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Outline

* Process analysis – Manufacturing Sciences

* Source of active compound -> Processing

* Production of macromolecular drug products, 
CASES:
- fermentation 
- freeze drying
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Perspective to manufacturing

1. Search for 
new candidates

2. Identification of 
target 
protein/receptor 
structure

MAJOR PART OF INVESTMENTS
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Few facts

New treatments – new molecules –
new challenges

* amount of new molecules
* size/complexity of molecules

Processing 
* mixture of excipients and active 
* recent innovations?
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Source of active compound

Drug Discovery and Development, Rang HP (ed.) 2006
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Source of active compound

Drug Discovery and Development, Rang HP (ed.) 2006

2050?
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Source of active compound

Small moleculesMacromolecules
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Source of active compound

SYNTHESIS

CRYSTALLIZATION

Small molecules

FERMENTATION

SEPARATION

PURIFICATION

Macromolecules
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Processing – small molecules

Small molecules

SYNTHESIS

CRYSTALLIZATION

GRANULATION
TABLETING
COATING

Sophisticated process
monitoring and control 
solutions do exist!

Do we fully utilize 
them? 
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Processing of pharmaceuticals

Small molecules

FERMENTATION

SEPARATION

PURIFICATION

FREEZE/
SPRAY DRYING

SYNTHESIS

CRYSTALLIZATION

GRANULATION
TABLETING
COATING

Macromolecules
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Outline

* Process analysis – Manufacturing Sciences

* Source of active compound -> Processing

* Production of macromolecular drug products, 
CASES:
- fermentation 
- freeze drying
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Fermentation

O2pH
Mn

[M1 M2 M3 M4 M5 Mn][M1 M2 M3 M4 M5 Mn][M1 M2 M3 M4 M5 Mn][M1 M2 M3 M4 M5 Mn][M1 M2 M3 M4 M5 Mn]
t

What do we do 
with all this?

P

pT

etc
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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

n = 21

p = 3

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

*Umetrics AB
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(3) Fit of PC1*: (4) Fit of PC2*:

Multivariate Analysis

Principal Component Analysis (PCA)
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(5) PC1/PC2 plane*: (5) Loadings*:

Multivariate Analysis

Principal Component Analysis (PCA)
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Reflectance measurement
(solids)

Transmission 
measurement (liquids)

Non-invasive spectroscopy
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Fermentation

O2pH
Mn

[M1 M2 M3 M4 M5 Mn][M1 M2 M3 M4 M5 Mn][M1 M2 M3 M4 M5 Mn][M1 M2 M3 M4 M5 Mn][M1 M2 M3 M4 M5 Mn]
t

What do we do 
with all this?

P

pT

etc
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Fermentation case

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

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

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

NIR spectral 
information during 
bioprocessing –
Sampling at different 
time points
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Fermentation case

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

NIR spectral 
information during 
bioprocessing –
process 
monitoring 
with PCA
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Freeze drying

FERMENTATION

SEPARATION

PURIFICATION

FREEZE/
SPRAY DRYING

Macromolecules
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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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Case #1 - vaccine system*

DDA/TDB adjuvant components
• dimethyldioctadecylammonium

bromide (DDA)
• trehalose 6,6’-dibehenate (TDB)

DDA/TDB adjuvant formulation
• Multivesicular liposomes
• Film preparation method
• Trehalose added as 

lyoprotector HPLC
DSC

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

Principal

Component

Analysis

Case #1 - vaccine system
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0 – 1000.502.50

0 – 1000.251.25

0 – 1000.1250.625
DDA + TDB + 

Trehalose

-0 – 1.002.50

-0 – 0.501.25

-0 – 0.250.625
DDA + TDBvary
varying ratio

Trehalose 
(mg/ml)

TDB
(mg/ml)

DDA
(mg/ml)

Content

Formulation

Case #1 - vaccine system

Clustering of all the formulations –
Scores plot of the NIR data 
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[T
re

h
a
lo

se
] +

[Liposome] +

Case #1 - vaccine system
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NIR Probe

NIR Probe

Pipe

Vial
Principal

Component

Analysis

Case #1 - vaccine system
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Case #2 – Freeze drying

Process monitoring of freeze drying

* De Beer, T et al 2007. Anal. Chem. 79: 7992-8003.

* placebo 
* 30-s exposure 
* 785 nm 
* freq. 1 min
* process 25 h
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Case #2 – Freeze drying

+ solid state properties
of mannitol
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Case #2 – Freeze drying
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Case #2 – Freeze drying
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Case #2 – Freeze drying

Mannitol solid state properties: 
* metastable hemihydrate
* α, β, δ anhydrous mannitol 
forms
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Case #2 – Freeze drying
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Case #3 - Freeze dried product 
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Case #3 - Freeze dried product 
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Case #3 - Freeze dried product 

NIR

mannitol:sucrose
2400 vials

JTR/HDR/Jun 2008

Case #3 - Freeze dried product 

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

Sophisticated process
monitoring and control 
solutions do exist!

We have the tools for 
building the quality 
into these products.

Do we fully utilize 
them? 

MACROMOLECULES

FERMENTATION

SEPARATION

PURIFICATION

FREEZE/
SPRAY DRYING
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