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Source of active compound

Table 1.1 =
|7D:amnies of drugs from different sources: natural products, synthetic chemistry and biopharmaceuticals
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Processing — small molecules

Sophisticated process
monitoring and control
solutions do exist!

Do we fully utilize
them?
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Multivariate Analysis

Principal Component Analysis (PCA)

A data mining tool for:
= isolating systematic variance in large data sets
= obtaining overview of large amounts of data

(1) Data matrix (X) (2) Visual representation (centered data)™
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*Umetrics AB

Multivariate Analysis

Principal Component Analysis (PCA)

(3) Fit of PC1*: (4) Fit of PC2*:
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Multivariate Analysis
Principal Component Analysis (PCA)

(5) PC1/PC2 plane*: (5) Loadings™*:

i A

Projection of
observation |

Non-invasive spectroscopy

Reflectance measurement
(solids)

Transmission
measurement (liquids)
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Fermentation case

Table 2
The composition of the culture medium employed for the cultiva-
tion of P. chrysogenum [34]

Ingredients Concentration (g/1)
Lactose 70.0
Sucrose 10.0
(NH4)250s 7.0
KHPO4 16

KCl 0.5
MgS04.7TH2O 0.1
FeSO4.7TH0 0.04
CaCly 0.04
MnSO4.H,;0 0.02
ZnS0,.7HyO 0.02
CuS04.5H0 0.005

pH 59 (£0.1)

Vaidyanathan, S. 2001 Anal. Chim. Acta 428: 41-59.

Fermentation case
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Fig 1. Tame course of vasiables monytored in a rypical B chrysepenum submerged bioprocess.

Vaidyanathan, S. 2001 Anal. Chim. Acta 428: 41-59.

Fermentation case §
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NIR spectral '; oo
information during B
bioprocessing — H -

Sampling at different
time points

Sec. dor. oflog [1T) = 104

Vaidyanathan, S. 2001
Anal. Chim. Acta 428: 41-59.




Fermentation case

NIR spectral
information during
bioprocessing —
process
monitoring

with PCA

Vaidyanathan, S. 2001 Biotechnol. Bioeng. 74: 376-388
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Freeze drying

‘ Case #1 - Solution‘for freeze drying:
- liposomal vaccine adjuvant system
- quantify components (NIR)

Case #1 - vaccine system™*

* Christensen, D. et al 2008. Submitted for EJPB.

DDA/TDB adjuvant components
= dimethyldioctadecylammonium
bromide (DDA)
» trehalose 6,6’-dibehenate (TDB)
DDA/TDB adjuvant formulation

= Multivesicular liposomes

e Film preparation method

* Trehalose added as
lyoprotector HPLC

DSC




Case #1 - vaccine system

NIR Probe

Case #1 - vaccine system '

®
Content
Formulation DDA TDB Trehalose
(mg/ml) (mg/ml) (mg/ml)

Clustering of all the formulations —
Scores plot of the NIR data

Case #1 - vaccine system

PC2 (37.0%)

PC1 (62.2%)
— [LipOsome] +

Case #1 - vaccine system ®© R
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NIR Probe




Figure S-1. Experimental setup for the in-line and real-time monitoring of freeze drying

processes using Raman spectroscopy

Raman probe

vial

* placebo

* 30-s exposure
* 785 nm

* freq. 1 min

* process 25 h

Process monitoring of freeze drying

Case #2 — Freeze drying ©

L ]
Table 1. Design Space of the Studied Process and
Formulation Variables
levels
variable unit - +
mannitol concentration (A) % w/v 5 15
NaCl concentration (B) % w/v 0 2
volume (C) mL 2 4
freezing rate () - slow fast %

+ solid state properties
of mannitol

start point end point
section (1mm) {emin occurring physical phenosmenon
1 1 35 unfresen asueous mannitol solution
2 a7 50 ice crystallization
K 5l 6l ization finished + amorphous mannitol
4 B2 105 Lol crystallization
5 106 175 mannitel erystallization finished (=end of freezing step)
3 175 280 iwe sublimation
T 280 400 aublimation finished (=end of primary drying)
spectrum 62
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0.16 h
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Figure 1. PC 1 vs PC 2 scores plot obtained after PCA analysis on all inine collected Raman spectra during experiment 1

Case #2 — Freeze drying

Main Effects Plot
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Flgure 8. Screening design analysis of onset of ice nucleation. The units of the y-axis in all plots are minutes.




Case #2 — Freeze drying Case #2 — Freeze drying

pure a-mannitol

b Pa 0.08 : :
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mannitol:sucrose

2400 vials

NIR

2]

=30 -20 -10 a 10 20 30 40 50 &0

PCA score plot of PC1 and PC2 of 2400 vials.
Colouring according to visual inspection from
1 (good) to 5 (poor)

Freeze drying

‘ Case #1 - Solution‘for freeze drying:
- liposomal vaccine adjuvant system
- quantify components (NIR)

‘ Case #2 - Process monitoring‘of freeze drying
- placebo mannitol system
- state of matter (Raman)

‘ Case #3 - Freeze dried product ‘

- mannitol:sucrose based system
- fast analysis of all vials (NIR)
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monitoring and control [ FERVENTATION
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Do we fully utilize
them?
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