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Abstract. The aim of the study was to investigate the effi-
ciency and safety of zoledronic acid and ibandronate in the 
treatment of rats with lung cancer combined with bone metas-
tases. A total of 124 rats with lung cancer bone metastasis 
were established. Rats were randomly divided into A, B and 
C groups (n=30). Rats in group A were treated with ibandro-
nate combined with zoledronic acid, rats in group B were 
treated with zoledronic acid monotherapy, and rats in group C 
were treated with ibandronate monotherapy. Rats in group A 
were injected subcutaneously with zoledronic acid 0.1 mg/
kg and ibandronate 10 µg/kg, once per week for 12 weeks; 
rats in group B were injected subcutaneously with zoledronic 
acid, and rats in group C were injected subcutaneously with 
ibandronate, the same method as the treatment group. The 
remaining 34 SD rats were not treated to serve as the control 
group. Treatment efficacy and physical improvement in 
8 weeks were observed, and improvement of pain behavior in 
rats was evaluated to reflect the effect of drug treatment. Of 
the 30 rats in group A, 25 showed different degrees of remis-
sion, 5 rats showed no improvement and the effective rate was 
83.3%. Of the 30 rats in group B, 21 showed different degrees 
of remission, 9 rats showed no improvement and the effective 
rate was 70%. Of the 30 rats in group C, 20 showed different 
degrees of remission, 10 rats showed no improvement and the 
effective rate was 66.7%. Statistically significant differences 
in total effective rate were found among three groups, and the 
combined method showed the highest effective rate (P<0.05). 
Ibandronate combined with zoledronic acid has a good 

therapeutic effect on cancer pain caused by bone metastases 
from lung cancer.

Introduction

Lung cancer is a common type of clinical malignant tumor with 
high incidence and mortality in the respiratory system. Lung 
cancer seriously affects the health and life of patients (1,2). 
With the highest incidence among all the subtypes of lung 
cancer, non-small cell lung cancer is a main cause of death in 
patients (3,4). Metastasis is common in malignant tumors, and 
bone metastasis is the most common type, and bone metas-
tases is observed in approximately 20-40% of patients with 
lung cancer (5). Therefore, how to improve the treatment of 
bone metastases in lung cancer patients is the key to improving 
their quality of life and survival.

At present, treatment with bisphosphonate drugs is an 
important method in the treatment of bone metastasis from 
lung cancer (6). Studies have shown that (7,8) bisphosphonates 
can significantly relieve bone pain and collapse caused by bone 
metastasis. With direct antitumor effects, bisphosphonates can 
inhibit the proliferation and diffusion of cancer cells, induce 
the apoptosis of cancer cells, and inhibit angiogenesis. With 
direct antitumor activities, zoledronic acid can effectively 
inhibit the proliferation of small cell lung cancer cells (9,10). 
Ibandronate has been proved to be effective in the treatment of 
bone cancer pain and bone collapse caused by bone metastases.

In this study, lung cancer bone metastases rat model was 
established to explore the therapeutic effect of zoledronic acid 
and ibandronate. The results are as follows.

Materials and methods

Subjects. A total of 124 female SD rats were purchased from 
Experimental Animal Center of Jilin University [certifi-
cate number: SCXK (Kyrgyzstan) 2008-0004]. LAD0011 
feed was provided by Trophic Animal Feed High-Tech Co., 
Ltd. (Nantong, China). All the rats were aged 8.5 weeks on 
average, weighed 200-225 g and raised at indoor tempera-
ture of 21.5±0.5˚C and humidity of 45-65% with fluorescent 
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lighting. All rats were allowed to access food and water freely. 
The study was approved by the Ethics Committee of Wuwei 
People's Hospital (Wuwei, China).

Rat model establishment. Rat model was constructed according 
to the methods described by Miller et al (11). Briefly, H1299 
cells were cultured with Roswell Park Memorial Institute 
(RPMI) medium (Invitrogen; Thermo Fisher Scientific, Grand 
Island, NY, USA) containing 10% fetal bovine serum in an 
incubator (37˚C, 5% carbon dioxide). Adjusting concentration, 
100 µl (1x105) was injected into each rat by left ventricular. 
Rat model established 5 days. In the first 10 min before model 
establishment, rats were injected with 10 mg/kg low molecular 
weight heparin enoxaparin (1 mg/ml) through tail vein to 
prevent thrombosis. After model construction, rats were kept 
in a laminar flow cage and the activities were monitored.

Treatment. The 124 rats with lung cancer bone metastasis were 
randomly divided into A, B and C groups (n=30). Group A 
was treated with ibandronate combined with zoledronic acid, 
group B was treated with zoledronic acid monotherapy, and 
group C was treated with ibandronate monotherapy. Rats in 
group A were injected subcutaneously with zoledronic acid at 
a dose of 0.1 mg/kg and ibandronate at a dose of 10 µg/kg, 
once per week for 12 weeks; rats in group B were injected 
subcutaneously with zoledronic acid, and rats in group C were 
injected subcutaneously with ibandronate, the same method 
as the treatment group. No treatment was performed for the 
remaining 34 rats, so those rats were used as the control group.

Observation indicators. The 150 SD rats were subjected to 
radioisotope scanning, and radioisotope accumulation in bone 
indicated positive bone metastasis. Based on this, 124 rats 
showed bone metastasis. Changes of body weight were 
observed. Therapeutic effect was evaluated by comparing the 
pain behavior of treated rats and control group. Improved pain 
behavior was defined as effective treatment. Evaluation of 
physical changes in rats was performed using a modified tail 
suspension test (TST).

Observation of pain behavior: Paw withdrawal latency 
(PWL): Rats were transferred to observation cage. When rats 
became quiet, light was focused on the middle of the toes. 
The upper limit of PWL was set as 20 sec to avoid burns. The 
period from the beginning of the irradiation to rats showing 
lifted legs or escaped was taken as the thermal pain threshold. 
This experiment was performed 3 times with an interval of 
10 min to calculate the average time. PWL determined at 1 day 
before model construction was used as the baseline value.

Paw withdrawal mechanical threshold (PWT): The rat foot 
was stimulated by von Frey filaments with different thresholds, 
and the upper limited was set as 26 g. Rapid paw withdrawals 
during or right after stimulation were treated as positive reac-
tion. The von Frey filament provided 3 positive reactions in 
5 tests with an interval of 10 sec was used as PWT threshold.

Observation of spontaneous paw withdrawals: Rats were 
kept in cage and were allowed to move freely. Walking gait and 
the number of paw withdrawals within 90 sec were observed.

Statistical analysis. SPSS 19.0 (SPSS Inc., Chicago, IL, USA) 
was used for all statistical analysis. Measurement data were 
expressed as mean ± SD, and comparison among multiple 
groups were performed using ANOVA and the post hoc was 
Dunnett test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

General information. All the selected rats were healthy female 
rats with mild temper. All rats were fed with LAD0011 feed. 
Model construction on all 150 rats was performed at the same 
time, and model was successfully constructed in 124 rats. All 
124 rats showed no significant changes in weight and length 
after model construction (P<0.05). The average age of rats was 
8.5±0.2 weeks. The nutritional level was good and the average 
glucose concentration was 86.2±11.6 (Table I).

Table I. Comparison of basic information of rats.

Parameters	 Control	 A	 B	 C	 P-value

Weight after model construction (g)	 219.8±10.2	 222.4±11.3	 207.6±12.5	 226.1±10.6	 0.785
Weight before model construction (g)	 169.4±7.3	 176.5±6.8	 164.2±7.5	 182.1±7.2	 0.645
Length (cm)	 18.3±1.2	 19.5±1.1	 17.9±1.3	 20.4±0.9	 0.693
Age (week)	 8.1±0.4	 8.5±0.2	 8.4±0.3	 8.6±0.1	 0.899
Glucose (mmol/l)	 82.4±11.3	 79.8±12.1	 86.2±11.6	 84.1±11.5	 0.685

Figure 1. Observation of treatment efficacy of three groups. Cancer pain in 
25 out of 30 rats of group A were relieved to varying degrees, and the effec-
tive rate was 83.3%; 21 out of 30 rats of group B were relieved to varying 
degrees, and the effective rate was 70.0%; 20 out of 30 rats of group C were 
relieved to varying degrees, and the effective rate was 66.7%. Group A 
showed the highest effective rate (△P=0.02, compared to groups B and C), but 
no significant differences in the effective rate were found between group B 
and C (*#P=0.1432).
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Treatment effect. The mean value of the rats in the control 
group was set as standard (spontaneous paw withdrawals 
8.3 times, PWL 4.6 sec, PWT 15.7 g), The improvement of pain 
behavior in rats was used to evaluate the effect of drug treat-
ment. Twenty-five rats in group A showed different degrees 
of improvements, and 5 rats showed no improvement, and the 
effective rate was 83.3%; 21 rats in group B showed different 
degrees of improvements, and 9 rats showed no improvement, 
and the effective rate was 70%; 20 rats in group C showed 
different degrees of improvements, and 10 rats showed no 
improvement, and the effective rate was 66.7%. Significant 
differences in effective rate were found among the 3 groups, 
A showed highest effective rate (P<0.05), but no significant 
differences were found between group B and C (P>0.05) 
(Fig. 1). Pain behavioral observation is shown in Figs. 2-4.

Comparison of physical improvement. With mean value 
of rats in control group as a standard (struggle domain area 
7348.6 mv x sec, cumulative immobility time 103.6 sec, single 
cumulative immobility time 60.5 sec), physical condition of 
rats in other groups were evaluated. Out of 30 rats in group A,  
15 showed physical improvement, and the improvement rate 

was 50%; 10 out of 30 rats in group B showed physical improve-
ment, and the improvement rate was 33.3%; 9 out of 30 rats in 
group C showed physical improvement, and the improvement 
rate was 30%. Significant differences in improvement rate 
were found among the 3 groups, and group A showed greatest 
improvement rate (P<0.05) (Fig. 5). Results of the modified 
TST are shown in Figs. 6-8.

Discussion

Lung cancer is a major malignancy that affects human health. 
The incidence of lung cancer increases with age, and occur-
rence in individuals aged 55 or above is most common (12). 
Lung cancer is the third malignancy in the United States and 
is also a leading cause of death in patients (13). Smoking is 
a very important risk factor, and 70-90% of individuals with 
lung cancer in the United States smoke. Although smoking 
rates have been reduced, 30-40% of individuals have a history 
of smoking (14). Therefore, it is imperative to improve the 
treatment of lung cancer, so as to improve the quality of life 
and survival of those patients.

Figure 2. Observation of the number of spontaneous paw withdrawals in 
three groups of rats. The numbers of spontaneous paw withdrawals in control 
group were counted 3 times, and the average value was calculated to serve as 
reference (mean = 24.1). Increased numbers of spontaneous paw withdrawals 
were defined as effective treatment.

Figure 3. Observation of PWL in three groups of rats. PWL in control group 
were counted 3 times, and the average value was calculated to serve as refer-
ence (mean = 3.6). Improved PWL was defined as effective treatment.

Figure 4. Observation of PWT in three groups of rats. PWT in control group 
were counted 3 times, and the average value was calculated to serve as refer-
ence (mean = 3.2). Improved PWT was defined as effective treatment.

Figure 5. Physical improvement in three groups of rats. Physical improve-
ment was observed in 15 out of 30 rats in group A, and the improvement rate 
was 50%; 10 out of 30 rats in group B showed physical improvement, and the 
improvement rate was 33.3%; 9 out of 30 rats in group C showed physical 
improvement, and the improvement rate was 30.0%. Significant differences 
were found among three groups, and group A showed the highest improve-
ment rate (△P=0.01, compared to groups B and C). No significant differences 
were found between groups B and C (*#P=0.0672).
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Bone is a major site of lung cancer metastasis, and ~40% 
of patients with non-small cell lung cancer (NSCLC) showed 
bone metastases during the course of disease, and bone tissue 
lesions were observed in more than 55% of newly diagnosed 
lung cancer patients. In this study, a lung cancer bone metas-
tasis model was established to explore the therapeutic effect 
of zoledronic acid and ibandronate. The results of this study 
show that, compared with the pain behavior of control group, 
treatment with zoledronic acid improved spontaneous paw 
withdrawal, PWL and PWT in 21 out of 30 rats, and the treat-
ment efficiency is 70%; of the 30 rats treated with ibandronate, 
20 showed improvement, and the effective rate was 66.7%; of 
the 30 rats treated with both, the effective rate reached 83.3%. 
No significant differences in the effective rate were found 
between the treatments with the two drugs alone (P>0.05). 
The above results showed that zoledronic acid combined 
with ibandronate can effectively improve the symptoms of 
lung cancer, and relieve cancer pain in rats. Zoledronic acid 
is the most commonly used bisphosphonic acid in the treat-
ment of bone metastases (5). However, Barrett-Lee et al (15) 
found that zoledronic acid was superior to ibandronic acid in 
preventing bone-related events caused by bone metastases. 

This may be explained by the different dose, manner of 
administration, as well as duration of treatment used in our 
study. It has been suggested (16) that zoledronic acid can be 
used in the treatment of NSCLC to prevent or delay the occur-
rence of bone-related events. Previous findings have shown 
that, the therapeutic effect of zoledronic acid on lung cancer is 
achieved by inhibiting protein prenylation (17). Silva et al (18) 
indicated in their study that zoledronic acid could alter bone 
microenvironment and affect the growth of bone and bone 
tumors, so as to effectively reduce the risk of bone-related 
events. Ibandronate can also effectively reduce the risk of 
bone-related events in patients with lung cancer, and it has 
been reported that ibandronate can inhibit tumor cell adhe-
sion, invasion, proliferation, and the interactions with bone 
matrix metalloproteinases (19).

Although zoledronic acid and ibandronate have good 
therapeutic effects on lung cancer, the combined use 
of zoledronic acid and ibandronate in the treatment of 
lung cancer bone metastases still has not been reported. 
Our study provided a reference for follow-up studies. 
Luedders et al found the combined use of zoledronic acid 
and ibandronate showed good tolerance and safety on renal 
toxicity in the 6-month treatment of breast cancer patients 
with bone metastases (20). Zoledronic acid and ibandronate 
acid are both bisphosphonates, and they can also be used in 
the treatment of osteoporosis (21,22) and other bone diseases. 
More studies are needed to explore the roles of bisphospho-
nates in the treatment of bone diseases.

In summary, ibandronate and zoledronic acid have prom-
ising effects on improving the symptoms of bone metastases 
in lung cancer, and the combined use of the drugs can signifi-
cantly improve the efficacy.
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Figure 6. Observation of struggle domain area in three groups of rats. 
Struggle domain area in control group was counted 3 times, and the average 
value was calculated to serve as reference (mean = 6032 mV x sec). Improved 
struggle domain area was defined as effective treatment.

Figure 7. Observation of accumulated motionless time in three groups of 
rats. Accumulated motionless time in control group was counted 3 times, 
and the average value was calculated to serve as reference (mean = 84.5 sec). 
Improved accumulated motionless time was defined as effective treatment.

Figure 8. Observation of maximal motionless time in three groups of 
rats. Maximal motionless time in control group was counted 3 times, and 
the average value was calculated to serve as reference (mean = 42.5 sec). 
Improved maximal motionless time was defined as effective treatment.
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