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Colchicine prevents perioperative myocardial injury in cardiac
surgery by inhibiting the formation of neutrophil extracellular traps:
evidence from rat models
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Abstract

OBJECTIVES: Colchicine, an anti-inflammatory agent, has been reported to improve myocardial infarction prognosis by inhibiting neu-
trophil extracellular traps (NETs) release. However, its role in cardiac surgery and the mechanisms behind NETs suppression remain un-
clear. This study aimed to explore colchicine’s cardioprotective effects against perioperative myocardial injury in cardiac surgery, focusing
on NETs inhibition as a novel therapeutic strategy.

METHODS: Male Sprague-Dawley rats were pre-treated with colchicine (0.1 mg/kg/day) or Cl-amidine (10 mg/kg/day) for 7 days before
undergoing cardiopulmonary bypass and myocardial ischaemia/reperfusion injury. The model was created by subjecting the rats to car-
diopulmonary bypass and myocardial ischaemia/reperfusion injury. Under 4.0% sevoflurane anaesthesia, cardiopulmonary bypass was
initiated by cannulating the tail artery and right atrium, and perfusion was maintained for 4 h. Immunofluorescence detected NETs, and
haematoxylin and eosin staining assessed inflammatory cell.

RESULTS: We found colchicine treatment significantly reduced perioperative myocardial injury in rats. Furthermore, we observed a not-
able elevation of NETs in the myocardial tissue of animal models. Moreover, suppressing peptidylarginine deiminase 4 was found to
markedly diminish perioperative myocardial injury in rats. Additionally, colchicine can mitigate the release of NETs by inhibiting peptidy-
larginine deiminase 4.

CONCLUSIONS: NETs were significantly elevated during the perioperative period of cardiac surgery. Colchicine significantly mitigated
myocardial injury in cardiac surgery by inhibiting NETs formation, with peptidylarginine deiminase 4 inhibition being one of
its mechanisms.

Keywords: Cardiopulmonary bypass « Myocardial injury « Neutrophil extracellular traps « Colchicine

ABBREVIATIONS injury through the intensification of inflammation, endothelial
damage and vascular permeability [12, 13]. Additionally, employing
Cl-am Cl-amidne Cl-amidine (Cl-am), a specific inhibitor of PAD-4, can effectively re-
CitH3 Citrullinated histone H3 duce NETs synthesis, thereby diminishing their detrimental effects
coL Colchine on the myocardium [10, 14]. However, existing studies predomin-
CPB Cardiopulmonary bypass antly address myocardial infarction or myocardial infarction-
CTNT Cardiac troponin T related I/R injuries [3, 5, 9], with limited focus on cardiac surgery
HE Haematoxylin and eosin models. Given that aortic cross-clamping and de-clamping during
I/R Ischaemia-reperfusion cardiopulmonary bypass (CPB) naturally induce myocardial I/R in-
MPO myeloperoxidase jury, it remains uncertain whether CPB-induced myocardial I/R also
NE Neutrophil elastase promotes NETs formation, exacerbating myocardial damage.
NETs Neutrophil extracellular traps Colchicine (COL) has recently shown promise in reducing inflam-
PAD-4 Peptidylarginine deiminase 4 mation, improving cardiac function and mitigating cardiac remod-
RIFI Relative immunofluorescence intensity elling in acute myocardial infarction by inhibiting NETs formation
ROS Reactive oxygen species [9]. However, its effects in cardiac surgery and the mechanisms
TUNEL ratio  TUNEL-positive cell/cell count underlying COL's inhibition of NETs remain unexplored. This study
investigates COL's potential to reduce I/R injury during the peri-
operative phase of cardiac surgery through NETs inhibition.
INTRODUCTION

Cardiac surgery frequently results in perioperative complications
like reperfusion arrhythmias and myocardial stunning, primarily
due to ischaemia-reperfusion (I/R) injury [1]. This injury adversely
impacts postoperative outcomes through inflammation, oxidative
stress and cardiomyocyte apoptosis [2]. Inflammation, particularly
driven by neutrophils, is central to this process [3]. Neutrophils, as
the initial responders to I/R injury, release detrimental agents such
as interleukins, tumour necrosis factors and reactive oxygen species
(ROS) [3-5]. Previous researches underscored the importance of
attenuating neutrophil activation to mitigate myocardial I/R injury
and improve clinical outcomes [6-8].

Neutrophil extracellular traps (NETSs), consisting of myeloperoxi-
dase (MPO), neutrophil elastase (NE) and neutrophil-derived DNA,
and regulated by the key enzyme peptidylarginine deiminase 4
(PAD-4), are critical mediators of neutrophil-driven cardiovascular
inflammation. [3, 9-11]. NETs facilitate microthrombosis, intracellu-
lar calcium overload and amplify interleukins, tumour necrosis fac-
tors and radical production, which exacerbates myocardial I/R

MATERIALS AND METHODS
Animals

Based on previous studies that utilized young adult rats to study
myocardial inflammation [15] and to minimize the influence of
age-related comorbidities, we selected 8-week-old male
Sprague-Dawley rats for our model. The rats were obtained
from Beijing Weitong Lihua Laboratory Animal Co. Ltd, housed
under a 12-h light/12-h dark cycle and fed rodent chow at 25°C.
All operators were blinded to group assignments throughout
the experiment.

Ethical statement

Ethical approval was obtained from the Ethics Committee of
Shanghai Children’s Medical Center (No. SCMC-LAWE-2023-
006). All experimental procedures complied with the NIH
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guidelines for the Management and Use of Laboratory Animals
(NIH publication no. 85-23, revised 1996) and were approved by
the Ethics Committee.

Animal groups and drugs treatment

For the pharmacological intervention, rats in the I/R + Cl-am group
received Cl-am (10 mg/kg/day; 0.5 ml; 506282, Sigma-Aldrich, USA)
intraperitoneally for 7 days before surgery as an alternative to PAD-4
gene knockdown. Rats in the sham + COL, CPB + COL and I/R +
COL groups were administered COL (0.1 mg/kg/day; 0.5 ml) intraper-
itoneally for 7 days before surgery (C3915, Sigma-Aldrich, USA).
Control groups (sham + saline, CPB + saline and I/R+saline)
received an equivalent volume (0.5ml) of 0.9% saline. For
non-pharmacological interventions, rats were assighed to sham, CPB
or I/R groups based on the surgical procedure.

The I/R + COL, I/R + saline and I/R + Cl-am groups underwent
the same procedures as the I/R group; the CPB + COL and CPB +
saline groups followed the CPB procedures; and the sham + COL
and sham + saline groups followed the sham procedures.

Establishment of animal models

The establishment of animal models is depicted in Fig. 1. Rats
were anaesthetized with 4.0% sevoflurane, intubated and mech-
anically ventilated at 1.5% sevoflurane. The myocardial I/R injury
model was created as follows: cannulation of the tail arteries
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Figure 1: Diagram of CPB in rats. CPB: cardiopulmonary bypass.

and right atrium via the common jugular vein for CPB perfusion
was performed. Cannulation of the ascending aorta via the arte-
ria carotis communis for a balloon catheter insertion was con-
ducted. The CPB circuit was prefilled with 12ml of 6%
hydroxyethyl starch, T ml heparin (250 1U/kg), 5% sodium bicar-
bonate and 1 ml of 20% mannitol. Upon reaching a rectal tem-
perature of 32°C, the aorta was occluded using an inflatable
balloon catheter, and then 0.9 ml of HTK (Histidine-tryptophan-
ketoglutarate) solution was administered via the balloon cath-
eter for cardioplegia. The aorta was reopened using a deflatable
balloon catheter after the heart had been arrested for 40 min,
followed by extubation of the balloon catheter. CPB was con-
tinuously reperfused via the right atrium and tail arteries for 4 h.
Meanwhile, after the deflation of the balloon catheter, the tem-
perature was rapidly raised to 36.5°C, and ventilation resumed
for 4 h, with anaesthesia maintained at 1.0% sevoflurane.
Subsequently, the rats were euthanized, myocardium harvested
and rinsed with PBS (Phosphate Buffered Saline). The samples
were then stored in 4% paraformaldehyde or liquid nitrogen.
The CPB rats followed the same protocol without balloon infla-
tion. The sham rats underwent the same procedures for cannu-
lation and balloon catheter insertion and they did not undergo
either CPB perfusion or balloon inflation.

Enzyme-linked immunosorbent assay

Complete methodology is provided in the Supplementary
Material, Methods M1.
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Haematoxylin and eosin staining

Complete methodology is provided in the Supplementary
Material, Methods M2.

Immunofluorescence

Primary antibodies used were MPO (22225-1-AP, Proteintech,
USA), NE (27642-1-AP, Proteintech, USA), cardiac troponin T (cTnT;
15513-1-AP, Proteintech, USA), CD11c (81853-1-RR, Proteintech,
USA), citrullinated histone H3 (13754-1-AP, Proteintech, USA) and
PAD-4 (17373-1-AP, Proteintech, USA). Secondary antibodies
included CY3-conjugated antibody (SA00009-2, Proteintech, USA)
and Alexa Fluor 488-conjugated antibody (RGAR002, Proteintech,
USA). Nuclear staining was performed with DAPI (D1306, Thermo
Fisher Scientific, USA). Detailed methodology is provided in
Supplementary Material, Methods M3.

TUNEL (Terminal Deoxynucleotidyl Transferase
dUTP Nick End Labeling) staining

Complete methodology is provided in the Supplementary Material,
Methods M4.

Western blot

Primary antibodies used were MPO (ab208670, Abcam, USA),
NE (ab310335, Abcam, USA), citrullinated histone H3 (CitH3;
ab5103, Abcam, USA), cTnT (ab209813, Abcam, USA) and PAD-4
(ab214810, Abcam, USA). Detection employed a horseradish
peroxidase-conjugated secondary antibody (ab6721, Abcam,
USA), and protein bands were visualized using an ECL kit (#6883,
Cell Signaling Technology, USA). Detailed methodology is pro-
vided in Supplementary Material, Methods M5.

Statistical analysis

Statistical analyses were conducted using SPSS version 24.0, with
graphical representations generated in GraphPad Prism version
9.5. Normality of the data was assessed using the Shapiro-Wilk
test. For normally distributed data, Student’s t-test was employed

CPB I/R+saline

DAPI

to compare 2 groups. For non-normally distributed data, the
Mann-Whitney U-test was used. Comparisons between the ex-
perimental group and the 2 control groups were conducted
twice, using separate t-tests or Mann-Whitney U-tests, as appro-
priate. Data are presented as mean (standard deviation), and
statistical significance was set at P <0.05. The power analysis
process is detailed in Supplementary Material, Methods M6.

RESULTS

Complete analysis images (Supplementary Material, Figs $2-513)
and results data (Supplementary Material, Tables S1-56) are pro-
vided in the Supplementary Material.

Generation of the perioperative myocardial injury
animal models in cardiac surgery

Each group comprised 6 rats. Baseline characteristics of the suc-
cessfully established models are detailed in Supplementary
Material, Table S1. A total of 67 rats were utilized for model es-
tablishment, with 60 successfully developing myocardial injury
models and 7 excluded due to failure to establish the model.

Colchicine reduced perioperative myocardial
injury in cardiac surgery

We assessed the impact of COL on cardiomyocyte apoptosis by
comparing the I/R 4+ COL group with the I/R + saline group, which
served as a control for I/R injury, and the CPB group, which con-
trolled for CPB-induced apoptosis. Colchicine treatment resulted in
a significant reduction in cardiomyocyte apoptosis, as demon-
strated by TUNEL staining [TUNEL-positive cells/cell count (TUNEL
ratio): I/R + COL 8.79(4.03) vs I/R + saline 65.02 (18.53), P < 0.001;
vs CPB 1.00 (1.10), P < 0.01; Fig. 2; Supplementary Material, Fig. Sa
and b; Supplementary Material, Table S3].

Neutrophil extracellular traps release increased in
the perioperative period of heart surgery

To elucidate COL's mechanisms in mitigating myocardial injury, we
analysed NETs release in the I/R group, with CPB and sham groups
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Figure 2: Colchicine reduced perioperative myocardial injury in cardiac surgery. Rats in the I/R + colchicine group received colchicine for 7 days before model establish-
ment. TUNEL staining (scale bars, 20 um) was used to assess myocardial apoptosis (n = 6). Results are presented as the ratio of TUNEL-positive cells to total cell count. **P
< 0.01, ***P < 0.001. Data are expressed as mean (SD). COL: colchicine; CPB: cardiopulmonary bypass; I/R: ischaemia-reperfusion; SD: standard deviation.
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as controls. Haematoxylin and eosin (HE) staining (Fig. 3A) revealed
enhanced inflammatory cell infiltration in the I/R group compared
to CPB and sham groups. TUNEL staining (Fig. 3B and C
Supplementary Material, Fig. S2b; Supplementary Material, Table
S2) showed more pronounced injury in the I/R group [TUNEL ratio:
I/R 19.35 (8.80) vs CPB 1.00 (0.69), P<0.001; vs sham 0 (0),
P <0.01]. CD11c, a neutrophil marker, was significantly elevated in
the I/R group [relative immunofluorescence intensity (RIFI): I/R
39.68 (12.87) vs CPB 2.36 (1.26), P<0.001; vs sham 1.00 (0.28),
P <0.001; Fig. 3B and D; Supplementary Material, Fig. S2c;
Supplementary Material, Table S2].

Given that neutrophil extracellular effects are primarily mediated
by NETs, we investigated MPO and NE, key components of NETs.
Immunofluorescence (Fig. 3B and E Supplementary Material,
Fig. S3a; Supplementary Material, Table S2) and western blot (WB)
analysis (Fig. 3F; Supplementary Material, Fig. S3b; Supplementary
Material, Table S2) revealed elevated MPO and NE levels in the I/R
group. Additionally, CitH3, another NET marker, was significantly
increased in the I/R group [RIFI: I/R 25.08 (1.93) vs CPB 6.92 (1.37),
P<0001; vs sham 1.00 (0.17), P<0.001; normalized protein
expression-CitH3: /R 3.44 (0.23) vs CPB 1.75 (0.16), P<0.001; vs
sham 1.00 (0.15), P < 0.007; Fig. 3G; Supplementary Material, Fig. S4a
and b]. cTnT levels did not differ significantly among the groups
(Fig. 3G; Supplementary Material, Fig. S4a and b; Supplementary
Material, Table S2). Peripheral blood enzyme-linked immunosorbent
assay further indicated significant increases in cTnT, IL (Interleukin)-6,
IL-18 and procalcitonin in the I/R group (Supplementary Material,
Fig. S4c-f; Supplementary Material, Table S2).

Colchicine reduced neutrophil extracellular traps
release in heart surgery perioperative period

Our investigation then shifted to evaluating COL's efficacy in
reducing NETs release. HE staining (Fig. 4A) showed decreased
inflammatory cell infiltration in the I/R + COL group compared
to the I/R + saline group, indicating a potential reduction in
NETs release. The CD11c was significantly reduced in the I/R +
COL group [RIFI: I/R 4+ COL 3.58 (0.54) vs I/R + saline 18.26
(1.47), P<0.001; vs CPB 1.00 (0.11), P <0.001; Fig. 4B and C,
Supplementary Material, Fig. S5b; Supplementary Material, Table
S3], corroborating the HE staining results.

CitH3 expression was markedly diminished in the I/R + COL
group, as evidenced by immunofluorescence [RIFI: I/R + COL
4.38 (0.80) vs I/R + saline 17.32 (1.69), P < 0.001; vs CPB 1.00
(0.12), P<0.001; Fig. 4B and C; Supplementary Material, Fig. S5¢;
Supplementary Material, Table S3] and WB [normalized protein
expression-CitH3: I/R + COL 2.24 (0.27) vs I/R + saline 3.23
(0.34), P<0.001; vs CPB 1.00 (0.17), P<0.001; Fig. 4D;
Supplementary Material, Table S3]. Moreover, MPO and NE lev-
els were also significantly reduced in the I/R + COL group
(Fig. 4B and C; Supplementary Material, Fig. S6a and b;
Supplementary Material, Table S3].

Suppressing peptidylarginine deiminase 4 protein
reduced neutrophil extracellular traps release in
heart surgery perioperative period

PAD-4 also plays a significant role in I/R injury during cardiac
surgery. Immunofluorescence and WB analysis (Supplementary
Material, Fig. S7a-d; Supplementary Material, Table S2)

confirmed upregulation of PAD-4 expression in the I/R group
compared to CPB and sham groups, highlighting its involvement.
To explore whether PAD-4 inhibition could reduce myocardial
injury during the perioperative period, rats were treated with Cl-
am for 7 days.

Immunofluorescence (Fig. 5A and B, Supplementary Material,
Fig. S7e and f; Supplementary Material, Table S4) and WB
(Fig. 5C, Supplementary Material, Fig. S7g and h; Supplementary
Material, Table S4) demonstrated a marked reduction in PAD-4
expression in the I/R + Cl-am group relative to the I/R + saline
group [RIFI: I/R + Cl-am 0.25 (0.03) vs I/R + saline 1.00 (0.13),
P <0.001; NEP-PAD-4: I/R + Cl-am 0.53 (0.06) vs I/R + saline
1.00 (0.10), P < 0.001]. Additionally, PAD-4 inhibition led to a de-
crease in MPO and NE levels. Despite no significant variation in
cTnT levels between the I/R + Cl-am and I/R + saline groups,
CitH3 levels were markedly reduced in the I/R + Cl-am group
[RIFI: I/R + Cl-am 0.23 (0.06) vs I/R + saline 1.00 (0.19),
P <0.001; NEP-CitH3: I/R + Cl-am 0.31 (0.08) vs I/R + saline
1.00 (0.12), P < 0.001; Fig. 5A, B and E, Supplementary Material,
Fig. S9a-f; Supplementary Material, Table S4).

Colchicine can reduce neutrophil extracellular
traps release by suppressing peptidylarginine
deiminase 4

In our comparative analysis between the I/R + saline and I/R +
COL groups, COL markedly reduced PAD-4 expression [RIFI: I/R
+ COL 13.39 (1.85) vs I/R + saline 61.00 (4.15), P < 0.0071; vs CPB
1.00 (0.19), P<0.001; NEP-PAD-4: I/R + COL 1.90 (0.45) vs I/R
+ saline 2.77 (0.25), P<0.01; vs CPB 1.00 (0.12), P<0.00T;
Fig. 6A-D, Supplementary Material, Fig. S10a and b;
Supplementary Material, Table S3], indicating COL may inhibit
NETs release by downregulating PAD-4. To evaluate whether
COL alleviates myocardial I/R injury similarly to Cl-am through
PAD-4 inhibition, we compared the I/R + COL and I/R + Cl-am
groups. HE staining showed greater inflammatory cell infiltration
and increased apoptosis in the I/R + COL group compared to
the I/R + Cl-am group [TUNEL ratio: I/R + COL 7.11 (0.87) vs I/R
+ Cl-am 1.00 (0.26), P<0.001; Fig. 7A and B, Supplementary
Material, Fig. S10d; Supplementary Material, Table S5].
Additionally, MPO and NE levels were elevated in the I/R + COL
group (Fig. 7A, B and D; Supplementary Material, Fig. S11e-j;
Supplementary Material, Table S5). While significant differences
in PAD-4 [RIFI: I/R + COL 4291 (7.72) vs I/R 4+ Cl-am 1.00
(0.24), P<0.00T; Fig. 7A-C, Supplementary Material, Fig. S12a-d;
Supplementary Material, Table S5] and CitH3 [RIFI: I/R + COL
2.74(0.38) vs I/R + Cl-am 1.00 (0.21), P < 0.007; Fig. 7A, B and E,
Supplementary Material, Fig. S12a-d and f; Supplementary
Material, Table S5] were observed, WB analysis showed that
reductions in CitH3 [NEP-CitH3: I/R + COL 1.06 (0.11) vs I/R +
Cl-am 1.00 (0.10), P=0.40) and PAD-4 [NEP-PAD-4: I/R + COL
1.06 (0.05) vs I/R + Cl-am 1.00 (0.06), P=0.58] were less pro-
nounced. cTnT levels remained unchanged (Supplementary
Material, Fig. S12a-e; Supplementary Material, Table S5).

Reflecting on our earlier comparisons, PAD-4 expression
showed a sequential decline from the I/R group to the I/R +
COL, I/R + Cl-am and CPB groups. Peripheral blood enzyme-
linked immunosorbent assay results supported this, revealing a
stepwise reduction in inflammatory markers (Supplementary
Material, Fig. S12g-j; Supplementary Material, Table S5) across
these groups.
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Figure 3: NETSs release increased in the perioperative period of heart surgery. (A) HE staining assessed inflammatory cell infiltration in myocardial tissues from sham,
CPB and I/R rats. (B) TUNEL staining (scale bars, 20 um) and immunofluorescence for CD11c, MPO and NE (scale bars, 20 pm) evaluated apoptosis and protein ex-
pression levels. (C) Apoptosis is represented as the ratio of TUNEL-positive cells to total cells (n = 6). (D and E) Fluorescence intensity of CD11¢c, MPO and NE was
semi-quantitatively analysed (n = 6). (F and G) Western blot quantified MPO, NE, cTNT and CitH3 levels in myocardial tissues (n = 6). 'ns’ denotes no significant dif-
ference. **P < 0.01, ***P < 0.001. Data are expressed as mean (SD). CitH3: citrullinated histone H3; CPB: cardiopulmonary bypass; cTNT: cardiac troponin T; HE:
haematoxylin and eosin; I/R: ischaemia-reperfusion; MPO: myeloperoxidase; NE: neutrophil elastase; NETs: neutrophil extracellular traps; SD: standard deviation.
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Figure 4: Colchicine reduced NETSs release in the perioperative period of heart surgery. (A) HE staining evaluated inflammatory cell infiltration in colchicine-treated
and control rats. (B) Immunofluorescence for CD11¢, cTNT, CitH3, MPO and NE (scale bars, 20 um) analysed protein expression levels. (C) Fluorescence intensity of
these markers was semi-quantitatively assessed (n = 6). (D) Western blot quantified cTNT and CitH3 levels (n=6). ‘ns’ denotes no significant difference. ***P < 0.001.
Data are expressed as mean (SD). CitH3: citrullinated Histone H3; COL: colchicine; CPB: cardiopulmonary bypass; cTNT: cardiac troponin T; I/R: ischaemia-reperfu-
sion; MPO: myeloperoxidase; NE: neutrophil elastase; NETs: neutrophil extracellular traps; SD: standard deviation.
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Figure 5: Suppressing PAD-4 protein significantly reduced NETSs release. (A) Immunofluorescence (scale bars, 20 um) analysed PAD-4, MPO, NE, cTNT and CitH3 lev-
elsin I/R + Cl-am and I/R + saline groups. (B) Fluorescence intensity of CD11¢, cTNT, CitH3, MPO and NE was semi-quantitatively analysed (n = 6). (C-E) Western
blot quantified PAD-4, MPO, NE, cTNT and CitH3 levels (n = 6). 'ns’ denotes no significant difference. ***P < 0.001. Data are expressed as mean (SD). Cl-am: Cl-ami-
dine; CitH3: citrullinated histone H3; cTNT: cardiac troponin T; I/R: ischaemia-reperfusion; MPO: myeloperoxidase; NE: neutrophil elastase; NETs: neutrophil extra-
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Low-dose colchicine showed no observed side
effects on myocardial tissue

To investigate potential side effects of low-dose COL on myocardial
tissue without I/R injury, we established sham + COL and CPB +
COL groups, comparing them with respective non-drug interven-
tion groups. Colchicine did not induce additional myocardial cell
apoptosis and no differences in CD11c or NETs-related proteins
(MPO, NE, Cith3) were observed between sham and sham + COL

groups, and these indicators decreased post-COL intervention in
the CPB group (Supplementary Material, Fig. S13; Supplementary
Material, Table S6).

DISCUSSION

This animal study evaluates COL's effectiveness in reducing peri-
operative myocardial injury during cardiac surgery. Our findings
showed that COL significantly decreased cardiomyocyte
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Figure 7: Colchicine reduced NETSs release by suppressing PAD-4. (A) TUNEL staining (scale bars, 20 um) assessed myocardial apoptosis in I/R + COL and I/R + Cl-
am groups. Immunofluorescence (scale bars, 20 um) evaluated PAD-4, MPO, NE, cTNT and CitH3 levels. (B) Apoptosis and protein levels were semi-quantitatively
analysed (n = 6). (C) Western blot quantified PAD-4, MPO, NE, cTNT and CitH3 levels. 'ns’ denotes no significant difference. ***P<0.001. Data are expressed as
mean (SD). Cl-am: Cl-amidine; Cith3: citrullinated histone H3; COL: colchicine; cTNT: cardiac troponin T; I/R: ischaemia-reperfusion; MPO: myeloperoxidase; NE:
neutrophil elastase; PAD-4: peptidylarginine deiminase 4; SD: standard deviation.
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apoptosis, evidenced by a lower TUNEL ratio in the I/R + COL
group compared to the I/R + saline group. We also observed
increased NETSs release in the I/R group, with elevated levels of
MPO, NE and CitH3. Colchicine treatment effectively reduced
NETs release, as indicated by lower levels of these markers.
Additionally, suppression of PAD-4 protein with Cl-am signifi-
cantly reduced NETs release, and COL produced similar effects
by inhibiting PAD-4 expression. These results suggest that COL
alleviates myocardial injury, at least in part, through PAD-4 in-
hibition, highlighting its potential as a therapeutic agent for
myocardial protection in surgical contexts.

Our research concentrated on NETs, acknowledging PAD-4 as
a critical enzyme in their regulation. It is also important to con-
sider that PAD-4's role extends beyond NETs formation; it is
involved in gene expression, apoptosis and immune responses
[16]. Recent studies have shown that NETs are implicated not
only in inflammation but also in thrombosis, particularly in myo-
cardial I/R injury, where NET-mediated microthrombosis may
contribute to the 'no-reflow’ phenomenon [17]. This study pre-
liminarily substantiates the hypothesis that COL may alleviate
myocardial injury by modulating the release of PAD-4-mediated
NETs, positioning it as a potential alternative therapeutic agent.
Colchicine reduces NETs, leading to decreased myocardial cell
damage, which subsequently lowers cTnT release into peripheral
blood [18]. However, due to CPB-induced I/R uniform damage
and the inherently high expression of cTnT in myocardial tissue,
immunofluorescence and WB might have no difference.

Colchicine, known for inhibiting leucocyte microtubule syn-
thesis, was administered to rats at a dose of 0.1 mg/kg for 7
days, as per protocols from previous studies [20]. However, no
leucocyte suppression was observed, consistent with the dose-
dependent effects reported in the literature [20]. Therefore, it is
reasonable to conclude that low-dose COL is safe for extended
use and offers significant potential for myocardial protection.
Major cardiovascular trials have shown that a continuous 30-
90 days regimen of 0.5mg COL significantly reduces serious ad-
verse and cardiovascular events [7]. Additionally, COL has
emerged as a novel therapy for chronic coronary syndrome [21].
In cardiac surgery, it significantly reduces postoperative atrial
fibrillation [22]. Studies suggest that NETs and myocardial secre-
tion after ischaemia contribute to AF and fibrosis, while COL's
anti-inflammatory effects help reduce calcium overload and
ROS, key factors in postoperative atrial fibrillation [10, 15]. Our
previous research showed that COL improves cardiac surgery
outcomes [8], and this study further supports its foundation by
demonstrating that COL also reduces myocardial injury from I/R
through NETs inhibition. However, potential side effects, such as
gastrointestinal disturbances and increased non-cardiovascular
mortality, should be considered [23].

Thus, while COL shows great potential for application in the
perioperative period of cardiac surgery, it is important to recog-
nize its broader effects on PAD-4 and inflammation, as well as
the associated risks. Further clinical trials are required to validate
its safety profile.

Limitations

This study presents several limitations. First, while we concen-
trated on the role of NETs, we did not explore how COL modu-
lates ROS levels and calcium influx by inhibiting NETosis, a
critical process linked to myocardial injury via excessive ROS

release and intracellular calcium overload [10, 12, 14]. This omis-
sion obscures the full mechanistic linkage between NETs and
myocardial damage. Second, although preliminary evidence sug-
gests that PAD-4 inhibition mitigates NETs release and myocar-
dial injury, the absence of PAD-4 knockout models precludes
definitive validation of this mechanism. Additionally, the use of
8-week-old rats deviates from the typical age of cardiac surgery
patients, potentially impacting the applicability of our findings.

CONCLUSION

In conclusion, NETs were significantly elevated during the peri-
operative period of cardiac surgery. Colchicine reduces myocardial
injury in cardiac surgery, and one of its mechanisms is through the
inhibition of NETs formation, specifically targeting PAD-4.
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