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Abstract
Background Low immune function after laparoscopic total gastrectomy puts patients at risk of infection-related 
complications. Low-dose naloxone (LDN) can improve the prognosis of patients suffering from chronic inflammatory 
diseases or autoimmune diseases. The use of LDN during perioperative procedures may reduce perioperative 
complications. The purpose of this study was to examine the effects of LDN on endogenous immune function in 
gastric cancer patients and its specific mechanisms through a randomized controlled trial.

Methods Fifty-five patients who underwent laparoscopic-assisted total gastrectomy were randomly assigned to 
either a naloxone group (n = 23) or a nonnaloxone group (n = 22). Patients in the naloxone group received 0.05 µg/
kg-1.h− 1naloxone from 3 days before surgery to 5 days after surgery via a patient-controlled intravenous injection 
(PCIA) pump, and patients in the nonnaloxone group did not receive special treatment. The primary outcomes were 
the rates of postoperative complications and immune function assessed by NK cell, CD3+ T cell, CD4+ T cell, CD8+ T 
cell, WBC count, neutrophil percentage, and IL-6 and calcitonin levels. The secondary outcomes were the expression 
levels of TLR4 (Toll-like receptor), IL-6 and TNF-α in gastric cancer tissue.

Results Compared with the nonnaloxone group, the naloxone group exhibited a lower incidence of infection (in 
the incision, abdomen, and lungs) (P < 0.05). The numbers of NK cells and CD8+ T cells in the naloxone group were 
significantly greater than those in the nonnaloxone group at 24 h after surgery (P < 0.05) and at 96 h after surgery 
(P < 0.05). Compared with those in the nonnaloxone group, the CD3 + T-cell (P < 0.05) and CD4 + T-cell (P < 0.01) counts 
were significantly lower in the naloxone group 24 h after surgery. At 24 h and 96 h after surgery, the WBC count 
(P < 0.05) and neutrophil percentage (P < 0.05) were significantly greater in the nonnaloxone group. The levels of IL-6 
(P < 0.05) and calcitonin in the nonnaloxone group were significantly greater at 24 h after surgery. At 24 h following 
surgery, the nonnaloxone group had significantly greater levels of IL-6 (P < 0.05) and calcitonin than did the naloxone 
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Background
Globally, the incidence and mortality of gastric cancer 
remain high among cancer patients. Currently, com-
prehensive surgical treatment has remained the most 
effective treatment method for gastric cancer [1]. Nev-
ertheless, surgery is likely to result in complications such 
as the circulation of cancer cells into the bloodstream, 
dysfunction of the autonomic nervous system, and isch-
aemia‒reperfusion injuries [2]. Patients experience a 
concentration of complications during the periopera-
tive period, which generally occurs between 5 and 7 days 
before surgery and 7–12 days after surgery. The incidence 
of complications caused by immune deficiency in gastric 
cancer patients was reported to be as high as 13.5% in 
one study [3]. One of the urgent issues that clinical doc-
tors must address is finding the best drugs or methods for 
reducing perioperative immune-related complications.

Naloxone is a nonselective opiate receptor antagonist 
used to manage acute opioid overdose or intoxication. In 
recent years, unconventional uses of naloxone have been 
identified. Studies [4, 5] have shown that low-dose nal-
oxone (LDN) can improve the prognosis in patients with 
chronic inflammatory diseases or autoimmune diseases. 
In addition, studies [6, 7] have suggested that the use of 
low-dose naloxone during surgery may reduce the risk of 
perioperative complications and cancer recurrence fol-
lowing surgery.

LDN can improve the prognosis in patients with breast 
cancer and gastrointestinal tumours, possibly by delaying 
tumour progression, interfering with cell signalling and 
improving immune function [8, 9]. As a result of LDN, 
macrophage function can improve, and proinflammatory 
factors can increase [10, 11]. Several studies have dem-
onstrated that perioperative LDN administration can 
significantly increase CD4+/CD8+ T-cell ratios as well as 
the number of natural killer cells. Reports [12, 13] have 
suggested that naltrexone may modulate the secretion of 
inflammatory cytokines in response to intracellular TLR 
activity, suggesting that it may affect immune cell exhaus-
tion by regulating TLRs. However, little is known about 
how LDN can improve the immune function of patients 

with gastric cancer. Therefore, the purpose of this study 
was to investigate the effects of LDN on endogenous 
immune function in gastric cancer patients and the spe-
cific underlying mechanisms by conducting a random-
ized controlled trial.

Methods
This study was a randomized controlled trial that was 
approved by the Ethics Committee of the Cancer Hos-
pital Affiliated with Shandong First Medical Univer-
sity before its initiation (SDTHEC2023003180). The 
study had already been registered at the China Clini-
cal Trial Registration Center (www.chictr.org.cn, num-
ber: ChiCTR2300077948) before patient enrolment. 
All patients were informed of the research protocol and 
signed an informed consent form before enrolment.

To determine the sample size for this study, a pilot 
study involving 20 patients was carried out as a pre-
liminary investigation. This study was conducted from 
November 24, 2023, to December 24, 2023, at the Can-
cer Hospital Affiliated with Shandong First Medical 
University. We enrolled 67 patients aged 35 to 75 years 
who underwent laparoscopic total gastrectomy and had 
American Society of Anaesthesiology (ASA) physical sta-
tus II to III. Patients with severe heart or lung disease, 
severe liver or kidney dysfunction, an allergy to naloxone, 
a history of neoadjuvant chemoradiotherapy, or an opi-
oid addiction or abuse were excluded from participation 
in the study. To generate a random arrangement given 
the number of seeds, anaesthesiologists used the SAS 
statistical software Proc Plan process statements. Sealed, 
opaque envelopes each contained a random number. This 
method allowed us to divide the enrolled patients into 
two groups: a naloxone group (n = 23) and a nonnaloxone 
group (n = 22). The naloxone group patients were treated 
with open venous channels 3 days before surgery, and 
0.05 µg/kg-1.h-1 naloxone was continuously infused with 
a patient-controlled intravenous injection (PCIA) pump; 
nonnaloxone did not undergo special treatment before 
surgery. Two groups of patients used the same anaes-
thesia methods and drugs during surgery, and to reduce 

group. Compared with those in the naloxone group, the expression levels of TLR4 (P < 0.05) in gastric cancer tissue in 
the naloxone group were greater; however, the expression levels of IL-6 (P < 0.01) and TNF-α (P < 0.01) in the naloxone 
group were greater than those in the nonnaloxone group.

Conclusion Laparoscopic total gastrectomy patients can benefit from 0.05 ug/kg− 1. h− 1 naloxone by reducing their 
risk of infection. It is possible that LDN alters the number of cells in lymphocyte subpopulations, such as NK cells, 
CD3 + T cells, and CD4 + T cells, and the CD4+/CD8 + T-cell ratio or alters TLR4 receptor expression in immune cells, 
thereby altering immune cell activity.

Trial registration The trial was registered at the Chinese Clinical Trial Registry on 24/11/2023 (ChiCTR2300077948).
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the impact of different anaesthetics on immune function, 
total intravenous anaesthesia was used for the induc-
tion and maintenance of anaesthesia in this study. Upon 
entering the operating room, the patient received electro-
cardiogram monitoring and was administered propofol, 
cisatracurium, and sufentanil to maintain a BIS of 40–60. 
During surgery, patients in the naloxone group continued 
to use the PCIA pump to inject 0.05 mg/kg-1.h-1naloxone. 
Both groups of patients used PCIA pumps to control 
postoperative pain at the end of the surgery. Sufentanil 
0.04 µg/kg-1.h-1 and saline diluted to 100 mL were used in 
the nonnaloxone group. In contrast, 0.05 µg/kg-1.h-1 nal-
oxone was added to the naloxone group.

The PCIA pump had a total volume of 100 ml, with a 
background dose of 2 mL/h, a single dose of 0.5 mL, a 
locking time of 15 min, and a maximum of 20 mL/hour. 
At 50  h after surgery, when both sets of PCIA pumps 
were exhausted, naloxone treatment replaced the PCIA 
pump; 0.05  mg/kg-1.h-1 naloxone was administered for 
another 72 h. The nonnaloxone group did not receive any 
special treatment. The number of PCIA pump compres-
sions and the degree of postoperative pain (evaluated by 
the VAS) were recorded.

The immune function of the two groups of patients 
was measured using the following methods: an elec-
tronic medical records system was used to collect rou-
tine peripheral blood from patients before surgery, one 
day after surgery, 4 days after surgery, and 6 days after 
surgery. The lymphocyte count, white blood cell count, 
and monocyte percentage were determined from routine 
blood test results. Using the same method, we extracted 
data related to patients’ peripheral blood calcitonin and 
IL-6 levels. We also recorded the patient’s hospitalization 
days, infection (abdomen, lungs), anastomotic fistula, fat 
liquefaction, and nausea/vomiting rate (recorded on the 
fourth day after the operation).

Lymphocyte subset assay
Peripheral blood samples were collected from patients 
before surgery, one day after surgery, four days after sur-
gery, and six days after surgery. Flow cytometry was used 
to analyse blood samples for lymphocyte subsets, and NK 
cells, B cells, and CD3 + T and CD4+/CD8 + T cells were 
extracted.

TLR4, IL-6, and TNF-α assays
The collection of gastric specimens for scientific research 
was performed during surgery. Three gastric cancer tis-
sues were selected and stored in liquid nitrogen. Next, 
QT-PCR technology was used to determine the levels of 
TLR4, IL-6, and TNF-α in the tissues.

Statistical analysis
The purpose of this study was to examine changes in 
immune function, the incidence of perioperative compli-
cations, and the changes in TLR4 in gastric cancer tissue 
in two groups, (the naloxone group and the nonnaloxone 
group) SPSS 27.0 statistical software was used for statis-
tical processing and analysis. The results are expressed 
herein as the means ± SDs or as numbers and percentages 
of participants, as appropriate. The measurement data 
were compared between groups using an independent 
sample t test. Repeated measures analysis of variance 
was used for intragroup comparisons at different time 
points; counting data are expressed as percentages, and 
intergroup comparisons were made using χ2 tests. Non-
normally distributed variables were analysed with the 
Mann‒Whitney U test. Differences were considered sta-
tistically significant at P < 0.05.

Results
Sixty-seven patients were initially enrolled; 2 patients did 
not meet the enrolment criteria, and 10 patients refused 
to participate in this study. The remaining 55 patients 
were randomly divided into a naloxone group and a 
nonnaloxone group. Three participants were excluded 
because of loss to follow-up (midway exit) or incom-
plete data (the patient was transferred to the ICU due to 
postoperative complications).The remaining 41 patients 
participated in the final data analysis (21 patients in 
the naloxone group and 20 patients in the nonnaloxone 
group) (Fig.  1). Neither group differed significantly in 
terms of continuous variables (age, duration of opera-
tion, weight, sufentanil dosage, BMI, NRS (nutrition risk 
screening)), TNM classification (tumour node metastasis 
classification) or categorical variables (ASA physical sta-
tus, sex, and neoadjuvant chemoradiotherapy; Table 1).

The nonnaloxone group showed a significant decrease 
in number of NK cells and CD8+ T cells at 24 h and 96 h 
after surgery compared with before surgery (P < 0.01) 
(Supplementary Table 4). At 24 h and 96 h after surgery, 
there were more NK cells and CD8+ T cells in the nal-
oxone group than in the nonnaloxone group (P < 0.05) 
(Fig.  2). Compared with those before surgery, B cells in 
the naloxone group and nonnaloxone group showed a 
certain increase at 24 h after surgery and then returned 
to the presurgical level at 96  h after surgery (P < 0.05) 
(Supplementary Table 3, Supplementary Table 4). At 24 h 
after surgery, the nonnaloxone group exhibited a signifi-
cant decrease in CD3+ T cells and CD4+ T cells com-
pared to those in the naloxone group (Fig. 2). Compared 
with that before surgery, the CD4+/CD8 + T-cell ratio of 
the nonnaloxone group decreased at 24  h after surgery 
(Supplementary Table 4). There were no significant dif-
ferences in the percentages of NK cells, B cells, CD3 + T 
cells, CD4 + T cells, or CD8 + T cells or in the CD4+/
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CD8 + T-cell ratio (Fig.  2) between the naloxone group 
and the nonnaloxone group 144 h after surgery.

Compared with those in the Naloxone group, WBC 
(P < 0.05) (Table  2) and neutrophil percentage (P < 0.01) 
(Table  2) were significantly greater in the Nonnalox-
one group at 24  h after surgery and 96  h after surgery 
(P < 0.01) (Table  2). The WBC count (P < 0.05) (Table  2) 
and percentage of neutrophils in the nonnaloxone group 
were significantly greater at 24 h after surgery and 96 h 
after surgery (Table  2). There were no significant dif-
ferences in the WBC count or neutrophil percentage 
between the groups at 144 h after surgery.

The 2 groups showed significant increases in IL-6 and 
calcitonin (P < 0.01) (Table 3) at 24 h after surgery, 96 h 
after surgery (P < 0.01) (Table 3) and 144 h after surgery 
compared with the corresponding levels before surgery. 
The levels of IL-6 (P < 0.05) (Table 3) and calcitonin in the 
nonnaloxone group were significantly greater at 24 h after 
surgery, as shown in Table  3. There were no significant 
differences in the levels of IL-6 or calcitonin between the 
groups at 144 h after surgery.

Compared to the nonnaloxone group, the naloxone 
group had a lower incidence of infection (incision, abdo-
men, lungs) (P < 0.05) (Table 4). There were no significant 
differences in anastomotic fistula, nausea/vomiting, fat 
liquefaction or hospitalization days (days) between the 
groups.

Table 1 Patient characteristics
Naloxone Nonnaloxone t value P 

value
Age (years) 63.5 ± 6.3 64±5.8 0.60 0.55
Weight (kg) 67.3 ± 7.1 65.5 ± 9.7 0.68 0.50
BMI (kg/m2) 22 ± 2.4 22 ± 2.5 0.40 0.69
Duration of opera-
tion (min)

179.9 ± 13.5 178.5 ± 17.7 0.34 0.76

sulfentanil dosage 
(ug)

57.2 ± 7.8 56.5 ± 6.9 0.32 0.75

NRS 2.33 ± 0.97 2.30 ± 1.17 0.10 0.92
TNM classification
T 1.81 ± 0.68 1.85 ± 0.75 0.18 0.86
N 1.43 ± 0.60 1.45 ± 0.91 0.12 0.90
M 0.09 ± 0.30 0.10 ± 0.31 0.05 0.96
Gender (case%) χ2 −value p 

value
Male 18 17 0.04 0.95
Female 3 3
ASA physical status 0.5 0.48
II 16 17
III 5 3
Neoadjuvant 
chemoradiotherapy

0 1

yes 0 0
No 21 20
ASA American Society of Anaesthesiologists

Fig. 1 Flow chart of the study participants
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Fig. 2 Comparison of peripheral blood lymphocyte subsets between the two groups. a Comparison of NK cells (%) between the naloxone and nonnal-
oxone groups (naloxone, n = 21. nonnaloxone, n = 20. *P < 0.05, **P < 0.01 vs. the nonnaloxone group). b Quantitative analysis of B cells (%) between the 
naloxone and nonnaloxone groups. c Quantitative analysis of CD3 + T cells (%) in the naloxone and nonnaloxone groups (naloxone, n = 21). Nonnalox-
one, n = 20. *P < 0.05, **P < 0.01 vs. the nonnaloxone group). d Quantitative analysis of CD4 + T cells (%) between the naloxone and nonnaloxone groups 
(naloxone, n = 21). Nonnaloxone, n = 20. ***P < 0.001 vs. the nonnaloxone group). e Quantitative analysis of CD8 + T cells (%) between the naloxone and 
nonnaloxone groups (naloxone, n = 21). Nonnaloxone, n = 20. **P < 0.01, ***P < 0.001 vs. the nonnaloxone group). f Quantitative analysis of the CD4+/
CD8 + T-cell ratio between the naloxone and nonnaloxone groups. (More data from Supplementary Table 1, Supplementary Table 2, Supplementary Tables 
3 and Supplementary Table 4)
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Compared with those in the nonnaloxone group, the 
TLR4 levels were lower (P < 0.05) (Fig. 3) and the IL-6 and 

TNF-α levels were greater (Fig. 3) in the naloxone group.
There were no significant differences in the VAS score 

between the groups at 1, 2, 3, 4, or 5 days after surgery 
(Fig. 4).

Discussion
According to the World Health Organization, stomach 
cancer is the fifth most common type of cancer in the 
world. China has the highest incidence of stomach can-
cer in the world. It is estimated that by 2024, there will be 
1.77 million cases of stomach cancer worldwide [14]. The 
5-year survival rate of gastric cancer patients is gradu-
ally improving with the advancement of treatment meth-
ods, such as chemotherapy, radiation therapy, targeted 
therapy, and immunotherapy. However, to date, surgery 
is still the only radical treatment method for gastric can-
cer. After laparoscopic total gastrectomy, patients may 
experience a decrease in their immune function due to 
mechanical damage to the lungs, and prolonged pneu-
moperitoneum, all of which may have adverse effects on 
their immune function. Preoperative neoadjuvant che-
motherapy and tumours inhibit patients’ endogenous 
immune system activity, and the stress response caused 
by surgical trauma causes the body to release an exces-
sive amount of inflammatory mediators. As a result, such 
patients experience more perioperative complications, 

Table 2 Changes in white blood cell counts and neutrophil 
percentages in completed blood counts

Naloxone Nonnaloxone t 
value

P 
value

WBC 
count/uL

Before 
surgery

5.74 ± 1.20 5.67 ± 0.68 0.24 0.81

24 h after
surgery

7.54 ± 1.73### 10.77 ± 1.97### 5.5 0.00

96 h after
surgery

5.75 ± 1.26 7.86 ± 1.44### 4.9 0.00

144 h 
after
surgery

6.23 ± 1.61 6.61 ± 1.85 0.67 0.49

Neutrophil 
Percent-
age (%)

Before 
surgery

61.24 ± 6.52 61.27 ± 7.59 0.01 0.99

24 h after
surgery

72.29 ± 5.71### 83.94 ± 3.37### 7.9 0.00

96 h after
surgery

66.19 ± 5.60 73.52 ± 6.86### 3.7 0.01

144 h 
after
surgery

62.6 ± 7.08 63.66 ± 6.51 0.75 0.46

# P < 0.05 versus “before surgery” for each group. ###P < 0.01 versus “before 
surgery” for each group. (More data from Supplementary Tables 5 and 
Supplementary Table 6)

Table 3 Comparison of the serum IL-6 and calcitonin concentrations between the two groups
Naloxone Nonnaloxone t value P value

IL-6 (pg/ml) Before surgery 5.48 ± 1.69 5.77 ± 1.59 0.56 0.58
24 h after
surgery

27.24 ± 8.70### 56.35 ± 16.35### 7.17 0.00

96 h after
surgery

17.43 ± 4.57### 25.69 ± 7.86### 4.10 0.00

144 h after
surgery

14.57 ± 4.73### 15.95 ± 3.27### 1.08 0.29

Calcitonin (ng/ml) Before surgery 0.04 ± 0.02 0.05 ± 0.02 1.55 0.13
24 h after
surgery

1.05 ± 0.45### 1.53 ± 0.48### 3.25 0.02

96 h after
surgery

0.80 ± 0.27### 0.95 ± 0.32### 1.57 0.12

144 h after
surgery

0.39 ± 0.18### 0.41 ± 0.20### 0.25 0.81

# P < 0.05 versus “before surgery” for each group. ###P < 0.001 versus “before surgery” for each group. (More data from Supplementary Tables 5 and Supplementary 
Table 6)

Table 4 Comparison of postoperative complication rates between the two groups
Group Number

of cases
Infection (incision, 
abdomen, lungs) (%)

Anastomotic 
fistula (%)

Fat liquefaction
(%)

nausea/vomiting 
(%)

Hospital-
ization 
days 
(days)

Naloxone 21 0 1 0 1 12.95 ± 1.72
Nonnaloxone 20 4 2 1 2 13.05 ± 1.93
χ2 −value 4.65 0.41 1.08 0.41 t value

0.17
P value 0.03 0.52 0.30 0.30 0.87
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are charged higher hospitalization costs, and are hospi-
talized for longer periods of time [15].

Naloxone has a structure similar to that of morphine 
and can specifically antagonize opioid receptors. It can 
be used for opioid overdose or alcohol at the conven-
tional dosage of 50 mg/day. For cancer patients, different 
doses of naloxone may have different effects. Research 
has shown that continuous blocking of the OGF-OGFr 
axis caused by high doses of naloxone accelerates tumour 
growth, while intermittent blockade caused by LDN 
inhibits tumour growth. Currently, 5  mg/day of LDN is 
commonly used for antitumour therapy and treatment of 
autoimmune diseases [16, 17]. In addition, 0.05 mg/kg− 1.
h− 1 naloxone has been shown to reduce the incidence 

and severity of perioperative nausea, vomiting, and pain 
[18], and this dose could also reduce postoperative com-
plications of lung cancer surgery by modulating the func-
tion of immune cells, such as CD4+/CD8+ T-cell ratios 
and macrophages [19]. This is also the reason why the 
dose of naloxone used in this study was 0.05 µg/kg-1/h− 1 
(3 days before surgery to 5 days after surgery).

Peripheral blood lymphocyte subpopulations are 
important indicators for measuring the immune func-
tion status of the body, with the most important being 
the detection of the levels of T cells, B cells, and NK cells 
[20]. NK cells are a crucial component of innate immu-
nity and respond faster to infected cells or tumour cells 
than to T cells. A study by Na HY [21] indicated that the 

Fig. 4 The visual analogue scale was used to assess the degree of pain at 1, 2, 3, 4, and 5 days after surgery. Data are presented as the means ± SDs

 

Fig. 3 The expression levels of TLR4, IL-6 and TNF-α in gastric cancer tissue. The levels are presented as the means ± SDs. Significantly different from the 
nonnaloxone group at ***P < 0.001, *P < 0.05
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level of NK cells is strongly correlated with postopera-
tive complications in gastric cancer patients. After acti-
vation, CD8 + T cells differentiate into cytotoxic T cells, 
which secrete many cytokines. These cytokines, together 
with NK cells, form a crucial line of defence for the 
body’s antiviral and antitumour immunity. In this study, 
we found that compared with those before surgery, NK 
cells and CD8 + T cells were significantly lower in the 
nonnaloxone group at 24 h (P < 0.05) and 96 h after sur-
gery (P < 0.01) (Supplementary Table 4). Similarly, the 
numbers of NK cells and CD8 + T cells were significantly 
greater in the naloxone group than in the nonnaloxone 
group at 24 h (P < 0.05) and 96 h after surgery (P < 0.05) 
(Fig.  2). According to these findings, perioperative use 
of naloxone can reduce the decrease in NK cells and 
CD8 + T cells in patients with gastric cancer following 
surgery. A greater density of NK cells and CD8 + T cells 
predicts a reduced incidence of postoperative complica-
tions in gastric cancer patients.

Different anaesthetic drugs exert immunoregulatory 
effects via different mechanisms. In vitro experiments 
have shown that high-dose opioids further decrease the 
production of cytokines (IL-2, IL-4, and IL-6) by inhibit-
ing the proliferation of T cells, B cells, and NK cells [22]. 
Propofol, a sedative used for general anaesthesia, regu-
lates autonomic nervous system tension during general 
anaesthesia, further improves perioperative immune 
function, and reduces cancer recurrence rates after sur-
gery [23]. Unlike propofol, volatile anaesthetics have been 
shown to promote the growth of tumours [24, 25]. In this 
study, total intravenous anaesthesia was used for both the 
induction and maintenance of anaesthesia, and multiple 
types of anaesthetics were minimized during the anaes-
thesia process with the goal of reducing their impact on 
outcomes.

It is believed that CD3+ T cells represent the state of 
human cellular immune function and are a key indica-
tor of both cellular immunity and the inflammatory 
response. CD4 + T-cell-inducible T cells/helper T cells are 
important hub cells for regulating the immune response. 
It is important to note that CD4+ T cells are inducible 
T cells/helper T cells that are important hub cells for 
regulating the immune response. The absolute count 
of CD4 + T cells usually fluctuates greatly depending on 
physiological conditions, while the ratio of CD4 + T cells 
to CD8+ T cells is relatively stable. When the CD4 + T-cell 
count is less than 200 and the CD4+/CD8 + T-cell ratio 
is less than 0.20, the likelihood of developing multiple 
opportunistic infections increases, as does the likelihood 
of multiple infections occurring simultaneously with the 
progression of the disease [26]. According to the statisti-
cal analysis of the results from this study, Naloxone had 
no significant effect on the number of B cells in gastric 
cancer patients, while in contrast with the naloxone 

group, the nonnaloxone group showed a significant 
decrease in CD3+ T cells and CD4+ T cells 24 h after sur-
gery (Supplementary Table 3, Supplementary Table 4). 
The CD4+/CD8+ T-cell ratio in the nonnaloxone group 
decreased significantly after surgery (Fig.  2). According 
to these results, LDN slowed the decrease in CD3 + T 
cells and CD4+ T cells after gastric cancer treatment. 
The results of this study are consistent with the findings 
of Hamme’s [27] research, which indicates that LDN may 
exert an immunomodulatory effect by modifying the 
number of immune cells in lymphocyte subpopulations, 
thereby reducing postoperative complications in gastric 
cancer patients.

Tur-Martíne’s [28] findings suggest that systemic 
inflammation caused by the WBC count and neutrophil 
count has harmful effects on postoperative gastric cancer 
patients. An elevated leukocyte count is also a valuable 
indicator of stress response, wound infection, and lung 
infection. In addition, the WBC and neutrophil counts 
could also inhibit the antitumour effect of NK cells and 
cytotoxic T cells. We found that the nonnaloxone group 
had significantly greater WBC counts (P < 0.05) (Table 2) 
and neutrophil percentages (P < 0.01) (Table  2) at 24  h 
after surgery and 96  h after surgery (P < 0.01) (Table  2). 
The WBC counts (P < 0.05) (Table  2) and neutrophil 
percentages in the nonnaloxone group were signifi-
cantly greater at 24 h after surgery and 96 h after surgery 
(Table 3). In other words, our perioperative application of 
LDN can reverse the postoperative increase in leukocytes 
in patients with gastric cancer. This can further reduce 
the incidence of postoperative complications in patients 
with gastric cancer.

IL-6, which is produced by lymphoid cells as well as 
certain nonlymphoid cells, such as macrophages, mono-
cytes, dendritic cells, and mast cells, is one of the most 
common cytokines associated with inflammation. IL-6 
plays an important role in host defence by regulating 
immune and inflammatory responses. Studies [29] have 
shown that LDN reduces the release of proinflamma-
tory cytokines such as IL-6, IL-12 and tumour necrosis 
factor by blocking Toll-like receptors in T lymphocytes. 
Calcitonin is an important hormone in the human body 
that is mainly secreted by parafollicular cells of the thy-
roid gland. It can regulate the metabolism of calcium and 
phosphorus in the body and participate in the balance 
of calcium and phosphorus in the body. High calcitonin 
levels may be caused by diseases such as medullary thy-
roid cancer, small cell lung cancer, and medullary thy-
roid cancer, as well as by bacterial or fungal infections, 
allergies, and other reasons [30]. Our research revealed 
that the 2 groups exhibited significant increases in IL-6 
(P < 0.01) (Table 4) and calcitonin 24 h after surgery, 96 h 
after surgery (P < 0.01) (Table 3) and 144 h after surgery. 
The levels of IL-6 (P < 0.05) (Table 3) and calcitonin in the 
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nonnaloxone group were significantly greater at 24 h after 
surgery. These results indicate that perioperative nalox-
one use can delay the increase in the levels of IL-6 and 
calcitonin in postoperative gastric cancer patients. Our 
research results are consistent with those of Li, Meng-
Yun et al. [31], who reported that perioperative admin-
istration of opioid antagonists suppressed the expression 
of proinflammatory cytokines, which resulted in the sup-
pression of inflammatory reactions.

Postoperative complications are given a high degree of 
attention. In numerous studies [32, 33], LDN has been 
shown to significantly decrease pain intensity, opioid 
drug consumption, and opioid-induced nausea and pru-
ritus following surgery. The purpose of this study, how-
ever, was to observe the complications caused by changes 
in immune function. The use of 0.05 µg/kg-1.h-1 naloxone 
during the perioperative period reduced the rate of post-
operative infection complications (incision, abdomen, 
and lungs) among patients who underwent laparoscopic 
total gastroplasties (Table  4). For the first time, this 
article reports that 0.05 µg/kg-1.h-1 naloxone can reduce 
the incidence of postoperative complications associated 
with infection in patients undergoing laparoscopic total 
gastrectomy.

To explore the specific mechanism by which LDN 
reduces postoperative complications, we conducted sci-
entific research on gastric cancer tissue and analysed 
the expression levels of TLR4, IL-6 and TNF-α. One 
study [34] demonstrated that LDN protects against the 
inflammatory response induced by autoimmune hepa-
titis, which may be related to its ability to suppress IL-6 
and TNF-α secretion and interfere via modulation of the 
TLR4/NF-ƙB signalling pathways. Our research results 
indicate that LDN reduces the expression level of TLR4 
in gastric cancer tissue and increases the expression level 
of IL-6 in gastric cancer tissue. This may be because LDN 
leads to the activation of IL-6 and TNF-α secretion by 
CD8 + T cells through the TLR4/AKT/mTOR pathway 
[34]. However, its specific molecular biological mecha-
nism needs to be further studied.

LDN has been shown to potentiate opioid analgesia 
and reduce postoperative pain [35]. Unfortunately, this 
study did not show that LDN improved postoperative 
VAS scores in patients with gastric cancer, possibly due 
to the different types of surgeries used in this study (total 
gastrectomy) compared to those used by other research-
ers (lobectomy). The results of this study indicate that 
0.05  µg/kg-1.h-1 naloxone does not increase postopera-
tive pain and can be safely used in patients undergoing 
laparoscopic total gastrectomy. This study also shows 
that LDH does not reduce the incidence of postoperative 
nausea and vomiting in patients. This finding is inconsis-
tent with the results of some researchers [36], which may 

be due to the impact of different surgical methods on the 
research results.

There are four limitations in this study. First, the long-
term recurrence rate of tumours was not observed. Stud-
ies indicate that LDN exerts its immunoregulatory effects 
by binding to opioid receptors in or on tumour cells 
and immune cells. In the treatment of cancer and other 
immune-related diseases, LDN may prove to be an effec-
tive immunomodulatory agent [37]. Second, naloxone 
was administered at a dosage of 0.05 mg/kg-1.h-1 in this 
study, and the impact of other concentrations of nalox-
one on postoperative gastric cancer patients needs to be 
investigated further. Third, in this study, only the changes 
in TLR4 in gastric cancer tissues were studied, and other 
proteins involved in signal transduction pathways were 
not studied. In the next step, we will design experiments 
to study the specific molecular biological mechanism 
involved. Fourth, research has shown that naloxone may 
improve patients’ immune function by affecting macro-
phage function [38]. However, this study did not investi-
gate macrophage changes. Next, we will conduct animal 
experiments to explore the specific molecular and bio-
logical mechanisms involved.

Conclusion
Overall, 0.05 ug/Kg-1.h-1 naloxone can reduce the rate of 
postoperative infection complications (incision, abdo-
men, and lungs) in patients who undergo laparoscopic 
total gastrectomy. This may be because at this dosage, 
naloxone alters the number of NK, CD3 + T, CD4 + T and 
CD4+/CD8 + T cells in the lymphocyte subpopulations or 
alters TLR4 receptor expression in immune cells and thus 
induces changes in their activity.
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LDN  low-dose naloxone
ASA  American Society of Anaesthesiologists
CD  clusters of differentiation
OGF-OGFr  opioid growth factor-opioid growth factor receptor
TLR  Toll-like receptor
PCIA  patient-controlled intravenous analgesia
T cells  T lymphocytes
VAS  visual analogue scale
WBC  white blood cell
NRS  nutritional risk screening
TNM classification  (tumour node metastasis classification)

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12871-024-02524-7.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

https://doi.org/10.1186/s12871-024-02524-7
https://doi.org/10.1186/s12871-024-02524-7


Page 10 of 11Min et al. BMC Anesthesiology          (2024) 24:172 

Supplementary Material 6

Acknowledgements
We would like to thank sincerely Professor Leng Yufang and Teacher Xing 
Huaixin for their efforts and performance during this study.

Author contributions
Xiangzhen Min and Yan Ma contributed equally to this work. Xiangzhen Min, 
Renjun, Lv and Yufang Leng designed the research; Shoucai Xu, Jie Guo and 
Huaixin Xing collected the data; Xiaoxi Li, Jianmin Zhang, Xiuqin Wang and 
Yan Ma analysed the data; Xiangzhen Min wrote the paper. Yufang Leng and 
Huaixin Xing contributed equally to this study and should be considered as 
cocorresponding authors.

Funding
This study was supported by the Beijing Medical Award Foundation with 
Project No YXJL-2023-0551-0143.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of the Cancer 
Hospital Affiliated with Shandong First Medical University before its start 
(SDTHEC2023003180). The trial was registered at the Chinese Clinical Trial 
Registry on 24/11/2023 (ChiCTR2300077948). All patients were informed of 
the research protocol and signed an informed consent form before enrolment.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1The First School of Clinical Medicine, Lanzhou University, Lanzhou, 
Gansu, China
2Department of Anesthesiology, Shandong Cancer Hospital and Institute 
Affiliated to Shandong First Medical University, Shandong Academy of 
Medical Science, Jinan, Shandong, China
3Department of Anesthesiology, Affiliated Hospital of Shandong 
University of Traditional Chinese Medicine, Jinanm, Shandong Province, 
China
4Department of Anesthesiology, The First Hospital of Lanzhou University, 
Lanzhou, Gansu, China

Received: 26 December 2023 / Accepted: 5 April 2024

References
1. Dubowitz JA, Sloan EK, Riedel BJ. Implicating anaesthesia and the periop-

erative period in cancer recurrence and metastasis. Clin Exp Metastasis. 
2018;35(4):347–58.

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 
F. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and 
Mortality Worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209–49.

3. Tian Y, Li Q, Pan Y. Prospective study of the effect of ERAS on postoperative 
recovery and complications in patients with gastric cancer. Cancer Biol Med. 
2021;19(8):1274–81.

4. Liu WM, Dalgleish AG. Naltrexone at low doses (LDN) and its relevance to 
cancer therapy. Expert Rev Anticancer Ther. 2022;22(3):269–74.

5. Patten DK, Schultz BG, Berlau DJ. The Safety and Efficacy of Low-Dose 
Naltrexone in the management of Chronic Pain and inflammation in multiple 

sclerosis, Fibromyalgia, Crohn’s Disease, and other Chronic Pain disorders. 
Pharmacotherapy. 2018;38(3):382–9.

6. Couto RD, Fernandes BJD. Low doses Naltrexone: the potential Benefit effects 
for its use in patients with Cancer. Curr Drug Res Rev. 2021;13(2):86–9.

7. Liu WM, Scott KA, Dennis JL, Kaminska E, Levett AJ, Dalgleish AG. Nal-
trexone at low doses upregulates a unique gene expression not seen 
with normal doses: implications for its use in cancer therapy. Int J Oncol. 
2016;49(2):793–802.

8. Wang HY, Friedman E, Olmstead MC, Burns LH. Editorial note: Ultra-low-dose 
naloxone suppresses opioid tolerance, dependence, associated changes in 
mu opioid receptor-G protein coupling, Gβγ signalling [Neuroscience 135(1)
(2005)247–261]. Neuroscience 2022, 482:186–188.

9. Candy B, Jones L, Vickerstaff V, Larkin PJ, Stone P. Mu-opioid antagonists for 
opioid-induced bowel dysfunction in people with cancer and people receiv-
ing palliative care. Cochrane Database Syst Rev. 2022;9(9):CD006332.

10. Kazemi R, Mohammadi M, Salimiyan S, Aliakbari S, Ahmadi M, Mohammad 
Reza R. Long-Term effects of low-dose naltrexone on Immunomodulatory 
properties of Human adipose-derived mesenchymal stem cells. Iran J Immu-
nol. 2023;20(2):219–31.

11. Lin Y, Miao Z, Wu Y, Ge FF, Wen QP. Effect of low dose naloxone on the 
immune system function of a patient undergoing video-assisted thora-
coscopic resection of lung cancer with sufentanil controlled analgesia - a 
randomized controlled trial. BMC Anesthesiol. 2019;19(1):236.

12. Cant R, Dalgleish AG, Allen RL. Naltrexone inhibits IL-6 and TNFα produc-
tion in Human Immune Cell subsets following Stimulation with ligands for 
Intracellular Toll-Like receptors. Front Immunol. 2017;8:809.

13. Zhou X, Fang D, Liu H, Ou X, Zhang C, Zhao Z, Zhao S, Peng J, Cai S, He Y, et 
al. PMN-MDSCs accumulation induced by CXCL1 promotes CD8(+) T cells 
exhaustion in gastric cancer. Cancer Lett. 2022;532:215598.

14. Alsina M, Arrazubi V, Diez M, Tabernero J. Current developments in gastric 
cancer: from molecular profiling to treatment strategy. Nat Rev Gastroenterol 
Hepatol. 2023;20(3):155–70.

15. Kanda M. Preoperative predictors of postoperative complications after gastric 
cancer resection. Surg Today. 2020;50(1):3–11.

16. Li Z, You Y, Griffin N, Feng J, Shan F. Low-dose naltrexone (LDN): a promising 
treatment in immune-related diseases and cancer therapy. Int Immunophar-
macol. 2018;61:178–84.

17. Molla Hassan AT, Hassan ZM, Moazzeni SM, Mostafaie A, Shahabi S, Ebtekar 
M, Hashemi SM. Naloxone can improve the anti-tumor immunity by reducing 
the CD4 + CD25 + Foxp3 + regulatory T cells in BALB/c mice. Int Immunophar-
macol. 2009;9(12):1381–6.

18. Qian Y, Huang Z, Wang G, Han J, Zhou D, Ding H, Zhang X. Low-dose nalox-
one for prophylaxis of sufentanil-induced choking and postoperative nausea 
and vomiting. Front Pharmacol. 2022;13:1050847.

19. Yang H, Gu X, Xu M, Yang G, Rao Y, Gao L, Gong G, He S. Preventing nausea 
and vomiting after gynecological laparoscopic surgery by patient-controlled 
intravenous analgesia with a naloxone admixture: a randomized controlled 
trial. Med (Baltim). 2022;101(29):e29584.

20. Machado MC, da Costa-Neto JM, Portela RD, D’Assis M, Martins-Filho OA, 
Barrouin-Melo SM, Borges NF, Silva FL, Estrela-Lima A. The effect of naltrexone 
as a carboplatin chemotherapy-associated drug on the immune response, 
quality of life and survival of dogs with mammary carcinoma. PLoS ONE. 
2018;13(10):e0204830.

21. Na HY, Park Y, Nam SK, Koh J, Kwak Y, Ahn SH, Park DJ, Kim HH, Lee KS, Lee 
HS. Prognostic significance of natural killer cell-associated markers in gastric 
cancer: quantitative analysis using multiplex immunohistochemistry. J Transl 
Med. 2021;19(1):529.

22. Bataduwaarachchi VR, Hansanie S, Rockwood N, D’Cruz LG. Immunomodu-
latory properties of morphine and the hypothesised role of long-term 
opioid use in the immunopathogenesis of tuberculosis. Front Immunol. 
2023;14:1265511.

23. Li R, Liu H, Dilger JP, Lin J. Effect of Propofol on breast Cancer cell, the 
immune system, and patient outcome. BMC Anesthesiol. 2018;18(1):77.

24. Liu B, He X, Wang Y, Huang JW, Zheng YB, Li Y, Lu LG. Bibliometric Analysis 
of γδ T Cells as Immune regulators in Cancer Prognosis. Front Immunol. 
2022;13:874640.

25. Benesch MGK, Skitzki JJ. Impact of anesthesia choice in cutaneous melanoma 
surgery. Melanoma Res 2023.

26. Garrido-Rodríguez V, Herrero-Fernández I, Castro MJ, Castillo A, Rosado-Sán-
chez I, Galvá MI, Ramos R, Olivas-Martínez I, Bulnes-Ramos Á, Cañizares J, et 
al. Immunological features beyond CD4/CD8 ratio values in older individuals. 
Aging. 2021;13(10):13443–59.



Page 11 of 11Min et al. BMC Anesthesiology          (2024) 24:172 

27. Hammer LA, Waldner H, Zagon IS, McLaughlin PJ. Opioid growth factor and 
low-dose naltrexone impair central nervous system infiltration by CD4 + T 
lymphocytes in established experimental autoimmune encephalomyelitis, a 
model of multiple sclerosis. Exp Biol Med (Maywood). 2016;241(1):71–8.

28. Tur-Martínez J, Osorio J, Pérez-Romero N, Puértolas-Rico N, Pera M, Delgado S, 
Rodríguez-Santiago J. Preoperative neutrophil-to-lymphocyte ratio behaves 
as an independent prognostic factor even in patients with postoperative 
complications after curative resection for gastric cancer. Langenbecks Arch 
Surg. 2022;407(3):1017–26.

29. Sikora M, Rakowska A, Olszewska M, Rudnicka L. The Use of Naltrexone in 
Dermatology. Current evidence and future directions. Curr Drug Targets. 
2019;20(10):1058–67.

30. Rahman SM, Buchholz DW, Imbiakha B, Jager MC, Leach J, Osborn RM, Bir-
mingham AO, Dewhurst S, Aguilar HC, Luebke AE. SARS-CoV-2 induces acute 
neurological signs while Calcitonin Gene-Related Peptide (CGRP) signaling 
blockade reduces interleukin 6 (IL-6) release and weight loss in mouse mod-
els. bioRxiv 2023.

31. Li MY, Chen C, Wang ZG, Ke JJ, Feng XB. Effect of Nalmefene on delayed neu-
rocognitive recovery in Elderly patients undergoing video-assisted thoracic 
surgery with one lung ventilation. Curr Med Sci. 2020;40(2):380–8.

32. Firouzian A, Gholipour Baradari A, Alipour A, Emami Zeydi A, Zamani Kiasari A, 
Emadi SA, Kheradmand B, Hadadi K. Ultra-low-dose naloxone as an adjuvant 
to patient controlled Analgesia (PCA) with Morphine for Postoperative Pain 
Relief following Lumber Discectomy: a Double-blind, randomized, placebo-
controlled trial. J Neurosurg Anesthesiol. 2018;30(1):26–31.

33. Barrons RW, Woods JA. Low-dose naloxone for Prophylaxis of postoperative 
nausea and vomiting: a systematic review and Meta-analysis. Pharmaco-
therapy. 2017;37(5):546–54.

34. Ibrahim KM, Ahmed HI, Ramadan L, Balah A. A low dose of naloxone 
mitigates autoimmune hepatitis by regulating TLR4/NF-κB and Nrf2/HO-1 
signaling pathways. Inflammopharmacology. 2023;31(5):2467–78.

35. Hummig W, Baggio DF, Lopes RV, Dos Santos SMD, Ferreira LEN, Chichorro JG. 
Antinociceptive effect of ultra-low dose naltrexone in a pre-clinical model of 
postoperative orofacial pain. Brain Res. 2023;1798:148154.

36. Rauck RL, Hale ME, Bass A, Bramson C, Pixton G, Wilson JG, Setnik B, Meisner P, 
Sommerville KW, Malhotra BK, et al. A randomized double-blind, placebo-
controlled efficacy and safety study of ALO-02 (extended-release oxycodone 
surrounding sequestered naltrexone) for moderate-to-severe chronic low 
back pain treatment. Pain. 2015;156(9):1660–9.

37. Qu N, Meng Y, Handley MK, Wang C, Shan F. Preclinical and clinical studies 
into the bioactivity of low-dose naltrexone (LDN) for oncotherapy. Int Immu-
nopharmacol. 2021;96:107714.

38. Yi Z, Guo S, Hu X, Wang X, Zhang X, Griffin N, Shan F. Functional modula-
tion on macrophage by low dose naltrexone (LDN). Int Immunopharmacol. 
2016;39:397–402.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Effects of perioperative low-dose naloxone on the immune system in patients undergoing laparoscopic-assisted total gastrectomy: a randomized controlled trial
	Abstract
	Background
	Methods
	Lymphocyte subset assay
	TLR4, IL-6, and TNF-α assays
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


