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Abstract 

To achieve reliable and reproducible myocardial opacification after intravenous 
administration of echocardigraphic contrast agents, this study was performed to fabricate a 
kind of poly(L-lactide-co-glycolide) (PLGA) microbubbles-based contrast agent with a 
modified double emulsion method which incorporates and later sublimes porogen, leaving 
voids capable of being filled with gas in their places. The morphology and size distribution of 
the microbubbles were investigated. The porous inner structure formed in the microbubble 
contrast agents were further proved by confocal laser scanning microscope (CLSM). All the 
results satisfied the requirements of ideal contrast agents. Acoustic measurement set-up 
detected the excellent scatter ability of the PLGA (70/30) microbubbles. It demonstrated this 
kind of polymer-shell contrast agents could achieve efficient left ventricular opacification and 
the improved delineation of left ventricular endocardial borders. Especially the safe and 
successful myocardial opacification in close-chest dogs were observed. 
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1. Introduction 

Ultrasound as a diagnostic tool in medical diagnosis has becoming increasingly popular in 

recent years [1-5]. Diagnostic ultrasound is a safe, relatively inexpensive medical imaging 

technology, which is used extensively in obstetrics and cardiology [6]. Among the major clinical 

applications, blood flow measurement is of particular importance. Conventionally, the Doppler 

effect is used to obtain the information of blood flow. In this case, blood velocity is measured by 

detecting the frequency change of the echoes backscattered from the moving blood. Despite its 

wide clinical acceptance, the use of Doppler-based methods has its limitations in obtaining the 
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beam-to-flow angle. In additional to traditional Doppler techniques, although great advances are 

made in imaging processing, such as gray scale imaging and color Doppler, ultrasound images lack 

the contrast to identify many pathological conditions [7]. In a lot of clinical conditions, the detail 

information about the internal structure is especially difficult to tell from the surrounding tissue in 

an ultrasound image produced by the reflection of ultrasound waves [8]. 

One approach to enhance the images in ultrasound is to inject a highly echogenic agent, i.e. 

ultrasonic microbubble contrast agent, into the venous system. Such kind of contrast agent is a very 

strong reflector of ultrasound energy, which can increase the contrast of the image when it passes 

through the organs or tissues of interest. Such is known as ultrasound contrast agents. Most of the 

contrast agents are gas-filled microbubbles with micron size [9] and are small enough to reach the 

left ventricle of the heart and avoid the rapid disappearance. When contrast echo imaging is 

performed, many individual “speckles” of contrast can be observed in the investigated areas. These 

white foci represent the images of individual micron-sized bubbles. The detection of the movement 

of the microbubbles is particularly important, because the ultrasound contrast agents can efficiently 

improve the blood flow detection and offer possibilities of visualizing perfusion conditions [10-12].  

As an ideal contrast agent, it should be nontoxic, safe, high echogenic and amenable to 

parenteral administration. For intravenous injection the agent must be stable enough to withstand 

the high pressure of the heart and be less than 8µm in diameter in order to pass unimpededly 

through the pulmonary bed when it passages from the injection site to the target of interest. In 

addition, it should have a narrow size distribution and remain within the blood pool or have a 

well-specified tissue distribution [13, 14]. 

   Various compounds have been used as microbubble shells or surface modifying agents of the 

contrast agent, such as palmitic acid, phospholipids, albumin and polymers [15-19]. Polymers have 

been well used to fabricate microcapsules with well-defined thickness and adjustable shell elasticity. 

In the past, acrylates were used as the shell of the ultrasound contrast agent. But they were 

nonbiodegradable and inflexible. On the other hand, this kind of contrast agent required bubble 

destruction so as to simulate ultrasound emissions under high energy ultrasound field. Several 

studies have demonstrated that the disruption of the microbubbles within the microcirculation with 

high-energy ultrasound can cause rupture of small capillaries and entry into the interstitium [20]. 

Biodegradable polymers are well established in biomedical field as biomaterials for a variety of 

applications. Polycaprolactone(PCL), poly(lactic acid) (PLA) and poly(lactide-co-glycolide) 

(PLGA) are synthetic biodegradable polymers permitted in clinical application by the United States 
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Food and Drug Administration [21-23]. As a kind of popular biodegradable materials, they are used 

extensively for the controlled delivery of protein and peptide drugs, the manufacture of medical 

devices and wound dressings as well as fabricating scaffolds in tissue engineering. By adjusting 

molecular weight and composition of the polymers, the elasticity and compressibility of the 

microbubble shell can be easily controlled. As a result, the optimal ultrasonic properties such as 

attenuation coefficient, backscatter coefficient and second harmonic properties of the microbubbles 

can be obtained. So the polylactone type polymer is possible to become a good candidate to act as 

the contrast agent. 

   In the previous work, we have ever reported the poly (L-lactic acid) (PLLA) ultrasonic contrast 

agents. This kind of contrast agent could pass through the pulmonary capillaries without retention 

to opacify the left ventricle cavity and myocardium. It suggested the possibility of using polymer as 

microbubbles shell to work as contrast agents [14,15]. However, the slow degradation rate of PLLA 

which result in its long retention time in the body is a drawback. Because polyglycolide (PGA) has 

much higher degradation rate than that of PLLA, and the introduction of glycolidyl units can 

efficiently accelerate the degradation rate of the polymer, so in this article, we developed PLGA 

microbubble ultrasonic contrast agents with the improved emulsion-solvent (water/oil/water) 

evaporation technique to achieve the faster degradation rate in the body. The inner structure of the 

microbubbles was also investigated. Their acoustic properties and potential clinical application of 

the PLGA microbubbles were further studied. 

 

 

2. Materials and Methods 

2.1 Materials 

L-lactide and glycolide were purchased from Purac (Netherlands) and purified by 

recrystallization from ethylacetate twice, further dried and kept over P2O5 in vacuum condition. 

Stannous octoate (Sn(Oct)2)  (A.R.) was purchased from Sigma Co. and directly used without 

further purification. Ethylacetate (A.R.) was dried over P2O5 overnight and distilled before use. 

Poly (vinyl alcohol) (PVA, 88% hydrolyzed) was obtained from Beijing Chemical Plant. All other 

agents were of analytical grade and used without further purified.  

 

2.2 Polymerization and characterization 

   The predetermined amount of L-lactide, glycolide and 0.05 wt% of initiator Sn(Oct)2 were 
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added into a dried polymerization phial. The phial was connected to a vacuum line to be purged by 

argon for three times, and was sealed under vacuum. Then the phial was immersed and kept in an 

oil bath thermostated at 160℃ for 48h. The raw product was dissolved in chloroform, and 

precipitated from cold ethanol. The obtained final PLGA (70/30) product was dried under vacuum 

at room temperature until constant weight. Viscosity of the copolymer was measured using a 

Ubbelohde viscometer at 30℃, at a concentration of 0.5g/dl in chloroform. The intrinsic viscosity 

([η]) of the copolymer was calculated by ‘one point method’ and expressed in dl/g: 

[η]=[2(ηsp-lnηr)1/2]/c, where ηr=η/η0 and ηsp= ηr-1, η and η0 being the viscosity of the polymer 

solution and the solvent respectively. Gel permeation chromatographic (GPC) analysis was 

performed at 35℃ on Waters apparatus equipped with Shodex KF-800 columns at a flow rate of 

1ml/min. Calibration of the molecular weight of the copolymer was based on polystyrene standards. 

Chloroform was served as solvent and a differential refractometer as detector. 1H NMR spectra 

were recorded with a Bruker DMX 300 spectrometer and CDCl3 was used as solvent. All the 

analysis results were as shown before [24, 25]. 

 

2.3 Preparation of the PLGA microbubbles 

   A modified water-in-oil-in-water (W/O/W) double emulsion solvent evaporation method was 

employed to fabricate the microbubbles with porous internal structure [26-28]. Briefly, 0.3g PLGA 

was dissolved in dichloromethane at a concentration of 12% (w/v). Ammonium carbonate solutions 

at different concentrations were emulsified with the polymer/dichloromethane solution for 60s 

using a sonicator with a 3 mm probe at an output power of 50 watt. Then the first emulsion (W/O) 

was dropped into a 200 ml of 1%(w/v) PVA solution to produce a double W/O/W emulsion. The 

solution was stirred at 6000 rpm for 30 min, and then stirred at 500-600 rpm for 2-3h to permit the 

evaporation of the solvent. The resulting microbubbles were collected by centrifugation, washed 

with deionized water for three times. The products were then lyophilized using a freeze-dryer 

overnight and stored in a desiccator at 4℃. 

 

2.4 Morphology observation of the PLGA microbubbles 

The freeze-dried samples were mounted onto metal stubs with double-sided tape. The surface 

morphology of the microbubbles was observed by scanning electronic microscope (SEM) 

(HITACHI S-4300). After being vacuum-coated with a thin layer of gold, the microbubbles were 
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examined by SEM at 15KV. 

 

2.5 Determination of the inner structure of the PLGA microbubble 

   A Leica confocal laser scanning microscope (CLSM, SP2) equipped with filters for 488nm 

(Blue), 543nm (Yellow) and 633nm (Red) were employed to collect the wavelength from 575nm to 

620nm and observe the inner structure of the microbubbles. The microbubbles were redispersed in 

the distilled water and placed onto a glass slide. A cover slip was added, and the image was taken. 

The ×60 oil immersion objective lenses and an excitation wavelength (Laser power: 100%) of 

543nm were employed. 

 

2.6 Determination of size distribution of the PLGA microbubbles 

A coulter LS particle size analyzer (Coulter Electronics Ltd., UK) was used to measure the size 

distribution of the microbubbles. Deionized water was used in the sample cell as a blank before 

each reading.  

 

2.7 Set-up for Acoustic measurements 

   The ultrasound properties were measured by means of a laboratory pulse-echo and transmission 

system [29-31], as shown in Fig.1. The system includes two transducers, a transmitter and a 

receiver at 90 degree. The oscilloscope was also used to calculate the frequency distribution of the 

received echoes and their averaged power spectra. The oscilloscope output could either be printed 

or transmitted to a PC computer for further analysis. The two single-element broadband flat 

transducers (T and R) were used as both the acoustic transmitter and receiver. They were mounted 

on the wall of a water tank. All the elements were kept in a thermostatic water tank at 37℃. The 

back wall of the water tank was used as an acoustic reflector, at a distance 8.6 cm from the 

transducer faces. The length of the sample cell was 12.8 cm. The sample cell was filled with 500 ml 

degassed water, and samples of microbubbles contrast agent were diluted in this system. Sensitivity 

and signal-to-noise ratio were optimized by varying the dilution，depending on the size distribution 

of the sample investigated. The scattered signals from the insonified microbubbles were measured 

using a pair of transmit and receive transducers which were positioned confocally at right angles to 

each other. The measurement sequence was as follows: The transducers were excited by short 

pulses from the pulser, sending broadband ultrasound pulses through the sample cell. The pulses 
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were reflected at the back wall of the water tank and received by the transmitting transducer (T) 

after traversing the sample cell twice. It gives a total sound path length through the sample cell of 

17.2 cm. The received signals were transferred to the oscilloscope. The oscilloscope was set to 

display only the reflection from the wall of the chamber, using delayed trigger and time gating. The 

pulses were digitized in the oscilloscope and transferred over the general purpose interface bus 

(GPIB) to the PC computer. Signal processing of the received pulses was done in the computer 

using Matlab software. The sampled segments were downloaded and converted to their frequency 

spectra. Power spectra were calculated from fast Fourier transform (FFT) and part of the spectrum 

containing useful information was signed out. 

 

2.8 In vivo evaluation of the PLGA microbubbles 

Four mongrel dogs weighing 20 to 25kg were examined, including two acute myocardial 

infarction models. The animals were anesthetized with sodium pentobarbital at the dosage of 

30mg/kg for induction throughout the surgical procedure (additional anesthesia was administered 

during the experiment as needed). 0.2g microbubbles were redispersed in 20ml of 5% glucose. The 

dosage was administrated intravenously by single bolous injection through a three way stopcock 

inserted into the femoral vein. A 6F catheter was inserted into the left femoral vein for making 

single bolous injection of echo contrast agent or physiological saline solution. A catheter was 

inserted into the left femoral artery and systemic blood pressure was continuously monitored. 

Another catheter was inserted into left femoral vein. After the administration, the catheter was 

flushed with 5ml physiological saline solution. All vials were equilibrated to room temperature 

prior to use. For Echocardiography, a commercially available echocardiograph, the Acuson Sequia 

imaging device equipped with a 4V2C (1.75-3.5MHz) transducer was used for closed chest 

examination. The Mechanical Index (MI) was 0.6. Left ventricle opacification was observed real 

time with second harmonic imaging using echocardiogram (ECG) on-line. The myocardium 

contrast imaging was observed by PCI (power contrast imaging) technology. The transpulmonary 

time (time interval from right ventricle opacification to left ventricle imaging after intravenous 

injection) and the longevity of the left ventricle imaging time were recorded. 

 

 

3. Results and Discussions 

3.1 Characterization of synthesized PLGA 
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According to the synthetic method, the PLGA (70/30) was synthesized. As measured in 

chloroform at 30℃, the [η] (dl/g) was 1.02. GPC results showed that Mw =114,000, Mn=63,000, 

and Mw/ Mn=1.80. The degradation rate of the polymer was expressed as half life (T50) which based 

on 50% of original weight loss. Compared with the 110 weeks, T50 of PLLA, the 10 weeks, T50 of 

PLGA (70/30) means the degradation rate was significantly accelerated [32].  

 
 

   
 
 
   
 
 
 
 
 
 
 
 
 
  

 
Fig.1 Block diagrams of the acoustic arrangement for the measurement of acoustical properties 

 
 

3.2 Morphology and inner structure of the PLGA microbubbles 

According to the preparation method of the microbubbles, the porous PLGA (70/30) 

microbubbles with average size of 2 µm in diameter were obtained. Scanning electron micrograph 

(SEM) showed the resulting microbubbles have spherical shapes with smooth outer shell, as shown 

in Fig.2 (a). Confocal laser scanning microscope (CLSM) provides a good approach to exploring 

the internal structure of the microbubbles. The honeycomb-like porous internal structure of the 

PLGA microbubbles could be seen in Fig.2 (b). It is concerned that the porous structure formed 

during the formation of the microbubbles, while ammonium carbonate acted as a pore forming 

agent. This kind of salt is first dissolved in water. The solution containing the pore forming agent is 

then emulsified with the polymer solution to create droplets of the pore forming agent in the 

polymer solution. After the solvent evaporation, the polymer is precipitated in the PVA solution and 

the wall of the microbubbles formed at the same time. The fnal microbubbles were washed with 

deionized water and centrifuged. Then the hardened microbubbles were further frozen and 
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lyophilized to remove the lyophilizable ammonium carbonate, and the honeycomb-like porous 

internal structure formed. 

 

3.3 Acoustical properties evaluation  

Two steps of the ultrasonic test were carried out to evaluate acoustics of the PLGA 

microbubbles. The first step was a control measurement made with the container filled only with 

degassed water but without microbubbles. The second step was then made with a container filled 

with the microbubbles injected directly after the first step. This measurement was carried out 

without moving the container with regards to the control measurement in order to eliminate the 

systematic deviation. This method corrected for the frequency responses of the transducers and for 

propagation path characteristics. 

  

Fig.2 a) Scanning electron micrograph (SEM) and b) Confocal laser scanning microscope (CLSM) of the 
microbubbles  

 

The scattered signals from the insonified microbubbles were measured using a pair of transmit 

and receive transducers which were positioned confocally at right angles to each other. Because the 

microbubbles are much smaller than the acoustic wavelength and undergo volume pulsations in the 

ultrasound field, the scattered signals received at 90º are very similar to the backscattered echoes. 

The constant agent amplitude of the scattered detection pulse corresponds to the control 

measurement without microbubbles, as indicated in Fig.3. As soon as the injection of the contrast 

agent microbubbles, apparent signals were received. It could be seen that after the injection of the 

microbubbles, the center position of the scattered signals of both the 90 degree received waves and 

the signals received by the receiver which is in line with the transmitter became modulated as 

10μm a b 
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shown the lower panel in Fig.3 (a) and Fig.3 (b) respectively, corresponding to the bubble pulsation. 

The phenomenon above strongly demonstrates the excellent scatter ability of the PLGA 

microbubbles excited by a pulse of ultrasound. With the time passed, the amplitude of the respond 

waves decreased gradually. The differential of the control measurement and the measurement with 

contrast agent microbubbles could be taken to calculate the effect of the contrast agents.  

As indicated in Fig.4, both the echo scatter energy and the 90 degree scatter energy lasted as 

long as about 30 min, which demonstrated the good stability of PLGA microbubbles. This can be 

explained as that the polymer shell protected the inner air from dissolving into the outer aqueous 

environment and slowed the escaping speed of the inner air. As a result, it increased the responding 

time of the microbubbles under the ultrasonic field. In Fig.4 (a), corresponding to the peak value of 

the echo scatter energy, the echo wave energy reached the nadir value. In fact, the acoustical 

attenuation was mainly caused by the scatter of the microbubbles. So the high scatter intensity 

appeared with the weak echo wave energy. Both in Fig.4 (a) and Fig.4 (b), with the increase of time, 

the scatter energy amplitude of the waves attenuated. It can be explained as the encapsulated gas 

dissolved in the water and the microbubbles were destructed in the ultrasound field so as to lose 

their stability. 

 

 

Fig.3 Sampling of the received signals, a) when the receiver was at the right angles to the transmitter; b) when the 
receiver was in line with the transmitter. The waveforms received were first sampled using the sequence mode of 

the digital oscilloscope. 
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Fig.4 a) Echo scatter wave energy & Echo wave energy of the microbubbles for pulser/receiver mode and b) 
degree 90 scatter energy of the microbubbles as a function of time  

 

3.4 In vivo evaluation of the PLGA microbubbles 

The potential clinical application of PLGA (70/30) microbubble contrast agents were performed 

with mongrel dogs as experimental models. After 0.5ml prepared contrast agents administrated by 

single bolous injection to the vein and the catheter washed by 5ml physiological saline solution, 

within a few seconds, a wide stream of echogenic material could be observed flowing into and 

filling the right atrium. The stream passed into the right atrium and filled the right ventricle quickly. 

The intensity in the two chambers appeared almost equal. With the administration of PLGA 

contrast agents, the improved visualization of the left ventrical opacification and endocardial 

borders was obtained, as shown in Fig.5. The transpulmonary time was 2-3 cardiac cycles. The 

peak intensity of the left ventricle imaging appeared 3-5 cardiac cycles after the microbubbles 

began to appear in the left ventricle. The microbubbles were excited in the ultrasound field, 

vibrated, and emits secondary ultrasound waves in all directions. The intensity of these secondary 

ultrasound waves may exceed by orders of magnitude the backscatter from blood. This high 

reflectance provides good results for the PLGA as the bright blood poor contrast. The satisfactory 

high intensity imaging lasted more than 90 seconds. Perfusion defects for the two acute myocardial 
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infarction models were distinctly detected from gray scale second harmonic myocardial contrast 

echocardiography (MCE), as shown in Fig.6. It demonstrated the ability of PLGA microbubbles to 

detect myocardial perfusion defects. 

 
 

Fig.5 The improved visualization of the left ventricle opacification and endocardial borders 
 

 
 

Fig.6 Power contrast imaging (PCI) allows visualization of microbubbles within the myocardium and apical 
perfusion defect. 

 

 

4. Conclusions 

The modified W/O/W fabrication method proved to be a valuable method to produce PLGA 

microbubbles with porous inner structure as ultrasound contrast agents. In vitro acoustical 

measurements demonstrate such contrast agents have excellent scattering ability in the ultrasound 

field. In vivo experiments further showed that this kind of contrast agents could efficiently improve 

the visualization of left ventricle opacification, the improved delineation of the left-ventricular 

endocardial boarders and the ability to detect myocardial perfusion defects. All these results 

support that PLGA microbubble contrast agents have the potential value in the future diagnosis and 

treatment of ischemic heart diseases. 

 

 

Acknowledgements  



 8th ARAB INTERNATIONAL CONFERENCE ON 
POLYMER SCIENCE & TECHNOLOGY 

27 – 30 November 2005, Cairo-Sharm El-Shiekh, EGYPT 

The authors are indebted to center for molecular science (ICCAS) for financial supports. They 

also appreciate the technical assistance from Prof. Hailan Zhang and Dr. Xiaohua Che at Institute 

of Acoustics, Chinese Academy of Sciences, for the in vitro measurement of the microbubbles. 

 
 
References 
[1] Kasprzak JD, Paelinck B, Ten Cate Vletter WB, de Jong N, Pldermans D, Elhendy A, Bouakaz 

A, Roelandt JR. Comparison of native and contrast –enhanced harmonic echocardiograph for 
visualization of left ventricular endocardial border. Am. J. Cardiol. 1999;83(2):211-217. 

[2] Kaul S, Jayaweera R. Coronary and myocardial blood volumes. Noninvasive tools to access the 
coronary microcirculation. Circulation 1999; 96: 719-724. 

[3] Wei K, Jayaweera AR, Firoozan S, Linka A, Skyba DM, Kaul S. Quantification of myocardial 
blood flow with ultrasound-induced destruction of microbubbles administered as a constant 
venous infusion. Circulation 1998; 97(5): 473-483. 

[4] Porter TR, Xie F. Transient myocardial contrast after initial exposure to diagnostic ultrasound 
pressures with minute doses of intravenously injected microbubbles. Demonstrations and 
potential mechanisms. Circulation 1995; 92(9): 2391-2395. 

[5] Kamiyama N, Moriyasu F, Mine Y, Goto Y. Analysis of flash echo from contrast agent for 
designing optimal ultrasound diagnostic systems. Ultrasound Med. Biol. 1999; 25(3): 411-420. 

[6] Peter F. Physics and instrumentation of diagnostic medical ultrasound. New York: Wiley, 1990; 
1-5. 

[7] Fabrizio C, Rodolfo C, Olivia B, Anna B, Maria GS. Ultrasound contrast agents Basic 
principles. Eur. J of Radiol 1998; (27): s157-s160. 

[8] Wheatley MA, Singhal S. Structure studies on stabilized microbubbles: development of a novel 
contrast for diagnostic ultrasound. Reac Polym 1995; 25: 157-166. 

[9] Alexander LK, Targeted delivery of gas-filled microspheres, contrast agents for ultrasound 
imaging. Advanced drug delivery reviews 1999; 37: 139-157. 

[10] Feigenbaum H, Stone JM, Lee DA, Nasser WK, Chang S. Identification of ultrasound echoes 
from the left ventricle by use of intracardiac injections of indocyanine green. Circulation 1970; 
41: 615-621. 

[11]Cooper MJ, Bernstein D., Silverman NH. Recognition of left coronary artery fistula to the left 
and right ventricles by contrast echocardiography. J Am Coll Cardiol 1985; 6: 923-926 

[12]Dayton PA, Morgan KE, Klibanov AL, Brandenburger GH, Ferrara KW. Optical and acoustical 
observations of the effects of ultrasound on contrast agents. IEEE Trans Ultrason Ferroelec 
Freq Control 1999; 46:220-232. 

[13]Michel S, Marcel A, Marie BB, Jean B, Anne B, Roger V, Feng Y. BR1: A new 
ultrasonographic contrast agent based on sulfur hexafluoride-filled microbubbles. Invest Radiol 
1995; 30: 451-457. 

[14]Wang SG, Cui WJ, Li GM, Cai Q, Zhi G, Zhao YY, Yang B, Xu Y. Novel ultrasound contrast 
agents---Biodegradable poly (lactic acid) microcapsules. Science in China (Series B) 2003; 
46(4): 371-378. 

[15]Cui WJ, Bei JZ, Wang SG, Zhi G, Zhao YY, Zhou XS, Zhang HW, Xu Y. Preparation and 
evaluation of poly(L-lactide-co-glycolide)(PLGA) microbubbles as a contrast agent for 
myocardial contrast echocardiography. J Biomed Mater Res Part B: Appl Biomater 2005;  
73B: 171-178. 

[16] Bokor D. Diagnostic efficacy of SonoVue. Am J Cardial 2000; 86:19-24. 



 8th ARAB INTERNATIONAL CONFERENCE ON 
POLYMER SCIENCE & TECHNOLOGY 

27 – 30 November 2005, Cairo-Sharm El-Shiekh, EGYPT 

[17]Danny MS, Gustavo C, Norman CG, Richard JP, Thomas CS, Sanjiv K. Hemodynamic 
characteristica, myocardial kinetics and microvascular rheology of FS-069, a 
second-generation echocardiographic contrast agent capable of producing myocardial 
opacification from a venous injection. J Am Coll Cardial 1996; 28: 1292-1300. 

[18] Forsberg F, Wu Y, Makin IRS, Wang W, Wheatley MA. Quantitative acoustic characterization 
of a new contrast agent. Ultrasound Med Biol 1997; 23: 1201-1208. 

[19] Jong N, Cate FJT. New ultrasound contrast agents and technological innovations. Ultrsonics 
1996; 34: 587-590. 

[20] Skyba DM, Price RJ, Linka AZ, Kaul S, Skalak TC. Direct in vivo visualization of 
microvessel rupture and tissue injury caused by intravascular destruction of microbubbles by 
ultrasound. Circulation 1998;98: 1279-1285. 

[21] Cai Q, Bei JZ, Wang SG. Synthesis and properties of ABA-type triblock copolymers of poly 
(glycolide-co-caprolactone) (A) and poly (ethylene glycol) (B). Polymer 2002; 42: 3585-3591. 

[22] Chen DR, Chen HL, Bei JZ, Wang SG. Morphology and biodegradation of microspheres of 
polyester-polyether block copolymer based on polycaprolactone/polylactide/poly(ethylene 
oxide). Polym Int 2000; 49:269-276. 

[23] Kricheldorf HR, Mang T, Jont JM. Polylactones. 1. Copolymerization og glycolide and ε
-caprolactone. Macromolecules 1984; 17:2173-2181. 

[24] Gilding DK, Read AM. Biodegradable polymers for use in surgery-polyglycolic/polylactic 
acid homo- and copolymers, 1. Polymer 1979; 20:1459-64. 

[25] Cai Q, Bei JZ, Wang SG. Synthesis and degradation of a tri-component copolymer derived 
from glycolide, L-lactide andε-caprolactone. J Biomater Sci Polym Edn 2000; 11: 273-388. 

[26] Rajeev AJ. The manufacturing techniques of various drug loaded biodegradable 
poly(lactide-co-glycolide) (PLGA) devices. Biomaterials 2000; 21: 2475-2490. 

[27] Jalil R, Nixon JR. Biodegradable poly (lactic acid) and poly (lactide-co-glycolide) 
microcapsules: problems associated with preparative techniques and release properties. J 
Microencapsulation 1990; 7: 297-325. 

[28] Lv Z, Bei JZ, Wang SG. A method for the preparation of polymeric nanocapsules without 
stabilizer, J. Controlled Release 1999; 61: 107-112. 

[29] Lars H, Per CS, Jens MH. Oscillations of microbubbles of polymeric microbubbles: effect of 
the encapsulating shell. J Accoust Soc Am 2000; 107(4): 2272-2280. 

[30] Jong N, Cornet R, Lancee CT. Higher harmonics of vibrating gas-filled microspheres. Part one: 
simulations. Ultrasonics 1994; 32(6): 447-453. 

[31] Jong N, Cornet R, Lancee CT. Higher harmonics of vibrating gas-filled microspheres. Part two: 
measurements. Ultrasonics 1994; 32(6): 455-459. 

[32] Wang SG, Cai Q, Bei JZ. An important biodegradable polymer----polylactone-family polymer. 
Macromol. Symp. 2003; 195: 263-268. 

 


