
PREMIERE YEAR www.bioprocessingjournal.com

Vol. 1 No. 2  Summer 2002A publication of
The Williamsburg BioProcessing Foundation



B
ASED ON FEEDBACK received from a number of
our recent conferences, cell culture media devel-
opment remains one of the biggest challenges in
the development of biological products. With
more products reaching larger production scale

and licensed production, it is becoming ever more important
that we gain a better understanding of the media supply
industry, and that we find ways to make media development
more economical, reliable, and reproducible.

At our Raw Materials and Contract Services Conference
this June, cell culture media received a lot of coverage, with
topics ranging from basic supply problems, to animal sourced
components, proprietary formulations, component sourcing,
development strategies, and vendor qualification. In addition,
we organized a panel discussion on media development to
further explore these issues, plus respond to recommenda-
tions that had been made during our May antibody meeting.
Much of the material in this article has been taken from the
concepts and discussion resulting from this panel.

Classical media development techniques have changed
very little over the last twenty years, with the process relying
on stochastic information that is empirically derived from
numerous experiments. Each of the critical parameters must
be changed while keeping other parameters constant, and
then the measured response in the culture must be recorded.
While this approach appears simple enough, the challenge is
in picking the critical parameters, changing the parameters
over a meaningful range, testing and establishing the param-
eters in a reasonable order, and trying to understand and
account for the interactions that result from the eventual

change of multiple parameters.
Culture temperature and pH are typically established first.

Otherwise, many of the other critical parameters may have no
significant effect, or may actually induce misleading effects.
While the growth temperature and pH are generally 
published and accepted for the cell line, these parameters may
not be optimal for product production. It is certainly best to
test both temperature and pH for both the growth and 
production phases of the process, and accept that published
information on the cell line may be out of date, and that both
parameters may have to be shifted to different levels when
converting the process from growth to production.

Establishing Objectives

With this in mind, you must certainly begin the 
development process by establishing your overall objectives.
It has been well documented (data not shown) that a 
maximum cell density does not always correlate with 
maximum per-cell productivity, or for that matter, with opti-
mal product stability, post-translational modifications,
functionality, or downstream recovery. Downstream process-
ing and characterization studies must be conducted through-
out the upstream development work, so that media formula-
tion and culture decisions aren’t made for the wrong reasons.

With temperature and pH comfortably set, the buffering
system must be reviewed to make sure the pH can be easily
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maintained throughout the entire
process. Strenuous pH control can 
certainly result in high gas usage, plus a
combination of dissolved CO2, O2 and
ammonia problems. Excessive base
addition will also cause media changes
that can shut down cell growth and 
production. In such cases, supplements
may be needed just to maintain a 
reasonable osmolarity.

Osmolarity is always a critical aspect
in any culture. Not only must the basal
medium be composed of the right salts
and sugars, the effect on osmolarity
will have to be evaluated when adding
additional components. As a general
rule, osmolarity and pH should always
be checked before using any medium
preparation.

Dissolved oxygen levels are often
overlooked until the later stages of the
development process. However, the pO2
level can greatly affect cell metabolism,
the selective use of trace nutrients, shifts
in carbon source, and the inducement
to produce the desired product. At
smaller-scale development stages where
pO2 cannot be effectively measured, you
really need to use gas replacement and
sufficient agitation to assure that pO2 is
not otherwise limiting the culture and
providing misleading clues about nutri-
ent utilization.

When on-line pO2 measurement is
available, you will need to test a number
of your earlier assumptions while effec-
tively bracketing a pO2 range that is rea-
sonable for the process. Although 50%
air saturation typically provides a realis-
tic starting point, a range of as much as
20% to 80% has been needed to obtain
rapid cell growth, and then maintain a
culture that exhibits robust production
characteristics.

At this point, the classical approach
suggests a thorough evaluation of the
carbon source. Here, glucose utiliza-
tion and lactic acid production are 
measured, along with the balance
between glutamine and ammonia.
Two or three levels of glucose and glu-
tamine must be independently evalu-
ated to determine the effects on cell
growth, production, pH, dissolved
gasses, and other nutrient utilization.
If either component is too low or too
high in concentration, the culture may

be forced toward an undesirable path-
way. You must also determine if it
would be better to limit one, or both,
components in the initial formula-
tion, and then add the components, as
concentrated supplements, as the cul-
ture progresses.

Typically, amino acids are then
evaluated to see if any are limiting the
process. HPLC analysis throughout
the growth and production phases 
will show how and when essential 
amino acids are utilized. Once known,
selected amino acids can be added as
concentrated supplements, or by
increasing their concentration in the
complete medium.

If not already used in the prior
experiments, the feeding and harvesting
strategy for the culture must be imple-
mented to confirm how it will affect
your previously established parameter
settings, concentrations, and theories.
Assumptions made during batch 
experiments can be seriously affected
when you start adding basal media and
essential nutrients, and begin extracting
product and wastes.

Of course, the timing is just 
as important as the amounts being
replaced, and more frequent replace-
ments will typically result in a more 
stable culture and production environ-
ment. When taken to the level of
continuous replacement, then obviously
a perfusion culture environment 
is obtained.

Changing Process Scale

Many good system models are avail-
able for use in developing media formu-
lations, but some provide a better indi-
cation of culture performance at 
certain process scales, or are better for
evaluating different process parameters.
For example, multi-well plates provide
an excellent tool for conducting a large
number of experiments at a 
small scale. With adequate agitation
and gas exchange, reasonable starting
points can be established for basic
media components and culture temper-
ature. However, media exchange will
have to be frequent enough to maintain
a colorimetric pH, as well as reasonable
levels of pO2 and critical nutrients.

Above the multi-well stage, the

options broaden. Again, agitation is
important along with colorimetric pH
and temperature control. At this stage,
flasks are typically used on a rocker or
shaker platform in a CO2 incubator.
Shaker flasks, especially with baffles,
have become quite popular, where
media is exchanged frequently enough
to maintain pH, plus reasonable levels
of pO2, and essential nutrients. Sterile
vents can be employed in both devices
to aid gas exchange.

Cell culture bags are also proving
valuable at the 200 ml to 2 liter stage of
development. Several gas permeable
bags are available, along with non-gas
permeable bags with sterile vents for 
gas exchange. Some bags have been 
specially designed to accept pH and pO2
probes for real-time measurements, and
with ports for feeding and harvesting.
Agitation is provided via a rocker 
platform, and the bags are contained in
a CO2 incubator or warm room.
Agitated bag technology is now avail-
able up to 200 liters.

For stirred-tank applications, it is
best to mimic the stirred-tank process
as soon as possible. Spinner flasks can
certainly be used for small volumes, but
it can often be beneficial to jump directly
into a stirred-tank at a volume of 2 to 10
liters. Instrumentation is also available
for controlling parameters in spinner
flasks down to 500 ml in volume.

Once you are using the final system
design at a reasonable volume, and with
the desired feeding strategy, it is 
important to check some of the
assumptions that were made at smaller
scale and in other system types. For
example, the geometry and agitation
capability of the system may significant-
ly affect gas exchange and overall cell
health. Certain nutrients that were
available in ample quantities may now
be limiting the culture. Finally, various
assumptions will have to be checked at
every 10X scale-up step.

During the conference panel, there
was disagreement over whether a single
basal media could be used as the 
starting point for each new application.
Some firms have adopted this strategy,
while others contend that they must
begin each application by screening a
number of basal formulations. So even
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this very basic, and hopefully simple,
aspect of the media development
process is still open to debate, and 
cannot be taken for granted.

Animal Sourced Materials

Process and production decisions
may also involve important business,
safety, ecological, logistical, and even
political components. One of today’s
more prominent issues is concern over
the adventitious agents that can 
be introduced to a process by animal
sourced materials. Many companies
have set firm policies, or are establishing
guidelines, on the use of animal derived
components, and some have even man-
dated the complete elimination of these
materials from the production process
by a certain date.

However, some biological applications
have not lent themselves well to the
elimination of serum, or other 
animal derived components. In partic-
ular, virus production and cellular 
therapy applications have resisted the
elimination of these components. The
consensus of our panel discussion was
that these components would not be
eliminated from many of the current
biological applications at any point in
the immediate future. There was also
doubt that such components would
ever be completely eliminated, or that
there was really a need to do so.

Another application where animal
serum is typically used is in cryopreser-
vation, or cell freezing, applications.
Cryopreservation technology is not
only important for the development
and storage of cell banks, but also in 
cellular based therapies. Certainly, if a
company wants to eliminate sera and
other animal components from their
production process, they would prefer
that sera not be used in the production
and storage of their cell banks.

One audience participant commented
that his company did not use sera when
freezing its cells, and was seeing excel-
lent stability and viability. However,
several other company representatives
said they were not experiencing good
stability with the cell banks they had
frozen without sera.

A representative of a media supply
company noted that a tremendous body

of knowledge had been developed since
the early 80s for the media that is used
to freeze embryos for in-vitro fertiliza-
tion. When asked why this information
hadn’t been more readily shared with
the biological production industry, no
real answer could be given. It was then
proposed that the media companies do
more work to make this technology
available to their clients.

As biological products have become
more well characterized, and the 
industry has moved toward “chemically
defined” cell culture media, we are find-
ing that these formulations are not as
defined as we may have thought. In
essence, many of the components 
used in media formulations are not 
rigorously qualified, and neither testing
requirements nor component histories
have been established. The media sup-
ply companies use a variety of sources
for their components, of which many
have never been audited or qualified.

As a result, the panel was asked: “Is
a chemically defined medium from one
supplier equivalent to the same medi-
um formulation obtained from anoth-
er supplier?” No one from the media
supply or end-user companies in the
audience could answer: “yes” to 
this question.

During the panel discussion, it was
agreed that it would be very valuable to
have an established list of media 
components, with minimal testing
requirements, established for each com-
ponent. Whereas USP testing guide-
lines are currently used to test certain
components, many components receive
little or no consistent testing. Panel and
audience members agreed that some
form of compendial testing should be
recommended for essentially all of the
components used in media preparation.

Representatives of media supply
companies also proposed that it would
be valuable to share information on
component suppliers, and establish a
list of audited and qualified vendors. I
proposed that WilBio would be willing
to coordinate certain activities and post
materials on its website, if we were
asked to do so.

Single-Sourced Media

Many audience participants expressed

W ill we one day
be able to use
cloning and

transgenic technology
to produce reasonably
defined, and repro-
ducible, animal derived
components from 
carefully controlled and
segregated animals?
And will these materials
be as reliable, but more
robust, than the chemi-
cally defined additives
that are now being used
to formulate serum free
and protein free media?



serious concern about having a single
source for their cell culture media,
though they felt there were several
reasons why this practice was com-
mon. First, they felt they needed to
specify the media manufacturer along
with the formulation on their
Investigational New Drug (IND) and
license applications. In many cases,
they were also tied to a proprietary
formulation that had been developed
by the media manufacturer under a
strict confidentiality agreement. It
was further noted that media formu-
lations are typically held as trade
secrets, since patenting would make
the formula public information that
could be easily duplicated.

Several possible approaches were
suggested for reducing the risk 
associated with a single source of
supply. First, the media manufactur-
ers will commonly submit a Drug
Master File on their formulation to
the Food and Drug Administration,
and then make the file number avail-
able to the client.

In this case, the media formulation
and manufacturing process can be
reviewed by any client that has the file
number. However, the client still
couldn’t legally divulge the DMF
information to another media manu-
facturer, or otherwise use the informa-
tion for a commercial purpose.
Therefore, the use of DMFs might
make the client feel better and give the
manufacturer added credibility, but it
doesn’t really help the client if the
manufacturer cannot adequately sup-
ply the material.

There is also the concept of an
“escrow account.” Here, the media
manufacturer puts the formulation
and manufacturing process in a “lock
box” that is controlled by a third party.
A legal agreement then stipulates that
the third party can release the infor-
mation to the client under a specified
set of circumstances. As pointed out by 
audience members, the problem here
is timing. Even after the necessary cri-
teria have been demonstrated to the
third party, and the client has been
given access to the necessary informa-
tion, it would take a second supplier
anywhere from six weeks to several

months to produce and test a substan-
tial batch of the material.

One company offered that they have
already taken this process to the next
level. As part of their media supply
agreement with Supplier-A, they
require that Supplier-B be able to pro-
duce up to X percent of the annual
supply. To fairly compensate Supplier-
A, Supplier-B must also pay a royalty to
Supplier A for the right to use the for-
mula and manufacturing process, plus
have access to the business. The agree-
ment also stipulates that Supplier-B
can ramp up  its operation to provide a
larger percentage of the material,
whenever it can be determined that
Supplier-A cannot meet the produc-
tion forecast. Likewise, Supplier-A can
take more of the production responsi-
bility when Supplier-B is unable to
meet its commitments.

Media Formulation Development

While some of the larger end-user
companies have been tending to do
their own media development, it
makes a lot of sense for most firms to
use the specialized expertise of a
media manufacturer to develop media
formulations. Media suppliers are in
the business of doing this work as they
develop their own products, and as
they develop custom formulations 
for many of their clients. Although
they can’t divulge or use exactly what
they have developed for another
client, they will obviously use the
basic knowledge to arrive at a good
solution for the new application.

Then the question becomes: “Who
owns the media formulation” that 
was developed under a confidentiality 
agreement between the media supplier
and the client?  Typically, the supplier
does the development work for free,
but with the understanding that they
will be able to supply the final formu-
lation to the client at a price that will
allow them to eventually recuperate
their development costs.

In this case, the supplier certainly
doesn’t want the client to take the 
formulation and seek the lowest 
bidder to supply it. It could also be
reasonably argued that the supplier
owns the formulation, and the client

doesn’t have the right to share it with
another supplier.

However, if the client were to pay
the supplier for the development
work, then the agreement could easily
stipulate that the formulation
belonged to the client. The client
would then have clear license to show
the formulation to whomever they
pleased, plus solicit a number of man-
ufacturing bids.

Sharing Information

In general, it was agreed that much
could be gained by the media 
manufacturers sharing their vendor
and component testing information,
as well as finding ways they could 
equitably share production contracts
to lessen their clients’ risk.

Finally, from our panel discussion
at our antibody meeting in May, it was
suggested that the media end-users
would have a lot to gain by sharing
more information on their media 
formulations and vendor audits. Such
sharing could lead to component 
standardization and more universal
testing guidelines. It might also lessen
regulatory concerns since FDA would
not constantly be confronted with so
many different formulations.

At this point in the industry’s devel-
opment, it was suggested that the 
possible competitive value of keeping a
media component confidential would
be greatly outweighed by greater regu-
latory familiarity, process standardiza-
tion, component definition, and a
potentially shorter licensing process.

As a parting thought, will we even-
tually be able to use cloning and 
transgenic technology to produce rea-
sonably defined, and reproducible,
animal derived components from
carefully controlled and segregated
animals?  And will these materials be
as reliable, but more robust, than the
chemically defined additives that are
now being used to formulate serum
free and protein free media?
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