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According to scientists such as the pharmacologist Dr. 
Bernd Meibohm, PEG modification is a real break-
through for transporting active ingredients within the 
body. “What’s special about PEGylation is that it 
changes the physical-chemical properties of therapeu-
tic molecules without diminishing their effectiveness,” 
says Meibohm, who is a professor at the College of 
Pharmacy of the University of Tennessee Health Sci-
ence Center. Meibohm specializes in pharmacokinetics 
and pharmacodynamics, which study the chronologi-
cal behavior of active ingredients in the body, and in 
the development of therapeutic proteins. 

Meibohm, a German pharmacologist, is also familiar 
with other methods for modifying active ingredients, 
such as by combining them with an albumin protein. 
However, PEGylation opens up more possibilities for fine 
tuning. “There’s an optimal PEG for every active ingredi-
ent,” says Meibohm. It’s possible to modify the chain 
length, for example, or the branching of a molecule. “And 
the careful identification of this PEG pays off,” he adds. 

Once the right PEG has been determined for a spe-
cific active ingredient, a manufacturer has to be found 
for the product. For supply security, in many cases at 
least two manufacturers are desired, preferably on dif-
ferent continents. “It would be much too risky if a cru-
cial medication was dependent on a single production 
site,” explains Mewald, the research scientist from 
Evonik. The coronavirus pandemic has shown how eas-
ily global supply chains can be disrupted. →

“We’re one of the top three contract manufacturing 
 organizations in the pharmaceutical sector” 
�ree questions for Dr. Andreas Meudt, head of the Exclusive Synthesis product line at Evonik

Why do even big pharmaceutical firms have active ingredients produced by third parties?
Until around ten years ago, major pharmaceutical firms in particular produced their own active ingredients and 
drugs. Many are now focusing on their core competencies: the development of new active ingredients and 
marketing. In addition, more and more specialized technologies are now needed to manufacture these actives and 
not every company has these capabilities.

How big is the base of potential customers?
Worldwide, over 4,000 companies work on the development of new drugs. Many of these companies are univer-
sity spinoffs that don’t have their own production capacities. In terms of value, almost half of the active ingredi-
ents produced worldwide are now made by contract manufacturing organizations (CMOs).

What is Evonik’s role in this market?
We’ve been a CMO for the pharmaceutical industry for about 25 years and are now among the top three compa-
nies in this field worldwide. What differentiates us is our command of very challenging technologies.  
These include active ingredients known as HPAPIs that have a huge effect in the body, even in small amounts.  
Many anti-cancer drugs belong to this class. Handling such ingredients requires special safety precautions.  
We are set up for this work and have the world’s biggest production capacity for HPAPIs. 

Markus Mewald (right) and Michael Reuter, an 
employee from active ingredient production, check  
the water content of the reaction solution
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mar Reichert, who is responsible for technical market-
ing at the Exclusive Synthesis product line of the Health 
Care business line, says that there are two reasons for 
this: “We support our customers as a strategic partner 
and we set ourselves apart with technologies that only 
a few companies in the world are proficient in.”

Some of these technologies require extremely spe-
cialized knowledge and experience—sometimes from 
completely different units. “In the case of PEGs, you 
have to master the entire chain: the safe handling of 
ethylene oxide, the development of a specific PEG, and 
its reproducible production in pharmaceutical quality,” 
says Reichert. 

As welcome as the first customer inquiry was, it 
posed a considerable challenge for Mewald’s research 
team. “It propelled us directly into the champions 
league,” Mewald says. The customer wanted a very big 
PEG. “However, the longer it is, the more difficult it be-
comes,” says Mewald. That’s because the longer a chain 
is, the greater the possible variability, which is ex-
tremely undesirable. 

The PEG from Evonik is designed for an active ingre-
dient that will be used against several illnesses that can-
not be treated yet. It is still in the clinical development 
phase. It took the team a number of months to create 

Evonik began to investigate pharmaceutical PEGs in 
2015. Back then, the PEGylation of active ingredients 
was beginning to turn into an attractive growth market 
and the company had all of the required skills, although 
they were distributed among a variety of business units. 

The specialty chemicals company had, for decades, 
been producing PEGs and other polyethers on an in-
dustrial scale for a variety of applications. Among other 
things, they are used as components of foam stabilizers 
and emulsifiers. That’s why Evonik is familiar with the 
extremely reactive, toxic starting material: ethylene 
oxide. “Once ten ethylene oxide building blocks are 
connected into a chain, they are no longer hazardous,” 
says Mewald. However, a manufacturer of PEGs also 
has to know how to handle the individual molecules of 
the monomer—and has to make sure that the finished 
product doesn’t contain even the slightest trace of eth-
ylene oxide.

KNOW-HOW FROM A VARIETY OF AREAS
In addition, Evonik’s Exclusive Synthesis product line 
has long been working successfully as a contract man-
ufacturing organization (CMO) for the pharmaceutical 
industry and is one of the world’s leading suppliers in 
this field (see the short interview on page 51). Dr. Diet-
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the first acceptable sample, Mewald recalls. Although it 
wasn’t perfect yet, the customer agreed to take part in a 
joint learning process. The facility was modified several 
times until the process and the setup were correct. 

The second production series is now being manu-
factured in the pilot plant in Mewald’s laboratory. The 
50-liter reactor is located in a fume hood. All of the in-
gredients are automatically measured out through 
closed lines so that any contact with the ethylene oxide 
is prevented. Nothing can be seen but stainless steel and 
lots of sensors. “You’re not even allowed to get a mark-
er pen too close to the sensors, because they would re-
act to the solvent,” says Mewald. The process develop-
ers are now also being supported by colleagues from 
active ingredient production. This enables production 
to run in two shifts on six days of the week. 

The PEG is subsequently processed further in an ac-
tive ingredient production facility. This processing is 
done in accordance with the conditions of good manu-
facturing practice (GMP) required by the pharmaceuti-
cal industry. Finally, an activation step is required so 
that the molecule can react with the drug’s active in-
gredient. The molecule should bond to a specific place 
on the active ingredient. To do this, the ends of the PEG 
molecule are modified. “You can compare the activa-
tion step to fitting a trailer coupling to a car,” explains 
Mewald. Other PEGs—called mPEGs (methoxypolyeth-
ylene glycols)—are basically sealed at one end and can 
only be activated at the other end.

Annette Locher has a degree in biology 
and has worked for Evonik’s communications 
department since 2012. She mainly writes 
about healthcare, nutrition, and sustainability

The final step, the connection of the PEG to the active 
ingredient, is carried out in this case by the manufac-
turer of the active ingredient. The activated PEG can be 
easily shipped in powder form—to the other side of the 
world, if necessary. In the future, Evonik may produce 
not only PEGs and activated PEGs but also PEGylated 
active ingredients. “We want to extend our product 
range in this direction,” says Reichert.

The company is currently planning a commercial 
facility in order to expand its PEG production capacity. 
Once that is done, the reactor and the lab will again be 
free for what Marius Mewald loves and can only do on 
the side at the moment—developing processes for other 
PEG variants, of which there are many.  

The 50-liter reactor is being 
filled with starting material. 
Michael Reuter checks the 
contents



Robot operations in the circulatory system—in reality, 
medical nanomachines are still a long way from being as 

sophisticated as in this computer animation  
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FORESIGHT
NANOROBOTICS

A SMALL 
INTERVENTION

T 
he Czech scientist Dr. Jan Beneš de-
fects to the West in 1965. After his 

flight is discovered, his pursuers lie in wait 
and attack him, causing severe injuries. 
Beneš manages to escape, but a blood clot in 
his brain threatens to gradually kill him. His 
rescuers quickly decide to run a risky ex-
periment: They miniaturize a submarine 
manned by a crew of physicians and CIA 
agents and inject it into the scientist’s body, 
with the mission of dissolving the blood clot.

The science fiction film Fantastic Voyage 
made in 1966 has inspired generations of 
researchers. One of them was Eric Drexler, 
who wrote Engines of Creation, a visionary 
basic work on nanotechnology, in 1986. In 
this book he describes numerous possible 
designs and applications of machines on a 
nanometer scale. By way of comparison, a 
sheet of paper is about 100,000 nanometers 
thick. According to Drexler, in the future 
we will be able to use molecular technolo-
gies to, among other things, diagnose ill-
nesses, transport medications directly to 
diseased cells in the body, and carry out 
surgical operations as needed.

MOLECULAR MACHINES
Today we have already come much closer to 
making this vision a reality. In 2016 Jean-
Pierre Sauvage, James Fraser Stoddart, and 
Bernard Lucas Feringa received the Nobel 
Prize in Chemistry for their design and 

mally invasive treatments of all illnesses in 
which the problem area is surrounded by 
dense tissue that makes it hard to reach. 

Even though we probably won’t be 
navigating through the human body in na-
nosubmarines in the future, nanomedicine 
is nonetheless experiencing dynamic de-
velopment. We can expect to see the cre-
ation of new and effective applications and 
methods of treatment here, for example 
with the help of nanodrones. That’s a good 
reason for the Foresight team at Creavis to 
keep an eye on this area. After all, more 
than 20 years ago the first project house at 
Creavis was already doing research on 
nanomaterials and their possible applica-
tions in electronics, cosmetics, and the 
coatings and pharmaceutical industries. 
This area still plays an important role at 
Evonik today. Creavis is now researching 
the nanomaterial graphene and identifying 
potential fields of application—in the area 
of medical devices, for example.  

synthesis of molecular machines. These 
three researchers were able to successfully 
combine molecules into units such as nano-
cars, muscles, and molecular motors that 
can execute controllable movements and 
perform certain tasks. “The 2016 Nobel 
Laureates in Chemistry have miniaturized 
machines and taken chemistry to a new di-
mension,” wrote the Nobel Committee for 
Chemistry. In the same year, a research 
group from the Universities of Mainz, Kas-
sel, and Erlangen-Nuremberg unveiled the 
world’s smallest motor. This heat engine, 
which consists of a calcium atom, could be 
used as a driver of nanoobjects in the future.

A TRANSPORT VEHICLE  
INSIDE THE BODY
In the years since then, this development 
has accelerated. In 2018 the research group 
Micro, Nano, and Molecular Systems at the 
Max Planck Institute for Intelligent Systems 
presented a nanomachine that can move 
through an eye. This propeller-shaped 
minirobot is only 500 nanometers in size. A 
test using a pig’s eye demonstrated that a 
swarm of thousands of these robots can 
move through the meshes of the collagen 
network in the vitreous body of the eye 
without causing any damage. The team is 
now aiming to get this nanopropeller ready 
to transport active ingredients. Their vi-
sionary goal is to use it as a tool for mini-

Making motors from an atom? Tiny particles that carry out 
transportation tasks? Nanorobotics will make tremendous  
technical progress possible in medicine and other fields

TEXT BJÖRN THEIS

Björn Theis heads the 
Corporate Foresight 
department at Evonik’s 
innovation unit Creavis. 
His ELEMENTS column 
appears regularly at 
elements.evonik.com
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   “I love and hate 
chlorine”

LOG ANNA SCHRIEVER 
PHOTOGRAPHY ROBERT EIKELPOTH
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The diver Tina Punzel (24) 
participated in the Olympic Games  
in Rio. Her next goal is the  
Olympic Games in Tokyo next  
year. That’s why she’s training  
more than four hours per day,  
half of them at an indoor pool.W 

hen I smell chlorine, I instant-
ly imagine myself standing on 

the diving board. Just before the jump, my 
body is full of adrenaline, my knees are 
shaking, my heart is racing. Then I try to 
block everything out and focus completely 
on this dive. I’ve got only a few seconds to 
demonstrate what I’ve been practicing for 
weeks. I’ve dived off the ten-meter board 
thousands of times, but I still feel keyed up. 
The anxiety never goes away completely. 

The smell of chlorine usually conjures 
up positive associations for me, and yet I 
have a love-hate relationship with this ele-
ment. On the one hand, chlorine dries out 
the skin and can trigger allergies. In some 
countries, the concentration of chlorine in 
swimming pools is so high that the skin re-
acts violently and itches. On the other 
hand, chlorine is a good disinfectant that 
we can’t do without. 

Ever since I was a kid, I’ve felt at home 
in the indoor swimming pool of the Dres-
den Sports Club. This is where my father, 
Rainer Punzel, competed as a member of 
the national diving team. I started learning 
to swim and do gymnastics when I was five 
years old. We still go to the sports hall often. 

There we practice dives, improve our 
strength, and do acrobatics. I train for at 
least 30 hours a week, half of them at the 
sports hall. In addition, I’m studying eco-
nomics at the Technische Universität Dres-
den (TUD).

My international breakthrough came in 
2013, when I won the European champion-
ship at the age of 17. Three years later, a 
dream came true when I was permitted to 
participate in the Olympic Games in Rio de 

Janeiro. The one thing I’ll never forget is the 
family atmosphere at the Olympic Village. 
Athletes from all over the world and from 
every discipline form a gigantic communi-
ty there. In terms of sports, it was also a 
success for me: I reached the semifinals in 
my favorite discipline, the single dive from 
the three-meter board. And I placed sev-
enth in the synchronized swimming com-
petition. Even though many competitions 
have been canceled because of the corona-
virus crisis, I’m practically certain I will 
qualify for the Olympic Games in Tokyo in 
2021. My goal is to reach the finals!  
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  “Nine tenths  
    of our  
happiness…

   … depends on our health alone. With health, everything is a 
source of pleasure; without it, nothing else, whatever it may 
be, is enjoyable,” wrote Arthur Schopenhauer. As a philoso-
pher of pessimism, he did not have a very positive world-
view, but he regarded health as the key source of an individ-
ual’s sense of well-being.

   Current events are making these truths especially clear. 
Health is the foundation of an independent, carefree, and 
secure life —and medicine is its guarantee. In this issue we 
present innovations from the field of chemistry that make 
state-of-the-art medicine and a healthy future possible.
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