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Purpose: To evaluate the effect of dezocine on the postoperative ratio of Th1/Th2 cytokines 
in patients undergoing laparoscopic radical gastrectomy.
Patients and Methods: Sixty patients undergoing laparoscopic radical gastrectomy were 
randomly divided into two groups (n=30): dezocine group (Group D) and sufentanil group 
(Group S). They received patient-controlled intravenous analgesia (PCIA) after the operation 
with either dezocine 0.8 mg/kg (Group D) or sufentanil 2 µg/kg (Group S). Both groups also 
received ondansetron 8 mg diluted to 100 mL with saline. The primary outcome was the Th1/ 
Th2 cytokines ratio at predetermined intervals, 30 min before the induction of general 
anaesthesia and 0, 12, 24 and 48 h after surgery. The secondary endpoints were patients’ 
pain scores, measured on a visual analogue scale (VAS) at predetermined intervals (0, 12, 24 
and 48 h after surgery), and side effects at follow-up 48 h after surgery.
Results: The Th1/Th2 cytokines ratio in Group D was significantly higher than Group 
S (P<0.05) 12, 24 and 48 h after the operation. There were no significant differences in VAS 
pain scores between groups at 0, 12, 24 and 48 h after surgery (P>0.05). Compared to Group 
S, the incidence of postoperative nausea, vomiting and lethargy was significantly lower in 
Group D (P<0.05).
Conclusion: Dezocine increases the ratio of Th1/Th2 cytokines, relieves postoperative pain 
and causes fewer side effects in patients undergoing laparoscopic radical gastrectomy.
Keywords: dezocine, gastric cancer, laparoscopic radical operation, postoperative analgesia, 
Th1/Th2 cytokines

Introduction
Laparoscopic radical gastrectomy has become the preferred treatment for gastric cancer 
due to its advantages over traditional open procedures, including reduced trauma, less 
bleeding and faster recovery.1 However, moderate to severe postoperative pain can 
cause a strong stress response in patients, leading to decreased immune function and 
a greater risk of postoperative tumour recurrence and metastasis.2–4

Postoperative analgesia management is closely related to postoperative recovery, 
and some studies suggest that it is associated with the long-term prognosis of tumors.5 

T helper (Th) lymphocytes play an important role in antitumour immunity. An imbal-
ance of Th cells is related to metastasis and recurrence of malignant gastrointestinal 
tumours, especially adecreasedTh1/Th2 ratio.6 Multiple studies have shown that 
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scientific and rational selection of postoperative analgesics 
can effectively relieve pain and reduce stress, perioperative 
complications and interference with the patient’s immune 
system and tumour cells, which directly and indirectly affect 
the prognosis.7,8 A good postoperative analgesic effect can 
improve the immunosuppressive state of the patient, promot-
ing the differentiation and balance of Th cells and helping to 
maintain the balance of cellular immunity and humoral 
immunity.7–11

The most commonly used opioid analgesic in patient- 
controlled intravenous analgesia (PCIA) is sufentanil;11 

however, it’s the adverse reactions associated with this 
drug are serious, and studies have shown that it inhibits 
immune function.10,12,13 As a new potent synthetic opioid 
analgesic, dezocine is mostly used for moderate to severe 
analgesia. It is characterised by complete activation of the 
κ receptor, spinal cord analgesia, mild sedation and 
respiratory depression. It is a μ receptor antagonist, so it 
presents a smaller risk of addiction.14,15 In addition, the 
latest research shows that dezocine can regulate immune 
function by affecting the activity of NK cells, CD4+ cells, 
CD8+ cells and dendritic cells.13,16,17 However, the effect 
of dezocine on Th cell differentiation remains unclear. 
Therefore, this study aimed to investigate the effect of 
dezocine on the ratio of Th1/Th2 cytokines in patients 
receiving postoperative analgesia following laparoscopic 
radical gastrectomy and provide a more reliable basis for 
perioperative analgesia of tumour patients.

Materials and Methods
Patients
The institutional Research Ethics Board approved the 
study protocol (KYLW-2019LW28) for this prospective, 
randomised, double-blind clinical trial. The study was 
registered at the Chinese Clinical Trial Registry (http:// 
www.chictr.org.cn; ID: ChiCTR2000033754) on June 11, 
2020. The authors adhered to the Consolidated Standards 
of Reporting Trials (CONSORT) guidelines for reporting 
randomised controlled trials.

Study Protocol
After providing written informed consent, 60 patients clas-
sified as American Society of Anesthesiologists (ASA) 
physical status class I or II, aged 30–60 years and sched-
uled for laparoscopic radical gastrectomy between July 
and December 2020 in the Second Hospital of Shandong 
University were considered eligible to participate in the 

trial. The major exclusion criteria were as follows: pre-
operative cognitive dysfunction; history of severe hyper-
tension or heart disease; severe respiratory disease; 
immune system disease; endocrine system disease; blood 
system disease; acute or chronic infectious disease; hepatic 
or renal dysfunction; recent antidepressant, sedative, 
analgesic or glucocorticoid use; allergy to the drugs used 
in the study; recent history of radiotherapy, chemotherapy 
or immunosuppressant application; perioperative blood 
transfusion; past history of abdominal surgery; transferred 
to open surgery; required reoperation or infection within 
48 h after operation; failure to complete data collection; 
and refusal to participate in the study. Patients were ran-
domly assigned in a blinded fashion (using a sealed opa-
que envelope system) to the dezocine group (Group D) or 
the sufentanil group (Group S). Before the study proce-
dure, all patients received training on how to use the PCIA 
pump over the 48-h postoperative follow-up period and 
how to use the 10-cm visual analogue scale (VAS) to 
record pain (from 0, no pain, to 10, the worst imaginable 
pain). They were all encouraged to press the analgesia 
pump during the preoperative education session and post-
operative follow-up periods. All patients fasted for at least 
12 h before the procedure, and no premedication was 
administered before anaesthesia. Following their arrival 
in the operation room, patients received standard ASA 
and bispectral index (BIS) monitoring throughout the pro-
cedure. All patients received completely intravenous 
anaesthesia and mechanical ventilation. Anaesthesia was 
induced with 1.5–3.0 mg/kg of propofol, 0.3 µg/kg of 
sufentanil and 0.6 mg/kg of rocuronium. Anaesthesia was 
maintenance was performed with a continuous intravenous 
infusion of 3–10 mg/kg/h of propofol and 0.05–0.2 µg/kg/ 
min of remifentanil. During surgery, heart rate (HR) was 
maintained at 60–100 beats/min, mean arterial pressure 
(MAP) was kept within ±20% of the baseline value, 
saturation of peripheral oxygen (SPO2) was 98–100%, 
end-tidal carbon dioxide (ETCO2) was 35–45 mmHg, 
and BIS was 40–60. Patients were given ondansetron 
4 mg intravenously 10 min before the skin incision, sup-
plemented with sufentanil 0.3 µg/kg. Rocuronium or 
vasoactive agents were administered as appropriate during 
the procedure. Propofol and remifentanil were stopped 15 
min before the end of the operation, and no antagonist was 
used. After the patient’s steward score (0–6 points, ranging 
from an unresponsive, immobile patient whose airway 
requires maintenance to a fully recovered patient) was 
greater than 6 points, the tracheal tube was removed, and 
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they were transferred to the postanaesthesia care unit for 
observation for 30 min before being sent back to the 
general ward. All operations were performed by the same 
surgical team. PCIA was initiated at the end of the surgery. 
The study medication and PCIA solutions were prepared 
by a nurse who did not participate in the study. The 
patients and all research staff who enrolled patients and 
collected study data were blinded to group assignment. 
The PCIA protocol was dezocine 0.8 mg/kg (Group D) 
or sufentanil 2 µg/kg (Group S) and ondansetron 8 mg 
diluted to 100 mL (background infusion volume was 
2 mL/h, load volume was 5 mL, locking time was 15 
min, and additional volume was 0.5 mL).

The primary outcome was the ratio of Th1/Th2 cyto-
kines at predetermined intervals, 30 minutes before the 
induction of general anaesthesia and 0, 12, 24 and 48 
h after surgery. Venous blood samples (3mL) were col-
lected for the determination of serum concentrations of 
Th1 cytokines (IFN-γ and IL-2) and Th2 cytokines (IL-6 
and IL-4), assessed by enzyme-linked immune sorbent 
assay. The Th1/Th2 cytokines equilibrium was evaluated 
based on the level of IFN-γ/IL-4, from which the Th1/Th2 
cytokines ratio was calculated.18,19 The secondary end-
point was the VAS pain scores, which were measured at 
predetermined intervals (0, 12, 24 and 48 h) after surgery. 
If the patient-reported VAS score was ≥4, the analgesic 
pump was first pressed to add drugs, then the patient was 
re-evaluated after 15 min. If necessary, 3 μg sufentanil was 
intravenously injected as an emergency analgesic measure 
until the VAS score was<4. Emergency analgesia use of 
sufentanil and the dosage of intraoperative sufentanil and 
remifentanil were respectively recorded. Besides, the 
dosage of post-operative dezocine and sufentanil. 
Postoperative follow-up records were completed by the 
acute pain group, who were blinded to the group alloca-
tion. Furthermore, side effects such as lethargy, nausea and 
vomiting (PONV), pruritus, urinary retention, bradycardia 
(HR <50 beats/min) and respiratory depression (RR<10 
beats/min lasting for more than 10 min) were recorded, 
along with other severe adverse reactions for the first 48 
h postoperative. PONV was treated with ondansetron 
4 mg, bradycardia was treated with atropine, and respira-
tory depression was treated with oxygen or naloxone until 
the patient’s RR was ≥15 beats/min. Moreover, patients 
with pruritus needed a lower dose of opioids, and patients 
with urinary retention required catheterisation. All patients 
were followed up for 48 h by the same resident anaesthe-
siologist who was blinded to the group allocation.

Statistical Analyses
The sample size was calculated using PASS 11.0 
(NCSS-PASS 11, USA). According to the results of 
a preliminary experiment, the Th1/Th2 cytokines ratio, 
representing the major endpoint at 48 h after surgery, 
was 3.85±0.45 and 3.52±0.36 in Group D and Group S, 
respectively. The power for the endpoint was calculated 
based on a two-sample t-test with a significance level of 
5% and β power of 0.20. The sample size of each group 
was calculated to be 24 cases; therefore, considering 
a 20% dropout rate, 60 patients (30 patients per group) 
would be sufficient in the present trial. SPSS 22.0 
(SPSS Inc. Armonk, NY, USA) was used for all statis-
tical analyses. Patient characteristics were compared by 
independent samples t-test or Mann–Whitney U-test for 
continuous variables and chi-squared test for categorical 
variables. The VAS scores and Th1/Th2 ratios were 
analysed by independent t-test or Mann–Whitney 
U-test, as appropriate. Analysis of variance was per-
formed within groups for normally distributed variables. 
The Friedman test was used for repeated measures ana-
lysis of nonnormally distributed variables. The incidence 
of postoperative adverse events was compared by the 
chi-squared test or Fisher’s exact test. P-values less than 
0.05 were considered statistically significant. Data are 
expressed as mean ± standard deviation (SD) or the 
number (proportion) as appropriate.

Results
A total of 71 patients were recruited for this study. Of 
these patients, 60 completed the study and were included 
in the final statistical analysis. Eleven patients were 
ineligible as they did not meet the inclusion criteria or 
refused to participate (Figure 1). There were no clinically 
important differences between groups in terms of sex, 
age, ASA, body mass index (BMI), anaesthesia time, 
operative time, intraoperative sufentanil dosage, post-
operative emergency sufentanil dosage or remifentanil 
dosage (Table 1). The dosage of post-operative dezocine 
(mg) and sufentanil (μg): 51.2± 12.8 vs 129.4±12.4. The 
ratio of Th1/Th2 cytokines in Group D was significantly 
higher than Group S (P<0.05) 12, 24 and 48 h after the 
operation (Figure 2). Compared to 30 min before surgery, 
the Th1/Th2 cytokines ratio in both groups was signifi-
cantly lower (P<0.05) 0, 12, 24 and 48 h after the 
operation (Figure 2). There was no significant difference 
in the ratio of Th1/Th2 cytokines between the groups 
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(P>0.05) 30 min before surgery and 0 h after surgery 
(Figure 2). There was no significant difference between 
the groups in VAS pain scores at 0, 12, 24 and 48 
h postoperative (P>0.05; Figure 3). Moreover, compared 
to Group S, the incidence of lethargy and PONV was 
lower in Group D (P<0.05). Furthermore, there were no 
significant differences in the incidence of pruritus, urin-
ary retention or respiratory depression between the 
groups (P>0.05), and no patients in the trial experienced 
bradycardia (Table 2).

Discussion
We conducted this study to investigate the effects of dezocine 
on postoperative analgesia and the Th1/Th2 cytokines ratio 
in patients undergoing laparoscopic radical gastrectomy. The 
present trial demonstrated that there were no significant 
differences in VAS pain scores between the two groups 0, 
12, 24 and 48 h after surgery, indicating that dezocine can 
effectively reduce postoperative pain. Therefore, we can 
exclude a potential effect of differences in postoperative 
pain on the Th cell differentiation results. In previous studies 

Figure 1 Flow diagram of the study.
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of the analgesic properties of dezocine, the potency of 10 mg 
of dezocine was reported to be equal to 50 mg of meperidine 
and 10 mg of morphine, indicating that it might be an 
effective analgesic drug for the management of perioperative 
pain.11,20 Additionally, the spinal effect of dezocine, which 
occurs through interactions with κ receptors, produces 
a unique action in the treatment of visceral pain.21 This 
characteristic probably makes it more effective for relieving 
visceral pain after gastric cancer surgery. However, one 
meta-analysis reported that there is no significant difference 
between dezocine and morphine injections on the persistence 
of pain in patients with cancer among Chinese patients.22 

A pilot study by Zhu et al13 showed that the analgesic 
efficacy of dezocine was similar to that of sufentanil. 
Dezocine combined with sufentanil can provide effective 
postoperative analgesia for PCIA in burn patients after 

escharectomy or tangential excision followed by autologous 
skin grafting.23 Th cells play a major role in antitumor 
immune processes, and each Th subtype is critical to main-
tain the immune balance of the body. Th1 and Th2 cells are 
differentiated from precursor Th0 cells, and the cross-regula-
tion between Th1 and Th2 cell is important.24,25 Th1 cells 
can secrete IFN-γ and IL-2, mediate the cellular immune 
response, activate T lymphocytes and macrophages and 
reduce postoperative infection, which are the main mechan-
isms of antitumour immunity. Th2 cells can secrete IL-4 and 
IL-6, mediate humoral immunity, stimulate B lymphocyte 
proliferation, produce immunoglobulin and participate in 
humoral immunity.26,27 Under normal conditions, Th1 and 
Th2 cells are in a relatively balanced state; however, the 
bodies of patients with malignant tumours are in a state of 
immune escape, with a significant imbalance in cellular 

Table 1 Patient and Procedure Characteristics According to Study Group

Characteristic Group D (n = 30) Group S (n = 30) P value

Sex (n, male/female) 16/14 13/17 0.273*
Age (years) 54.4±4.8 56.0±3.9 0.175#

BMI (kg/m2) 21.5±1.2 20.9±1.4 0.102#

ASA classification (n, I/II) 17/13 12/18 0.801*
Anaesthesia time (min) 193.0±20.2 203.4±22.1 0.064#

Operative time (min) 171.2±14.2 177.7±26.2 0.232#

Intraoperative sufentanil dosage (μg) 55.7±23.0 48.6±17.4 0.178#

Postoperative emergency sufentanil dosage (μg) 5.2±0.5 5.4±0.9 0.195#

Remifentanil dosage (μg) 1143.3±229.5 1007.3±198.8 0.519#

Notes: Values are presented as mean ± SD or numbers of patients. *Fisher’s exact test for statistical analysis. #Independent samples t-test for statistical analysis.

Figure 2 Evaluation of the ratio of Th1/Th2 cytokines between the two groups 30 
min before the induction of general anaesthesia and 0, 12, 24 and 48 h after the 
operation (30 patients in each group, data are expressed as mean ± SD). *According 
to the Mann–Whitney U-test, the Th1/Th2 cytokines ratio in Group D was sig-
nificantly higher than in Group S (P<0.05) 12, 24 and 48 h after the operation. 
#According to the Mann–Whitney U-test, compared to 30 min before the surgery, 
the Th1/Th2 cytokines ratio in the two groups was significantly lower (P<0.05) 0, 
12, 24 and 48 h after the operation. According to the Mann–Whitney U-test, there 
was no significant difference in the Th1/Th2 cytokines ratio between groups 
(P>0.05) 30 min before surgery and 0 h after surgery.

Figure 3 Evaluation of the patient-reported pain score (VAS) between the two 
groups during the postoperative period. Comparison of pain scores of both groups 
at 0, 12, 24 and 48 h after surgery (30 patients in each group, data are expressed as 
mean ± SD). There were no significant differences in pain scores between the two 
groups (according to the Mann–Whitney U-test) during the postoperative period 
(P>0.05).
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immunity and humoral immunity. In such situations, the Th1/ 
Th2 balance is disturbed, which manifests as a drift of Th1 to 
Th2. This leads to the suppression of Th1-mediated cellular 
immunity, which mainly manifests in a predominance of Th2 
cells, leading to a decline in the ability of the immune 
surveillance system to recognise and regulate tumour 
cells.28–30 Our findings show a significant decrease 
(P<0.05) in the ratio of Th1/Th2 cytokines postoperatively 
compared to before the operation. Additionally, those sug-
gests a preference ofTh1 to Th2 drift, which indicates 
a disruption in cellular immune function and a decline in 
antitumour immunity after a series of stimulations during the 
perioperative period. A study by Gong et al31 revealed that 
Treg frequency and Foxp3 mRNA expression were 
decreased postoperatively compared to before the surgery. 
The most likely explanation is a reduction in cellular immune 
function due to various trauma stress reactions, such as 
trauma stress caused by surgery, anaesthetic factors, post-
operative wound pain, visceral pain and the use of opioids, 
among others. Our study showed that there were no signifi-
cant differences in Th1/Th2 cytokines values between the 
two groups 30 min before the surgery and immediately after 
surgery (0 hours, P>0.05). The results suggest that the 
immune function of the two groups was similar preopera-
tively and intraoperatively; therefore, an influence on post-
operative immune function could be excluded. Compared to 
Group S, the ratio of Th1/Th2 cytokines in Group D was 
increased 12, 24 and 48 h after the operation (P<0.05). The 
outcomes indicate that the cellular immune status of Group 
D is reversed to Th1. We speculate that dezocine may be 
associated with lighter immune suppression and faster recov-
ery after surgery. One study showed that dezocine was more 
beneficial to the recovery of the early postoperative immune 
function of patients with breast cancer undergoing postopera-
tive analgesia after radical mastectomy.10 A study by Song 
et al17 revealed that dezocine can inhibit tumour metastasis 
by elevating CD8+ T cell proliferation and cytotoxicity. Zhu 

et al32 revealed that dezocine and ropivacaine infiltration 
anaesthesia can significantly inhibit the secretion of pain 
factors in patients undergoing open hepatectomy, as well as 
reduce the stress response after surgery, reduce immune 
function fluctuations and help promote postoperative recov-
ery. A study by Jia et al33 demonstrated that the use of 
dezocine and remifentanil has a better analgesic effect and 
can effectively regulate the expression of inflammatory cyto-
kines TNF-α and IL-6, Compared with midazolam-remifen-
tanil intravenous anaesthesia. However, some studies have 
shown that the κ receptor does not affect the differentiation 
and function of immune cells.34 The first possible explana-
tion for this is the close relationship of μ opioid receptors to 
immune regulation, as studies have shown that μ opioid 
receptors are expressed on the membranes of various 
immune cells and participate in the release of cytokines and 
cell mediators in the immune system, which plays a major 
role in immune regulation.35,36 Dezocine is a μ receptor 
antagonist, so it has little activity on the μ receptor. 
Therefore, it has been proposed that dezocine has a lower 
inhibitory effect on immune cells, which may be related to its 
antagonistic effect on the μ receptor.37 The second explana-
tion is that dezocine may make Th0 cells preferentially 
differentiate into Th1 cells overTh2 cells; however, the 
mechanism of dezocine-mediated Th cell differentiation 
needs to be further studied. The perioperative use of dezo-
cine, sufentanil, antibiotics and other drugs may cause 
adverse reactions such as lethargy, vomiting and respiratory 
depression, among others.35 Our findings demonstrate that 
the incidence of lethargy and PONV in Group D was sig-
nificantly lower than the incidence in Group S. This differ-
ence was statistically significant (P<0.05), suggesting that 
dezocine might be an antagonist of the μ receptor, without μ 
receptor agonist side effect, capable of relaxing the gastro-
intestinal smooth muscle and reducing the incidence of 
PONV.36 Wang et al22 revealed that the rate of adverse drug 
reactions caused by dezocine injection was 56% lower than 

Table 2 Incidence of Adverse Reactions 48 h After Surgery

Characteristic Group D (n = 30) Group S (n = 30) P value

Lethargy, n (%) 1 (3.3)* 8 (12.5) 0.031
PONV, n (%) 3 (10.0)* 10 (33.3) 0.033

Pruritus, n (%) 0 1 (3.3) 0.310

Urinary retention, n (%) 0 1 (3.3) 0.310
Respiratory depression, n (%) 0 2 (6.7) 0.152

Bradycardia, n (%) 0 0 –

Notes: Data are expressed as the number and percentage.“-”No data. *P<0.05 compared to Group S.
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that caused by morphine injection. A study by Bian et al38 

revealed that morphine and sufentanil may dose-dependently 
increase the contractile tension and contraction ability of 
isolated rat small intestine smooth muscle, but dezocine 
had no significant effect on intestinal smooth muscle 
contraction.

Limitations: The present study was conducted at a single 
centre, potentially confounding external validity. Although 
the desired statistical power was achieved, the follow-up 
time was limited to 48 h. Therefore, studies with a longer 
follow-up period are needed to confirm our results. In addi-
tion, we only measured IFN-γ and IL-4; therefore, more 
cytokines need to be measured to confirm our findings. 
Another possible limitation is that the specific mechanism 
of the effect of dezocine on the Th1/Th2 ratio is currently 
unclear, and this requires further study.

Conclusion
The present study suggests that dezocine may enhance the 
Th1 immune response so as to increase the ratio of Th1/Th2 
cytokines; however, the mechanism underlying the effect of 
dezocine on the differentiation of Th1 remains unclear. In 
addition, dezocine has a definite analgesic effect in patients 
following laparoscopic radical gastric cancer surgery, with 
few adverse reactions. Furthermore, this study analysed the 
advantages and disadvantages of the two postoperative 
analgesic drugs, and our findings suggest that dezocine is 
more appropriate for the recovery of patients’ physical func-
tion and other long-term considerations.
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