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Abstract
Background and Objective: The laparoscopic technique has been widely used in clinical gynaecology because of its advantages on
smaller wounds, low perioperative stress responses and fewer postoperative complications. It is necessary to actively examine a drug with
accurate effect and high safety to reduce organ damages and promote smooth operation. This study aimed to explore the perioperative
effects of hydromorphone on oxidative stress, renal and immune functions and inflammatory factors in gynaecological laparoscopic
surgery under general anaesthesia. Materials and Methods: Sixty patients who underwent gynaecological laparoscopic surgery under
general anaesthesia were selected and divided into 2 groups by random number table method, including a control group (n = 30, treated
with the same amount of normal saline) and an observation group (n = 30, pretreated with hydromorphone). Results: The observation
group had shorter anaesthesia onset time, block time and postoperative recovery time and lower anaesthesia dosage than the control
group (p<0.05). The observation group had lower serum O2G, H2O2, OH, MDA content, BUN, UA, Cr content and TNF-", IL-6 and S-100 $
contents at T1  and T2 but had higher GSH-Px and SOD content and serum Terg, TGF-$1, IL-10 levels and serum CD3+ and CD4+ levels at
T1 and T2 than the control group (p<0.05). Conclusion: Pretreatment with hydromorphone for patients undergoing gynaecological
laparoscopic surgery under general anaesthesia can relieve cellular immune suppression induced by surgical stress, improve oxidative
stress responses and renal function, reduce the expression of inflammatory factors and relieve the pain degree of patients.
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INTRODUCTION

In recent years, the laparoscopic technique has been
widely used in clinical gynaecology because of its advantages
on smaller wounds, low perioperative stress responses and
fewer postoperative complications1. However, surgery is still
an invasive operation. Surgical invasion of the body can
activate many inflammatory mediators. Furthermore, the
stimulation of different degrees of pain after surgery can also
lead to the disorder of the body’s inflammatory mechanism.
Several proinflammatory factors are released, which causes
ischemia-reperfusion injury of the abdominal organs. The
patient’s liver and kidney functions may temporarily decline
reversibly2. Therefore, it is necessary to actively examine a drug
with accurate effect and high safety to reduce organ damages
and promote smooth operation.

Hydromorphone  is  a  semisynthetic  derivative  of pure
µ-opioid receptor agonists and has the advantages of strong
efficacy, fast onset, high affinity and few adverse reactions,
which is commonly used for cancer pain and chronic pain3.
Some studies have discovered that the application of
hydromorphone during the perioperative period can reduce
the conduction of noxious stimulation and reduce the stress
response caused by surgery via preventing the sensitization of
the central nervous system and peripheral nervous system4,5.
However, there are few clinical studies on the application of
hydromorphone pretreatment to improve the immune
function, renal function and inflammatory response in
gynaecological  patients under general anaesthesia. Designed
to provide a scientific reference for the rational administration
of clinical anaesthesia programs, this research aimed to
explore the perioperative effects of hydromorphone on
oxidative  stress,  renal  and  immune  functions  and
inflammatory factors in gynaecological laparoscopic surgery
under general anaesthesia.

MATERIALS AND METHODS

Study area: The study was carried out in the Department of
Gynaecology of The Second Affiliated Hospital of Nanchang
University, China from January, 2017-February, 2020.

General information: A total of 60 patients, aged 32-58 years
and  weighing  44-68  kg,  underwent  gynaecological
laparoscopic surgery under general anaesthesia in the
Department of Gynaecology of our hospital from January,
2017-February, 2020 were selected. This study meets the
standards set by the medical ethics committee of the second

Affiliated Hospital of Nanchang University. All study
participants provided written informed consent before
participating in the study.

Inclusion and exclusion criteria 
Inclusion criteria are as follows:

C Class I or II classified by the American Society of
Anesthesiologists (ASA)6

C Meeting the relevant standards in the gynecological
laparoscopy diagnosis and treatment standard7

C Aged 30-60 years old
C No abnormal status in preoperative blood biochemical

indicators, Electrocardiogram (ECG), electrolytes and
other indicators

C Meeting the indications related to surgery and
anaesthesia

C Voluntary signing of the informed consent

Exclusion criteria are as follows:

C Accompanied by inflammatory diseases, immune system
diseases, endocrine system diseases, blood diseases, etc

C With important organ (heart, lung, kidney, etc.)
dysfunction or failure

C Taking gastric motility drugs, hepatic microsomal enzyme
inductor and antacid drugs 1 week before surgery

C Dosed with immunosuppressants, hormones or long-
term antidepressant and sedative drugs during
perioperative

C Allergic to hydromorphone drugs and switched to open
surgery during the operation

Methods
Sample size calculation: Sample size was estimated
according to sample size estimation in clinical research edited
by Wu and Wang. The sample size estimation method when
comparing the 2 sample mean was as follows.

Referring to the formula:

2

n = (z z ) , n = 25      

was obtained. Considering that unpredictable factors were
leading to the drop-out cases, an additional 20% was added,
i.e., 30 cases in each group  were  selected  for  the study. A
total of 60  patients  were  enrolled  in  this  clinical trial, with
30 patients in each group.
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Both groups of patients who underwent gynaecological
laparoscopic surgery under general anaesthesia had been
administered with intramuscular injection of 0.5 mg atropine
(specification, 1 mL:0.5 mg, Zhongfu Pharmaceutical Co., Ltd.,
National Pharmaceutical Standard H37021060), 0.1 g
phenobarbital sodium injection (specification, 1 mL: 0.1 g,
Tianjin Jinyao  Pharmaceutical  Co.,  Ltd.,  National
Pharmaceutical standard H12020381) 30 min before surgery.
Patients’ veins were kept open after entering the operating
room. The observation group was given hydromorphone
pretreatment 15 min before skin cutting, that is, intravenous
infusion  of  100,000  U  hydromorphone  (specification, 0 mL:
10 mg, Yichang Humanwell Pharmaceutical Co., Ltd., National
Pharmaceutical Standard H20120095). The control group was
treated with the same amount of saline solution 15 min before
skin cutting. Both groups were rapidly induced intravenously
with the sequence of 0.05 mg kgG1 midazolam, 0.2 mg kgG1

etomidate, 0.2 mg kgG1 cisatracurium and 0.5 µg kgG1

sufentanil. The tracheal catheter was inserted after 3 min of
mask oxygenation, followed by connecting anaesthetic
machine to control the breathing. At the same time, the partial
pressure end-tidal carbon dioxide (PetCO2) was monitored
within 35-45 mm Hg. During the surgery, 4-10 mg/kg/hr
propofol and 0.1-0.2 µg/kg/min remifentanil were
continuously infused intravenously to maintain the depth of
anaesthesia. Bispectral Index (BIS) was used to determine the
depth of anaesthesia and adjust the medication, which was
maintained within the range of 50±5. Muscle relaxation was
maintained with an intermittent injection of 0.1 mg kgG1

cisatracurium. The infusion of propofol and remifentanil was
stopped 5 min before surgery. The tracheal tube was removed
after the patient recovered from spontaneous breathing and
was conscious, with a tidal volume of >400 mL, with the blood
oxygen saturation of >95% after stopping oxygen inhalation
and breathing air for 5 min, with PetCO2 of<5.99 kPa and the
swallowing reflex was active.

Indexes observed:

C Anesthesia effect: The time spent on anaesthesia onset
and block and postoperative recovery of the 2 groups
were recorded and the amount of anaesthetic used was
noted

C Laboratory indicators: The patient’s venous blood was
taken and centrifuged for 5 min (centrifugal condition,
speed, 3000 rpm minG1, radius, 6 cm) at three time points
(T0, before anaesthesia, T1, 2 hrs since operation initiation,
T2, 24 hrs after operation). Following the removal of the
supernatant, the serum level was measured in superoxide

anion (O2G), Hydrogen Peroxide (H2O2), Hydroxyl Radical
(OH), Malondialdehyde (MDA), Glutathione Peroxidase
(GSH-Px) and Superoxide Dismutase (SOD) content by
enzyme-linked immunosorbent assay. The detection kits
were purchased from Beijing Northern Biotechnology
Research Institute Co., Ltd. Flow cytometry was used to
detect CD4+CD25+ regulatory T cells (Treg), intracellular
cytokines of IL-10 and Transforming Growth Factor-$1
(TGF-$1), with the testing kits selected from Shanghai
Rongbai Biotechnology Co., Ltd. Interleukin-6 (IL-6),
Tumour Necrosis Factor-" (TNF-") and plasma S-100$
protein  (S-100$)  were   determined  under
radioimmunoassay with kits purchased from Shanghai
Xinfan Biological Technology Co., Ltd. An automatic
biochemical analyzer (manufactured by Hitachi, Japan,
model no., 7600) was used to identify the Blood Urea
Nitrogen (BUN), Uric Acid (UA) and Muscle Anhydride (Cr)
and flow cytometry (manufactured by Beckman Coulter,
USA, model no., FC500 MCL) was used to determine T cell
subsets, including CD3+, CD4+ and CD8+. All
abovementioned operations were strictly performed
following the instructions

C Analgesic effect: Visual Analogue Scale (VAS) was used
to evaluate the pain degree of patients at 1, 2, 4, 8, 12 and
24 hrs  after  surgery.  The scale had a score of 0-10, with
0 as painless and 10 as severe pain and higher scores
represented severer pain

C Complications: Whether the patients had symptoms,
such as lung infection, respiratory depression, cognitive
dysfunction,  gastrointestinal  discomfort  (nausea,
vomiting, etc.) was observed

The diagnostic criteria for lung infection are: 

C Increased  sputum,  with  the  special  intention of
appearance of pus or increased  pus

C Oral temperature >38 in >24 hrs
C Occurrence of new invasive changes illustrated by chest

X-ray
C Moist rale heard

Statistical analysis: SPSS22.0 software was utilized for data
processing. Measurement data were expressed as (χG±S).
Independent sample t-test was used for comparison between
groups and paired samples t-test was used for intra-group
comparison. Count data were expressed as a percentage. By
using the χ2 test, p<0.05 was considered statistically
significant.
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RESULTS

Baseline data: The baseline data of the 2 groups in terms of
gender, age, Body Mass Index (BMI), operation time, ASA
classification and operation type were well balanced (p>0.05)
and comparable (Table 1).

Anaesthesia effect: Compared with the control group, the
observation  group  had  a  shorter  anaesthesia onset time
(Fig. 1a), lesser anaesthesia medication (Fig. 1b), shorter block
time (Fig. 1c) and postoperative recovery time (Fig. 1d)
(p<0.05). It is suggested that hydromorphone can significantly
enhance the effects of anaesthesia on patients undergoing
gynaecological laparoscopic surgery under general
anaesthesia.

Oxidative stress indicators: The oxidative stress indicators of
the observation group at T1 were not statistically different
from those of the control group (p>0.05). Moreover, serum O2G

(Fig. 2a), H2O2 (Fig. 2b) and OH (Fig. 2c) and the MDA (Fig. 2d)
content of the observation group at T1 and T2 were lower but
GSH-Px (Fig. 2e) and SOD (Fig. 2f) content were higher
compared to those of the control group (p<0.05).

Renal function: There was no significant difference in terms
of renal function indicators at T1 between the two groups
(p>0.05).  The  serum  BUN  (Fig.  3a),  UA  (Fig.  3b)  and  Cr
(Fig. 3c) content of the observation group at T1 and T2 were
lower compared with the control group (p<0.05). It is
indicated that pretreatment with hydromorphone during
gynaecological laparoscopic surgery under general
anaesthesia can significantly improve the renal function of
patients.

Inflammatory factors: There was no significant difference in
the indicators of inflammatory factors at T1 between the two
groups (p>0.05). Furthermore, the serum TNF-" (Fig. 4a), IL-6
(Fig. 4b) and S-100$ (Fig. 4c) content of the observation group

Fig. 1(a-d): Effect  of  hydromorphone  on  anaesthesia  effect  of  patients,  in  patients  administrated   with  Hydromorphone,
(a)  Onset  time  of  anaesthesia,  (b) Dosage of anaesthesia was lower than the control group, (c) Blocking time and
(d) Postoperative recovery time were significantly shorter than the control group and
Compared with the control group and ap<0.05
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Fig. 2(a-f): Effect of hydromorphone on oxidative stress indicators in patients, in patients administrated with hydromorphone,
the levels of (a) O2G, (b) H2O2, (c) OH and (d) MDA were lower than those in the control group at T1 and T2, the content
of (e) GSH-Px and (f) SOD were higher than those in the control group
Compared with the control group during the same period, ap<0.05, compared within the group at T0 and bp<0.05

Table 1: Comparison of baseline data
ASA rating Operation type

BMI Time of --------------------- -------------------------------------------------------------------------------------------
Groups Age (years) (kg mG2) operation (min) Class I Class II Hysteromyomectomy Ovarian cystectomy Total hysterectomy
Control (n = 30) 40.37±5.27 23.15±2.98 96.74±6.89 17 13 6 15 9
Observation (n = 30) 41.74±6.09 23.97±3.01 94.48±7.15 16 14 8 16 6

at T1 and T2 were lower in comparison to the control group
(p<0.05). It is suggested  that hydromorphone pretreatment
in gynaecological laparoscopic surgery under general
anaesthesia can reduce the inflammatory response rate of
patients.

Cellular immune factors: There was no statistically significant
difference in terms of indicators of cellular immune factors at
T1 between the two groups (p>0.05). The serum terg (Fig. 5a),
IL-10  (Fig.  5b)  and  TGF-$1  (Fig.  5c) levels at T1 and T2 in the
observation group were higher compared to the control
group (p<0.05). It is suggested that pretreatment with
hydromorphone during gynaecological laparoscopic surgery
under general anaesthesia can significantly improve cellular
immune factor levels of patients.

Changes of T lymphocyte subsets: Concerning the
comparison of T lymphocytes indicators at T1 between the
observation and control groups, the difference was not
statistically significant (p>0.05). The serum CD3+ (Fig. 6a) and

CD4+ (Fig. 6b) levels in the observation group at T1 and T2
were higher than those in the control group (p<0.05). In terms
of serum CD8+ (Fig. 6c) levels at T1 and T2 between the two
groups, there was no statistical significance (p>0.05). It is
suggested that pretreatment with hydromorphone in
gynaecological laparoscopic surgery under general
anaesthesia can significantly improve the immune function of
patients.

VAS scores: The VAS scores of the observation group at 1, 2
and 4  hrs  after  surgery  were  lower  than  those of the
control group (p<0.05). It was suggested that pretreatment
with hydromorphone can significantly reduce the
postoperative pain degree of patients undergoing
gynaecological laparoscopic surgery under general
anaesthesia with the rapid and obvious analgesic effect as
illustrated in Table 2.

Complications: In the comparison of the incidence of
complications between the observation group (10.00%) and 
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Fig. 3(a-c): Effect of hydromorphone on renal function indicators in patients, in patients administrated with hydromorphone, the
serum levels of (a) BUN, (b) UA and (c) Cr at T1 and T2 were lower than those in the control group
Compared with the control group during the same period, ap<0.05, compared within the group at T0 and bp<0.05

Fig. 4(a-c): Effect of hydromorphone on inflammatory cytokines in patients, in patients administrated with hydromorphone, the
serum levels of (a) TNF-", (b) IL-6 and (c) S-100$ were lower than those in the control group
Compared with the control group during the same period, ap<0.05, compared within the group at T0 and bp<0.05

Fig. 5(a-c): Effect of hydromorphone on cellular immune factors in patients, in patients administrated with hydromorphone, the
serum levels of (a) Terg, (b) IL-10 and (c) TGF-$1 at T1 and T2 were higher than those in the control group
Compared with the control group during the same period, ap<0.05, compared within the group at T0 and bp<0.05

Table 2: Comparison of VAS scores (χG±S)
Groups 1 hrs 2 hrs 4 hrs 8 hrs 16 hrs 24 hrs
Control (n = 30) 2.36±0.42 2.41±0.46 2.23±0.38 2.46±0.51 2.71±0.38 2.81±0.46
Observation (n = 30) 1.52±0.63b 1.76±0.37b 1.82±0.27b 2.39±0.55 2.69±0.42 2.72±0.43
Compared with the control group, bp<0.05

the control  group  (6.67%),  the  difference was not
statistically significant (p>0.05). It was suggested that
pretreatment with hydromorphone during gynaecological

laparoscopic  surgery   under   general   anaesthesia   would
not   increase   the   complication   incidence   of  patients
(Table 3).
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Fig. 6(a-c): Effect  of  hydromorphone  on  T  lymphocyte  changes in patients, in patients administrated with hydromorphone,
(a) CD3+, (b) CD4+ and (c) CD8+ were higher than those in the control group
ap<0.05, compared within the group at T0 and bp<0.05

Table 3: Comparison of the incidence of complications, n (%)
Groups Lung infection Respiratory depression Gastrointestinal discomfort Total
Control group (n = 30) 1 (3.33) 0 1 (3.33) 2 (6.67) 
Observation group (n = 30) 0 2 (6.67) 1 (3.33) 3 (10.00) 
O2 0.001
P 0.698

DISCUSSION

As a source of traumatic stress, gynaecological
laparoscopic surgery can induce different degrees of oxidative
stress responses, with main manifestations of antioxidant
defence-oxidation mechanism imbalance and hypothalamic-
pituitary-adrenal cortical activity promotion. Several
inflammation  mediators and stress hormones are secreted
and accumulated in the tissues, which can lead to lipid
peroxidation damages in important tissues and organs and
induce vasospasm and contraction, inflammatory reaction and
endothelial vascular injury8,9.
In this study, the serum O2G, H2O2, OH and MDA content

of the observation group at T1 and T2 were lower but GSH-Px
and SOD content were higher than those of the control group,
which was consistent with the study of Gajarawala et al.10. This
further shows that hydromorphone can reduce the stress
response of patients under general anaesthesia. The reason
may be that hydromorphone can reduce inflammatory cell
infiltration, inhibit oxidative stress and reduce the production
of oxygen free radicals, at the same time, pretreatment of
hydromorphone can inhibit central and peripheral
sensitization, prevent noxious stimulation through µ-receptor
and κ-receptor activation and then reduce the release of NE
and E, inhibit bradykinin-mediated nociceptive sensitization
and alleviate stress response11. In addition, this study found
that hydromorphone pretreatment can help reduce renal
tubular dysfunction and decrease renal blood flow caused by
general anaesthesia and prevent renal impairment. The reason

may be related to the fact that hydromorphone can improve
portal blood flow, prevent the decrease of renal blood flow,
avoid the aggravation of renal injury and then play a role in
protecting renal tubular function12.
The CO2 artificial pneumoperitoneum during the

operation will increase the pressure in the abdominal cavity to
a certain extent and change the blood supply of the
abdominal viscera and abdominal wall tissue, resulting in poor
perfusion of the abdominal viscera and tissues and release of
numerous inflammatory factors. After the pneumoperitoneum
is removed, ischemia-reperfusion injury exacerbates systemic
inflammation11. IL-6 is one of the inflammatory mediators,
which can more sensitively reflect the level of the body’s stress
responses. Abnormally increased IL-6 content can trigger the
release of other inflammatory factors, such as TNF-". S-100$
protein is a brain-specific protein with a half-life period of
about 2 hrs in the body. As one of the main markers of brain
injury, it participates in several activities of glial cells in the
central nervous system, such as growth, differentiation,
proliferation and maintenance of calcium homeostasis13.
Related studies have found that the higher the serum S-100$
content is, the greater brain damages there are in the patients.
Furthermore, the protein content can be used as an index to
predict the risk of Postoperative Cognitive Dysfunction
(POCD)14. In this study, the serum TNF-", IL-6, S-100$ content
of the observation group at T1 and T2 and the VAS scores of the
observation group at 1, 2 and 4 hrs after surgery were lower
compared to those of the control group, which demonstrates
that hydromorphone  pretreatment  can  exert   an  analgesic
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effect, reduce the release and production of proinflammatory
cytokines during pneumoperitoneum and lower inflammation.
The main reasons are related to the following mechanisms of
hydromorphone: (1) Hydromorphone can avoid the
production of a large number of oxygen free radicals during
stress, reduce the release of stress-related cytokines and
reduce the release of IL-6, IL-8 and other cytokines, thereby
preventing the excessive inflammatory response of the body
after surgery, (2) Hydromorphone can play an effective
analgesic effect, prevent the transfer of noxious stimulation to
the central nervous system caused by surgical incision and
inflammatory reaction, prevent the allergic reaction of the
central nervous system and then reduce the inflammatory
response induced by noxious stimulation15,16.
Clinical studies have found that T cell-mediated cellular

immunity plays a significant role in tumorigenesis, disease
progression and prognosis17,18. When the levels of CD3+, CD4+
and CD8+ are disturbed, the body is in an immunosuppressive
state and a lot of tumour cells can escape the surveillance of
immune cells, which may induce infection or cause
aggravation of the disease19,20. Coaccioli et al.21 found that
hydromorphone had no obvious effects on immunoglobulin,
cellular immunity, complement components, T lymphocyte
subsets and other immune parameters and had no inhibition
on immune capacity and immune response. There are varying
degrees of reduction in immune cytokines in the two groups
after the anaesthesia in the study. However, serum levels of
Terg, TGF-$1, IL-10, CD3+ and CD4+ in the observation group
at T1 and T2 were higher than those in the control group,
which illustrates that hydromorphone can effectively prevent
the decrease of Terg and its factors, regulate the activity of
Terg, suppress the stress state and improve the immune
function, which is slightly different from the above research
results. Therefore, it is necessary to expand the sample size
and further explore the mechanism of action of
hydromorphone in the later stage to confirm the conclusion
of this study. In addition, this study found that
hydromorphone has certain advantages in shortening the
onset time of the anaesthesia effect, improving the
anaesthesia effect and reducing the dosage of anaesthesia.
The possible  reason  is  related  to  the  shorter onset time,
half-life and blood-brain barrier elimination time of
hydromorphone, which makes it easier to pass through the
blood-brain barrier and then act on the central nervous
system rapidly10. From the perspective of safety, in this study,
there was no significant difference in the incidence of
complications between the observation group and the control
group, indicating that hydromorphone pretreatment did not
increase the occurrence of complications and the safety was
relatively high.

CONCLUSION

In summary, pretreatment with hydromorphone for
patients undergoing gynaecological laparoscopic surgery
under general anaesthesia can relieve cellular immune
suppression induced by surgical stress, improve oxidative
stress responses and renal function, reduce the expression of
inflammatory factors and reduce the pain degree of patients,
with high safety. However, there are certain limitations to this
study, such as the small sample size and few observation time
points. In the future, large sample sizes, multicenter and
prospective researches are warranted.

SIGNIFICANCE STATEMENT

This study discovers that pretreatment with
hydromorphone for patients undergoing gynaecological
laparoscopic surgery under general anaesthesia can
significantly relieve cellular immune suppression induced by
surgical stress, improve oxidative stress responses and renal
function, reduce the expression of inflammatory factors and
reduce the pain degree of patients, which is beneficial to the
tolerance of surgery and promote the recovery of patients.
This study will help researchers to uncover the critical areas
where  hydromorphone   can  reduce  surgical stress in
patients  undergoing  gynaecological laparoscopic surgery
that other researchers were not able to explore. Thus, a new
theory may arrive at that hydromorphone can effectively help
gynaecological patients to complete the surgery successfully.
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