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Irinotecan delivery by microbubble-assisted 
ultrasound – A pilot preclinical study 
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INSERM UMR 930 « Imagerie et Cerveau », Université François Rabelais, Tours, France 
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Abstract. Irinotecan is conventionally used for the treatment of colorectal cancer. However, its 
administration is associated with severe side effects. Targeted drug delivery using ultrasound (US) 
combined with microbubbles offers new opportunities to increase the therapeutic effectiveness of anti-
tumor treatment and to reduce toxic exposure to healthy tissues. The objective of this study is to 
investigate the safety and efficacy of in-vivo delivery of irinotecan by microbubble-assisted US in 
human glioblastoma model (U-87 MG). In order to validate the potential of this new method in-vivo, 
subcutaneous tumors were implanted in the flank of nude mouse and treated when they reached a 
volume of 100 mm3. In the first study, the measured volumes with caliper and anatomic ultrasound 
imaging were compared for the monitoring and the quantification of tumor growth during 27 days. 
Ultrasound imaging measurements were positively correlated to caliper measurements. The tumor 
treatment consisted of an i.v. injection of irinotecan (20 mg/kg) followed one hour later by i.v. 
administration of MM1 microbubble and an US insonation using a single-element transducer operating 
at 1MHz (400 kPa, 10 kHz PRF 40% DC, 3 min). The therapeutic efficacy was evaluated for 39 days 
by measuring the tumor volume before and after treatment using a caliper and based on ultrasound 
images using an 18 MHz probe (Vevo 2100). Our results showed that anatomical ultrasound imaging 
was as efficient as caliper for the monitoring and the quantification of tumor growth. Moreover, 
irinotecan delivery by sonoporation induced a significant decrease of glioblastoma tumor volume and 
an increase of tumor-doubling time compared to the tumor treated by irinotecan alone. In conclusion, 
this novel therapeutic approach has promising features since it can be used to reduce the injected drug 
dose and to achieve a better therapeutic efficacy. 
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BACKGROUND 

Irinotecan, also known as CPT-11, is highly active as a single agent or when it 
is combined with other anti-cancer drugs such as 5-fluorouracil or cetuximab. This 
anti-cancer drug is mainly used for the treatment of colorectal cancer1. Irinotecan is a 
prodrug of the pharmacologic active metabolite SN-38 and is activated in a one-step 
enzymatic reaction, which is catalyzed by the carboxyesterases in the liver and 
intestines for human and in blood for mouse and rat. SN-38 is a potent topoisomerase I 
inhibitor and is 300-20,000 times more cytotoxic than irinotecan2,3.  

However, the therapeutic effectiveness of irinotecan is strongly limited by the 
development of drug resistance. Moreover, this drug has severe toxicities such as 
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diarrhea, nausea, vomiting and neutropenia1. To overcome these problems, the 
development of an efficient, safe and targeted delivery of irinotecan is required to 
reduce the therapeutic dose. Recent research has demonstrated that targeted drug 
delivery using ultrasound (US) combined with microbubbles, also known as 
sonoporation, offers new opportunities to improve the therapeutic effectiveness of 
tumor treatment and to reduce toxic exposure to healthy tissues4,5. Microbubbles under 
US activation oscillate and increase the permeability of biological barriers facilitating 
thus the drug extravasation into the treated tissue6. Hence, localized and targeted 
delivery of the drugs occurs only in the treated region and the release can be controlled 
and triggered in both time and space under the action of focused ultrasound 7. 

In this context, we investigated the safety and efficacy of in-vivo delivery of 
irinotecan by microbubble-assisted ultrasound in human glioblastoma model. A first 
study has been led to determine if anatomic ultrasound imaging was as efficient as 
caliper to measure the tumor dimensions. Then, in second part, subcutaneous tumors 
were treated by an i.v. injection of irinotecan followed by i.v. administration of MM1 
microbubbles and an ultrasound insonation. The therapeutic effectiveness was 
determined by measuring the tumor volume using a caliper and high frequency 
ultrasound imaging. 

METHODS 

Cell culture - Human glioblastoma cells (U-87 MG) were derived from a malignant 
glioma (European Collection of Cell cultures, Salisbury, U.K.). Cells were grown as a 
monolayer in Dulbecco’s modified Eagle Medium (DMEM High W/GlutaMAX-I) 
supplemented with 10% heat-inactivated fetal calf serum (Life Technologies, Saint-
Aubin, France). The cells were routinely sub-cultured every 4 days and incubated at 
37°C in humidified atmosphere with a 5% CO2 incubator. 
Ultrasound setup - Ultrasound waves were generated by a single-element transducer 
with a center frequency of 1 MHz. The transducer had a diameter of 15 mm and was 
naturally focused at 35 mm. It was driven with an electrical signal generated by 
arbitrary waveform generator (Agilent, Santa Clara, CA) and then amplified by a 
power amplifier (ADECE, Artannes sur Indre, France). The peak negative pressure of 
the acoustic wave was measured in a separate setup using a calibrated PVDF needle 
hydrophone (diameter 0.2 mm; Precision Acoustics Ltd., Dorschester, UK) at the 
natural focal distance of the transducer.  
Animal preparation – All procedures were performed according to the ethical 
guidelines and were approved by the Animal Care and Regional Committee for Ethics 
in Animal Experiments. Male Swiss nu/nu mice were purchased from Charles River 
(L’Arbresle, France). They were maintained at constant room temperature with 12-h 
light cycle in a ventilated isolation cages. The mice were 6 weeks old at the beginning 
of the experiments, weighing 25-30 g. Under gaseous anesthesia (Aerrane®), tumors 
were implanted subcutaneously in both flanks of the mice using 100 �L of U-87 MG 
cell suspension prepared from in-vitro cell culture (3×106 cells/mouse). 
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Irinotecan delivery – A total of 15 mice were divided into three experimental groups: 
(1) control group (i.e. w/o treatment), (2) irinotecan group (i.e. injection of irinotecan 
alone) and irinotecan + sonoporation group (i.e. injection of irinotecan followed by 
sonoporation). Tumor treatment was initiated under gaseous anesthesia when the 
tumors reached a volume of 100 mm3. It consisted of a direct i.v. administration of 
irinotecan via penile vein (20 mg/kg; Camptosar®, Pfizer) followed by a direct i.v. 
bolus injection of MM1 microbubbles (70 �L) 1 hour after irinotecan administration. 
This delay is required to reach the pharmacological peak of SN-38 in the blood3. The 
tumor was covered with ultrasound conducting gel and exposed to 1 MHz sinusoidal 
ultrasound waves with a pulse repetition period of 100 �s, 40 cycles per pulse (40% 
duty cycle), at peak-negative pressure of 400 kPa during 3 min. The irinotecan 
delivery by sonoporation was performed at 28th, 32th and 36th day of tumor growth. 
Assessment of therapeutic effectiveness – The tumor size on perpendicular axes was 
measured before and after treatment using a caliper and based on ultrasound images 
made at 18 MHz (Vevo®2100 system, VisualSonics Inc., Toronto, Canada). The tumor 
volume was calculated using the formula8:  

 

RESULTS 

Subcutaneous glioblastoma tumor model 

In the main published protocols in anti-tumoral therapy, the caliper is the main 
tool to monitor and quantify the therapeutic effectiveness. This is explained by the fact 
that this method is easy to use and cheap8. Therefore, we decided to compare caliper 
and ultrasound imaging methods to determine the tumor volume. To reach this goal, 
tumors were implanted subcutaneously in the left flank of 10 mice and the tumor 
dimensions were measured over time by caliper and ultrasound imaging (Fig. 1).  

 
FIGURE 1: A. Tumor volume calculated from tumor dimensions obtained by caliper (solid line) and 
by ultrasound imaging (dashed line). B. Correlation curve between ultrasound imaging and caliper 
measurements. 
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As shown in Fig. 1A, the mean tumor volume slowly increased until the 13th 
day. Then, tumor grew rapidly to reach a volume close to 1,300 mm3 at day 27th. In 
addition, we demonstrated that ultrasound imaging measurements were positively 
correlated to the caliper measurements. Our results showed that similar tumor-
doubling times (i.e. 6.5 days) were obtained from the tumor growth curves achieved 
by caliper and ultrasound imaging (Fig. 2).  

 
FIGURE 2: Tumor-doubling time of subcutaneous glioblastoma tumors. 

Irinotecan delivery by sonoporation 

The treatment of the subcutaneous glioblastoma tumors was applied three 
times, either using irinotecan on its own or in combination with sonoporation. The 
therapeutic effectiveness of irinotecan delivery by sonoporation was evaluated by 
anatomic ultrasound imaging each four days. No side effect was associated with the 
treatment. As shown in the Fig. 3, irinotecan treatment alone induced approximately 2-
fold decrease in tumor volume compared to control group. However, irinotecan in 
combination with by sonoporation led to an additional 2-fold decrease in tumor 
volume in comparison to irinotecan therapy alone.  

 
FIGURE 3: Monitoring and quantification of therapeutic effectiveness of irinotecan delivery by 
sonoporation at 39th day.  
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In agreement with Fig. 2, the tumor-doubling time was 6.7 days in the control 
group. The irinotecan treatment alone induced an increase in tumor-doubling time (i.e. 
8 days). This value reached 8.7 days after irinotecan delivery when irinotecan was 
associated with sonoporation (Figure 4). 

 
FIGURE 4: Tumor-doubling time of subcutaneous glioblastoma tumors after irinotecan delivery by 
sonoporation.  

CONCLUSIONS 

In conclusion, the present investigation reported a direct evidence that anatomic 
ultrasound imaging and caliper provided similar tumor dimensions. Moreover, our 
main findings demonstrate the synergetic effect of the co-administration approach. 
Hence, sonoporation increases further the therapeutic efficacy of Irinotecan. We 
assume that this effect is attributable to the US activation of the microbubbles which 
enhances the permeability of the tumor microvasculature and increases by that the drug 
bioavailability inside the tumor. 
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