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ABSTRACT
Indobufen possesses anticoagulant and antithrombotic effects
that can improve micro-inflammation and renal function. This
study aimed to examine whether indobufen could improve the
microinflammatory state in patients on continuous ambulatory
peritoneal dialysis (CAPD) and explore its therapeutic effects on
peritoneal transport function. A total of 60 patients undergoing
CAPD from October 2019 to October 2020 were selected and
randomized to the control and indobufen groups. All patients
received conventional treatments. Blood routine and the serum
and peritoneal effusion levels of tumor necrosis factor-a (TNF-a),
transforming growth factor-b1 (TGF-b1), cellular fibronectin (cFN),
and vascular endothelial growth factor were determined before
and after 6 months of treatment. The peritoneal equilibrium test
(PET) was used to evaluate peritoneal transport function. There
were no significant differences in PET results, microinflammatory
state, and biochemical indices between the two groups before
treatment (P > 0.05). After 6 months of treatment, platelet-to-
lymphocyte ratio and serum and peritoneal effusion TNF-a levels
in the indobufen groupwere decreased comparedwith the control

group (P < 0.05). Serum and peritoneal effusion TGF-b1 and cFN
levels in the indobufen group were reduced compared with the con-
trol group (P < 0.05). PET results in the indobufen group were de-
creased compared with baseline (P < 0.05). The difference in PET
results between the two groups before and after treatment was sta-
tistically significant (P < 0.05). Indobufen could improve the perito-
neal transport function in patients undergoing CAPD. The underlying
mechanismmight be related to the improvement of themicroinflam-
matory state and peritoneal fibrosis.

SIGNIFICANCE STATEMENT
Microinflammation and peritoneal fibrosis can lead to peritoneal
failure in CAPD. Indobufen is a novel antiplatelet drug that can
alleviate renal fibrosis and improve renal function in patients
with diabetic nephropathy. Indobufen can improve the peritoneal
transport function in patients undergoing CAPD. The mechanism
of indobufen improving the peritoneal function might be related
to the improvement of the microinflammatory state and perito-
neal fibrosis.

Introduction
Peritoneal dialysis is the most prevalent therapeutic strategy

for patients with end-stage renal disease (ESRD) worldwide.
The annual growth rate of peritoneal dialysis (PD) is expected
to reach 8%, which is about 6% to 7% higher than that of he-
modialysis (Li et al., 2017a). Structural changes in the perito-
neum can appear after long durations of peritoneal dialysis,
eventually leading to peritoneal fibrosis, peritoneal angiogene-
sis, and inflammatory bowel disease (Y�a~nez-M�o et al., 2003;
Zhou et al., 2016; Balzer, 2020).

The continuous exposure to peritoneal dialysis fluid (PDF) to
low or poor biocompatibility can destroy the normal structure
and function of the peritoneum, leading to peritoneal dialysis
termination. At present, the treatment methods for microin-
flammation mainly include immunomodulatory therapy, anti-
fibrosis therapy, traditional peritoneal dialysis catheterization,
and protection of the intraperitoneal mesenchymal stem cells
(Huddam et al., 2015; Li et al., 2015; Wakabayashi et al., 2015;
Raby et al., 2018; Wu et al., 2018; Chiu et al., 2019). Still, fur-
ther effective and safe drugs need to be developed.
As a new generation of antiplatelet drugs, indobufen can

be clinically used in ischemic stroke, nonrheumatic atrial
fibrillation, myocardial infarction, thrombosis, and periph-
eral vascular disease (Wiseman et al., 1992; Bhana and
McClellan, 2001; Patrono et al., 2008). Indobufen possesses
anticoagulant and antithrombotic effects, reduces fibrinogen
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activation, and improves the microinflammatory state (Bhana
and McClellan, 2001; Patrono et al., 2008). Indobufen can im-
prove renal function in diabetic nephropathy, possesses renal
protective effects, and can alleviate renal fibrosis (Shestakova
et al., 1996; Lou et al., 2019).
To date, no study focused on the effects of indobufen on pa-

tients undergoing peritoneal dialysis. Therefore, the present
study investigated whether indobufen could improve the micro-
inflammatory state and peritoneal transport function in pa-
tients on continuous ambulatory peritoneal dialysis (CAPD).

Materials and Methods
Study Design and Participants. This randomized controlled

trial recruited patients who were undergoing CAPD at the Third
Xiangya Hospital of Central South University (Changsha, China) be-
tween January 2017 and January 2019 (Department of Nephrology).
The study was approved by the Ethics Committee of the Third Xiangya
Hospital of Central South University (Approval No. 21106). All partici-
pants were fully informed about the aims of the study and signed the
informed consent form prior to any study procedure.

Inclusion and Exclusion Criteria. The inclusion criteria were
(1) 18 to 75 years of age, (2) stage 5 chronic kidney disease according
to the guidelines of the National Kidney Foundation, (3) CAPD for $

3 months, and (4) regularly undergoing CAPD with clinical stability.
The exclusion criteria were (1) abnormal coagulation indices (fibrino-
gen level < 2 g/L, platelet count < 100 × 109/L, prothrombin time >

14 seconds, activated partial prothrombin time > 40 seconds); (2) se-
vere liver dysfunction (alanine aminotransferase or aspartate amino-
transaminase > 3 upper limit of normal); (3) history of active ulcer,
hemorrhagic diseases, or menorrhagia (> 80 mL) within half a year
before enrollment; (4) history of idiopathic thrombocytopenic purpura,
hemophilia, or aplastic anemia; (5) history of major trauma and un-
dergoing surgery within 3 months before enrollment; (6) received
antiplatelet drugs for 4 weeks; (7) diagnosis of peritonitis within
1 month before enrollment; (8) allergic to the study drugs; (9) pregnant
or lactating women; or (10) previously underwent renal transplanta-
tion and hemodialysis.

Randomization and Blinding. The participants were random-
ized to the indobufen and control groups. The statistician was blinded
to grouping during data analysis, but the participants undergoing
CAPD and physicians were aware of the grouping. A standardized
process of CAPD was conducted in our hospital, and a closed dialysate
input-output system was implemented by trained staff in our dialysis
unit.

Interventions. The participants in the indobufen group were
orally given indobufen (100 mg each time, twice/day; Zhongmei
Huadong Pharmaceutical Co., Ltd., Hangzhou, China) for 6 consecutive
months and received no other anticoagulants during the study. The
participants in the control group did not receive indobufen or a placebo.
The participants in the two groups received conventional treatments,
including drugs aiming to manage blood pressure, calcium-phosphate
metabolism, and anemia. CAPD was conducted using a 1.5% or 2.5%
intraperitoneal dialysis solution (Baxter International Inc., Deerfield,
IL, USA) and a twin-bag system at 6000 to 8000 ml/d The dialysate
was the same for the two groups.

Follow-Up. During the 6-month treatment period, the patients
were followed up by telephone, SMS, or the WeChat social app. The
patients were also required to come to the hospital regularly for fol-
low-up and complete the relevant examinations. At the same time,
we monitored the treatment of the patients through the information
data platform. After the end of the study, follow-up was continued
for 6 months according to the follow-up requirements of the PD
center.

Data Collection. From 8 PM (on the day before the examination)
to 8 AM, the patients fasted, and blood samples were taken on an

empty stomach. During peritoneal dialysis, 2000 mL dialysis fluid
(called dialysate) was infused into the abdominal cavity overnight
on the night before the examination, and peritoneal dialysis was
performed the next day. Sex, age, duration of peritoneal dialysis,
peritoneal dialysis regimen, and primary disease were collected.
Blood samples (10 mL) were obtained before and 6 months after
starting treatment. The blood samples were centrifuged at 3000 × g
for 10 minutes to collect the serum. The samples were stored at
�80�C. The peritoneal dialysate was retained and processed to col-
lect the serum. The following biochemical indices were measured
using standard clinical methods: routine blood test, renal function
test, serum lipid profile, serum iron, ferritin, transferrin, serum cal-
cium, serum phosphate, and parathyroid hormone. The serum and
dialysate levels of tumor necrosis factor-a (TNF-a), transforming
growth factor-b1 (TGF-b1), cellular fibronectin (cFN), and vascular
endothelial growth factor (VEGF) were measured using an enzyme-
linked immunosorbent assay kit (Huamei Biologic Engineering Co.,
Ltd., Wuhan, China), following the manufacturer’s instructions.
The peritoneal equilibration test (PET) was performed before and
6 months after starting treatment. The adverse reactions in the two
groups were monitored during treatment.

Statistical Analysis. Statistical analysis was performed using
SPSS 25.0 (IBM Corp., Armonk, NY, USA). Normally distributed
continuous variables were expressed as means ± standard deviation
and compared using the paired t test (before/after comparisons) or
the independent-samples t test (between-group comparisons). Non-
normally distributed continuous variables were presented as median
(interquartile range) and compared using the Wilcoxon signed-rank
test (intragroup comparisons) or the Mann–Whitney U test (inter-
group comparisons). Categorical variables were expressed as n (per-
centage) and compared using the v2 test. The Pearson correlation
analysis was used for analyzing normally distributed continuous
data; otherwise, Spearman correlation analysis was adopted. A two-
sided P < 0.05 was considered statistically significant.

Results
Baseline Characteristics of the Patients. Sixty pa-

tients who had been undergoing CAPD for 90 to 198 months
were enrolled, including 31 men (51.7%) and 29 women (48.3%).
They were 15 to 75 years old (mean age, 55.59 ± 11.17 years
old). In the present study, 30 and 29 patients were allocated to
the indobufen and control groups, respectively (Fig. 1). There
were no significant differences in age, duration of peritoneal
dialysis, sex, and diseases between the two groups (all P > 0.05)
(Table 1).
Correlation Analysis of Inflammatory Factors and Peri-

toneal Fibrosis in Patients Who Underwent CAPD. Before
treatment, there were no significant linear correlations
between serum TNF-a levels and serum levels of TGF-b1
(Fig. 2a), cFN (Fig. 2c), and VEGF (Fig. 2e) (all P > 0.05).
The correlation coefficients of TNF-a and TGF-b1 (Fig. 2b),
as well as cFN (Fig. 2d) and VEGF (Fig. 2f) in peritoneal ef-
fusion, ranged from 0.2 to 0.4, and there was a positive cor-
relation between them (all P < 0.05).
Correlation Analysis of peritoneal transport func-

tion and Peritoneal Fibrosis in Patients Who Under-
went CAPD. Before treatment, the correlation analysis
between PET results and serum levels of TGF-b1 (Fig. 2g),
cFN (Fig. 2i), and VEGF (Fig. 2k) in patients who were un-
dergoing CAPD indicated that there was a significant cor-
relation between PET results and serum levels of TGF-b1
(Fig. 2g), cFN (Fig. 2i), and VEGF (Fig. 2k) (all P < 0.05).
The correlation coefficient between the serum levels of cFN
and VEGF was in the range of 0.4 to 0.6 (Fig. 2k),
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indicating that there was a moderate positive correlation
between PET results and serum levels of cFN and VEGF.
The correlation coefficient between PET results and serum
TGF-b1 level was between 0.2 and 0.4 (Fig. 2g), demon-
strating a weak positive correlation.
Before treatment, the correlation analysis of PET results

and TGF-b1 level (Fig. 2h), as well as cFN (Fig. 2j) and VEGF
(Fig. 2l) levels in the peritoneal effusion of patients who were
undergoing CAPD, revealed that there were significant corre-
lations between PET results and peritoneal effusion levels of
TGF-b1 (Fig. 2h), cFN (Fig. 2j), and VEGF (Fig. 2l) (all P <
0.05). In addition, the correlation coefficient between PET re-
sults and peritoneal effusion TGF-b1 levels in peritoneal effu-
sion was in the range of 0.6 to 0.7 (Fig. 2h), indicating that
PET results were strongly positively correlated with TGF-b1
levels in peritoneal effusion. The correlation coefficient be-
tween PET results and cFN levels in peritoneal effusion was
between 0.4 and 0.6 (Fig. 2j), highlighting that there was a

moderate positive correlation between PET results and cFN
levels in peritoneal effusion. The correlation coefficient be-
tween PET results and VEGF levels in peritoneal effusion was
in the range of 0.2 to 0.4 (Fig. 2l), demonstrating a weak posi-
tive correlation.
The Effects of Indobufen on Biochemical Indices.

Before treatment, there were no significant differences in the
levels of biochemical blood indices between the two groups
(P > 0.05). The ferritin levels were decreased in the indobu-
fen group after 6 months of treatment compared with the
control group (U 5 274.00, P 5 0.015), while there were no
significant differences in the levels of the other biochemical
blood indices after 6 months of treatment (all P > 0.05)
(Table 2).
With the prolongation of dialysis time, serum creatinine lev-

els in both groups noticeably increased (P < 0.05). The serum
iron levels in the control group significantly increased com-
pared with before treatment (Z 5 2.606, P 5 0.009), while

Fig. 1. Study flowchart. Thirty and 29 patients were allocated to the indobufen group and the control group, respectively.

TABLE 1
Baseline demographic and clinical characteristics of the study participants
Data are mean ± S.D., n, or median (interquartile range).

Characteristic Control group (n 5 29) Indobufen group (n 5 30) P

Age (years) 53.75 ± 9.25 57.43 ± 13.09 0.217
Male 16 15 0.691
PD duration (months) 34.13 (19.82, 49.82) 37.73 (20.82, 55.55) 0.693
Primary diseases 0.500
Chronic glomerulonephritis 18 16
Diabetic nephropathy 1 5
Hypertensive nephropathy 3 4
Polycystic kidney 2 1
Othersa 5 4

PD, peritoneal dialysis.
aOther primary diseases included ischemic nephropathy, obstructive nephropathy, lupus nephritis, gouty nephropathy, and systemic vasculitis and renal damage.
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there were no significant differences in the other biochemical
blood indices between the two groups before and after treat-
ment (all P > 0.05) (Table 2).
Indobufen Could Improve the Microinflammatory

State of Patients Undergoing CAPD. There were no sig-
nificant differences in TNF-a levels in serum and perito-
neal effusion and neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and mean platelet

volume-to-platelet ratio (MPR) between the two groups be-
fore treatment (all P > 0.05) (Fig. 3). No significant correla-
tions between PLR and serum and peritoneal effusion
TGF-b1, cFN, and VEGF were observed (all P > 0.05) (Fig.
3). After 6 months of treatment, PLR and TNF-a levels in
serum and peritoneal effusion in the indobufen group were
significantly decreased compared with the control group
(P < 0.05) (Table 3). After 6 months of treatment, NLR and

Fig. 2. Correlation analysis between TNF-a and TGF-b1, cFN and VEGF in serum (a, c, and e) and peritoneal effusion (b, d, and f) of CAPD
patients at baseline. Correlation analysis between PET and TGF-b1, cFN and VEGF in serum (j, i, and k) and peritoneal effusion (h, j, and l) of
CAPD patients at baseline.
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PLR in the indobufen group were remarkably reduced com-
pared with the control group (all P < 0.05) (Table 3). More-
over, TNF-a levels in peritoneal effusion in the control
group were elevated compared with the indobufen group
(Z 5 2.606, P 5 0.009) (Table 3). The aforementioned re-
sults indicated that indobufen could improve the micro-
inflammatory state of patients undergoing CAPD.
The Effects of Indobufen on Peritoneal Fibrosis. Be-

fore treatment, there were no statistically significant differences
in the levels of TGF-b1, cFN, and VEGF in peritoneal effusion
and serum between the two groups (P > 0.05) (Table 4). After
6 months of treatment, the levels of TGF-b1 and cFN in
peritoneal effusion and serum in the indobufen group were
significantly reduced compared with the control group (all P <

0.05) (Table 4). After 6 months of treatment, there were no signif-
icant differences in VEGF levels in serum and peritoneal effusion
between the two groups (all P > 0.05) (Table 4). These results
demonstrated that indobufen possesses antifibrosis effects.
Indobufen Could Improve Peritoneal Transport Func-

tion. After 6 months of treatment, PET results significantly
changed in the indobufen group compared with before treatment
(t 5 2.485, P 5 0.019), while there were no significant differ-
ences in PET results in the control group before and after treat-
ment (P > 0.05) (Table 5). The indobufen group showed
remarkably greater changes in PET results before and after
treatment compared with the control group (t 5 2.044, P 5
0.046) (Table 5). There were no correlations between PET and
serum TNF-a, peritoneal effusion TNF-a, and PLR (all P >

0.05) (Fig. 4). Taken together, indobufen could improve perito-
neal transport function. After treatment, a negative correlation
was observed between peritoneal effusion TNF-a and VEGF
(r 5 �0.547, P < 0.01) (Fig. 5f). There were no significant corre-
lations between PET and serum and peritoneal effusion TGF-
b1, cFN, and VEGF (all P > 0.05) (Fig. 5g-l).
Adverse Reactions. No cardiovascular and cerebrovascu-

lar events occurred in the indobufen group. In the control group,
two cases of unstable angina pectoris and one case of posterior
circulation ischemic stroke were identified. In the indobufen
group, there was one case of hematuria and one case of

gastrointestinal infection. In the control group, one case of he-
maturia and one case of gastrointestinal disease were observed.

Discussion
Peritoneal dialysis is a modality of choice for renal replace-

ment therapy for patients with acute kidney injury because of
its advantages compared with hemodialysis (Li et al., 2017a;
Himmelfarb et al., 2020; Cullis et al., 2021). A long duration of
peritoneal dialysis induces structural and functional changes
in the peritoneum, resulting in microinflammation, peritoneal
fibrosis, and angiogenesis.
Systemic microinflammation in patients undergoing peri-

toneal dialysis is associated with uremic toxins, while local
microinflammation during peritoneal dialysis can be associ-
ated with chronic nonspecific inflammatory diseases caused
by the peritoneal dialysis catheters (Li et al., 2017b). Micro-
inflammation is involved in the pathophysiological changes
of patients with atherosclerosis, malnutrition, left ventricular
hypertrophy, heart failure, peritoneal fibrosis, angiogenesis,
and so on, which is one of the risk factors for cardiovascular
and cerebrovascular events in patients undergoing peritoneal
dialysis (Lai et al., 2015). Studies have shown that microin-
flammation is a major promoter of peritoneal fibrosis, and
inhibition of inflammation can reduce the inflammatory re-
sponse in vivo and partially mitigate the progression of perito-
neal fibrosis (Li et al., 2017b; Balzer, 2020). The results of the
present study showed that TNF-a levels in peritoneal effusion
were positively correlated with the levels of TGF-b1, cFN, and
VEGF in peritoneal effusion, suggesting that inflammation
can promote the development of peritoneal fibrosis.
The status of microinflammation is mainly determined by de-

tecting the levels of inflammatorymarkers. In recent years, NLR,
PLR, and MPR have been widely studied. Scholars reported that
PLR was positively correlated with NLR, IL-6, and TNF-a levels
in patients undergoing peritoneal dialysis (Turkmen et al., 2013).
Turkmen et al. also found that NLR was closely associated with
inflammatory responses in patients on peritoneal dialysis and he-
modialysis (Turkmen et al., 2012). These studies suggested that
PLR and NLR could reflect the status of microinflammation in

TABLE 2
Blood biochemical indexes in the two groups of patients at baseline and after 6 months of indobufen
Data are mean ± S.D. or median (interquartile range).

Index

Control group (n 5 29) Indobufen group (n 5 30)

0 months 6 months 0 months 6 months

HDL-C (mmol/L, x± s) 1.23 ± 0.32 1.24 ± 0.29 1.13 ± 0.29 1.19 ± 0.24
LDL-C (mmol/L, x± s) 2.48 ± 0.66 2.77 ± 0.86 2.36 ± 1.03 2.78 ± 0.84
TC (mmol/L, x± s) 4.64 ± 1.02 5.00 ± 1.23 4.59 ± 1.50 4.84 ± 1.51
TG (mmol/L, x± s) 1.88 ± 1.15 2.11 ± 1.42 1.93 ± 1.70 2.06 ± 1.31
Ca (mmol/L, x± s) 2.26 ± 0.26 2.26 ± 0.26 2.12 ± 0.25 2.19 ± 0.29
P (mmol/L, x± s) 1.61 ± 0.46 1.64 ± 0.45 1.62 ± 0.55 1.63 ± 0.40
PTH [pg/mL, Md (P25, P75)] 194.35

(111.16, 439.04)
285.27

(181.77, 397.41)
172.52

(81.75, 407.64)
216.34

(98.12, 343.46)
BUN (mmol/L, x± s) 19.81 ± 6.41 21.19 ± 5.65 20.04 ± 7.35 19.67 ± 6.98
Scr (lmol/L, x± s) 959.31 ± 299.08 1026.31 ± 297.82* 967.00 ± 320.62 1049.17 ± 335.14*
UA (mmol/L, x± s) 410.41 ± 106.30 420.46 ± 82.04 397.83 ± 83.54 392.17 ± 78.53
TF (g/L, x± s) 1.89 ± 0.52 1.99 ± 0.10 1.69 ± 0.41 1.85 ± 0.56
SI [lmol/L, Md (P25, P75)] 10.90 (7.95, 13.38) 14.80 (10.6, 18.25)* 9.75 (6.53, 13.08) 13.00 (6.65,18.08)
Ferr [ng/mL, Md (P25, P75)] 322.50

(135.50, 517.65)
346.90

(195.50, 599.15)
256.75

(135.20, 395.10)
240.30

(92.55, 411.13)#

BUN, blood urea nitrogen; Ca, calcium; Ferr, ferritin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; P, phosphorus; PTH, parathyroid hormone; Scr,
serum creatinine; SI, serum iron; TC, total cholesterol; TF, transferrin; TG, triglycerides; UA, uric acid.
*P < 0.05 versus same group at month 0 (before the start of treatment); #P < 0.05 versus control group at month 6.
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patients undergoing peritoneal dialysis. The results of the present
study showed that PLR and NLR decreased in patients undergo-
ing CAPD after indobufen treatment, and TNF-a levels in serum
and peritoneal effusion decreased simultaneously, demonstrating
that indobufen can reduce systemic and local microinflammation
in patients undergoing CAPD. After peritoneal dialysis, activated
factor VII activates the other coagulation factors (IX and X), trig-
gering the clotting pathway, and thrombin also induces the pro-
duction of IL-6 and IL-8 in endothelial cells (Levi et al., 2004; Ma
et al., 2019). Previous research reported that indobufen could
dose-dependably downregulate the levels of tissue factors in
monocytes and reduce the activation of inflammatory factors
(Eligini et al., 2006). In addition, a number of scholars pointed
out that indobufen or aspirin combined with clopidogrel or tica-
grelor could reduce pyroptosis mediated by inflammasomes and
alleviate inflammatory responses through the NF-jB/NLRP3

signaling pathway, thereby attenuating ischemia-reperfusion in-
jury in a rat model of middle cerebral artery occlusion/reperfu-
sion (Li et al., 2021). In addition, TGFb1 interacts with VEGF to
promote peritoneal injury through the TGFb1-VEGF-A pathway
(Kariya et al., 2018). The results of the present study showed
that the serum levels of TGF-b1, cFN, and TNF-a increased
with the prolongation of dialysis duration in patients undergoing
CAPD. After 6 months of indobufen treatment, the levels of
TGF-b1, cFN, and TNF-a in serum and peritoneal effusion de-
creased. The aforementioned results suggested that indobufen
could delay the progression of peritoneal fibrosis by regulating
microinflammation in patients undergoing CAPD. Lou et al.
(Lou et al., 2019) showed that indobufen could reduce serum
TGF-b levels and alleviate renal fibrosis in a rat model of
chronic kidney disease, and they also demonstrated that the
mechanism of indobufen in improving renal fibrosis could be

Fig. 3. Correlation analysis between PLR and TGFb1, cFN, and VEGF in serum (a, c, and e) and peritoneal effusion (b, d, and f) of CAPD
patients at baseline.
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correlated with the upregulation of 6-keto-prostaglandin F1a/
thromboxane B2 in renal tissues. Another study revealed that
inflammatory factors could induce pleural mesothelial cells to
increase the expression of plasminogen activators through
TGF-b1 and change the fibrinolytic state of mesenchymal cells,
resulting in hypercoagulability (Nagy, 1996). Indobufen can re-
duce the levels of coagulation factors I, II, IV, VIII, and X, and it
possesses anticoagulant and antithrombotic effects (Liu et al.,
2018). Therefore, indobufen could delay the progression of perito-
neal fibrosis in patients undergoing CAPD by improving intra-
peritoneal microinflammation and hypercoagulability, reducing
TGF-b1 production and FN expression.
A long duration of peritoneal dialysis can lead to a progres-

sive loss of ultrafiltration capability caused by structural and
functional changes. The present study showed that PET results
in patients undergoing CAPD were positively correlated with
the levels of TGF-b1, cFN, and VEGF in serum and peritoneal
effusion to varying degrees, suggesting that peritoneal fibrosis
could affect the peritoneal transport function. Peritoneal fibro-
sis has also been reported to cause changes in the peritoneal
transport function (Kariya et al., 2018). This study showed that
the PET results significantly changed after 6 months of indobu-
fen treatment, while they did not significantly change in the
control group. Moreover, the differences in PET results between
the two groups before and after treatment were statistically sig-
nificant. Peritoneal transport can be divided into four types:
low transport, low average transport, high average transport,
and high transport. Long-term peritoneal dialysis can cause
changes in the intraperitoneal environment and then lead to
changes in the structure and function of the peritoneum. Struc-
turally, peritoneal neovascularization and peritoneal fibrosis
can occur; functionally, it can cause an increase in peritoneal

solute transport function and a decrease in ultrafiltration func-
tion (Crabtree and Chow, 2017; Kariya et al., 2018). The in-
crease in peritoneal solute transport function is an independent
factor affecting the effect of peritoneal dialysis and is related to
high technical failure and mortality rates (Shi et al., 2018). The
results of this study showed that, after 6 months of treatment,
the PET value of the indobufen group was lower than that of
the control group, and the difference between the two groups
before and after treatment was statistically significant, sug-
gesting that indobufen can delay the rise of solute transport
rate and better maintain the balance between toxin clearance
capacity and ultrafiltration capacity. On the one hand, indobu-
fen has antiplatelet, anticoagulant, and antithrombotic effects, as
well as anti-inflammatory effects (Bhana and McClellan, 2001;
Liu et al., 2018; Li et al., 2021). In addition, indobufen can
reduce TGF-b1 in renal tissue and can alleviate renal fibro-
sis, and its mechanism may be related to the upregulation
of 6-keto-PGI2/TXB2 in renal tissue (Lou et al., 2019). Com-
bined with the present study, the available results suggest
that indobufen can improve the microinflammatory state of
peritoneal dialysis patients, thus playing an antifibrosis role,
which might partially improve the high transport state of peri-
toneal solute.
In healthy volunteers, the time (Tmax) for rapid and complete

absorption of indobufen to reach the peak plasma concentration
was about 2 hours, and there was a linear relationship between
the dose and plasma concentration (Fuccella et al., 1979;
Tamassia et al., 1979). The peak plasma concentration reached
12.5 to 14.9 mg/L 2 hour after a single dose of 100 mg. After oral
administration of indobufen 100 and 200 mg, bid for 7.5 days
and 5 days, the steady-state peak plasma concentrations (Cmax)
reached 16.7 and 29.2 mg/l. Cmax and the area under the curve

TABLE 4
Comparison of the peritoneal fibrosis indexes between the two groups of patients at baseline and after 6 months of indobufen
Data are mean ± SD or median (interquartile range).

Index

Control group (n 5 29) Indobufen group (n 5 30)

0 months 6 months 0 months 6 months

Serum
TGF-b1 (ng/ml) 9.04 ± 3.25 10.27 ± 2.78* 9.62 ± 2.63 8.38 ± 2.64#

cFN (ng/ml) 30735.89 ± 4398.11 31631.37 ± 5132.02 30974.98 ± 3665.27 28479.23 ± 4206.84#*

VEGF (pg/ml) 540.44 ± 173.46 558.35 ± 165.26 581.23 ± 90.38 581.14 ± 264.09
Effusion
TGF-b1 (ng/ml) 8.02 ± 2.75 8.75 ± 2.52 8.01 ± 1.85 6.81 ± 1.59#*

cFN (ng/ml) 312.54
(279.95, 345.13)

331.72
(304.10, 399.28)*

328.27
(309.70, 355.59)

308.05
(290.41, 318.11)#*

VEGF (pg/ml) 522.08 ± 229.29 532.41 ± 244.82 542.65 ± 353.37 523.86 ± 347.50

cFN, cell fibronectin; TGF-b1, transforming growth factor-b1; VEGF, vascular endothelial cell growth factor.
*P < 0.05 versus same group at month 0 (before the start of treatment); #P < 0.05 versus control group at month 6.

TABLE 3
Comparison of the micro-inflammatory indicators between the two groups of patients at baseline and after 6 months of indobufen
Data are mean ± S.D. or median (interquartile range).

Index

Control group (n 5 29) Indobufen group (n 5 30)

0 months 6 months 0 months 6 months

NLR 4.45 (3.03, 5.54) 4.06 (3.04, 5.86) 4.54 (3.11, 5.62) 3.53 (2.33, 4.70)*
PLR 196.43 ± 84.10 204.03 ± 81.87 205.91 ± 85.95 165.10 ± 63.08#*

MPR 0.05 ± 0.02 0.05 ± 0.02 0.05 ± 0.02 0.06 ± 0.06
Serum TNF-a (pg/ml) 47.37 (31.34, 91.48) 55.45 (43.18, 84.31) 58.91 (42.27, 100.69) 46.30 (33.85, 58.59)#*

Effusion TNF-a (pg/ml) 36.39 (27.69, 73.35) 56.81 (38.67, 92.49)* 55.32 (40.69, 68.92) 39.38 (31.89, 54.68)#*

MPR, mean platelet volume and platelet ratio; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; TNF-a, tumor necrosis factor-a.
*P < 0.05 versus same group at month 0 (before the start of treatment); #P < 0.05 versus control group at month 6.
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of plasma concentration with time decreased by 30% and 14%,
respectively, compared with the fasting value. The lower appar-
ent distribution volume (average of 15 L) of indobufen in healthy
volunteers might be due to its high affinity (> 99%) for plasma
proteins (Fuccella et al., 1979; Tamassia et al., 1979). Indobufen
elimination from plasma was biphasic, and the end-stage elimi-
nation half-life (T1/2b) was 6 to 7 hours. The proportion of the ad-
ministered dose discharged from the urine within 48 hours after
administration is 70% to 80%, most of which is discharged
through the kidney in the form of a glucuronic acid conjugate;
11% to 13% is discharged in the form of unchanged drug. It was
reported in the literature (Savazzi et al., 1986) that after a single
oral dose (200 mg) and the last repeated oral plan (200 mg twice a
day for 5 days), in a stable state, the plasma level of indobufen was
about twice as high as that after a single dose, while the plasma
level distribution was similar; the Cmax was 32.6±9.3 mg/L, and

the t1/2 was 12.8±4.4 hour. The excretion rate is not affected by the
route of administration (oral or intravenous), and the renal clear-
ance rate is not affected by food (Fuccella et al., 1979; Tamassia
et al., 1979).
In patients with renal disease, the elimination of indobufen is

related to the degree of renal insufficiency (Savazzi et al., 1984).
The Cl (creatinine clearance rate ClCr < 1.2 L/h) of 11 patients
with moderate to severe renal insufficiency was 0.43 L/h, while
that of 6 healthy individuals was 1.3 L/h (ClCr > 6 L/h). T1/2 in
patients with moderate to severe renal impairment was also pro-
longed (15–48 hours). The renal clearance of drugs mainly de-
pends on the glomerular filtration function and renal tubular
transport function under the condition of renal injury. The
amount of drug filtered through the glomerulus is related to the
plasma concentration of a drug, the degree of drug binding to
plasma protein, and the glomerular filtration rate. The decrease
in the amounts of a drug filtered through the glomerulus during
renal failure is mainly the direct result of the injury to many
nephrons and the reduction in the glomerular filtration rate.
Generally, when the creatinine clearance rate is >30 mL/min,
the plasma half-life of a drug changes relatively slowly, but
when the creatinine clearance rate is <30 mL/min, the T1/2 can
be significantly prolonged, which can lead to enhanced drug ef-
fect or increased toxicity. About 75% of indobufen is excreted in
the urine in the form of glucuronic acid conjugates (Fuccella
et al., 1979; Tamassia et al., 1979), and the T1/2 of indobufen in
patients with renal insufficiency is prolonged (Savazzi et al.,
1984), which might increase the risk of bleeding and advocates
caution regarding dosage. Hence, the dose of indobufen should

TABLE 5
Comparison of the peritoneal transport function indexes between the
two groups of patients at baseline and after 6 months of indobufen
Data are mean ± S.D. PET is 4-hour peritoneal effusion corrected
creatinine value/2-hour blood creatinine value.

Time
Control group

(n 5 29)
Indobufen group

(n 5 30) P

0 months 0.704 ± 0.15 0.728 ± 0.09 0.471
6 months 0.708 ± 0.15 0.673 ± 0.10* 0.303
Difference of PET �0.004 ± 0.98 0.055 ± 0.12# 0.046
P 0.831 0.019 —

*P < 0.05 versus same group at month 0 (before the start of treatment);
#P < 0.05 versus control group at month 6.

Fig. 4. Correlation analysis between PET and PLR, PET and TNF-a in serum and peritoneal effusion of CAPD patients at baseline.
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be reduced in patients with renal insufficiency. However, the
subjects in the present study were patients undergoing CAPD
who have microinflammation and hypercoagulability. In addi-
tion, the protein binding rate of indobufen is as high as 99%
(Gł�owka and Caldwell, 2002), and PD has a certain clear-
ance effect on drugs with a high protein binding rate
(Churchwell et al., 2009). Therefore, there is usually no
bleeding and other toxicity because the excess drug is re-
moved by PD, but the dose should be reduced for patients
with renal insufficiency without PD.

During the study period, no noticeable indobufen-related ad-
verse reactions were recorded. Such a favorable safety profile
has been observed previously (Bhana and McClellan, 2001;
Liu et al., 2018; Lou et al., 2019).
There are some limitations to this study. First, a peritoneal

biopsy was not performed, preventing clarifying the inhibitory
effects of indobufen on peritoneal fibrosis. Second, the small
sample size restricted the generalization of the results. Third,
the long-term effects of indobufen on patients undergoing
CAPD were not followed up. Fourth, other inflammatory

Fig. 5. Correlation analysis between TNF-a and TGFb1, cFN and VEGF in serum (a, c, and e) and peritoneal effusion (b, d, and f) of CAPD
patients in the indobufen group after 6 months of indobufen treatment. Correlation analysis between PET and TGFb1, cFN and VEGF in serum
(j, i, and k) and peritoneal effusion (h, j, and l) of CAPD patients the indobufen group after 6 months of indobufen treatment.
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markers, such as IL-6 and peritoneal effusion cell counts,
were not collected. Hence, additional research needs to be
conducted to eliminate the aforementioned deficiencies and
to confirm our findings.
In conclusion, the present study revealed that indobufen

could improve the peritoneal transport function in patients
undergoing CAPD, and the underlying mechanism may be
related to the improvement of microinflammatory state and
peritoneal fibrosis in patients undergoing CAPD, providing a
new idea for improving the prognosis of such patients.
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