The Application of Through Vial Impedance Spectroscopy (TVIS) for Optimization Freeze-Drying Process
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“Non-invasive, real time lyophilisation process monitoring would Increase process understanding and accelerate

development of stabilized biopharmaceutical formulations at room temperature.”

4 TVIS TECHNOLOGY

OFreeze-drying vial with external electrodes
OPass through for cabling

O External Impedance spectrometer.

In-line monitoring system for the freeze drying process consisting of:
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Impedance test vial

Figure 1. TVIS Technology
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TVIS ADVANTAGE

1.Non-invasive, real time full cycle lyophilisation monitoring including :
O Cooling rate, Freezing and Annealing
O Primary and Secondary Drying end point
2. Optimization of the primary drying process by:
O Heat Transfer Coefficient (K,) Determination
O Dried Product Resistance (Rp) Determination
3. Can be applied 1n standard freeze dryers
4. Integrated, bench top, single vial, TVIS enabled analytical
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| B TVIS APPLICATIONS

TVIS TECHNOLOGY PRINCIPLE

Process analytical technology based on impedance
spectroscopy

O Electrical impedance determines the ability of
materials to conduct electricity under an applied
voltage .

O Impedance is a function ot dielectric and
conductive properties and therefore the physical
state of vial and its contents.

O Principal parameter effecting measured
impedance is resistance/conductivity of sample

within the vial.

O Changes 1n electrical parameters mirror the
condition of the sample throughout the
lyophilisation process.

O The capacitance spectrum is related to the
resistance/ conductivity and capacitance of the vial
contents.

O Data viewing software (LyoView ™) identifies
the peak frequency (FFpp, k) and the peak
amplitude (C"ppsx) In the Imaginary part of the
capacltance spectrum

O Fppak can be used to monitor phase behaviour
(ice formation, glass transitions) and product
temperature

0 C"pgak can be used to monitor the amount of ice
remaining during primary drying, from which
the drying rate and the end point may be

determined.
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HEAT TRANSFER COEFFICIENT (Ky) DETERMINATION
O The product temperature (L', c1) derived by TVIS 1s one of the parameters needed for Ky,

determination

O Sublimation rate or drying rate (dm/dt) is estimated by 7°'VIS
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Figure 2. Ry values for 10 mL tubing vials

Pressure (Pa)

(Briills et al. 2002)
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DRIED PRODUCT RESISTANCE (Rp) DETERMINATION

0 C"ppag from TVISis proportional to the amount of ice; therefore it is estimated for drying rate (dm/dt)
O Partial pressure of 1ce (P-) and condenser (P-onpenser) Calculated from temperature of ice (1) and
condenser (T npenser) PY using Clausius- Clapeyron derived equation
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Figure 3. The ratio of Rp and dry thickness
as the function of dry thickness
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+ 5% BSA annealing 1 h (Ref. 3)
-+ 2% BSA annealing 1 h (Ref. 3)
- 2% BSA non annealing (Ref. 4)
- 2% IgG non annealing (Ref. 4)

X + 2% Lysozyme non annealing (Ref. 4)

‘ . 0.5% BSA annealing 6 h (Ret. 3)

Y 5% Glycine non annealing (Ref. 2)

* 4% Protein solution annealing 1 h (TVIS)

... "+, - 0.5% BSA annealing 1 h (Ref. 3)
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