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Abstract. Surgical procedures cause a decrease in lympho-
cyte proliferation rate, an increase in apoptosis and shifts the 
balance of T-helper (Th)1/Th2 cells towards anti‑cell‑medi-
ated immunity (CMI) Th2 dominance, which is relevant to 
the immunosuppressive effects of CMI, postoperative septic 
complications and the formation of tumor metastasis. Previous 
studies have revealed that lidocaine exhibits antibacterial 
actions; regulating inflammatory responses, reducing post-
operative pain and affecting the duration spent in hospital. 
Thus, the present study hypothesized that lidocaine may exert 
a protective effect on the CMI of patients undergoing surgery 
for the removal of a primary tumor. A total of 30 adult female 
patients diagnosed with cervical cancer were recruited to the 
present study and were randomized into two groups. The lido-
caine group received an intravenous bolus dose of 1.5 mg/kg 
lidocaine, followed by continuous infusion at 1.5 mg/kg/h 
until discharge from the operating room. The control group 
received the same volume of normal saline. A 10 ml sample of 
venous blood was drawn, and the lymphocytes were isolated 
using Ficoll‑paque 1 day prior to surgery, at discharge from 
the operating room and 48 h post‑surgery. The proliferation 
rate of the lymphocytes was assessed using a Cell Counting 
Kit‑8 assay and was found to be higher in the lidocaine group. 
The early apoptosis of lymphocytes was attenuated following 
lidocaine treatment at 48 h post‑surgery, as detected using flow 
cytometry with Annexin V‑fluorescein isothiocyanate/prop-
idium iodide staining. The level of interferon (IFN)‑γ in the 

serum at 48 h was significantly decreased following surgery 
in the control group, compared with the pre‑surgical values 
(3.782±0.282, vs. 4.089±0.339 pg/ml, respectively) and the 
ratio of IFN‑γ to interleukin‑4 was well preserved in the lido-
caine group. In conclusion, the present study demonstrated that 
the intraoperative systemic administration of lidocaine exerted 
a protective effect on CMI in patients with cervical cancer 
undergoing radical hysterectomy. This may be beneficial in 
reducing the occurrence of postoperative septic complications 
and tumor metastasis formation.

Introduction

Postoperative immunosuppression is a generalized state in 
several types of surgery, which is involved in postoperative 
septic complications and tumor metastasis formation (1). To 
assess the changes in immune state underlying surgical stress, 
cell‑mediated immunity (CMI) is often investigated  (1‑3). 
Although surgical procedures always cause an increase in 
the total number of circulating white blood cells, critical 
individual leukocyte subpopulations, including lymphocytes, 
are suppressed in number and function (2,3). A decrease in 
the lymphocyte proliferation rate (1) and increase in apop-
tosis  (4,5) are the two predominant factors leading to the 
reduction in circulating lymphocyte numbers. In addition, 
surgery also shifts the balance of T‑helper (Th)1/Th2 cells 
towards anti‑CMI Th2 dominance, which is relevant to the 
immunosuppression of CMI (2).

Lidocaine is widely used as an analgesic and anti‑hyperal-
gesic and exhibits antibacterial actions and beneficial effects 
on the inflammatory response (6‑9). Previous studies have 
revealed that intraoperative systemic lidocaine benefits patients 
by reducing postoperative pain, analgesic consumption, post-
operative nausea and vomiting, and even the duration spent 
in hospital (10‑12). Data also demonstrates that lidocaine can 
protect rats from cecal ligation and puncture assault‑associated 
septic organ failure (7,9). However, whether lidocaine exerts a 
protective effect on CMI in patients undergoing surgery for the 
removal of a primary tumor remains to be elucidated.
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Peri‑operative immune changes occur primarily as a result 
of surgical trauma and subsequent neuroendocrine responses, 
thus efforts to reduce the immunosuppressive effects of surgery 
require initiation in the pre‑operative period (1). Therefore, in 
the present study, lidocaine was administered intravenously 
between the pre‑anesthesia period and the point of discharge 
from the operating room. It was hypothesized that lidocaine 
may have a beneficial effect on CMI during the postoperative 
period in patients with cervical cancer undergoing radical 
hysterectomy.

Patients and methods

Patients. A total of 30 adult female patients aged between 25 
and 65  years old, undergoing radical hysterectomy were 
recruited in the present prospective study between August 
2013 and January 2014. Patients were excluded if they had a 
weight <45 kg or >65 kg; a history of allergies to local anes-
thetics, bradycardia or heart block; severe respiratory, renal or 
hepatic disease, previous history of opioid medication use or a 
psychiatric medical history.

The study protocol was approved by the ethics committee 
of Qilu Hospital of Shandong University (Jinan, China) and 
performed according to the Declaration of Helsinki. Written 
informed consent was obtained from all participants prior to 
enrolment.

All participants were randomized into two groups, 
according to a computer‑generated random number table, 
in which the patients received either intravenous lidocaine 
(Shanghai Zhi Pharma Co., Ltd., Shanghai, China) or normal 
saline (control group). The solutions were prepared in a 20 cc 
syringe and labeled only with a case number by a nurse in 
a blinded‑manner. The patients assigned to the lidocaine 
group received an intravenous bolus infusion of 1.5 mg/kg 
lidocaine 10 min prior to the induction of anesthesia, followed 
by continuous infusion at 1.5 mg/kg/h using a Graseby 3100 
syringe pump (Graseby Medical, Ltd., Watford, UK) until 
discharge from the operating room. The patients in the control 
group received the same volume of normal saline. All surgical 
procedures were performed by the same team of surgeons to 
avoid individual variability in operative techniques. The char-
acteristics of the patients are listed in Table I.

Following the administration of 0.1 mg/kg midazolam 
(Jiangsu Nhwa Pharmaceutical Co., Ltd., Xuzhou, China), 
1‑2  mg/kg propofol (Fresenius Kabi AG, Bad Homburg 
vor der Höhe, Germany), 2  µg/kg fentanyl (Yichang 
Humanwell Pharmaceutical Co., Ltd., Yichang, China) and 
0.6 mg/kg rocuronium (Taizhou Xianju Pharmaceutical Co., 
Ltd., Taizhou, China) intravenously, the patients were intu-
bated and ventilated to maintain the end‑tidal CO2 volume 
between 30 and 40 mmHg. Anesthesia was maintained using 
1.5‑3%  sevoflurane (Jiangsu Hengrui Medicine Co., Ltd., 
Lianyungang, China) in 1 l/min O2. Fentanyl and rocuronium 
were added, according to heart rate or the bispectral index (S/5; 
GE Healthcare Life Sciences, Helsinki, Finland). Noninvasive 
arterial blood pressure, electrocardiography and pulse oxim-
etry (S/5) were monitored continuously. During surgery, the 
patients received intravenous infusion of lactated Ringer's 
solution (Shandong Hualu Pharmaceutical Co., Ltd., Muping, 
China) at a rate of 6‑12 ml/kg/h.

Peripheral blood lymphocyte (PBL) isolation. A 10 ml blood 
sample was drawn from the median cubital vein of each patient 
1 day prior to surgery, following discharge from the operating 
room and at 48 h post‑surgery. Serum was isolated at room 
temperature by centrifugation (1,000 x g, 5 min) and stored 
at  ‑20˚C prior to assessment. Lymphocytes were isolated 
using Ficoll‑paque density centrifugation (Haoyang Biological 
Manufacture Co., Ltd., Tianjin, China) at 1,000 x g for 15 min 
at ‑20˚C. The cell viability was assayed by 0.4% trypan blue 
exclusion, which was >95% in all cases. The collected cells 
were resuspended at a density of 1x106 cells/ml in RPMI 1640 
medium (Thermo Fisher Scientific, Shanghai, China) supple-
mented with 10%  heat‑inactivated fetal calf serum, and 
cultured at 37˚C in a humidified 5% CO2 atmosphere.

Cell proliferation. The suspended cells (100 µl; 1x106 cells/ml) 
were cultivated with 5 µg/ml phytohemagglutinin (PHA) 
(Sigma‑Aldrich, St.  Louis, MO, USA) in a 96‑well plate 
at 37˚C and 5% CO2 for 24 h. RPMI 1640 was used as a 
blank control in each group. Subsequently, 10  µl Cell 
Counting Kit‑8 (CCK‑8; Dojindo Molecular Technologies, 
Inc., Kumamoto, Japan) was added to each well 4 h prior 
to the end of stimulation, when the optical density values 
were measured at 450 nm (Model 722; INESA Instrument, 
Shanghai, China). Data are expressed as the mean ± standard 
deviation of four wells.

Detection of early apoptosis using Annexin V‑fluorescein 
isothiocyanate (FITC)/propidium iodide (PI) staining. 
Detection of early apoptosis in the PBLs was performed, 
according to the manufacturer's instructions, using an 
Annexin V FITC kit (Bogoo, Shanghai, China). In brief, 
the PBLs (2x106) were resuspended in 2  ml ice‑cold 
phosphate‑buffered saline and washed twice. The collected 
PBLs were initially suspended in 400 µl 1X binding buffer, 
following which 5 µl Annexin V‑FITC was added for 15 min 
in the dark followed by 10 µl PI for 5 min in the dark. A 
negative control was used for each sample, in which the PBLs 
were incubatedwith binding buffer alone. For the positive 
control, the cells were incubated with Annexin V‑FITC or 
PI alone. The cell sample was measured immediately using 
a flow cytometer.

Flow cytometry (FC). The FC data were acquired within 24 h of 
staining using CellFit version 2.0 software and a FACSCalibur 
cytometer (BD Biosciences, San Jose, CA, USA). An argon 
ion laser excitation of 488 nm was used. The emitted light was 
detected by logarithmic amplification through barrier filters, 
which were specific for the emission range of the different 
fluorophores: 530/22 nm for FITC (fluorescence channel FL1) 
and 575/42 nm (FL2) for PI. The results of the lymphocyte 
typing and lymphocyte early apoptosis detection were obtained 
by quadrant analyses of FL1, vs. FL2 channel dot plots and 
presented as the percentage of gated lymphocytes.

ELISA assay. The level of high‑mobility group protein B1 
(HMGB1), interferon (IFN)‑γ and interleukin (IL)‑4 in the 
serum were determined using ELISA kits (R&D Systems, 
Inc., Minneapolis, MN, USA), according to the manufacturer's 
instructions.



MOLECULAR MEDICINE REPORTS  12:  7039-7044,  2015 7041

Statistical analysis. SigmaPlot 12.5 (Systat Software, Inc., 
San Jose, CA, USA) was used for statistical analysis. The data 
distribution was evaluated using Levene's test. The normally 
distributed data are expressed as the mean ± standard devia-
tion and were compared using one‑way analysis of variance 
or an unpaired t‑test. Descriptive variables were subjected to 
χ2 analysis or Fisher's exact test, as appropriate. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Preoperative clinical parameters of patients. All 30 patients 
recruited in the present study completed the study. As shown in 
Table I, no significant differences were identified between the 
groups in terms of the American Society of Anesthesiologists 
class, age, height, weight, duration of surgery or anesthesia (13).

Lidocaine protects the proliferation of PBLs. The number 
of blood lymphocytes always falls peri‑operatively, and 
decreases in the lymphocyte proliferation rate are considered 
to be one of its causes (1). Therefore, the present study initially 
examined the proliferation rate of PBLs using a CCK‑8 assay. 
The results, as shown in Fig. 1, demonstrated that lidocaine 
improved the proliferation rate of the surgical stressor‑induced 
lymphocytes. Therefore, lidocaine may exert a protective 
effect on lymphocyte function.

Lidocaine attenuates surgery‑induced apoptosis of PBLs. 
Surgical stressors not only reduce lymphocyte proliferation, but 
they increase apoptosis of immune cells. To determine whether 
lidocaine exerted a protective effect on surgery‑induced 
apoptosis of lymphocytes, the PBLs in the present study were 
stained with Annexin V‑FITC/PI and assessed using flow 
cytometry. As shown in Fig. 2, intraoperative systemic lido-
caine attenuated the surgery‑induced apoptosis of the PBLs.

Lidocaine preserves levels of IFN‑γ and IL‑4. The serum 
level of IFN‑γ at 48 h post‑surgery in the control group was 
decreased significantly, compared with the pre‑surgical level 
(3.782±0.282, vs. 4.089±0.339, pg/ml respectively). However, 
no significant differences were observed in the levels of IFN‑γ 
in the lidocaine group or in the levels of IL‑4 in the control 
and lidocaine group, compared with the pre‑surgical value. As 

shown in Fig. 3, the ratio of IFN‑γ to IL‑4 was well preserved 
in the lidocaine group.

Lidocaine decreases the protein levels of HMGB1 in the serum. 
HMGB1, as a critical mediator of several inflammatory and 
non‑inflammatory diseases, is important in surgery‑associated 
sepsis and tumor metastasis. To assess whether lidocaine has 
an inhibitory effect on its expression in patients undergoing 
surgery, the serum level of HMGB1 was determined in the 
present study using ELISA. As expected, the serum protein 
level of HMGB1 in the lidocaine group was reduced, which 
was significantly difference 48 h‑post surgery, compared with 
the control group (Fig. 4).

Discussion

Surgery‑induced stress can increase the susceptibility to tumor 
metastasis (14,15), and it is considered to be one of the causes 
of the suppression of CMI secondary to surgical stress (1). The 
present study indicated that peri‑operative intravenous lido-
caine had a beneficial effect on CMI, and this was associated 
with the preservation of lymphocyte proliferation, attenuation 

Figure 1. OD values of lymphocyte proliferation, detected using a Cell 
Counting kit‑8 assay. Data are presented as the mean ± standard deviation 
(n=15). *P<0.05, compared with the control; #P<0.05, compared with pre‑sur-
gery. OD, optical density.

Table I. Demographic and clinical characteristics of the participants in the control and lidocaine groups.

Characteristic	 Control 	 Lidocaine	 P‑value

ASA (n)			   1.00
  I	 10	 11
  II	 5	 4
Age (years)	 48.6±5.6	 44.2±11.8	 0.20
Height (cm)	 156.4±8.9	 155.8±9.7	 0.86
Weight (kg)	 56.9±7.6	 56.0±6.5	 0.11
Duration of surgery (min)	 129.3±24.4	 132.3±25.1	 0.74
Duration of anesthesia (min)	 158.0±16.9	 152.3±14.1	 0.32

Data are presented as the mean ± standard deviation (n=15). ASA, American Society of Anesthesiologists Physical Status classification.
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of apoptosis, maintainence of the balance of Th1/Th2 cells and 
the decreased production of cytokines in patients undergoing 
radical hysterectomy.

Lymphocytes are the major cellular components of the 
immune response and are important in the recovery of 
patients following surgery for the removal of a tumor (16). 
However, the decrease in lymphocyte proliferation rate (1) 
and the increase in apoptosis (4,5) are common following 
surgery and are considered to be the two predominant factors 
leading to the decrease of lymphocytes in the circulation. 
The lymphocyte mitogenic response to PHA is an impor-
tant tool, which can mimic the activity of lymphocytes in 
response to an exogenous stimulus, and was well‑preserved 
in the patients in the lidocaine group, compared with those in 
the control group in the present study. This result is similar to 
that of Yardeni et al (10). In addition, the results of the present 
study revealed that intraoperative systemic lidocaine attenu-
ated the apoptosis of PBL cells induced by surgical stressors. 
However, previous in vitro studies have demonstrated the 
opposite conclusions regarding cell proliferation (17,18) and 
apoptosis (19,20). This indicates that the protective effects of 
lidocaine on CMI in vivo are not directly due to its effects on 

lymphocytes, and the underlying mechanisms require further 
exploration.

Distinct patterns of cytokines are produced by two types 
of Th cell. Th1 lymphocytes produce cytokines, including 
IFN‑γ and IL‑2, which favor CMI; whereas Th2 cells secrete 
cytokines, including IL‑4 and IL‑10, which favor humoral 
immunity (21). Itis well‑established that surgery reduces the 
number of Th1 cytokines, including IFN‑γ, and decreases the 
Th1/Th2 ratio, which is responsible for the suppression of CMI 
following surgery (21). This was observed in the patients in the 
control group in the present study, however, the serum levels 
of IFN‑γ did not change significantly in the patients in the 
lidocaine group, which maintained the balance of Th1/Th2.

HMGB1, as a critical mediator of several inflammatory 
diseases, is important in surgery‑associated sepsis (22). It is 
also implicated in non‑inflammatory conditions, including 
cancer, by regulating tumorigenesis and contributing to metas-
tasis (23). HMGB1 levels increase significantly and last for a 
few days following liver resection (24) or cardiac surgery (25). 
In the present study, although the increased level of HMGB1 
was not significant following surgery compared with the 
pre‑surgical levels in the control group, there was a significant 

Figure 2. Apoptosis and proliferation of PBLs. (A) Percentage of PBLs that have undergone apoptosis and (B) representative dot‑blot following fluorescein 
isocyothianate‑Annexin V and PI staining. Data are presented as the mean values ± standard deviation. (n=15). *P<0.05, compared with the control. PBLs, 
peripheral blood lymphocytes; PI, propidium iodide.
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decrease at 48 h post‑surgery in the lidocaine group, compared 
with the control group. It was hypothesized that lidocaine, 
used as an anesthetic adjuvant decreases the level of HMGB1 
and may contribute to attenuate the complications of tumor 
surgery, including sepsis and metastasis.

There are certain limitations to the present study. Previous 
studies have revealed that lidocaine decreases plasma 
concentrations of cortisol  (26) and catecholamines (27) in 
patients undergoing surgery, whereas glucocorticoids reduce 
T cell proliferation and increase the apoptosis of immature 
T cells (16). Catecholamines suppress anti‑metastatic immu-
nity and act directly on minimal residual disease to promote 
metastatic progression (16). However, the present study did 
not further examine the mechanism underlying the protec-
tive effect of lidocaine on CMI. Secondly, investigations 
are required to determine the direct association between 
suppressed CMI and tumor metastases in patients undergoing 
surgical removal of a primary tumor.

In conclusion, the present study demonstrated that the 
intraoperative systemic administration of lidocaine exerted 
a protective effect on CMI in patients with cervical cancer 
undergoing radical hysterectomy. This may be beneficial in 
reducing the occurrence of postoperative septic complications 
and tumor metastasis formation.
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