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ABSTRACT 
 

When PLGA is used as an active pharmaceutical ingredient carrier it is important to pro- 

duce highly monodispersed particles for drug release reproducibility. The most common 

production process of PLGA particles is solvent based and can involve hazardous solu- 

tions. Ethyl acetate is preferred as it shows better biocompatibility than other conventional 

solvent such as dichloromethane. We present here a novel PLGA microparticle produc- 

tion station based on a new droplet production technology (RayDrop system designed by 

Secoya) and high precision pressure pumps (Flow EZTM, Fluigent). The station is adapted 

for working with ethyl acetate solvent and shows outstanding monodisperse particle pro- 

duction. We present an overall characterization of the device including phase diagrams 

for several PLGA concentrations. This station is particularly suitable for researchers 

who want to test different API encapsulation conditions with highly reproducible results. 

This application note was made in collaboration with Adrien Dewandre at 

Transfers Interfaces and Processes (TIPs) lab, Université libre de Bruxelles (ULB). 

For more information visit the website: https://tips-ulb.be 
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INTRODUCTION 
 

In recent years, biodegradable microspheres/microparticles have gained wides- 

pread importance in the delivery of bioactive agents [1]. The copolymers of Poly 

(D, L-lactic-co-glycolic acid) (PLGA)/poly (lactic acid) (PLA) microparticles are one of 

the most successful new drug delivery systems (DDS) in labs and clinics. Because 

of good biocompatibility and biodegradability, they can be used in various areas, 

such as long-term release systems, vaccine adjuvant, and tissue engineering [2]. 

Using PLGA/ PLA has demonstrated longer and better efficiency, reduction of administra- 

tion frequency [3–5] by many administration routes, including subcutaneous injection, 

intramuscular injection, oral administration, pulmonary administration [6,7], and ocular 

administration [8]. 

 
PLGA/PLA microparticles can be used to encapsulate hydrophobic as hydrophilic thera- 

peutics drugs and allowing for reduced dosing frequency and less potential toxicity. [9–11] 

In   PLGA   microparticle   production   for   drug   release   and   delivery,   micropar- 

ticle size is a paramount parameter. Indeed, the microparticle size is directly re- 

lated to the microparticles degradation rate as well as the drug release rate [12]. 

 
Although PLGA microparticle synthesis appears to be a successful drug delivery system, 

the current processes and tools to produce PLGA microparticles have many limitations 

such as wide microparticle size distribution, poor repeatability, and agressive preparation 

conditions [2]. 

 
To solve these problems, microfluidics, and more exactly droplet-based microfluidics, of- 

fers an efficient method for improvement. Droplet based microfluidics is a powerful tool 

which enables of micrometric monodispersed droplet generation and manipulation. 
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Microfluidic droplet size control and generation rate allows highly monodispersed droplet 

productions opposed to other batch emulsion methods and provides an “In-line” conti- 

nuous droplet production process. There are many different PLGA particle production me- 

thods such as solvent extraction, solvent evaporation or solvent exchange. In all cases, 

the nature of the solvent is an important parameter that must be taken into account. 

Indeed, it affects the PLGA precipitation time and must be biocompatible with the 

active agent. 

 
Currently in every microfluidic system for PLGA microparticles production highlighted 

by researchers, dichloromethane is the most used and widespread solvent. Ne- 

vertheless, some researchers have highlighted some limitations of this solvent 

due to its potential toxicity [13]. Ethyl acetate has been considered as an alterna- 

tive dispersed solvent useful in preparing PLGA microspheres because of its pro- 

perties less hazardous. It is thus more suitable for biological applications [14]. Mo- 

reover, due to high solubility, ethyl acetate allows a reduced PLGA precipitation time. 

 
According to the U.S. Department of Health and Human Services Food and Drug Admi- 

nistration, Center for Drug Evaluation and Research (CDER), Center for Biologics Eva- 

luation and Research (CBER) classification, dichloromethane is recognized as a class 

2 solvent whereas ethyl acetate is class 3 which makes it more suitable for biologi- 

cal applications. Even though, some end-user production devices using ethyl acetate 

are available on the market but they all present limitations for PLGA microparticles, 

which are released with the new microfluidic device presented in this application note. 
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DESCRIPTION 

Fluigent presents a new microfluidic device and system for PLGA microparticle synthesis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: PLGA microparticle production station 

 
All the products currently available in the market have critical drawbacks. Fluigent in col- 

laboration with Secoya, a spin-off of the Université libre de Bruxelles,has developed a new 

breakthrough technology leading to outstanding particle size monodispersity and produc- 

tion flexibility. 

 

In this application note we will describe a novel platform and protocol to use ethyl 

acetate at different concentrations for PLGA polymerization and continuous syn- 

thesis. This application note characterizes the Fluigent solution for generating 

PLGA microparticles. The monodispersity and solvent extraction time are mea- 

sured and discussed. Wide and detailed phase diagrams for various PLGA concentra- 

tion are provided showing parameters for manipulating droplet size and frequency. 
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MATERIALS AND METHODS 

Reagents 

• Priming fluid: Ethyl acetate filtered with 0.2 μm pore filter and used without further 

modification (Sigma Aldrich, CAS Number: 141-78-6) 

• Droplet fluid: Resomer® RG 753 S, Poly(D,L-lactide-co-glycolide) ester terminated, 

Lactide: Glycolide 75:25 is dissolved in ethyl acetate at room temperature by stirring 

over the course of an hour (Sigma aldrich,CAS Number: 26780-50-7). 

• Continuous phase: 2 % (w/v) Poly (vinyl alcohol) (PVA) surfactant in water is filtered 

with a 0.2 μm pore filter (Sigma Aldrich,CAS Number: 9002-89-5). 

 
 

Droplet generation experimental set-up 

PLGA microparticle production station, full pack 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Schematic of PLGA microparticle production station set-up, full pack 
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400 µm 

 

 

The droplet generation set-up is illustrated in the previous picture.Two different pressure 

controllers (Flow EZTM, Fluigent) are used to handle fluids. A 3/2 valve (2-SWITCHTM, Flui- 

gent) valve is used to switch between pure ethyl acetate and PLGA dissolved in ethyl acetate 

and a second valve is also used in particle production output to switch between a waste 

and recover sample (see the detailed protocol in the attachment down page). Two FLOW 

UNIT sensors are used to monitor and control the internal and external phases flow rates 

during he runall. The new, innovative RayDrop system is used to generate PLGA droplets. 

 
Droplet monitoring and Analysis 

To observe droplet generation an Inverted microscope (Nikon, Eclipse Ti 2) 

coupled with High   speed   camera   (Nikon,   PhotronFastcam)   have   been   used. 

For droplet sizes analysis the software PhotronFastcam Viewer has been used. 

To   estimate   droplet   frequency   the   following    formula    has    been    used. 

Droplet rate (Hz) = Droplet phase flow rate (µL/s) / Droplet volume (µL). 

 
Microparticle Precipitation 

Once droplets are generated, the solvent inside the microparticles in the pre- 

sence of the continuous phase will continuously   diffuse   out   of   the   droplet. 

With solvent diffusion outside of the droplet the PLGA concentration will in- 

crease and precipitate to form a solid microparticle smaller than the droplet. 

A B 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: Particle shrinking during solvent evaporation: A) Particle size just after 

droplet formation B) Particle size after few seconds 

400 µm 
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Microparticle Recovery 

Microparticles are recovered in a vial containing the continuous phase: water with 2% 

PVA. The microparticle size and monodispersity are determined under a microscope. To 

do so, collect a small sample by placing the outlet tubing directly on a glass cover slip. 

 
 

RESULTS Dispersed phase: 2% (w/v) PLGA in ethyl acetate 

Continuous phase: 2% (w/v) PVA in wate 
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1222 
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1454 

 
 

100 
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27 

 
 

35 

Figure 3: Table showing how flow-rate changes affect PLGA particle size and production rate 
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After generation, a microparticle size population has been analyzed to deter- 

mine microparticles monodispersity at 1%. The monodispersity has been ana- 

lyzed on a microparticle population (around 100 microparticles). The flow rates 

have been adapted to generate 20 µm diameter particle size (cf phase diagram). 

 

B Count 
 
 
 
 
 
 
 
 
 
 
 

 

Particle size (µm) 

Figure 5: Particle size distribution: A) Microscope observation of PLGA microparticles 

just after the generation B) Particle monodispersity graph 
 

Figure 6: Droplet size diagram with 2% (w/v) PLGA concentration 

A 

40 µm 
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Figure 7: Particle size diagram with 2% (w/v) PLGA concentration 

 

Results with Other Concentration 

Dispersed phase: 5% (w/v) PLGA in ethyl acetate 

Continuous phase: 2% (w/v) PVA in water 

Figure 8: Droplet size diagram with 5% (w/v) PLGA concentration 

mailto:contact@fluigent.com
http://www.fluigent.com/


10 For any additionnal information, please contact us by email: contact@fluigent.com or consult our website: www.fluigent.com 

Find us on 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 9: Particle size diagram with 5% (w/v) PLGA concentration 

 
 

 
Dispersed phase: 10% (w/v) PLGA in ethyl acetate 

Continuous phase: 2% (w/v) PVA in water 
 

Figure 10: Droplet size diagram with 10% (w/v) PLGA concentration 
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Figure 11: Particle size diagram with 10% (w/v) PLGA concentration 
 
 
 

Figure 12: Particle shrinking for different PLGA concentration 
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CONCLUSION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Traditional methods 

(Batch methods) 
Fluigent PLGA microparticle 

production station 

Particle size distribution ~20% ~2% 

Reproducibility Low High 

API mixing Uneven Uniform 

Live particle size control No Precise 

Continuous/in line production No Yes 

 
Microfluidic methods available 

on the market 
Fluigent PLGA microparticle 

production station 

Particle size distribution ~5% ~2% 

Semi automated production No Yes 

Ethyl acetate dedicated protocol No Yes 

Device regeneration 
No (glass chip changed when 

clogged) 

Yes (the RayDrop can be main- 

tained) 

Connectors 
Non standard, user dependant 

quality (leakage, blockage) 

Standard fittings for better 

sealing 

PLGA microparticles ranging from 15 to 50 µm in diameter have been successfully gene- 

rated. The PLGA microparticle production station allows an excellent reproducibility and 

significantly improved monodispersity (CV < 2%) as compared to other methods on the 

market. It allows one to continuously produce PLGA microparticles without unwanted inter- 

ruption for long term experiments. The versatility and protocols put in place allows for ra- 

pid startup with a short learning curve. Fluigent has developed a PLGA synthesis package 

to allow for a high quality and continuous production for routine experiments. It gathers all 

droplet microfluidic and pressure-based solution advantages to focus on the experiment 

and even the possibility to automate protocols for different microparticle size production. 
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 Purge outlet 

Continuous 

phase inlet 

Dispersed 

phase inlet 

Recovery 

outlet 

 

 

DROPLET GENERATION PROTOCOL 

1. Set-up installation 
 

1.1 Preparation 

Install the PLGA microparticle production station as shown in the scheme below (the use 

of filtered solutions is highly recommended). If you own a different pack, please refer to 

the good practise guide explaining in details each PLGA microparticle production station 

pack installation. 
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connect 

 

 

1.2 Filling the Raydrop 
 

 

State 

The dispersed phase inlet is not yet connected to union before the device. 

The continuous phase channel is connected to the RayDrop. 

The output tubing is connected to the device outlet. 

The RayDrop cavity is empty. 

The first 2-SWITCHTM valve is in the ethyl acetate position. 

The second 2-SWITCHTM is in the waste position. 

 

 

Steps to reproduce 

Before the first use of the RayDrop, the cavity has to be filled with the continuous phase. 

This operation has to be done once only. (Find a step by step detailed protocole on the 

good practice guide) 

 
 

1 Connect the continuous phase 
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2 Hold the RayDrop vertically, with the continuous phase channel on the bottom. 
 

3 Set the flow rate to a high value (high pressure) on the continuous phase. As you can 

observe through the windows, the cavity is progressively filled with the continuous phase. 

If air bubbles are remaining in the chamber you can agitate the RayDrop to easily remove 

bubbles. 

 
4 When continuous phase starts to flow from the top tubing capillary, close the purge out- 

let with the plug. The continuous phase is now filling both capillaries, flushing out the air 

trapped inside. (You can use a plug on the outlet to help flushing every channel but make 

sure that all tubing is flushed with continuous phase) 

 

5 When there is no more air trapped into capillaries and tubings, decrease the flow rate to 

a low value to avoid wasting continuous phase. 

mailto:contact@fluigent.com
http://www.fluigent.com/


APPLICATION NOTE 

16 For any additionnal information, please contact us by email: contact@fluigent.com or consult our website: www.fluigent.com 

Find us on 

 

 

 

 

2. Priming the system and generating microparticles 

This part explains how to generate microparticles with the RayDrop and the station. 

State 

The dispersed phase inlet is not yet connected to union before the device. 

The continuous phase channel is connected to the RayDrop. 

The output tubing is connected to the device outlet. 

The Raydrop cavity has been filled with the continuous phase. 

The first 2-SWITCHTM valve is in the ethyl acetate position. Make sure that you are in 

the right 2-SWITCHTM configuration to inject the ethyl acetate and not the PLGA yet. 

The second 2-SWITCHTM is in the waste position. 

 

 
Steps to reproduce 

1 Set the flow-rate of the continuous phase to a high value (1200mbar) until the conti- 

nuous phase starts to flow from both the input and output channels. 
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2Settheflow-rateonthedropletphasechannel to 

a high value until you observe the ethyl ace- 

tate flowing at the tubing outlet and no more 

air bubbles. (100 mbar should be enough) 

 
 
 
 
 
 
 
 
 

3 Connect the dispersed inlet to the RayDrop. 

 
 

 
At this step, the ethyl acetate flow might 

change drastically and back flow could be 

observed 

 

4 Increase the Ethyl acetate pressure to reach a positive flow rate (around 10 µl/min). 

Make sure to always have, at the beginning, at least 10 times more continuous phase than 

the dispersed phase. 

At this step: 

Adjust as needed to reach the state: 

- Water flow rate= 100 µl/min 

- Ethyl acetate flow rate= 10 µl/min 

 

Or use the OxyGEN protocol if you have the Automated pack and skip all the next step. 

 
 
 

After approximatively one minute, a jetting state appears. 
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5 Decrease sequentially the two pressures until 

you observe droplet formation. Always decrease 

the ethyl acetate first and after decrease the conti- 

nuous phase. 

 
 
 

6 As soon as a suitable ethyl acetate droplet formation regime is reached, switch the first 

2-SWITCHTM valve to allow now a flow of PLGA solution (at this step you might see the dis- 

persed phase flow rate decreasing a bit). 

 

7 Then wait for the PLGA solution to come into the input channel. 

 

8 As soon as all the ethyl acetate solution is pushed out from the input channel you should 

be in the PLGA droplet generation state. 

 
9 Switch the second 2-SWITCHTM to recover the microparticles generated. 

 

10 If you need to achieve a specific size and rate of droplets, adjust the pressures to reach 

a certain continuous/droplet phases flow rate combination. 

 
ATTENTION: to avoid the dispersed phase to enter in the cavity, note to always work with a 

continuous flow-rate at least twice the droplet flow-rate. 
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3. Stop generation and shutting down the experiment 

This part explains how to properly stop droplet generation and   avoid   any 

channel lockage for further experiments (for a complete   review   of   clea- 

ning methods and current issues, please refer to the good practise guide) 

 
State 

The dispersed phase inlet is connected to union before the device. 

The continuous phase channel is connected to the RayDrop. 

The output tubing is connected to the device outlet. 

The RayDrop cavity has been filled with the continuous phase. 

The first 2-SWITCHTM valve is in the PLGA position. 

The second 2-SWITCHTM is in the recover position. 
 
 

Steps to reproduce 

1 Switch the first 2-SWITCHTM valve to the ethyl acetate position, allowing a flow of ethyl 

acetate (at this step you might see the dispersed phase flow rate change a bit) 

 
2 Switch the second 2-SWITCHTM valve to the waste position 
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3 Wait for the ethyl acetate solution to come in the input channel. 

 

4 As soon as all the PLGA solution is pushed out of the input channel wait a little moment 

to completly flush the output channel. 

 

5 Then you can start decreasing the solvent solution flow rate and disconnect the dis- 

persed phase input, without changing the flow rate of the continuous phase. Stop the flow 

of ethyl acetate once disconnected. 

 

6 The continuous phase should now flow from the outlet and the inlet.To allow for flushing 

and cleaning, wait a little time to make sure that all PLGA solution is totally removed from 

all channel and avoid plugging for next experiment. (you can use a plug on the outlet to 

help flushing every channel) 

 
7 Then you can lock everything with the plugs and set the pressures to zero. 
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