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Abstract: Aims: To explore whether lidocaine has the synergistic effect with pingyangmycin (PYM) in the venous 
malformations (VMs) treatment. Methods: The mouse spleen was chosen as a VM model and injected with differ-
ent concentration of lidocaine or PYM or jointly treated with lidocaine and PYM. After 2, 5, 8 or 14 days, the mouse 
spleen tissues were acquired for hematoxylin-eosin (HE) staining, transmission electron microscopy (TEM) analysis, 
TUNEL assay and quantitative RT-PCR analysis to examine the toxicological effects of lidocaine and PYM on splenic 
vascular endothelial cells. Results: 0.4% of lidocaine mildly promoted the apoptosis of endothelial cells, while 2 
mg/ml PYM significantly elevated the apoptotic ratios. However, the combination of 0.2% lidocaine and 0.5 mg/
ml PYM notably elevated the apoptotic ratios of splenic cells and severely destroyed the configuration of spleen, 
compared to those of treatment with 0.5 mg/ml PYM alone. Conclusion: Lidocaine exerts synergistic effects with 
PYM in promoting the apoptosis of mouse splenic endothelial cells, indicating that lidocaine possibly promotes 
the therapeutic effects of PYM in VMs treatment via synergistically enhancing the apoptosis of endothelial cells of 
malformed venous lesions.
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Introduction

Venous malformations (VMs) are the most fre-
quent slow-flow vascular malformations and 
account for approximate two-thirds of vascular 
malformations. VMs are light-to-dark-blue le- 
sions that can be emptied by compression and 
present at birth and grow proportionally with 
the patient [1-3]. VMs can occur at any tissue 
and organ without sex preponderance. Because 
of the bleeding, expansion or obstruction of 
vital structures, VMs can also threaten life.

The treatment of VMs depends on their site and 
size, and the traditional options were surgical 
resection, sclerotherapy and laser [2, 4, 5]. Due 
to the complexity of anatomical structure of 
some organs such as oral and maxillofacial 
regions, it is difficult to perform surgical resec-
tion and the VMs are impossibly eradicated by 

surgical excision. Meanwhile, because surgical 
resection often leads to massive bleeding and 
scar, it is always unacceptable for patients. 
Percutaneous sclerotherapy is the first line and 
gold standard treatment to diminish the volume 
of VMs [6]. For sclerotherapy of VMs, absolute 
ethanol is clinically identified as the most effec-
tive sclerosing agent until now, however, it also 
always results in serious local and systemic 
side effects including tissue necrosis and 
peripheral nerve injury [7, 8].

In China, pingyangmycin (PYM) sclerotherapy is 
applied as a routine treatment for VMs and has 
notably curative effects [9, 10]. PYM, also 
known as bleomycin A5, was screened out and 
developed from many components of bleomy-
cin produced by Streptomycespingyangensisn. 
The chemical structure of PYM is similar to bleo-
mycin and has been adopted for chemotherapy 
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of sqamous cell carcinoma, malignant lympho-
ma, Hodgkin’s disease and lymphamgioma 
[11]. In addition, mounting evidence demon-
strate that PYM is an effective sclerosing agent 
for sclerotherapy of VMs with little local reac-
tions and few complications [12]. Lidocaine is 
an amide of local anaesthetics with strong pen-
etrability and diffusivity that can block the sen-
sory nerve, leading to anesthesia [13]. 
Lidocaine is often used in a combination with 
PYM for VMs treatment to alleviate the reflec-
tive vasospasm caused by the pain due to 
embolisation with PYM and promote the filling 
of PYM at the lesions more completely [14]. 
However, it remains elusive whether lidocaine 
has synergetic effects with PYM during the pro-
cesses of VMs treatment.

So far, there are no ideal animal models for 
VMs studies. The organs and tissues with rich 
and circuitous veins such as comb, rat saphe-
nous vein and animal spleen were adopted for 
animal VM models at home and aboard [15-17]. 
After considering the advantage and disadvan-
tage of each model, the mouse spleen was cho-
sen as the cavernous VM model for studying 
the PYM treatment in this study. Compared to 
other models, the mouse spleen possesses the 
following advantages in this study: the spleen 
has rich splenic venous sinusoid with long rod-
shaped endothelial cells arranged along the 
longitudinal axis of sinusoids, which are similar 
to the structures of cavernous VM in particular 
[18]; the sample is easy to acquired; surgical 
operation is feasible and the technical require-
ment level is not high; the bleeding after sur-
gery can be controlled well.

In this study, the mouse spleen was adopted as 
the cavernous VM model and injected with dif-
ferent concentration of lidocaine or/and PYM, 
to assess the effects of lidocaine treatment on 
the vascular endothelial cells. This purpose of 
this study was to explore whether lidocaine has 
synergetic effects with PYM during the process-
es of VMs treatment, trying to provide the theo-
retical basis for the clinical drug preparation 
during the therapy of VMs.

Materials and methods

Experimental animals

The mice were obtained from the Experimental 
Animal Center of Southern Medical University 
(Guangzhou City, Guangdong Province, China), 

and all mice were female, 8~9 weeks and 
19~21 g. Mice were anesthetized by intraperi-
toneal injection with 10% chloral hydrate (3 ml/
kg) and fixed on the operation platform. The left 
upper abdomen of mice was disinfected with 
iodine complex for three times and then cut 
open with an incision of 1 cm long. Lift up the 
stomach to expose the spleen. The spleen was 
fixed gently and 0.3 ml of saline or different 
concentrations of lidocaine (Shanghai Xudong 
Haipu Pharmaceutical Co., Ltd., Shanghai, Ch- 
ina) or PYM (Tianjin Taihe Pharmaceutical Co. 
Ltd., Tianjin, China) or the mixture of lidocaine 
and PYM was injected along the long axis direc-
tion of spleen. Then the surgical wound was 
stitched up and the mice were fed continuous-
ly. The day of injection treatment was consid-
ered as 0 day. All mice had free access to water 
and standard rodent chow and were exposed to 
14 h light: 10 h darkness photoperiods.

Tissue samples preparation

Different periods (2, 5, 8 or 14 days) after the 
surgery, mice were anesthetized by intraperito-
neal injection and the spleens were separated. 
For real-time PCR analysis, a part of spleen tis-
sues were frozen immediately in liquid nitrogen 
and stored at -80°C, and the other parts of 
spleen tissues were fixed with 10% neutral for-
malin or 2.5% glutaraldehyde solution. After the 
fixation with 10% neutral formalin for 24 h, the 
spleen tissue samples underwent the dehydra-
tion with gradient ethanol, the transparency 
with dimethylbenzene and the paraffin-embed-
ding with automatic tissue-embedding machine 
(ZMN-7803, Changzhou Huali Electronics Co. 
Ltd., Jiangsu, China). Then paraffin-embedded 
samples were sliced into 2 μm of sections for 
hematoxylin-eosin (HE) staining or 4 μm of sec-
tions for TUNEL staining. For transmission elec-
tron microscope (TEM) analysis, the spleen tis-
sue samples underwent the fixation with 2.5% 
glutaraldehyde solution for 2 h and then with 
osmic acid, the dehydration with ethanol and 
acetone, and the paraffin-embedding with 
epoxy resin (EPON-812, Microscopy Sciences, 
Inc.). Thereafter, the paraffin-embedded sam-
ples were sliced into ultrathin sections and 
then subjected to uranium-lead staining before 
observation.

HE staining

For HE staining, sections were deparaffinized 
and rehydrated, and then stained with hema-
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toxylin for 3 min. Thereafter, rinse the samples 
in tape water and differentiate the sections 
with 1% HCl in 70% alcohol for 10 s. Wash the 
slides in running tape water for 15 min. 
Subsequently, samples were stained with eosin 
for 1 min before dehydration with gradient eth-
anol and differentiation with xylene twice. Then 
mount the slides with resinene before micro-
scopic examination.

TUNEL assay

To analyze the cell apoptosis, TUNEL assay was 
performed using the In Situ Cell Death 
Detection Kit, POD (Roche, Switzerland) accord-
ing to the manufacturer’s instructions. Briefly, 
sections were deparaffinized and rehydrated, 
and then incubated with 100 μl of protease K 
at room temperature for 10~30 min. Wash 
slides 3 × 5 min with phosphate buffered saline 
(PBS) and then cover sections with TUNEL reac-
tion mixture (50 μl TdT + 450 μl fluorescein-
dUTP) for 1 h at 37°C. The negative control sec-
tions were incubated with 50 μl fluorescein-dUTP 
while the positive control sections were incu-
bated with 100 μl DNase 1 for 10 min at 
15~25°C first and then incubated with TUNEL 
reaction mixture (50 μl TdT + 450 μl fluoresce-
in-dUTP) for 1 h at 37°C. Rinse the slides with 
PBS for three times and then cover sections 
with 0.3% H2O2 for 3~5 min. After 3 × 5 min of 
rinse with PBS, sections were covered by 50 μl 
converter-POD for 30 min at 37°C away from 
light. Rinse the slides with PBS for three times, 
followed by incubation with 50~100 μl DAB for 
10 min at 15~25°C. Thereafter, the sections 
were lightly counter-stained with hematoxylin 
and then dehydrated and mounted with resin-
ene before microscopic examination.

RNA extraction and quantitative real-time PCR 
analysis

Total RNA was isolated from the frozen spleen 
tissues using TRIzol (Invitrogen) according to 
the manufacturer’s instructions, and then 
quantified by the absorbance ratio at A260/ 
280. Thereafter, 2 μl of total RNA was reversely 
transcribed into cDNA using PrimeScriptTM RT 
reagent Kit (TaKaRa, DRR037A). Then 1 μl 
cDNA was acquired for real-time PCR amplifica-
tion with SYBR Premix ExTaqTM Kit (TaKaRa, 
DRR081A) in a volume of 20 μl mixture contain-
ing 10 μl of 2 × SYBR Premix ExTaqTM, 0.8 μM of 
each primer and 1.0 μl of cDNA template. The 

primers for mouse caspase-3 were forward: 
5’-TCATGCACATCCTCACTCGT-3’ and reverse: 
5’-CGGGATCTGTTTCTTTGCAT-3’. The real-time 
PCR amplification was performed on the ABI 
7500 (ABI, USA) referred to the following proce-
dures: Step 1: 95°C for 5 min; Step 2: 94°C for 
30 s; Step 3: 60°C for 30 s; Step 4: 72°C for 90 
s, run 30 cycles, and then 72°C for 7 min. The 
specificity of PCR amplification was confirmed 
by melt-cure analysis, agarose gel electropho-
resis and sequencing of PCR products. The 
quantification of the mRNA expression level 
was determined using a standard curve estab-
lished by a tenfold serial of dilution of plasmid 
containing the corresponding DNA fragment 
from 102 to 106 copies/μl. The mRNA expres-
sion level of mouse caspase-3 was presented 
as the copy number.

Statistical analysis

Data were analyzed by One-Way Analysis of 
Variance (ANOVA) or Kruskal-Wallis H Rank-
Sum test followed by the S-N-K multiple-com-
parison test using the SPSS16.0 software 
(SPSS, Inc., Chicago, IL, USA). Data were pre-
sented as mean ± standard deviation (

_
x  ± S). 

Statistical significance was set at P < 0.05.

Ethics statement

We confirmed that all the operations using the 
experimental animals were performed in accor-
dance with the the authors’ institutional ethics 
committee approval.

Results

High concentration of lidocaine induced apop-
tosis of mouse splenic vascular endothelial 
cells

Total 88 mice were randomly divided into 4 
groups, 16 mice for saline while 24 mice for 
0.1%, 0.2% and 0.4% lidocaine respectively. 
The mice in each group were randomly divided 
into 4 subgroups that mice were treated with 
saline or lidocaine for 2, 5, 8 and 14 days.

After the treatment of saline for 2, 5, 8 and 14 
days, the appearances of spleens had no sig-
nificant changes, manifesting that the capsule 
was smooth and complete, the edge was tidy 
without swelling. There was no obvious differ-
ence between control group and every experi-
mental group that treated with different con-
centrations of lidocaine for different periods.
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Under the microscope, the spleens treated with 
saline for different periods were all normal: the 
spleen surface was coated with a thin layer of 
fibrous tissue and the outer layer was a mono-
layer of mesothelial cell; under the surface, the 
red and white pulps were clear, and the blood 
sinus was not dilated while splenic sinus was 
lined with the integral monolayer of endothelial 
cells; the blood sinus was filled with appropri-
ate amount of erythrocyte, and there were no 
inflammatory cells infiltrated in the mesen-
chyme; the histiocyte had no hyperplasia, and 
the structure of splenic corpuscle was clear 
and the germinal center was not dilated (Figure 
1A).

From the observation of HE staining, 0.1% li- 
docaine group: no notable difference was 

observed compared with control group at each 
time point. 0.2% lidocaine group: in the 2nd day 
group, the spleen appeared normal; in the 5th 
day group, the splenic sinus bled occasionally; 
in the 8th day group, few inflammatory cells 
such as mononuclear or polynuclear macro-
phage, occasionally infiltrated into the mesen-
chyme; in the 14th day group, the infiltrated 
inflammatory cells were more than those in the 
8th day group, and exudation of fibrous protein 
and polynuclear macrophages that had swal-
lowed cell debris were observed occasionally 
(Figure 1B). 0.4% lidocaine group: in the 2nd day 
group, the splenic sinus was occasionally dilat-
ed and hyperemic, and few inflammatory cells 
occasionally infiltrated into mesenchyme; in the 
5th day group, splenic sinus was dilated and 
obviously hyperemic while the number of inflam-

Figure 1. High concentration of lidocaine induced apoptosis of mouse splenic vascular endothelial cells. HE stain-
ing of the mice spleen tissues treated with lidocaine (× 100). A. In the saline treatment group, the spleen tissue 
exhibited normal; B. In the 0.2% lidocaine treatment group, minor hemorrhage of splenic sinus and interstitial fibrin 
deposition were observed; C. In the 0.4% lidocaine treatment group, minor hemorrhage of splenic sinus and macro-
phages aggregation were observed. Transmission electron microscope analysis of the mice spleen tissues treated 
with lidocaine (EM × 20000). D. In the saline treatment group, normal and integrate configuration of splenic sinus 
was presented; E. In the 0.4% lidocaine treatment group, destroyed blood sinus fascia and apoptotic bodies were 
observed. TUNEL analysis of the mice spleen tissues treated with lidocaine (× 400). F. In the saline treatment group, 
the apoptotic splenic vascular endothelial cells were rarely observed; G. In the 0.4% lidocaine treatment group, the 
apoptotic ratio of splenic vascular endothelial cells increased notably. Statistical analysis of the apoptotic ratio in 
each group treated with lidocaine. H. The outline of the interactive effects; I. Comparison of the apoptotic ratio in 
each group presented in histogram.
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matory cells infiltrated into mesenchyme 
increased; in the 8th day group, interstitial cell 
infiltration, exudation of fibrous protein and 
polynuclear macrophages that had swallowed 
cell debris were observed, and the partial 
spleen trabecular structure was slightly 
obscure; in the 14th day group, the interstitial 
cell infiltration and fibrous protein exudation 
and the number of polynuclear macrophages 
increased, and the structures of partial red and 
white pulps were obscure (Figure 1C).

From the transmission electron microscope 
(TEM) observation, the configurations of spl- 
eens were similar in those groups that treated 
with saline, 0.1% or 0.2% lidocaine for different 
periods: massive red pulps existed with clear 
blood sinus and integrated cell junction; a large 
number of erythrocytes aggregated in the 
splenic sinus, and lymphocytes distributed uni-
formly with integrate organelles; no apoptotic 
bodies were observed (Figure 1D). 0.4% lido-
caine group: 2 or 5 days after treatment, con-
figurations of spleens did not change signifi-
cantly; however, the fascia tissues of splenic 
sinus were damaged and apoptotic bodies 
were observed at the 8th and 14th day (Figure 
1E).

The results of TUNEL assay showed that apop-
totic cells were rarely visible in the splenic tis-
sues treated with saline, 0.1% or 0.2% lidocaine 
for different periods (Figure 1F). However, 
apoptosis markedly increased in splenic tis-
sues treated with 0.4% lidocaine (Figure 1G).

The data of apoptotic ratios in each group were 
collected from the results of TUNEL assay and 
presented in Table 1. Factor analysis was per-
formed to examine the apoptotic effects of lido-
caine on endothelial cells. The differences of 

apoptotic ratios were statistically significant 
compared among different groups (Fgroup = 
107.676, Pgroup = 0.000) and different time 
points (Ftime = 4.725, Ptime = 0.005), meanwhile, 
the interaction between group and time was 
also significant (Fgroup×time = 13.682, Pgroup×time = 
0.000) (Figure 1H).

From the data analysis, the difference of apop-
totic ratio had no statistical significance when 
spleens were treated with saline for different 
periods (F = 0.296, P = 0.828). From the 
Kruskal-Wallis H analysis, the difference of 
apoptotic ratio had no statistical significance 
when spleens were treated with 0.1% (x2 = 
3.687, P = 0.297) and 0.2% lidocaine (x2 = 
4.167, P = 0.244) for different periods. However, 
in the group that spleens were treated with 
0.4% lidocaine for different periods, the differ-
ence of apoptotic ratios were statistically sig-
nificant (x2 = 19.747, P = 0.000), and the apop-
totic ratio increased along with the longer 
periods of treatment (Figure 1I; Table 1). The 
difference of apoptotic ratios had no statistical 
significance when spleens were treated with 
saline or different concentrations of lidocaine 
for 2 days (F = 1.386, P = 0.279). However, the 
apoptotic ratios in 0.4% lidocaine group were 
notably higher than those in saline, 0.1% or 
0.2% lidicaines when spleens were treated for 
5, 8 and 14 days (P < 0.05) (Figure 1I; Table 1).

High concentration of PYM induced apoptosis 
of mouse splenic vascular endothelial cells

Total 88 mice were randomly divided into 4 
groups, 16 mice for saline while 24 mice for 
0.5, 1 and 2 mg/ml PYM respectively. The mice 
in each group were randomly divided into 4 
subgroups that mice were treated with saline or 
PYM for 2, 5, 8 and 14 days.

Table 1. Comparison of the apoptotic ratios of splenic vascular endothelial cells treated with lido-
caine (%, 

_
x  ± S)

Group N 2 d 5 d 8 d 14 d Total F/x2 P
saline group 16 1.14 ± 0.48 1.02 ± 0.45 0.93 ± 0.35 0.89 ± 0.34 0.99 ± 0.38 0.296* 0.828
0.1% lidocaine 24 1.20 ± 0.46 0.97 ± 0.24 1.10 ± 0.28 0.87 ± 0.19 1.04 ± 0.32 3.687# 0.297
0.2% lidocaine 24 1.06 ± 0.30 1.00 ± 0.07 1.01 ± 0.04 0.92 ± 0.14 1.00 ± 0.17 4.167# 0.244
0.4% lidocaine 24 1.48 ± 0.23 1.69 ± 0.37A,B,C 2.39 ± 0.08a,b,A,B,C 3.15 ± 0.07a,b,c,A,B,C 2.18 ± 0.70 19.747# 0.000
Total 1.23 ± 0.38 1.18 ± 0.42 1.40 ± 0.66 1.51 ± 1.05 1.33 ± 0.68 4.725 0.005
F/x2 1.386* 11.186# 13.717# 12.753# 103.676 13.682∆

P 0.279 0.011 0.003 0.005 0.000 0.000∆

∆: interaction F-value and P-value; *: analysis of variance; #: rank-sum test; a: vs 2 d, P < 0.05; b: vs 5 d, P < 0.05; c: vs 8 d, P < 0.05; A: vs saline 
group, P < 0.05; B: vs 0.1% lidocaine, P < 0.05; C: vs 0.2% lidocaine, P < 0.05.
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Figure 2. High concentration of PYM induced apoptosis of mouse splenic vascular endothelial cells. The appear-
ance of spleens treated with PYM. (A) The normal spleen treated with saline; (B) The spleen treated with 2 mg/ml 
PYM for 2 days, the edges were thickening and hardening; (C) The spleen treated with 2 mg/ml PYM for 5 days, 
the surface was uneven and atrophic; (D) The spleen treated with 2 mg/ml PYM for 8 days, white striped cicatrices 
were observed on the surface; (E) The spleen treated with 2 mg/ml PYM for 14 days, a large area of cicatrices was 
observed. HE staining of the mice spleen tissues treated with PYM. (F) The normal capsule of spleen treated with 
saline (× 200); (G) In the 0.5 mg/ml PYM treatment group, minor hemorrhage of splenic sinus and fibrin exudation 
were observed (× 100); (H) In the 1 mg/ml PYM treatment group, fresh bleeding of splenic sinus, fibrin deposition 
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After the treatment of saline for 2, 5, 8 and 14 
days, the appearances of spleens had no sig-
nificant changes (Figure 2A). When spleens 
were treated with 0.5 mg/ml PYM: 2 days after, 
the splenic tissue was dull-red and bright with-
out obvious changes; 5 days after, few speci-
mens exhibited slightly dark color and the cap-
sule was a little strained; 8 days after, the 
margin of few specimens was slightly blunt with 
mild swelling; 14 days after, most specimens 
became dark, slightly sunken, and the tesion of 
splenic capsule disappeared. When spleens 
were treated with 1 mg/ml PYM: 2 days after, 
the capsule of some spleens was a little 
strained with mild swelling; 5 days after, the 
spleens became dark and the margin was 
slightly blunt with mild swelling; 8 days after, 
the tesion of splenic capsule disappeared and 
partial areas of spleen were sunken; 14 days 
after, a partial of spleen tissues atrophied and 
the margin was uneven with incisures, and 
white striped cicatrices were observed on the 
surface, adhered to the surrounding tissues. 
When spleens were treated with 2 mg/ml PYM: 
2 days after, the capsule of some spleens was 
a little strained with different degrees of swell-
ing, and the margin was slightly blunt (Figure 
2B); 5 days after, the spleens became dark and 
the tesion of splenic capsule disappeared while 
partial areas of spleen were sunken (Figure 
2C); 8 days after, a spleen tissues atrophied to 
some extent and incisures were observed on 
the margin, and the partial areas of spleen 
were sunken with white striped cicatrices on 
the surface, adhered to the surrounding tissues 
(Figure 2D); 14 days after, most specimens 
were hard and dull-red, the capsule was con-
cave-convex and atrophic with white striped 
cicatrices on the surface, severely adhered to 
the surrounding tissues, and the spleen mar-
gins were sharp with irregular incisures (Figure 
2E).

From the observation of HE staining, there were 
no significant changes when spleens were 

treated with saline for different periods (Figure 
2F). When spleens were treated with 0.5 mg/
ml PYM: 2 days after, the splenic sinus was 
occasionally dilated and hyperemic, and few 
inflammatory cells occasionally infiltrated into 
mesenchyme; 5 days after, interstitial inflam-
matory cell infiltration and exudation of fibrous 
protein were observed, and few sinusoidal 
endothelial cells were swelled and transformed; 
8 days after, the splenic sinus was significantly 
dilated and hyperemic, while many inflamma-
tory cell infiltration, exudation of fibrous protein 
and histiocytosis were observed, and the par-
tial splenic cord structure was obscure; 14 days 
after, fibrous protein exudation, degeneration, 
fibrous tissue proliferation and erythrocytes 
diffusion were observed, and a part of splenic 
sinuses were sunk and destroyed while splenic 
corpuscle shrunk with uneven morphology 
(Figure 2G). When spleens were treated with 1 
mg/ml PYM: 2 days after, the splenic sinus was 
dilated and hyperemic, while few inflammatory 
cells infiltrated and polynuclear macrophages 
were observed occasionally; 5 days after, the 
splenic sinus was significantly hyperemic, inter-
stitial inflammatory cell infiltration and exuda-
tion of fibrous protein were observed, and few 
sinusoidal endothelial cells were swelled and 
transformed, in addition, the number of poly-
nuclear macrophages increased; 8 days after, 
splenic cord structure was obscure with fibrous 
protein exudation and histiocytosis, associated 
with fresh hemorrhage (Figure 2H); 14 days 
after, fibrous protein exudation, degeneration, 
fibrous tissue proliferation and histiocytosis 
were observed, and splenic sinuses were sunk 
and destroyed while splenic corpuscle shrunk 
with uneven morphology, in addition, many 
monocytes or macrophages aggregated. When 
spleens were treated with 1 mg/ml PYM: 2 
days after, the splenic sinus was dilated and 
hyperemic, and few sinusoidal endothelial cells 
were swelled and transformed, the inflamma-
tory cell infiltration and histiocytosis were 

and histiocytosis were observed (× 100); (I) In the group of 2 mg/ml PYM treatment for 8 days, thicken splenic cap-
sule and histiocytosis were observed (× 200); (J) In the group of 2 mg/ml PYM treatment for 14 days, hemorrhage 
and fibrin exudation were observed (× 100). Transmission electron microscope analysis of the mice spleen tissues 
treated with 2 mg/ml PYM (EM × 20000). (K) The blood sinus wall was destroyed and apoptotic bodies were obvi-
ously observed; (L) Vacuoles changing of mitochondrion and expanded endoplasmic reticulum were also observed. 
TUNEL analysis of the mice spleen tissues treated with PYM (× 400). (M) In the saline treatment group, the apop-
totic splenic vascular endothelial cells were rarely observed; (N) In the group of 1 mg/ml PYM treatment for 5 days, 
the apoptotic ratio of splenic vascular endothelial cells increased notably; in the group of 2 mg/ml PYM treatment 
for 2 days (O), 5 days (P), 8days (Q) and 14 days (R), the apoptotic ratio increased significantly along with the rising 
treatment periods. Statistical analysis of the apoptotic ratio in each group treated with PYM. (S) The outline of the 
interactive effects; (T) Comparison of the apoptotic ratio in each group presented in histogram.
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Table 2. Comparison of the apoptotic ratios of splenic vascular endothelial cells treated with PYM (%, 
_
x  ± S)

Group N 2 d 5 d 8 d 14 d Total F P
saline group 16 1.14 ± 0.48 1.02 ± 0.45 0.93 ± 0.35 0.88 ± 0.34 0.99 ± 0.38 0.296 0.828
0.5 mg/ml PYM 24 7.86 ± 0.72A 17.13 ± 1.20a,A 25.54 ± 0.79a,b,A 34.82 ± 0.46a,b,c,A 21.34 ± 10.23 1144.825 0.000
1 mg/ml PYM 24 20.57 ± 0.97A,B 31.27 ± 1.02a,A,B 41.92 ± 1.03a,b,A,B 53.52 ± 0.41a,b,c,A,B 36.82 ± 12.53 1494.281 0.000
2 mg/ml PYM 24 32.37 ± 1.15A,B,C 45.69 ± 1.69a,A,B,C 60.84 ± 1.89a,b,A,B,C 74.83 ± 0.84a,b,c,A,B,C 53.43 ± 16.34 963.028 0.000
Total 16.79 ± 11.98 25.84 ± 16.16 35.16 ± 21.27 44.66 ± 25.99 30.61 ± 21.89 2499.782 0.000
F 1232.831 1201.614 2134.600 14886.604 9549.392 279.087∆

P 0.000 0.000 0.000 0.000 0.000 0.000∆

∆: interaction F-value and P-value; a: vs 2 d, P < 0.05; b: vs 5 d, P < 0.05; c: vs 8 d, P < 0.05; A: vs saline group, P < 0.05; B: vs 0.5 mg/ml PYM, P < 0.05; C: vs 1 mg/ml PYM, P < 0.05.

Table 3. Comparison of the apoptotic ratios of splenic vascular endothelial cells treated with a combination of PYM and lidocaine (%, 
_
x  ± S)

Group N 2 d 5 d 8 d 14 d Total F/x2 P 

Saline group 16 1.14 ± 0.48 1.02 ± 0.45 0.93 ± 0.35 0.88 ± 0.34 0.99 ± 0.38 0.296* 0.828
0.5 mg/ml PYM 24 7.77 ± 0.88A 18.37 ± 3.67a,A 25.54 ± 0.79a,b,A 35.12 ± 0.46a,b,c,A 21.70 ± 10.37 21.600# 0.000
0.5 mg/ml PYM + 0.1% lidocaine 24 8.15 ± 0.57A 17.30 ± 1.16a,A 26.14 ± 1.32a,b,A 35.31 ± 0.55a,b,c,A 21.73 ± 10.35 876.169* 0.000
0.5 mg/ml PYM + 0.2% lidocaine 24 13.96 ± 0.18A,B,C 27.44 ± 1.79a,A,B,C 36.46 ± 1.96a,b,A,B,C 44.53 ± 1.05a,b,c,A,B,C 30.60 ± 11.67 21.600* 0.000
Total 8.36 ± 4.39 17.40 ± 9.19 24.21 ± 12.21 31.51 ± 15.34 20.37 ± 13.85 917.257 0.000
x2 17.360 17.202 17.715 17.146 1510.583 88.540∆

P 0.001 0.001 0.001 0.001 0.000 0.000∆

∆: interaction F-value and P-value; *: analysis of variance; #: rank-sum test; a: vs 2 d, P < 0.05; b: vs 5 d, P < 0.05; c: vs 8 d, P < 0.05; A: vs saline group, P < 0.05; B: vs 0.5 mg/ml PYM, 
P < 0.05; C: vs 0.1% lidocaine + 0.5 mg/ml PYM, P < 0.05.

Table 4. Comparison of the copy numbers of caspase-3 in spleen tissues treated with a combination of PYM and lidocaine (
_
x  ± S)

Group N 2 d 5 d 8 d 14 d Total x2 P 

0.5 mg/ml PYM 24 4911.28 ± 590.30 11304.42 ± 2821.66a 23396.20 ± 7155.49a,b 45188.16 ± 3167.89a,b,c 21200.01 ± 16163.21 21.600 0.000

0.5 mg/ml PYM + 0.1% lidocaine 24 6874.47 ± 842.61A 12539.72 ± 921.33a 25625.60 ± 4000.36a,b 46147.63 ± 2863.12a,b,c 22796.85 ± 15604.83 21.600 0.000

0.5 mg/ml PYM + 0.2% lidocaine 24 18158.41 ± 8013.87A,B 34515.95 ± 3557.15a,A,B 46947.88 ± 921.92a,b,A,B 94380.37 ± 7544.24a,b,c,A,B 48500.65 ± 29499.23 21.600 0.000

Total 9981.39 ± 7434.97 19453.36 ± 11255.93 31989.89 ± 11804.42 61905.38 ± 24095.55 30832.51 ± 24578.89 479.417 0.000

F/x2 15.158# 11.415# 11.474# 127.582* 294.028 25.348∆

P 0.001 0.003 0.003 0.000 0.000 0.000∆

∆: interaction F-value and P-value; *: analysis of variance; #: rank-sum test; a: vs 2 d, P < 0.05; b: vs 5 d, P < 0.05; c: vs 8 d, P < 0.05; A: vs saline group, P < 0.05; B: vs 0.5 mg/ml PYM, P < 0.05; C: vs 0.1% lidocaine + 0.5 mg/ml PYM, P < 0.05.
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observed, splenic cord structure was obscure, 
the splenic cord fibrocytes were occasionally 
transformed or the cell nucleus concentrated 
and crushed; 5 days after, the splenic sinus 
was significantly hyperemic, many sinusoidal 
endothelial cells and splenic cord fibrocytes 
were transformed with concentrated and 
crushed nucleus, splenic cord structure was 
obscure, the aggregation of monocytes or mac-
rophages, inflammatory cell infiltration and his-
tiocytosis were frequently observed; 8 days 
after, splenic sinuses were sunk and destroyed, 
the karyolysis and crush of endothelial cell 
nucleus, fibrous protein exudation, degenera-
tion, fibrous tissue proliferation and erythro-
cytes diffusion were observed, a large number 
of monocytes or macrophages aggregated, 
splenic corpuscle shrunk with uneven morphol-
ogy, the margin of spleens was hyperemic and 
bleeding (Figure 2I); 14 days after, large areas 
of splenic sinus endothelial cell apoptosis, col-
lapsed and shrunken splenic corpuscle, fibrous 
tissue hyperplasia and thicken capsule were 
observed (Figure 2J).

From the TEM observation, the configurations 
of spleens treated with saline were as the same 
as described in (Figure 1D). However, in the 
groups that were treated with PYM, the blood 
sinus wall was destroyed and apoptotic bodies 
were obviously observed (Figure 2K); vacuoles 
changing of mitochondrion and expanded 
endoplasmic reticulum were also observed 
(Figure 2L).

TUNEL assay was performed to examine the 
apoptotic effects of PYM on splenic endothelial 
cells. The results showed that apoptotic cells 
were rarely visible in the saline treatment 
group; however, the number of apoptotic cells 
significantly increased along with the rising 
dose or period of the treatment (Figure 2M-R).

The data of apoptotic ratios in each group were 
collected from the results of TUNEL assay and 
presented in Table 2. Factor analysis was per-
formed to examine the apoptotic effects of 
PYM on endothelial cells. The differences of 
apoptotic ratios were statistically significant 
compared among different groups (Fgroup = 
9549.392, Pgroup = 0.000) and different time 
points (Ftime = 2499.782, Ptime = 0.000), mean-
while, the interaction between group and time 
was also significant (Fgroup×time = 279.087, P 

group×time = 0.000) (Figure 2S).

From the data analysis, the difference of apop-
totic ratio had no statistical significance when 
spleens were treated with saline for different 
periods (F = 0.296, P = 0.828). However, the 
difference of apoptotic ratios were statistically 
significant when spleens were treated with 0.5 
mg/ml (F = 1144.825, P = 0.000), 1 mg/ml (F 
= 1494.281, P = 0.000) and 2 mg/ml PYM (F = 
963.028, P = 0.000) for different periods, and 
the apoptotic ratios increased along with the 
longer periods of relative treatment (Figure 2T; 
Table 2). The difference of apoptotic ratios 
were statistically significant when spleens were 
treated with different concentrations of PYM 
for 2 days (F = 1232.831, P = 0.000), 5 day (F 
= 1201.614, P = 0.000), 8 days (F = 2134.600, 
P = 0.000) and 14 days (F = 14886.604, P = 
0.000). In addition, the apoptotic ratios in 2 
mg/ml PYM treatment group were notably high-
er than those in other groups when spleens 
were treated with saline, 0.5 mg/ml or 1 mg/ml 
PYM for different periods (Figure 2T; Table 2).

Lidocaine had synergistic effects on apoptosis 
of splenic vascular endothelial cells induced 
by PYM

Total 88 mice were randomly divided into 4 
groups, 16 mice for saline while 24 mice for 0.5 
mg/ml PYM, 0.5 mg/ml PYM + 0.1% lidocaine 
and 0.5 mg/ml PYM + lidocaine respectively. 
The mice in each group were randomly divided 
into 4 subgroups that mice were treated with 
saline or drugs for 2, 5, 8 and 14 days.

The injection of saline did not obviously affect-
ed the morphology and configuration of 
spleens, but the injection of 0.5 mg/ml PYM 
significantly caused apoptosis of splenic vascu-
lar endothelial cells and destroyed the configu-
ration of spleens as described above. Then we 
examine the effects of a combination of lido-
caine and PYM on spleens via HE staining and 
TUNEL assay as well as TEM observation. The 
results showed that compared with the treat-
ment of 0.5 mg/ml PYM alone, the combination 
of lidocaine and PYM further promoted the 
apoptosis of splenic vascular endothelial cells 
and severely destroyed the configuration of 
spleens. In addition, the combination of 0.2% 
lidocaine and PYM exerted much more intense 
apoptotic effects than 0.1% lidocaine + PYM 
(Table 3).

The data of apoptotic ratios in each group were 
collected from the results of TUNEL assay and 
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presented in Table 3. Factor analysis was per-
formed to examine the apoptotic effects of lido-
caine + PYM on endothelial cells. The differ-
ences of apoptotic ratios were statistically 
significant compared among different groups 
(Fgroup = 1510.583, Pgroup = 0.000) and different 
time points (Ftime = 917.257, Ptime = 0.005), 
meanwhile, the interaction between group and 
time was also significant (Fgroup×time = 88.540, P 

group×time = 0.000) (Figure 3A).

From the data analysis, the difference of apop-
totic ratio had no statistical significance when 
spleens were treated with saline for different 

periods (F = 0.296, P = 0.828). However, the 
difference of apoptotic ratios were statistically 
significant when spleens were treated with 0.5 
mg/ml PYM (x2 = 21.600, P = 0.000), 0.5 mg/
ml PYM + 0.1% lidocaine (F = 876.169, P = 
0.000) and 0.5 mg/ml PYM + 0.2% lidocaine (F 
= 21.600, P = 0.000) for different periods, and 
the apoptotic ratios increased along with the 
longer periods of relative treatment (Figure 3B; 
Table 3). The difference of apoptotic ratios 
were statistically significant when spleens were 
treated with PYM or a combination of lidocaine 
and PYM for 2 days (x2 = 17.360, P = 0.001), 5 
day (x2 = 17.202, P = 0.001), 8 days (x2 = 

Figure 3. Lidocaine had synergistic effects on apoptosis of splenic vascular endothelial cells induced by PYM. Sta-
tistical analysis of the apoptotic ratio in each group treated with PYM or a combination of PYM and lidocaine. A. 
The outline of the interactive effects; B. Comparison of the apoptotic ratio in each group presented in histogram. 
Statistical analysis of the copy number of caspase-3 in each group treated with PYM or a combination of PYM and 
lidocaine. C. The outline of the interactive effects; D. Comparison of the copy number of caspase-3 in each group 
presented in histogram.
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17.715, P = 0.001) and 14 days (x2 = 17.146, P 
= 0.001). In addition, the apoptotic ratios in 0.5 
mg/ml PYM + 0.2% lidocaine treatment group 
were notably higher than those in other groups 
when spleens were treated with saline, 0.5 mg/
ml PYM or 0.5 mg/ml PYM + 0.1% lidocaine for 
different periods (Figure 3B; Table 3).

To further examine the apoptosis of splenic 
vascular endothelial cells in each group, the 
mRNA expression levels of caspase-3 were 
determined by real time RT-PCR and the data 
were presented in Table 4. The results of factor 
analysis showed that the differences of copy 
numbers of caspase-3 mRNA were statistically 
significant compared among different groups 
(Fgroup = 9549.392, Pgroup = 0.000) and different 
time points (Ftime = 2499.782, Ptime = 0.000), 
meanwhile, the interaction between group and 
time was also significant (Fgroup×time = 279.087, 
Pgroup×time = 0.000) (Figure 3C).

Via the Kruskal-Wallis H analysis, the differenc-
es of copy numbers of caspase-3 mRNA were 
statistically significant when spleens were 
treated with 0.5 mg/ml PYM (x2 = 21.600, P = 
0.000), 0.5 mg/ml PYM + 0.1% lidocaine (x2 = 
21.600, P = 0.000) and 0.5 mg/ml PYM + 0.2% 
lidocaine (x2 = 21.600, P = 0.000) for different 
periods, and the copy numbers of caspase-3 
increased along with the longer periods of rela-
tive treatment (Figure 3D; Table 4). The differ-
ence of copy numbers of caspase-3 were sta-
tistically significant when spleens were treated 
with PYM or a combination of lidocaine and 
PYM for 2 days (x2 = 15.158, P = 0.001), 5 day 
(x2 = 11.415, P = 0.003), 8 days (x2 = 11.474, P 
= 0.003) and 14 days (x2 = 127.582, P = 0.000). 
In addition, the copy numbers of caspase-3 in 
0.5 mg/ml PYM + 0.2% lidocaine treatment 
group were notably higher than those in other 
groups when spleens were treated with saline, 
0.5 mg/ml PYM or 0.5 mg/ml PYM + 0.1% lido-
caine for different periods (Figure 3D; Table 4).

Discussion

Lidocaine is an amide of local anaesthetics 
firstly synthesized in 1943, and widely used in 
clinical treatment because of its fast-acting 
function in relieving the pain [13]. However, 
people gradually discovered the side effects of 
lidocaine, such as cytotoxicity, delaying wound 
recovery, leading to thrombosis and inflamma-
tion. Lidocaine induced cytotoxicity has attract-

ed extensive attention and many animal and in 
vitro experiments has been conducted, but the 
mechanisms remain elusive [19]. Some studies 
unraveled that lidocaine may influence the 
function of the mitochondria, resulting in dam-
age to the mitochondria, and thus induce apop-
tosis. Lidocaine stimulated the imbalance of 
mitochondrial electron conduction and aggre-
gation of endogenous mitochondrial free radi-
cals, leading to mitochondrial DNA damage and 
even mutations, ultimately resulting in cell dys-
function and cell death [20, 21]. In this study, 
we found that lidocaine exerted toxicity on 
splenic vascular endothelial cells, and promot-
ed cell apoptosis in a dose- and time-depen-
dent manner. However, the mechanisms of 
lidocaine-induced apoptosis of splenic vascular 
endothelial cells need further studies to figure 
out.

PYM is a broad-spectrum anti-tumor antibiotic 
produced by Pingyang Streptomyces and 
belongs to bleomycin, without immunosuppres-
sive effects and suppressing bone marrow 
function. In the body, PYM can promote the oxi-
dation of Fe2+ to Fe3+, and produce OH-, which is 
the most active and powerful oxygen free radi-
cals that can combine and uncoil the DNA [22]. 
In addition, PYM also induced cell apoptosis. 
Therefore, local application of PYM may cause 
vascular endothelial cell injury, cell hydropic, 
degeneration and hyperplasia, the occurrence 
of inflammation, local tissue degeneration and 
necrosis, micro-thrombosis, leading to wall 
thickening and luminal occlusion, ultimately 
resulting in fibrosis to promote the regression 
of lesions. In this study, we found that 0.5 mg/
ml of PYM induced apoptosis of mice splenic 
vascular endothelial cells, and along with the 
rising concentrations of PYM and treatment 
periods, the ratios of PYM-induced apoptosis 
significantly increased. After the treatment with 
2 mg/ml of PYM for 14 days, a large area of 
apoptotic cells in spleen were observed and 
the configuration of splenic tissue was severely 
destroyed.

PYM sclerotherapy is applied as a routine treat-
ment for VMs in China and has a good thera-
peutic effect. However, high concentrations of 
PYM treatment often causes the patient’s pain 
during the treatment of VMs, while lidocaine is 
often used as an auxiliary anesthetic to relieve 
the pain caused by PYM. Besides the anesthet-
ic effect, whether lidocaine has the synergistic 
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effect with PYM during the treatment of VMs? 
We chose the mouse spleen as the VM model, 
a combination of lidocaine and PYM were 
applied in treatment. The results showed that 
the apoptotic ratios in the joint use of lidocaine 
and PYM were notably higher compared to 
those in the treatment with PYM alone, indicat-
ing that lidocaine exerted synergistic effect on 
apoptosis of endothelial cells induced by PYM. 
However, the mechanisms remain unclear. Two 
reasons may account for that, first, lidocaine 
itself has cytotoxicity; second, lidocaine pro-
moted the penetration and absorption of PYM, 
thus exhibiting stronger pro-apoptotic ability.

Of course, it requires further study to figure out 
whether lidocaine has a synergistic effect with 
PYM in the clinical treatment of VMs. Moreover, 
we have to look for better animal models for 
VMs study. Overall, this study investigated the 
synergistic effects of lidocaine and PYM on 
inducing apoptosis of endothelial cells in the 
VM mouse model, trying to provide experimen-
tal and theoretical basis for clinical drug prepa-
ration of PYM and lidocaine during the therapy 
of VMs.
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