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Introduction Results — Thermal stability of solid AP Results — Effects of HME on AP stability
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The aim of this research is to assess the impact of the hot melt extrusion process on the Exposure to 130°C 55°C 85°C 130°C  55°C 85°C 130°C
activity of a model protein by varying extrusion temperature, hydrophilicity of polymer 120- . Extrusion temperature
and pre-stabilization of proteins with a sugar glass, inulin. Additionally, the predictive 100- * .
value of thermal stability testing of the protein is assessed. §8°' T O Q;Z“ne Phosphatase,  The activity of AP after HME decreases with increasing
= 60+ I .
2 " extrusion temperature
< Y7 .
- -/ Alkaline Phosphatase o | . IF - o
- Al vl nulin was not able to stabilize AP at high temperature (130°C
Materials and methods 2 - pray dried with inalin 1:10 gh temp (130°C)
o "3 30 60 90 120 % p=0.05
Pre-stabilization Time (minutes)
Incorporation of model protein alkaline phosphatase (AP) in i ili i o o
inulinp(l'lo w/w) by sprgy drying PROSP (AP) Inulin stabilizes solid AP at 95°C and 130°C Effect of inulin on remaining activity after HME
S [ Alkaline Phosphatase, bare
T t d d ,
Thermal stability of solid AP empzl;ad:l:ra::t?:n enee . [ Alkaline Phosphatase,
* Dry powder samples of AP-inulin and bare AP. o zg‘;’d”ed with inulin 1:10
° EX ° ° o _ © 3 % p<0.
p.orc.ure to 55°C, 9? C anc! 130°C | B g
e Activity was determined with an enzymatic activity assay. =
© Alkaline Phosphatase, T 2
bgre u? .
R2=0.9700
. E, =98.9 kJ K*' mol" I I I I I I I B
Hot Melt Extrusion 0
. . o A Alkaline Phosphatase, PCL, PCL-based, PLGA, PCL-PEG, PLGA, PLLA-based,
Physical b.Iend c?f polymer and AP (1% w/w). cpray dried with inulin 1:10 5500 55°C 85°C 85°C 130°C 130°C
 Extruded in 6 different polymers (Table 1). R2 = 0.9958

 Screw speed was 3-15 rpm, developing a torque of
<6 N/m.

E,=86.1kJ K-1 mol!

A 2to 4-fold increase in activity after HME can be achieved by
pre-stabilization with inulin at intermediate temperature (85°C)
2.5 3.0 3.5 * Pre-stabilization with inulin shows no stabilizing effect with

1T (10° K) extrusion at low and high temperatures (55°C and 130°C)
Degradation of solid AP is according to Arrhenius behavior

Extraction of protein and data analysis

AP was isolated from extrudates by extraction.

e Activity after extrusion was determined by combining
protein content with enzymatic activity data.

Effect of hydroph|I|C|ty of polymers on AP activity after HME
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Table 1: Composition and properties of the polymers used for extrusion CO n CI u 5 I 0 n S 100 S - Hydrophlllc polymer
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PCL Poly--caprolactone, M, 45,000 i 55°C not correlate with the activity loss after extrusion. Although the processes show B 40
o b ock | f ; ok + ) similar trends, the shear involved in HME could have enhanced the activity loss. <
PLL-base Multiblock co-polymer of PCL and PCL-PEG-PLL blocks >>'C Moreover, the protective effect of inulin was lost at high temperatures, which is most 20 .
probably due to both exposure to shear and passing the the glass transition 0 ; : ———
PLGA Poly (lactic-co-glycolic acid), 50:50 ratio, IV 0.2 dl/g B 85°C . T . AP-inulin AP-inulin AP-inulin
temperature during the HME process. Nevertheless, the use of inulin as a protective 55°C 85°C 13000
PCL-PEG Freeze dried mixture of PCL and PEG + 85°C agent can be beneficial at intermediate temperatures. ’ ’
Polymers with hydrophilic properties (i.e. with PEG incorporated) do not show an
PLGA Poly (lactic-co-glycolic acid), 50:50 ratio, IV 1.0 dl/g - 130°C improvement of protein stability after HME. The amount of PEG present could be There is no beneficial effect of hydrophilic polymer properties
insufficient to prevent hydrophobic interactions or the overall occurrence of on AP stability
PLLA-based Multiblock co-polymer of PLLA and PCL-PEG-PCL blocks T 130°C hydrophobic interactions is low.
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