, placenta, and 
fetal membranes.[11,13] 

In addition to its diverse effects, elafin has been recognized as 
a substrate for the cross-linking activity of tissue transgluta-
minase (TG-2), which plays important roles in wound healing, 
cell migration, apoptosis, and tissue homeostasis.[14] Since ela-
fin appears to interact with TG-2 and moderately inhibits its 
activity, reduced elafin levels may lead to mucosal damage.[15]

The aim of this study was to investigate elafin levels and their 
impact on liver ischemia-reperfusion injury in rat liver, under 
conditions of fixed ischemia time (30 minutes) and prolonged 
reperfusion. To our knowledge, this is the first study to report 
serum elafin levels in rat liver ischemia-reperfusion injury.

MATERIALS AND METHODS
Approval for this study was granted by the Animal Research 
Ethics Committee of Akdeniz University, according to the 
protocol dated January 18, 2021, decision no. 12 and proto-
col number 1243/2021.01.01. All procedures were conducted 
at the Akdeniz University Experimental Medicine and Animal 
Laboratory between July and October 2021, in compliance 
with National Principles on the Experimental Use of Labora-
tory Animals.

Surgery and Experimental Protocol

In this study, 40 female Wistar albino rats, each weighing be-
tween 250-300 grams, were used. The rats were provided 
standard laboratory food and tap water and were kept under 
constant environmental conditions (temperature: 23°C, hu-

midity: 55.5%) both preoperatively and postoperatively.

The rats were randomized into five groups:
Group 1 (Sham, Control): Only laparotomy was performed. 
The animals were sacrificed after blood and tissue samples 
were obtained.

Group 2 (30 min ischemia, followed by 0 min Reperfusion): 
Following laparotomy, the common bile duct, portal vein, and 
hepatic artery (liver pedicle) were clamped to induce isch-
emia for 30 minutes. After this, the clamps were opened but 
no reperfusion was induced (0 minutes). Tissue and blood 
samples were then obtained, and the rats were subsequently 
sacrificed.

Group 3 (30 min Ischemia, followed by 1 h Reperfusion): Fol-
lowing laparotomy, the common bile duct, portal vein, and 
hepatic artery (liver pedicle) were clamped to induce isch-
emia for 30 minutes. Afterward, the clamps were removed 
to initiate reperfusion for 1 hour. Tissue and blood samples 
were collected before the rats were sacrificed.

Group 4 (30 min Ischemia, followed by 2 h Reperfusion): Af-
ter laparotomy and clamping the bile duct, portal vein, and 
hepatic artery (liver pedicle), ischemia was induced for 30 
minutes. Following 2 hours of reperfusion post clamp remov-
al, tissue and blood samples were collected and the rats were 
then sacrificed.

Group 5 (30 min Ischemia, followed by 3 h Reperfusion): Fol-
lowing laparotomy, the common bile duct, portal vein, and 
hepatic artery (liver pedicle) were clamped, after which isch-
emia was induced for 30 minutes. Tissue and blood samples 
were obtained after 3 hours of reperfusion after the clamp 
was opened, and the rats were then sacrificed.

Biochemical Analysis

Routine parameters were measured using the following kits: 
Rat serum albumin (Beckman Coulter Diagnostics, Brea, 
CA, USA; catalog no. OSR6602), alkaline phosphatase (ALP) 
(Beckman Coulter Diagnostics, Brea, CA, USA; catalog no. 
OSR6504), aspartate aminotransferase (AST) (Beckman 
Coulter Diagnostics, Brea, CA, USA; catalog no. OSR6509), 
and alanine aminotransferase (ALT) (Beckman Coulter Diag-
nostics, Brea, CA, USA; catalog no. OSR6607).

Rat serum elafin levels were quantified using a commercially 
available Enzyme-Linked Immunosorbent Assay (ELISA) kit 
(Bioassay Technology Laboratory, Shanghai, China; catalog 
no. E2890Ra), following the manufacturer’s instructions. The 
analysis range was 7-1500 ng/mL, with a sensitivity of 8.01 ng/
mL. Precision was defined as intra-assay Coefficient of Varia-
tion (CV) < 8% and inter-assay CV < 10%. Assay results were 
expressed as ng/mL.

Serum Total Antioxidant Status (TAS) levels were analyzed 
using an automated colorimetric measurement method de-
veloped by Erel.[16] This method involves the reduction of the 
dark blue-green colored 2,2’-azino-bis (3-ethylbenzthiazoline-
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6-sulfonic acid) (ABTS) radicals to a colorless reduced ABTS 
form by antioxidants in the sample. The change in absorbance 
at 660 nm is related to the total antioxidant level in the sam-
ple. This method determines the anti-oxidative effect of the 
sample against potent free radical reactions initiated by the 
hydroxyl radical produced. The results are expressed as mi-
cromolar Trolox equivalent per liter (μmol Trolox equiv./L).

Serum Total Oxidative Status (TOS) levels were analyzed us-
ing an automated colorimetric measurement method devel-
oped by Erel.[17] In this method, oxidants in the sample oxi-
dize the ferrous ion-chelated complex into a ferric ion, which 
forms a colored complex with a chromogenic in an acidic 
medium. The color intensity, measurable by spectrophotom-
etry, is related to the total amount of oxidant molecules pres-
ent in the sample. The results were expressed in micromolar 
hydrogen peroxide equivalent per liter (μmol H2O2 equiv./L).

Reduced Cobalt-Albumin-Binding Capacity (Ischemia-Modi-
fied Albumin level (IMA) level) was measured using the rapid 
and colorimetric method developed by Bar-Or et al.[18] Ini-
tially, approximately 200 μl of rat serum was transferred into 
glass tubes. To this, 50 μl of 0.1% CoCl2 * 6H2O (lot S38901-
248, Sigma Aldrich, St Louis, MO, USA) was added. After gen-
tle shaking, the mixture was incubated for 10 minutes to en-
sure sufficient cobalt-albumin binding. Then, 50 μl of 1.5 mg/
ml dithiothreitol (DTT) (lot D5545-1G, Sigma-Aldrich) was 
added as a coloring agent. After 2 minutes, 1 ml of 0.9% NaCl 
was added to stop the binding between cobalt and albumin. 
A blank for each specimen was prepared at the DTT addition 
step, using 50 μl of distilled water instead of 50 μl of 1.5 mg/
ml DTT to obtain a blank without DTT. The absorbance was 
measured at 470 nm using a spectrophotometer (UV1201, 
Shimadzu, Kyoto, Japan). Color formation in specimens with 
DTT was compared with that in the blank tubes, and the 
results were expressed as absorbance units. To maintain the 
IMA rate, the formula IMA value/individual serum albumin 
concentration was used, to mitigate the impact of albumin 
concentration differences between groups.

Histopathological Evaluation

Liver samples were preserved in a 10% formaldehyde solu-
tion. Paraffin blocks of approximately 4-5 microns were pre-
pared (Leica RM 2125, Leica Microsystems Nussloch GmbH, 
Germany) and stained with hematoxylin and eosin. The prep-
arations were evaluated blindly by a pathologist using a light 
microscope.
Hepatic bleeding, necrosis, leukocyte infiltration, vacuoliza-
tion in hepatocytes, and connections between hepatocytes 
were assessed similarly to methods described in the litera-
ture and were graded pathologically as follows: GRADE 0: 
Slight or no damage; GRADE 1: Mild damage, including focal 
nuclear pyknosis and cytoplasmic vacuolization; GRADE 2: 
Moderate to severe injury, characterized by diffuse nuclear 
pyknosis, cytoplasmic hypereosinophilia, and loss of intercel-
lular bridges; GRADE 3: Severe necrosis, separation of he-
patic cords, bleeding, and neutrophil infiltration.[19]

Statistical Analysis

The statistical analyses of the study were conducted using the 
Statistical Package for the Social Sciences version 25.0 soft-
ware for Windows (IBM SPSS Statistics for Windows, Version 
25.0. Armonk, NY: IBM Corp., USA).

The normality of the variables was tested using the Kol-
mogorov-Smirnov and Shapiro-Wilk tests. Descriptive statis-
tics for the variables were presented as mean ± standard de-
viation, median (25th and 75th percentiles), and frequencies 
(n, %), depending on the type of variable and the fulfillment 
of assumptions. For the univariate analyses of the variables 
in the study, the Fisher-Freeman-Halton exact test, Kruskal-
Wallis test, and Mann-Whitney U test were used, depend-
ing on the variable type and the fulfillment of assumptions. 
Pairwise comparisons of groups with significant differences, 
as identified by the Kruskal-Wallis test, were conducted using 
the Mann-Whitney U test and evaluated by applying the Bon-
ferroni correction (0.05 divided by the number of groups). 
The relationships between elafin and other parameters were 
investigated using Spearman Correlation analysis.

RESULTS
Group comparisons and descriptive statistics of the data 
obtained are presented in Table 1. Pairwise comparisons of 
means, which showed statistically significant differences be-
tween the groups, were performed using the Mann-Whitney 
U test. In the results of these pairwise comparisons, means 
that did not differ significantly are indicated with the same 
letter.

The difference in serum elafin levels between the groups was 
statistically significant (p<0.01). The lowest mean elafin level 
was observed in Group 5, while the highest was in Group 2. 
The difference in serum elafin values between Groups 1 and 3 
was not statistically significant (p>0.05). However, the differ-
ences between the other groups were statistically significant 
(p<0.01) (Fig. 1).

The difference in the Ischemia-Modified Albumin to Albumin 
(IMA/ALB) ratio between the groups was statistically signifi-
cant (p<0.01). The lowest IMA/ALB ratio was observed in 
Group 1. No statistically significant differences were found 

Figure 1. Elafin levels in groups.
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between Groups 2, 3, and 4 (p>0.05). The IMA/ALB ratio 
in Group 5 was significantly higher than in all other groups 
(p<0.01). The difference in albumin levels between the 
groups was statistically significant (p<0.01). The highest mean 
albumin value was observed in Group 2. Albumin values in 
Groups 2, 3, and 5 were similar (p>0.05). The difference in al-
bumin values between Groups 1, 3, and 4 was not statistically 
significant (p>0.05). However, the albumin values of Groups 
2 and 5 were significantly different from those of Groups 1 
and 4 (p<0.01). The lowest mean albumin value was found in 
Group 4. The difference in the IMA value between the groups 
was statistically significant (p<0.01). The lowest mean IMA 
value was found in Group 1, and the highest IMA value was 
observed in Group 5.

The difference in mean TOS value between the groups was 
statistically significant (p<0.01). The average TOS value was 
lowest in Group 1 and highest in Group 5. The difference in 
mean TOS value between Groups 2 and 3 was not statistically 
significant (p>0.05) (Fig. 2). The difference in mean TAS value 

between the groups was statistically significant (p<0.01). The 
mean TAS value was lowest in Group 1 and highest in Group 
2. The difference in mean TAS value between Groups 2, 4, 
and 5 was not statistically significant (p>0.05) (Fig. 3).

The difference in mean AST value between the groups was 
statistically significant (p<0.01). The mean AST value was 

Table 1. Group comparisons of variables and descriptive statistics

 Group 1 Group 2 Group 3 Group 4 Group 5
 Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD
 Median (25th-75th) Median (25th-75th) Median (25th-75th) Median (25th-75th) Median (25th-75th)

Elafin (ng/mL) 52.00±5.39c 62.75±10.49d 50.50±10.19c 41.25±7.20b 30.62±4.53a

 52.0 (47.0–56.2) 66.0 (52.0–71.0) 49.5 (60.5–41.5) 42.0 (35.5–47.7) 32.5 (27.2–34.0)

IMA/ALB 2.97±1.75a 5.45±3.14b 5.40±4.81b 5.76±2.09b 9.56±3.63b

 3.0 (1.2–4.2) 4.8 (3.1–7.2) 3.6 (2.2–7.7) 5.9 (3.6–7.7) 9.2 (6.3–13.5)

Albumin (g/dL) 3.27±0.13a 3.73±0.21b 3.30±0.26ab 3.16±0.14a 3.37±0.33b

 3.3 (3.1–3.4) 3.8 (3.5–3.9) 3.3 (3.1–3.5) 3.1 (3.0–3.2) 3.4 (3.2–3.6)

IMA (absorbance unit) 0.09±0.06a 0.20±0.12b 0.16±0.13b 0.18±0.06b 0.32±0.14c

 0.10 (0.03–0.13) 0.17 (0.11–0.26) 0.12 (0.07–0.24) 0.19 (0.11–0.24) 0.28 (0.20–0.46)

TOS 10.17±2.12a 20.21±4.90b 23.67±2.92b 29.53±3.46c 43.37±10.79d

(μmol H2O2 equiv./L) 10.2 (7.9–12.3) 20.5 (16.2–24.2) 22.8 (21.8–25.2) 29.9 (26.3–30.5) 44.6 (32.2–52.3)

TAS 0.62±0.04a 1.32±0.12c 0.76±0.05b 1.10±0.31c 1.02±0.21c

(μmol Trolox equiv./L) 0.60 (0.60–0.67) 1.30 (1.22–1.37) 0.80 (0.70–0.80) 0.95 (0.82–1.40) 1.0 (0.85–1.07)

AST

(U/L) 68.37±14.37a 207.12±82.88b 527.87±317.97c 1389.37±386.83d 2173.25±864.58e

 72.0 (57.0–78.0) 190.0 (132.0–292.25) 471.0 (306.5–544.5) 1440.5 (977.0–1722.2) 1854.0 (1662.0–3063.0)

ALT 45.25±18.50a 167.75±56.18b 332.87±175.92c 847.87±239.79d 2240.62±510.97e

(U/L) 40.0 (36.0–44.25) 151.0 (128.5–232.25) 265.5 (257.5–320.75) 842.0 (661.25–1023.25) 2020.0 (1884.5–2627.0)

ALP 117.12±57.24 112.37±33.77 72.87±36.97 86.50±26.69 107.75±39.23

(U/L) 106.5 (73.25–156.0) 109.0 (84.75–119.25) 63.5 (39.75–113.0) 82.0 (74.0–85.0) 112.5 (81.5–136.25)

Histopathological 8 (100%) 8 (100%) 6 (75.0%) 2 (25.0%) 2 (25.0%)
Grade 0

Histopathological 0 (0.0%) 0 (0.0%) 2 (25.0%) 6 (75.0%) 6 (75.0%)
Grade 1

*Kruskal-Wallis tests, pairwise comparisons, and Mann-Whitney U test were used. There is no significant difference between the averages indicated by the same letter 
on the same line (p>0.05). SD: Standard Deviation.

Figure 2. TOS levels in groups.
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lowest in Group 1. The mean AST value of Group 5 was con-
siderably higher than that of the other groups (p<0.01) (Fig. 
4). Similarly, the difference in mean ALT value between the 
groups was statistically significant (p<0.01). The mean ALT 
value was lowest in Group 1. The mean ALT value of Group 
5 was considerably higher than that of the other groups 
(p<0.01) (Fig. 5). The difference in mean ALP value between 
the groups was not statistically significant (p>0.05).

The numbers and percentages of the histopathological dam-
age grades of the liver tissues of the rats in the groups (n, %) 
are presented in Table 1. According to these results, there 
was a significant relationship between the groups and the 
grades (p<0.01). In Groups 1 and 2, 100% of the rats were 
classified in Grade 0. In Group 3, 75% of the rats were classi-
fied in Grade 0 and 25% in Grade 1. In Groups 4 and 5, 75% of 
the rats were classified in Grade 1. The number of rats clas-
sified in Grade 1 gradually increased from Group 3 to Group 

5. In addition, microscopic images of histopathological Grade 
0 and Grade 1 liver damage are presented in Figures 6 and 7.

Relationships between elafin levels and serum parameters are 
presented in Table 2. The relationship between elafin and AST 
was negative and significant (Rho=-0.708, p<0.001). A signifi-
cant negative correlation was found between elafin and ALT 
(Rho=-0.730, p<0.001). There was a negative and significant 
relationship between elafin and TOS (Rho=-0.600, p<0.001). 
No significant relationship was found between elafin and al-
bumin (Rho=0.115, p=0.48). The relationship between elafin 
and IMA/ALB was not statistically significant (Rho=-0.193, 
p=0.23). The relationship between elafin and IMA was not 
significant (Rho=-0.129, p=0.43). The relationship between 
elafin and TAS was not statistically significant (Rho=-0.137, 
p=0.4). The relationship between elafin and ALP was not sta-
tistically significant (Rho=0.013, p=0.94).

The test results regarding the differences in serum param-
eters between the grades are provided in Table 3. According 
to these results, the difference in elafin values between Grade 
0 and Grade 1 rats was statistically significant (p<0.001), with 
lower values observed in Grade 1 rats. The difference in the 
IMA/ALB value between the grades was statistically significant 
(p=0.02), with higher values in Grade 1 compared to Grade 0. 
The difference in albumin value between the grades was not 

Table 2. The relationship between elafin levels and serum 
parameters

 Elafin p

Albumin 0.115 N.S. 0.48

IMA/ALB -0.193 N.S. 0.23

IMA -0.129 N.S. 0.43

TOS -0.600** <0.001

TAS -0.137 N.S. 0.4

AST -0.708** <0.001

ALT -0.730** <0.001

ALP 0.013 N.S. 0.94

Spearman Correlation Analysis. **p<0.01; N.S.: Non-Significant (no differ-
ence).

Figure 3. TAS levels in groups.

Figure 4. AST levels in groups.

Figure 5. ALT levels in groups.

Figure 6. Histopathological Grade 0 liver damage (a and b: Hema-
toxylin Eosin (HE) x40).

(a) (b)
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significant (p=0.07). The difference in IMA value between the 
grades was not significant (p=0.05). The difference in TOS 
values between Grade 0 and Grade 1 rats was statistically 
significant (p<0.001), with higher values in Grade 1 rats. The 
difference in TAS value between the grades was not signifi-
cant (p=0.15). The difference in AST values between Grade 
0 and Grade 1 rats was statistically significant (p<0.001), with 
higher values in Grade 1 rats. Similarly, the difference in ALT 

values between Grade 0 and Grade 1 rats was statistically 
significant (p<0.001), with higher ALT values found in Grade 
1 rats. The difference in ALP value between the grades was 
not significant (p=0.94).

DISCUSSION
Human tissues can tolerate ischemia-reperfusion injury up 
to a physiological threshold, but damage occurs once this 

Table 3. Comparison between grades

 Grade 0 Grade 1 p*

 Mean±SD Mean±SD
 Median (25th-75th) Median (25th-75th) 

Elafin (ng/mL) 52.96±11.02 37.14±11.03

 51.50 (46.75–61.25) 35.0 (28.75–43.25) <0.001

IMA/ALB 4.90±3.46 7.54±3.84

 3.95 (2.65–6.25) 7.60 (3.95–9.25) 0.02

Albumin (g/dL) 3.43±0.29 3.25±0.26

 3.40 (3.20–3.62) 3.25 (3.10–3.40) 0.08

IMA (absorbance unit) 0.16±0.11 0.24±0.13

 0.13 (0.10–0.21) 0.23 (0.12–0.28) 0.05

TOS (μmol H2O2 equiv./L) 19.56±8.22 36.22±11.62

 21.0 (12.35–24.80) 30.0 (29.10–48.50) <0.001

TAS(μmol Trolox equiv./L) 0.93±0.32 1.02±0.26

 0.80 (0.67–1.30) 1.0 (0.80–1.17) 0.15

AST (U/L) 467.15±645.27 1627.28±864.59

 214.0 (78.0–503.25) 1501.0 (1111.25–1797.25) <0.001

ALT (U/L) 379.76±577.08 1371.50±924.19

 176.5 (44.25–304.25) 1004.5 (665.75–2001.0) <0.001

ALP (U/L) 100.80±48.13 96.57±27.08

 99.0 (64.50–132.75) 85.0 (78.25–114.75) 0.94

Figure 7. Histopathological Grade 1 liver damage (a: HE x40, b: HE x100, c: HE x200 ).

(a) (b) (c)
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threshold is exceeded. A variety of markers and strategies 
have been developed to detect and prevent ischemia-reper-
fusion injury. Among these, serine protease inhibitors have 
been the subject of many studies. Elafin, a serine protease 
inhibitor, has been observed to undergo changes in tissue and 
serum levels in various diseases and conditions.

It has been shown that serum elafin levels increase in skin 
diseases such as systemic sclerosis, pemphigus vulgaris, and 
psoriasis.[20-23] Wang et al. reported that a decrease in elafin 
level is effective in predicting the prognosis in acute respira-
tory distress syndrome (ARDS), a respiratory system disease. 
[24] Elafin has been shown to have a very important diagnostic 
and prognostic role in graft-versus-host disease (GVHD), a 
major complication of allogeneic bone marrow transplanta-
tion that affects many systems.[25,26] Elafin has also been identi-
fied as a potential molecular biomarker in various malignan-
cies. Its overexpression in certain types of breast, ovarian, 
and hepatocellular cancer (HCC) has been associated with a 
worse prognosis.[27-29] 

In contrast to these studies, elafin has shown anti-cancer ef-
fects in some studies. Caruso et al. demonstrated that elafin 
expression in breast cancer led to retinoblastoma-dependent 
growth arrest, which inhibits cell proliferation by inducing 
apoptosis.[30] Another study revealed that elafin triggered cell 
death by apoptosis in human melanoma cells, though this ef-
fect was not observed in normal melanocyte cells.[31]

Furthermore, elafin has been shown to be effective in acute 
or chronic diseases affecting the gastrointestinal system. Mot-
ta et al. demonstrated that elafin inhibited intestinal inflam-
mation in different mouse models of colitis.[32] As a result 
of clinical studies conducted following animal experiments, 
it was determined that elafin expression in the intestinal mu-
cosa and serum elafin levels were decreased in patients with 
Crohn's disease, ulcerative colitis, and celiac disease.[33-35] To 
understand this phenomenon, it is important to comprehend 
the relationship between tissue transglutaminase (TG-2) and 
elafin, both of which play roles in tissue homeostasis and 
wound healing. Elafin has been identified as a substrate that 
plays an important role in the cross-linking activity of TG-2.[14] 
The association of TG-2 with gluten peptides is an important 
discovery in the pathogenesis of Celiac disease.[36] Tridegin 
inhibits plasma factor XIIIa and also has a lower potency in 
inhibiting transglutaminase in an enzyme concentration-inde-
pendent manner.[33] It has been shown that elafin interacts 
with TG-2, and a decrease in elafin levels correlates with mu-
cosal damage.[15]

The effects of elafin have been investigated in many aforemen-
tioned fields in the literature. However, there are very few 
studies on the effect of elafin on ischemia-reperfusion injury. 
These studies generally investigate the therapeutic, rather 
than diagnostic, effects of elafin. In one such study, Alam and 
colleagues investigated whether elafin could prevent myo-
cardial ischemia-reperfusion injury in coronary artery bypass 

graft surgery.[37] However, they did not find strong evidence 
that elafin reduces myocardial damage and inflammation.

Numerous studies have investigated the effects of serine 
protease inhibitors other than elafin on ischemia/reperfusion 
(I/R) injury in different tissues.

It has been reported that one of these inhibitors, Lex032, 
may be useful in treating pancreatic I/R tissue injury, as it 
significantly improves microcirculation in the pancreas dur-
ing ischemia-reperfusion injury.[38] In another study, it was re-
ported that inhibition of mannan-binding lectin (MBL)-associ-
ated serine protease-1 (MASP-1) improved cardiac function 
and alleviated damage to myocardial tissue (such as infarct 
size, enzymes, histology, and fibrosis) in myocardial ischemia/
reperfusion injury.[39] Neuroserpin, another serine protease 
inhibitor, has been reported to reduce brain damage by de-
creasing post-ischemic inflammation in brain tissue.[40]

ONO-5046, a neutrophil elastase inhibitor, was shown to im-
prove lung functions in a study examining its effects on I/R 
injury in lung tissue.[41] In an animal study, sivelestat, another 
neutrophil elastase inhibitor, was reported to alleviate the 
effects of intestinal I/R injury caused by supravisceral aortic 
clamping and increase survival rates.[42]

Regarding liver I/R injury, studies have shown that sivelestat 
sodium hydrochloride and L-658,758, both neutrophil elas-
tase inhibitors, reduce I/R-induced liver injury.[43] Sivelestat 
has been found effective in repairing hepatocellular I/R injury.
[44,45] Gabexate mesylate was shown to be effective in prevent-
ing I/R injury in the human liver in another study.[46] In a study 
investigating the effect of nafamostat mesylate, another ser-
ine protease inhibitor, on liver I/R injury, it was found effective 
in preserving sinusoidal microcirculation in liver grafts.[47] A 
study measuring secretory leukocyte protease inhibitor (SLPI) 
during liver I/R injury in mice reported that SLPI messenger 
Ribonucleic Acid (mRNA) expression decreased in ischemia 
but gradually increased during reperfusion. It was also shown 
that exogenously administered SLPI protects against hepatic 
ischemia.[48] In our study, it was determined that elafin, a ser-
ine protease inhibitor, increased during ischemia and gradually 
decreased during reperfusion. This contrasts with secretory 
leukocyte protease inhibitor (SLPI), another serine protease 
inhibitor, whose levels have been measured in liver I/R injury 
in the literature. 

A decreased elafin level was negatively correlated with ALT 
and AST, which are indicators of liver parenchymal damage. 
Additionally, the decrease in elafin was negatively correlated 
with TOS, indicating oxidant capacity. This shows that as ela-
fin levels decrease, both the total oxidant capacity of the liver 
and hepatocyte damage increase.

When evaluating the histopathological features of the liver 
tissues examined for liver ischemia-reperfusion, it was ob-
served that the damage increased as the reperfusion time 
increased. Compared with subjects having mild liver damage 
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(Grade 1) or no damage (Grade 0), those with mild liver dam-
age had lower elafin values. This indicates that the effective-
ness of elafin in demonstrating ischemia-reperfusion injury 
is also supported by histopathological examination results. 
However, as expected, other markers of liver damage, includ-
ing ALT, AST, and TOS, were higher in Grade 1 subjects with 
mild liver injury than those in Grade 0.

The structure of albumin changes when exposed to ischemia, 
acidosis, and free oxygen radicals, forming what is known as 
"ischemia-modified albumin" (IMA). IMA may be elevated in 
conditions such as infections, stroke, liver damage, trauma, 
and acute coronary syndromes.[49,50] Normally, the IMA/albu-
min ratio is approximately 1-2%, but this ratio increases to 
6-8% in cases of ischemia.[50] In our study, both the IMA value 
and the IMA/albumin ratio increased as reperfusion time in-
creased, which is consistent with the literature. The IMA/
albumin ratio was also found to be high in rats with Grade 1 
histopathological liver damage.

No study in the literature was found to have measured elafin 
levels in the liver at different reperfusion times during con-
stant ischemia. This study is the first to do so. Undoubtedly, 
the most important result of this study is the decrease in 
elafin levels in liver ischemia-reperfusion injury. Particularly in 
this study, where reperfusion time gradually increased from 
Group 2 to Group 5, elafin levels decreased in parallel with 
this gradual increase, suggesting that elafin may be effective 
in determining ischemia-reperfusion duration. With more 
studies on this subject in the literature, the diagnostic value 
of serine protease inhibitors in I/R situations will be better 
understood.

Our study has some limitations. First, as the subjects are fe-
male, menstrual cycle changes have the potential to affect 
wound healing. Second, as our study is an animal experiment, 
the results may not directly apply to humans.

CONCLUSION

In conclusion, elafin levels decreased as the reperfusion time 
increased in liver ischemia-reperfusion injury induced in rats 
in our study. Furthermore, as the reperfusion time increased, 
both hepatocyte damage and oxidant capacity increased, and 
these findings showed a negative correlation with elafin lev-
els. Therefore, elafin may play a protective role in hepatic 
ischemia-reperfusion injury and assist clinicians in assessing 
liver injury.
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Sıçan karaciğerinde iskemi reperfüzyon hasarının elafin düzeyine etkisi
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AMAÇ: Bu çalışmanın amacı, bir serin proteaz inhibitörü olan elafinin hepatik iskemi-reperfüzyon hasarında serum düzeylerini ve histopatolojik ve 
biyokimyasal parametreler üzerindeki etkilerini ölçmektir.
GEREÇ VE YÖNTEM: Kırk adet dişi Wistar albino sıçanı 5 gruba ayrıldı: Grup 1 kontrol grubuydu. Diğer 4 grupta 30 dakika süreyle karaciğer is-
kemisi oluşturuldu. Grup 3, 4 ve 5'e sırasıyla 1 saatlik, 2 saatlik ve 3 saatlik ek olarak reperfüzyon uygulandı. Deney sonunda biyokimyasal inceleme 
için intrakardiyak kan örnekleri, histopatolojik inceleme için ise karaciğerden doku örnekleri alındı. Elafin, iskemi modifiye albümin (IMA), toplam 
antioksidan durumu (TAS) ve toplam oksidan durumu (TOS) düzeyleri de incelendi. 
BULGULAR: Serum elafin düzeyi grup 2'den itibaren azalarak en düşük düzeye grup 5'te ulaştı (p<0.01). İMA düzeyi kontrol grubunda en düşük, 
grup 5'te ise en yüksekti (p<0.01). TOS, aspartat aminotransferaz (AST) ve alanin aminotransferaz (ALT) düzeyleri kontrol grubunda en düşük, 
grup 5'te ise en yüksekti (p<0.01). Grup 5 en yüksek IMA/albümin oranına sahipti, ancak bu dört grup arasında anlamlı bir fark yoktu. En düşük 
TAS düzeyi kontrol grubunda bulundu ancak diğer gruplarda stabil ve anlamlı bir artış saptanmadı. Alkalen fosfataz (ALP) ve albümin düzeyleri 
açısından gruplar arasında anlamlı bir artış saptanmadı. Serum elafin düzeyi ile AST, ALT ve TOS düzeyleri arasında negatif  korelasyon mevcuttu 
(p<0.01). Reperfüzyon yapılan gruplarda (grup 3, 4, 5) grade 1 histopatolojik sonuç sayısı daha fazla bulundu. Histopatolojik alt grup analizinde; 
grade 1 grupta elafin düzeyi daha düşük iken, AST, ALT ve TOS düzeyleri yüksek bulundu (p<0.01). Ayrıca grade 1 grupta İMA/Albümin oranının 
daha yüksek olduğu görüldü (p=0.02). 
SONUÇ: Hepatik iskemi-reperfüzyon hasarında reperfüzyon süresi arttıkça elafin düzeyinin azaldığı görüldü. Reperfüzyon süresi arttıkça hem 
hepatosit hasarı hem de oksidan kapasitenin arttığı, bu bulgular ile elafin düzeyi arasında negatif  korelasyon olduğu tespit edildi. Dolayısıyla elafinin 
hepatik iskemi-reperfüzyon hasarında koruyucu bir rolü olabilir ve klinisyenlere karaciğer hasarını göstermede yardımcı olabilir.

Anahtar sözcükler: Elafin; iskemi reperfüzyon; karaciğer; karaciğer hasarı.
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