
RESULTRESULTPURPOSE
To assist in product development for long-acting depot (in-situ gel forming implants) formulations, 
comprehensive efforts have been made to develop and refine appropriate in vitro release methods. 
One of the biggest challenges in developing an in vitro release method is the large variation of the 
implant shape that results from rapid precipitation upon subcutaneous or IM injection. Other challenges 
include lack of suitable in vitro release testing methods to accurately study drug release, difficulty in 
separating the delivery system from the dissolving medium, understanding the release mechanism and 
complexity of biodegradation process and drug release within the physiological environment over a 
prolonged periods (duration of drug release for weeks to months). 

The objectives of this study are:
 Examine the syringe-needle assembly differences in making the implant of different shapes
 Explore the influence of the implant shape on the release kinetics. 
 Investigate the release kinetics of the in situ forming implant under various testing conditions (i.e., 

sample and separate method, dialysis membrane method and the developed basket in tube 
method), for release reproducibility. 

 Determine drug release mechanism from in-situ forming implant by mathematical modelling

CONCLUSION
 This study examined the syringe-needle 

assembly difference in making the implant of 
different shapes and the impact of shape on 
the release kinetics. 

 The developed shape control method provides 
the ease for ensuring the consistent surface 
volume ratio. 

 The impact of in vitro release method on drug 
release profile is also examined. The basket in 
tube method provided the most reproducible 
release profile (i.e. f1 ≤ 15 or f2 ≥50) by 
minimizing or limiting implant movement 
without sacrificing full contact between the 
release medium and the implant surface.

 Using different mathematical models, we found 
that drug release from the developed implant 
was diffusion driven (R/F ratio < 0.6) and 
accompanied by an increased effect of 
polymer relaxation.
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METHOD
Different syringe-needle assemblies resulted in varied implant shape which impacted the release 
kinetics. To control shape of the implants (size, geometry & reproducibility) a mold and punch tooling 
set was used (See Fig.1a ). The weight of the plunger is correlated to force detected during the 
subcutaneous injection of highly viscous injectable (See Fig.1b)1.  Three in vitro release set-ups are 
used to identify which arrangement would result in the most reproducible release and afford a better 
understanding of drug release kinetics and the operating release mechanism (See Fig.2 ).  Six different 
mathematical models are used to determine the drug release mechanism. The release data is input 
into the models by an excel add-in program “DD Solver.”
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Model

Dose    

Zero 
Order

First 
Order

Higuchi Korsenmeyer
Peppas

Peppas
Sahlin

Weibull

50 mg 0.078 0.9354 0.8355 0.9708 0.9935 0.9922

100 mg -0.1982 0.8862 0.7279 0.9634 0.9996 0.9843

Model Equation
Zero order1 F 𝑘 𝑡
First order2 F 100 ⋅ 1 𝑒 )
Higuchi3 F 𝑘 ⋅ 𝑡 .

Korsenmeyer Peppas4 F 𝑘 ⋅ 𝑡
Peppas Sahlin5 F 𝑘 ⋅ 𝑡 𝑘 ⋅ 𝑡
Weibull Function6

F 100 ⋅ 1 𝑒 )
F is the fraction of drug release at time t.
1.k0 is the zero-order release constant
2.k1 is the first-order release constant
3.kH is the Higuchi release constant
4.kKP is the release constant incorporating structural and geometric characteristics of the drug-
dosage form; n is the diffusional exponent indicating the drug-release mechanism
5.k1 is the constant related to the Fickian kinetics; k2 is the constant related to Case-II relaxation 
kinetics;m is the diffusional exponent for a device of any geometric shape which inhibits 
controlled release 
6. Weibull function is appropriate for dissolution profile comparisons; α is the scale factor 
referring to the apparent rate constant; β is the shape parameter which characterizes the curve as 
either exponential (β = 1), parabolic (β < 1) or sigmoid (β > 1). 

Fig.1. (a) Schematic of the gel disk preparation using mold 
and punch assembly. (b) Force-time plot of 1 mL syringe to 
extrude the solution into tissue (Q Zhang et.al. 2018).

Fig.2.  (a) Schematic representation of membrane diffusion method; 
(b) Pictorial representation of the sample and separate method; (c) 
Illustration of the set-up for the developed Basket in Tube method.
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Fig.3. Using sample and separate method, various in-situ geometries were 
formed upon injection of formulation, with needle, without needle and when 
shape was controlled, showing different in-vitro release profiles. Release profiles 
embody (a) irregular helix structure, (b) irregular sphere like shape, and (c) 
controlled shape disk-like implant each with their own tabulated f1 and f2 values 
in a paired comparison among each set. 

Fig.4. In vitro drug release using shape controlled disk-implant 
with different set-ups and comparison of drug release rate within 
each group.

Fig.5.  Comparison between the release curves of the PLGA long 
acting (in-situ foming implant) injectable with different drug loading.

Table 1
Data analysis and mathematical models used for in vitro 
release characterization

Fig.6. In-vitro release data fitting to Peppas-Sahlin model 
when Relaxational:Fickian values are plotted against fraction 
released. 

Table 2
Calculated R2 values derived from various kinetic models 
for two drug loadings


